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MUSCI, 


AN  extensive,  natural,  and  well-defined  fairily  of 
plants,  belonging  to  the  class  Cryptogamia  of  Lin- 
nsus's  artificial  system,  and  to  the  division  Acotyledones 
of  Jussieu's  method. 

The  essential  character  of  this  family,  as  we  choose 
to  term  it  provisionally,  though  there  can  be  little  doubt, 
that  in  the  final  arrangement  of  the  Acotyledones,  it  will 
form  a  distinct  class, — is  derived  from  the  fruit ;  which 
is  a  capsule  of  one  cell,  covered  with  a  free  membrane, 
termed  Calyptra,  which,  when  the  plant  is  in  flower,  in- 
vests the  style,  and  forms  a  great  part  of  the  stigma. 

The  natural  character  of  this  family  is,  to  have  the 
flowers  monoecious  or  dioecious,  rarely  polygamous  or 
united ;   in  some  species  ihey  are  unknown. 

Calyx  monophyllous,  tetraphyllous,  or  polyphyllous, 
sometimes  absent. 

Corolla,  none  ;  but  the  Calyptra,  which  is  properly  an 
exterior  covering  of  the  Pistil,  is  usually  so  termed  by 
authors. 

Stamina,  generally  numerous  in  the  same  fiower, 
sometimes  solitary.  Anther,  on  a  filament,  sessile,  or 
embedded  ;  spherical,  ovate,  or  cylindrical  ;  opening 
elastically  by  the  separation  of  a  lid,  or  by  an  irregular 
aperture.  Pollen,  either  a  viscid  fluid,  clear,  or  milky; — 
or  farinaceous,  very  abundant,  forming  a  dense  cloud 
when  it  escapes;   varying  in  colour  in  diff"erent  species. 

Pistilla,  generally  numerous.  Ovarium  sessile.  Style 
cylindrical  or  flattened;  stigma  rounded  at  first,  after- 
wards flat,  or  cup-shaped. 

Pericarp,  a  capsule,  generally  raised  on  a  fruitstalk, 
produced  after  the  flower;  sometimes  sessile. 

Seeds,  in  general  numerous,  more  or  less  spherical  or 
oval;  surface  smooth,  rough,  or  echinated ;  substance 
peculiar;  after  the  evolution  of  the  plumula  and  radicle, 
jointed,  branched,  conferva-like  shoots,  arise  from  dif- 
ferent parts  of  the  seed. 

Receptacle,  generally  proper.  When  the  male  flowers 
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form  powdery  heads,  it  seems  to  be  common.  In  the 
female  flowers,  no  instance  of  a  common  receptacle  is 
known,  except  in  the  genus  Marchantia. 

In  the  plants  of  this  family,  the  structure  is  cellulose  ; 
the  stem  leafy  or  frondose  ;  rarely  leafless;  leaves  sim- 
ple and  quite  entire,  or  serrated,  or  ciliated  ;  in  other  in- 
stances laciniate,  more  or  less  deeply ;  in  several  in- 
stances two-lobed;  the  lobes  in  general  unetjual  in  size; 
sometimes  furnished  with  stipules.  Minute  plants; 
never  shrubby  ;  of  annual,  biennial,  or  perennial  dura- 
tion ;  varying  in  size  from  a  line  or  little  more,  to  three 
or  four  feet,  growing  on  trees,  rocks,  dry  or  moist  earth, 
in  bogs,  in  running  or  in  stagnant  water. 

Affinity  in  the  Jiorjers  and  fruit. — ^^'ith  the  dicotyle- 
doneous  genus  Calyptranthes,  on  account  of  its  calyp- 
traeform  corolla — With  Ferns,  on  account  of  the  pecu- 
liar structure  of  the  seed — In  the -vegetation,  on  account 
of  resemblance  in  general  aspect,  with  various  colyledo- 
ncous  plants,  some  of  which  have  the  resemblance  noted 
in  their  specific  name.  Such  are,  Saxifraga  muscoides, 
hypnoides,  bryoides;  Tillaea  muscosa;  Moehringia  mus- 
cosa ;  Forstera  muscifolia;  Lithophila  muscoides ;  An- 
dromeda hypnoides. 

With  Lycopodineae,  the  affinity  is  so  considerable,  that 
the  whole  of  this  tribe  was  placed  by  Linnsus  in  his  or- 
der INIusci,  notwithstanding  the  very  great  discrepancy 
in  the  fruit,  and  in  the  internal  structure  of  the  stem.  A 
recently  discovered  member  of  this  family,  Lycopodium 
hypnoides,  has  the  exact  aspect  of  Hypnum  aduncum ; 
another,  Lycopodium  scorpioides,  no  less  exactly,  that 
of  Hypnum  scorpioides.  In  Dufourea  trifaria  of  Bory 
St.  Vincent  and  Willdenow,  there  is  the  fructification  of 
a  Lycopodinca,  with  the  habit  of  Fontinalis  squamosa. 

Of  Filices,  a  considerable  number  come  in  minute- 
ness and  delicacy  of  aspect,  pretty  near  to  the  Mosses; 
such  as  Acrostichum  niusccsumj  Polvpodium  rat;scu- 
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sum,  Trichoinancs  muscoiiies,  aiiJ  various  olher  spe- 
cies ; — inc]ee<l,  a  considerable  proporiion  of  the  minute 
yenis  in  general. 

With  the  I'ohaccous  Lichens,  the  Musci  of  tlie  ge- 
nera Taigionia  Riccia,  Marcliantia,  Aiilhoceros,  and  tlie 
frondose  species  of  Jutigermanniae,  have  considerable 
affinity. 

Among;  the  aquatic  Al.ijje,  we  find  a  considerable 
niiniher  of  species,  which,  by  their  tenuity  and  feathered 
appearance,  have  a  considerable  resemblance  in  aspect 
to  the  Mosses;  and  some  species  and  varieties  have  at 
different  times  received  names  expressive  of  this  resem- 
blance. One  widely  diffused  species  of  Fucus,  figured 
by  Mr.  Turner  in  Hist.  Fiicor.  t.  127,  retains  the  name 
of  I",  musciformis.  A  variety  of  F.  aculeatus,  (Turn.  t. 
187.)  was  described  by  Linnaeus  under  the  name  of  F. 
inubcoidts.  To  F.  tcnuissimus,  (Turn.  t.  80.)  the  name 
of  muscoides  has  been  given  by  Wulfen  ;  and  to  two  dif- 
ferent varieties  of  F.  corneus,  (Turn.  t.  157.)  the  name 
of  F.  hypnoides  lias  been  given  by  two  difil'erenl  celebrat- 
ed writers.  And  wc  possess  some  specimens  of  species 
of  Conferva,  from  good  Herbaria,  which  had  received, 
many  years  ago,  the  names  of  leskeoides,  bryoides,  mus- 
coides, obviously  on  account  of  their  resemblance  to  this 
species  of  family. 

Uses  of  Mosses. 

Though  this  title  may  at  first  extort  a  sarcastic  smile 
from  those  who  are  more  conversant  with  the  writings 
of  Pope  and  .\kcnside,  than  with  the  pursuits  of  natural 
history;  and  though  they  may  be  disposed  to  ask,  whe- 
ther the  discussion  under  it  should  not  be  as  short  and 
conclusive  as  that  in  the  chapter  of  Horrebow's  History 
of  Icelan'l,  entitled,  "  Concerning  serpents,"  which  states 
only,  that  no  serpents  are  to  be  found  in  any  part  of  the 
island  ; — yet  surely  a  moment's  reflection  should  be  suffi- 
cient to  furnish  csen  those  readers  with  an  answer  to 
their  own  sarcasm.  We  are  informed,  by  the  Inspired 
Historian  of  tlie  Creation,  that  God  (iroiwuriced  good 
even/  thing  which  he  had  made  ;  and  surely  nothing  that 
the  Ucity  has  pronounced  good,  can  be  unworthy  of  the 
contemplation  of  man.  Every  physical  research,  when 
propel ly  conducted,  must  be,  like  Galen's  treatise  of 
anatomy,  a  Hymn  to  that  Great  Being  by  whom  all  things 
were  at  first  formed,  and  arc  s'.ill  upheld. 

Perhaps,  from  the  very  minuteness,  and  apparent  insig- 
nificance, on  a  superficial  glance,  of  the  plants  to  be  treat- 
ed under  this  article,  an  argument  may  be  found  in  fa- 
vour of  the  study  of  them.  It  has  been  observed  by  a 
writer,  equally  elotjuent  and  profound,  that  Man  is  placed 
in  the  middle  between  the  two  infinities — the  injinitely 
great,  and  the  injinitely  little,  both  of  which  are  equally 
incomfirehensible  to  him.*  Of  these  two  extremes,  it  is 
perhaps  the  most  useful  to  recall  the  attention  frequently 
to  the  latter.  The  infinitely  great  forces  itself  upon  our 
attention.  The  changes  that  occur  in  the  universe,  on 
The  great  scale,  can  scarcely  fail  to  occupy  occasionally 
the  thoughts  of  even  the  busiest,  and  the  least  reflecting; 
while  they  will  be  a  favourite  theme  with  those  who 
have  more  leisure,  and  are  blessed  with  a  contemplative 
turn  of  mind.  But  the  infinitely  little,  and  whatever  ap- 
proaches to  it,  is  less  obtrusive.  It  does  not  at  first  affect 
the  mind  wiih  a  feeling  of  sublimity  almost  overpower- 
ing, like  the  former.    On  the  contrary,  we  arc  apt  to  pass 


it  without  attending  to  it  at  all ;  or  to  slight  it  as  insig- 
nificant, if  it  chance  to  catch  our  attention.  Yet,  not  less 
than  the  great  orbs  revolving  in  the  immensity  of  space, 
do  objects,  almost  mocking  human  sense  by  their  mi- 
nuteness, furnish  a  field  inexhaustible  for  scientific  in- 
vestigation ;  and  to  the  student  of  Final  Causes,  the  mi- 
nutest object  furnishes  a  proof  of  design  as  convincing  as 
the  largest.  In  order  to  demonstrate  those  truths  which 
form  the  basis  of  natuial  religion,  Puley  preferred  an  ex- 
amination of  the  structure  of  the  human  body,  to  a  sur- 
vey of  the  universe;  and  Boyle  considered  the  eye  of  a 
fly  as  being  to  man  a  better  proof  of  design  than  the  sun 
himself,  though  the  life  and  soul  of  our  planet;  because 
we  have  better  means  of  becoming  acquaintetl  with  the 
minuter  objects  compared,  than  with  the  greater.  Wher- 
ever the  adaptation  of  parts  to  the  attainment  of  an  end 
can  be  traced,  the  proof  of  design  is  complete;  and  he 
who  could  examine  the  nutrition,  the  growth,  the  regu- 
lar conformation  ;  the  provision  made  for  the  continua- 
tion of  the  species,  while  all  the  individuals  successively 
disappear,  of  even  the  minutest  Phascum,  without  per- 
ceiving in  them  proofs  of  intelligence,  power,  and  good- 
ness, would  probably  receive  no  more  conviction  from 
the  sublimest  truths  that  astronomy  can  unfold. 

This  noblest  use  of  scientific  inquiry  in  general  might 
be  attained  then,  in  the  study  of  mosses,  from  the  consi- 
deration of  their  structure  alone  ;  even  although  we  were 
unable  to  assign  any  purposes  which  they  serve  in  the 
economy  of  nature,  or  any  advantage  derived  by  man  or 
by  the  lower  animals,  from  mosses  in  general,  or  from 
any  particular  member  of  the  family.  But  purposes  of 
utility  subserved  by  mosses  in  every  one  of  these  points 
of  view,  have  not  escaped  observation  ;  and  it  is  our  pur- 
pose now  to  mention  some  of  them,  as  a  not  unsuitable 
introduction  to  the  details  which  are  nfterwards  to  be 
given,  in  regard  to  structure  and  arrangement. 

Scarce  any  considerable  portion  of  dry  land,  which  is 
not  incapable  of  supporting  vegetation  of  any  sort,  is  to- 
tally destitute  of  mosses.  Even  in  very  productive  pas- 
ture fields,  we  shall  find  some  Gymnostoma,  various 
Phasca,  some  Tortulae,  perhaps  some  Didymodontes  and 
Brya;  and  Hypna  also  are  seldom  wanting,  though  in 
fine  fields  recently  laid  down,  the  Hypna  will  probably 
be  the  most  sparing.  These,  like  most  other  mosses, 
flourish  chiefly  in  the  humid  wintry  half  of  the  year,  when 
other  plants  are  in  their  worst  plight.  They  tend  to  pre- 
serve the  green  covering  of  the  earth,  and  thus  to  in- 
crease its  beauty;  and  they  foster  the  roots  of  other  plants 
with  a  genial  warmth  and  moisture,  thus  rendering  them 
less  easily  destroyed  than  they  might  otherwise  be,  by 
intense  frosts,  and  sudden  vicissitudes  of  temper'ature  in 
winter,  and  by  periods  of  long  drought  or  sultry  heat  irt 
summer.  In  densely  shaded  woods,  where  few  cotyle- 
doneous  plants  will  vegetate,  the  ground  is  frequently 
clothed  chiefly  with  the  long,  slender,  elegantly  recum- 
bent, and  tufted  stems  of  the  silvan  Hypna;  among 
which  H.  praelongum,  proliferuni,  splendens,  striatum, 
loreum,  triquetrum,  squarrosum,  purum,  trichoma- 
noides,  denriculatum,  complanatum,  and  undulatum, 
may  be  noted  as  among  the  most  conspicuous  in  Britain. 
The  Orthotricha,  somj  Hypna,  the  rare  Zygodon,  one 
Gymnostomum,  and  some  other  mosses,  contribute  to 
diversify  the  scene  still  more,  by  growing  elegantly  at- 
tached, in  little  tults,  to  the  living  trunks  and  branches  of 
the  trees  themselves;  and  various  mosses  hasten  to  cover 
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them  as  soon  as  their  living  principle  is  extinguished, 
and  decomposition  begins  to  take  place.  The  aqua'.ic 
mosses  quickly  vegetate  in  marshes,  ditches,  and  stag- 
nant waters.  They  are  supposed  to  have  aii  unceasing 
tendency  to  the  purification  of  those  waters  ;  and  there 
can  be  no  doubt  that  they  contribute  not  a  little  to  the 
formation  of  a  humus,  or  vegetable  mould,  which  insen- 
sibly rises  above  the  water;  thus  convertiiii;  a  quagmire 
into  a  fertile  field,  and  rendering  that  which  wus  unprofi.- 
able  and  hurtful  to  the  country  in  which  it  occurred,  a 
new  source  of  wealth  and  of  strength  to  it.  Among  the 
mosses  useful  in  this  respect,  may  be  mentioned  the  four 
Sphagna,  various  Brya,  as  palustre,  dealbatum,  hornum, 
puMctatum,  Sec. ;  various  Hypna,  as  aduncum,  cordifo- 
lium,  cuspidatum,  scorpioides,  Sec;  various  Dicrana,  as 
glaucum,  pellucidum,  squarrosum,  adiantoides,  &c. 

From  this  unquestionable  tendency  of  aquatic  mosses, 
a  very  imposing  use  of  them  has  been  imagined  as  pro- 
bable, at  that  early  period  in  the  history  of  the  globe, 
when  the  primeval  waters  fiist  retired  or  subsided,  and 
left  exposed  the  projecting  portions  of  the  solid  nucleus 
of  the  earth.  The  surface  of  the  land  would  then  be 
covered  with  mud,  equally  unfit  for  the  growth  of  the 
larger  terrestrial  plants  and  of  land  animals.  But  it  was 
then  in  a  very  favourable  state  for  the  support  of  a  large 
proportion  of  the  family  of  Mosses  ;  and  with  the  excep- 
tion of  projecting  rocks, "all  the  parts  of  the  earth  which 
had  completely  emerged  were  covered  with  a  velvet-like 
carpet  of  verdant  moss.  Equiseta,  Carices,  various  marsh 
Gramineae,  aquatic  and  marsh  dicotyledons,  may  be  sup- 
posed to  have  come  successively  to  their  aid  ;  and  thus, 
in  a  series  of  ages,  the  vegetable  humus  on  the  surface  of 
the  earth  to  have  been  formed. 

Nor,  if  it  be  allowable  at  all  to  speculate  about  the 
formation  of  the  crust  of  the  earth,  ought  this  supposi- 
tion to  be  at  once  thrown  aside  as  quite  extravagant. 
That  peat-moss  consists  of  the  remains  of  vegetables, 
preserved  in  astringent  water,  is  no  longer  a  matter  of 
doubt.  In  numerous  instances,  the  very  species  of  plants, 
of  which  the  peat-moss,  or  a  great  part  of  it,  is  composed, 
may  be  ascertained  even  at  the  depth  of  many  feet  below 
the  surface.  Peat-moss  is  usually  stratified,  and  in  many 
instances  a  stratum  consists  almost  exclusively  of  one 
species  of  plant.  The  sorts  of  plants  which  have  been 
found  to  go  most  frequently,  each  by  itself,  to  the  cor:- 
slitulion  of  a  single  stratum,  are  mosses,  CyperaceaE,  and 
coarse  grasses.  Layers  of  several  feet  in  thickness,  con- 
sisting almost  entirely  of  Sphagna,  are  iiot  unknown. 
Nay,  in  moorlands,  and  other  situations,  wiiere  extensive 
tracts  are  frequently  covered  with  any  one  of  the  four 
species  of  Sphagnum,  or  wiih  two  or  more  of  them,  the 
process  of  nature  in  transforming  the  moss  into  peat,  may 
be  distinctly  traced.  For  a  certain  depth  from  the  sur- 
face, say  a  foot,  the  plants  are  living  and  vigorous; 
throughout  the  second  foot,  the  plants  are  more  or  less 
decomposed;  throughout  the  tliird  foot,  sometimes  the 
stems  of  the  identical  plants  that  are  growing  luxuriantly 
on  the  surface,  can  be  distinctly  traced,  but  their  vitality 
is  gone  ;  a  laigc  proportion  of  the  leaves  are  disorgan- 
ized; and  the  stems  and  branches  are  consolidated  into 
the  state  of  a  soft,  spongy,  hii^hly  inflammable,  light  brown 
peat.  Nor  are  the  Sphagna  the  only  mosses,  of  which 
alone  or  chiefly  a  layer  of  peat- moss  has  been  found  to 
consist.  The  late  Professor  Walker  of  Edinburgh  had 
seen,  in  Annandale,  a  thin  lajerof  peat-moss,  which  had 
been  formed  of  the  remains  (.1  H-  pnum  fluitans.  And  in 
the  vale  of  Sanchy,   M.  Faujas  St.  Fond  discovered,  at 


the  depth  of  eight  feet  below  the  surface,  a  stratum  of 
peat-moss  eievenfect  thick,  wiiich  seemed  to  coi.sist  en- 
tirely of  Hypnum  aduncuin.  And  not  merely  mosses  of 
such  a  firm  consistency  as  Sphagna,  Hypna,  Di^rana, 
Brya,  Triciiostoma,  and  so  on,  but,  what  would  scarcely 
be  anticipated,  some,  even  of  the  delicate  Jungermannia:, 
have  been  found  many  feet  below  ilie  sui  face,  in  such  t 
stale  that  the  specimens  could  hi  referred,  with  perfect 
accuracy,  to  exi>tir.g  species.  And  it  is  established,  by 
a  profusion  of  evidence,  that,  in  favourable  circumstance*, 
peat-moss  will  grow  to  several  feet  in  thickness,  in  less 
than  the  average  period  of  a  human  life.  Scc  Pe\t-moss. 

Even  projecting  masses  of  rock  may  in  lime  acquire 
a  covering  of  humus  by  means  of  mosses  and  other  mi- 
nute plants.  Sucl)  bare  surfaces  afford  attachment  in  the 
first  instance  to  Leprarise,  Lecideae,  cnistaccous  Etido- 
carpa,  Isidia,  or  other  minu:e  lichens.  The  foliaceous 
liciiens  and  mosses  next  attack  these,  and  in  turn  give 
way  to  grasses,  and  others  of  the  larger  plants.  In  such 
situations,  and  on  walls,  not  turfcapt,  patches  of  earth, 
an  inch  or  more  in  depth,  may  frequently  be  found  to  be 
collected  by  little  tufts  of  Tor.ula  muralis,  Didymodon 
purpureum,  Grimmia  pulvinaia,  Bryum  csspititium,  B. 
capillare,  or  various  other  mosses,  in  ten  or  twelve  years, 
or  even  in  a  siiorter  time.  In  a  word,  neither  marshes 
nor  rocks,  nor,  it  may  be  added,  a  soil  consisting  of  mere 
sand,  or  the  most  steril  clay,  provided  moisture  be  pre- 
sent, is  destitute  of  mosses  ;  and  in  all  these  situations 
they  prepare  the  way  for  plants  more  obviously  useful. 

The  uses  of  mosses  hitlierto  mentioned,  relate  rather 
to  the  economy  of  the  globe  in  general,  than  to  man,  or 
to  any  of  his  "  fellow  wanderers  of  the  earth"  in  particu- 
lar. Some  instances  of  their  utility  in  iliis  more  humble, 
but  not  less  interesting  rchtion,  may  ne.\t  be  stated. 

It  has  already  been  mentioned,  that  mosses  protect  the 
roots  of  plants  against  the  too  intense  rays  of  the  scorch- 
ing summer  sun.  This  general  use  is  imitated  in  the 
garden  on  a  smaller  scale,  by  covering  with  moss  the 
flower-pots  containing  tender  plants,  during  an  intense 
heat.  In  like  manner,  in  winter,  delicate  plants  are  fre- 
quently protected  from  frost  by  means  of  mosses. 

It  is  a  not  unfrequeni  subject  of  complaint  with  the 
practical  agriculturist,  that  in  process  of  time  his  pas- 
ture grounds  are  rendered  unproductive  by  means  of 
mosses,  and  that,  in  order  to  free  himself  from  tiieir  in- 
trusion, he  must  submit  to  the  trouble  of  irrigating, 
manuiing,  or  tilling  his  pasture  grounds,  when  perhaps 
it  may  be  very  incotivenient  to  peiform  any  of  these  ope- 
rations upon  them.  But  do  we,  on  inquiry,  find  sufficient 
ground  for  tliis  complaint  ?  If  we  examine  the  roots  of 
mosses,  we  find  that,  with  the  exception  of  the  Polytricha, 
the  tree-like  species,  HyiJimm  dendroidcs,  H.  alopecu- 
rum,  and  Bryum  ligulatun),  and  a  few  otliers,  none  of 
which  occur  plentifully  in  pasture  grounds,  scarce  any  of 
them  penetrate  an  inch  below  the  surface.  Frequently 
the  fibrillae  which  constitute  their  secondary  roots, — those 
roots  by  which  most  mosses  arc  nouiished  throughout 
the  greater  part  of  their  exis'.encc, — are  not  more  than  a 
line  or  two,  and  in  very  few  instances  half  an  inch 'in 
length;  and  when  any  part  of  the  moss  occurs  deeper, 
it  will  be  found  that,  with  few  exceptions,  a  part  of  them 
has  been  covered  with  the  soil,  either  accidentally,  or  in 
consequence  of  a  humus  forming  around  it.  It  appears, 
then,  very  improbable,  that  niosses  should  be  hurtful  by 
impoverishing  the  soil,  as  they  can  afiect  only  its  very 
superficies;  and  the  only  impoveiishing  influence  which 
can  be  urged  against  them,  with  any  show  of  reas:n,  is 
A  2 
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of  a  negative  nature,  and  arises  from  ilic  densely  tufted 
mode  of  growth,  so  common  in  the  family,  by  which  the 
fertilizing  influence  of  the  air  must  be  to  a  certain  extent 
excluded.  But  this  inconvenience  is  surely  more  than 
counterbalanced  by  the  advantages  derived  fiom  the  de- 
composition of  the  lower  part  of  the  stems,  and  the  lower 
leaves  of  the  mosses  themselves.  There  appears,  then, 
no  reason  to  suppose,  that  mosses  can  be  hurtful  by  im- 
poverishing the  soil;  and  indeed,  when  we  consider  the 
'.ihortncss  of  the  roots  of  most  of  tliem,  the  places  where, 
and  the  times  when  they  vegetate,  it  seems  in  the  highest 
degree  probable  ihat  they  derive  most  of  their  nutriment 
from  water,  or  from  humid  ;:ir.  But  instead  of  limiting 
ourselves  to  the  negative  argument,  that  mosses  are  not 
hurtful,  there  appears  to  be  good  reason  for  taking  up  the 
positive  one,  that,  in  the  circumstances  of  the  case, 
mosses  are  truly  beneficial  to  those  pastures  in  which 
they  occur,  even  in  the  greatest  abundance.  Let  us,  for 
instance,  suppose  the  mosses  to  disappear  from  a  field, 
at  the  time  when  the  agriculturist  is  making  his  bitter- 
est complaints  of  tl)em,  every  thing  else  remaining  as  it 
was.  \Ve  sliould  then  find  the  roots  of  the  sickly  scat- 
tered plants  to  which  the  agriculturist  confines  his  care, 
very  much  exposed.  A  part  of  them  would  most  likely 
be  burnt  up,  even  by  the  average  heat  of  a  British  sum- 
mer ;  another  part  of  them  destroyed  by  the  intense  colds 
oi  black  frosts  during  winter;  and  a  proportion,  perhaps 
greater  than  that  destroyed  by  either,  or  even  both  of  the 
foimer  means,  be  thrown  out  of  the  soil  altogether  to 
perish,  by  the  alternate  frosts  and  rains  of  spring. 

It  has  not  yet  been  established  that  mosses,  in  any 
instance,  usurp  the  place  of  the  higher  tribes  of  plants. 
They  frequently  prey  upon  Lichens,  sometimes  upon 
Fuiigi,  Coiilcrvsc,  atid  other  actyledoneous  plants;  but 
to  the  cotyledoneous  they  appear  always  to  give  place; 
and  it  is  only  when  the  grasses  of  agriculturists  are  dis- 
Hppearing  from  the  pasture  grounds,  that  mosses  arise  ; 
and  they  come  as  friends  to  the  surviving  plants,  to. fill 
up  the  vacant  space,  and  protect  them  equally  against 
extremes  of  heat  and  cold.  Various  circumstances  are 
always  co-operating  to  lessen  the  number  of  grasses  in 
our  fields.  The  scythe  passes  over  them,  before  their 
seeds  are  matured  and  shed,  that  they  may  afford  an 
agreeable  and  nutritious  food  for  cattle;  in  spring,  the 
cattle  gnaw  away  the  tender  creeping  shoots;  in  autumn, 
domesticated  heibivorous  animals  in  general,  but  more 
particularly  horses,  frequently  bite  so  close  as  to  injure 
the  central  part  of  the  root.  The  pastured  animals  are 
continually  trampling  upon,  and  crushing  those  roots 
with  their  feet;  and  the  injury  done  by  this  means  during 
wet  weather,  particularly  in  low  pasture  grounds,  is  often 
very  great.  Besides,  the  surface  soil  is  exhausted  an- 
nually by  the  growth  of  those  plants,  without  being  re- 
mimerated  by  their  tlecayiiig  leaves  and  stems,  or  in  any 
other  adequate  manner.  Hence  it  happens,  that  pasture 
fields,  if  neither  irrigated  nor  manured,  become,  after  a 
greater  or  less  number  of  seasons,  incapable  of  yielding 
their  accustomed  pioduce,  or  perhaps  any  thing  but 
mosses.  In  such  circumstances,  if  you  take  away  the 
mosses,  the  number  of  other  plants  will  not  be  increased  ; 
1hey  will  only  be  exposed  to  the  more  speedy  destruc- 
tion. Is  any  additional  illustration  wanted  of  the  position, 
that  mosses  do  not  supplant  the  grasses  and  other  coty- 
ledoneous plants,  but  only  come  to  supply  their  vacant 
place,  till  they  shall  be  in  a  condition  again  to  resume  it? 
Let  a  piece  of  ground,  completely  mossed  over,  be  en- 
closed and  left  at  rest — be  converted  to  a  plantatioi^,  for 


example — and  in  two  seasons  it  will,  in  general,  be  co- 
vered with  luxuriant  herbage,  the  term  luxuriant  being 
understood  relatively  to  the  degree  of  richness  of  the  soil, 
as  evinced  by  its  former  average  produce.  If  the  ground 
cannot  be  left  at  rest,  then  increase  the  pabulum  for 
other  plants,  and  the  mosses  will  disappear.  Should 
the  deficiency  of  grasses  arise  from  their  having  been 
eradicated  or  destroyed,  in  whatever  manner,  then  sow 
again  their  seeds,  and  the  mosses  will  remain  no  longer 
than  is  necessary  to  foster  them  by  their  shelter,  and  a 
suitable  degree  of  moisture,  while  they  are  germinating 
and  fixing  their  tender  roots. 

It  is  not  yet  quite  certain  what  influence  mosses,  para- 
sitical upon  trees,  exert  towards  their  supporters.  That 
they  cannot  be  hurtful  by  abstracting  the  juices  of  the 
trees,  is  certain  ;  because  in  no  instance  do  they  pene- 
trate through  the  epidermis.  The  only  conceivable  mode 
then  in  which  they  could  do  harm,  would  be  by  obstruct- 
ing perspiration,  preventing  the  access  of  fresh  air,  or  as 
a  harbour  for  insects.  But  unless  in  the  last  of  these 
modes,  it  is  not  in  the  least  ptobable  that  mosses,  pro- 
perly so  called,  arc  injurious;  as  of  the  British  species, 
which  occur  either  constantly  or  pretty  generally  upon 
trees,  scarce  any  that  spread  extensively,  forming  a  dense 
mat,  take  possession  of  a  trunk,  till  it  has  been  already 
completely  covered  with  Lichens — plants  that  are  per- 
fectly air-tight,  and  that  often  adhere  like  a  plaster  to  a 
great  part,  or  even  the  whole  of  a  trunk,  and  almost  the 
whole  of  the  branches  too.  It  is  these  plants  chiefly, not 
musci,  which  have  incurred  the  malediction  of  the  gar- 
dener, under  the  name  of  the  moss.  The  numerous  spe- 
cies which  occur  densely  malted  around  the  roots  of 
forest-trees  seem  to  be  beneficial,  by  protecting  them 
from  radiant  heat,  and  from  black  or  dry  frost,  (Irost 
without  snow.)  At  all  events,  the  fact  is  certain,  that  in 
forests  the  largest  trees,  while  perfectly  healthy  and 
vigorous,  often  support  the  greatest  quantity  of  moss; 
and  on  the  most  exposed  side  of  the  tree  ;  or,  if  all  sides 
be  etiually  exposed,  on  that  against  which  the  severest 
and  most  frequent  storms  beat,  the  greatest  quantity  of 
moss,  and  of  Lichen  too,  occur.  In  such  instances  it  is 
not  improbable  that  the  moss  may  be  advantageous  to  the 
tree,  as  a  protection  against  the  storm.  And  when  yoa 
find  a  tree  completely  mossed  over,  in  a  languishing  con- 
dition, a  little  examination  will  invariably,  or  at  least  al- 
most invariably,  show  sufficient  cause  for  the  sickliness, 
independent  of  the  mossing.  The  central  part  of  the 
trunk  is  either  converted  to  touchwood,  or  altogether 
gone,  showing  the  tree  to  be  dying  of  old  age,  or  some 
disease  sutficient  to  explain  its  appearance,  or  it  is  in  a 
soil,  situation,  exposure,  or  climate,  unfavourable  to  it; 
whence  the  malady, — and  not  from  the  moss. 

Several  species  of  animals  find  a  considerable  resource 
in  mosses,  on  interesting  occasions.  It  has  been  ob- 
served, that  against  the  approaches  of  winter,  the  Arctic 
bear  lines  his  cave  well  with  Polytrichum  commune. 
According  to  Linnaeus,  the  rein  deer  are  wont  to  brouse 
in  winter  on  the  Sphagna,  as  well  as  on  Cetraria  r an- 
gifcrina.  The  squirrel's  round  and  elegant  pendulous 
nest,  which  serves  not  less  as  a  comfortable  retreat  Irom 
the  wintry  blast,  than  as  a  warm  and  safe  habitation  for 
the  young,  is  chiefly  formed  of  mosses.  With  these  plants, 
too,  some  species  of  the  vulture  and  hawk  tribe,  line  the 
rugged  fabric  of  their  twig-built  nests;  and  a  consider- 
able proportion  of  the  passerine  tribes  construct  their 
elegant  temporary  domiciles  nearly  of  mosses  alone.  No 
uiconsiderable  number  of  the   Insects  and  Vermes  of 
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Linnaeus,  find  in  mosses  a  shelter  mucli  to  their  liking ; 
and  some  of  them  make  of  these  plants  a  staple  article 
of  food.  The  fruit  seems  to  be  the  part  of  the  plant 
which  they  relish  most;  and  that  of  Buxbaumia  aphylla, 
to  be  with  some  slugs  a  peculiar  dainty;  as  was  experi- 
enced lately  in  a  manner  not  at  all  to  his  satisfaction,  by 
a  Scottish  collector  of  mosses  of  our  acquaintance.  De- 
lighted with  the  discovery  of  a  new  and  pretty  abundant 
habitat  of  that  rare  moss,  he  sent  off  a  live  sample,  care- 
fully packed  in  a  box  with  other  live  mosses,  to  a  friend 
in  the  south,  as  a  proof  of  his  good  fortune.  But  the  pre- 
cious moss  suffered  sadly  on  the  way,  from  a  little  slug 
that  had  found  means  to  insinuate  itself  into  the  package. 
It  liad  made  free  also  with  some  of  the  leaves  of  Hookeria 
lucens. 

Nor  are  mosses  altogether  destitute  of  utility  in  do- 
mestic economy,  and  in  the  arts.  In  Lapland,  during 
summer,  a  bed  of  Polytrichum  commune  is  as  much 
prized  as  a  bed  of  heath  in  the  Highlands  of  Scotland; 
and  for  this  Lappish  luxury,  those  speculators  who  are 
fond  of  referring  every  human  custom  to  an  imitation  of 
some  instinct  of  the  inferior  animals,  may  find  a  prece- 
dent in  the  anecdote  of  the  white  bear,  already  related. 
In  the  same  country,  are  also  pillows  and  chair-bottoms 
stuffed  with  mass  ;  and  cottagers  collect  considerable 
quantities  of  it  against  winter,  in  their  humble  dwellings. 
Of  Polytrichum  commune,  mattresses  are  made,  supe- 
rior to  those  of  straw.  By  the  Laplanders,  also,  the 
Sphagna  are  used  as  cradle  cloihcs;  and  Linnseus  views 
this  substitution  for  linens  or  flannel  with  much  compla- 
cency. "  Quippe  muscus  ille  urinam  absorbet,  quod 
alia  non  efficiunt  vestimenta."  In  Sweden  and  other 
northern  countries,  Polytrichum  commune  and  various 
Hypna,  are  used  as  filtres  for  milk.  In  Britain,  Polytri- 
chum commune,  gathered  from  a  moist  peat-moss, 
where  it  grows  luxuriantly,  reaching  a  foot  or  18  inches 
in  height,  makes  an  excellent  besom.  SomeHvpna, 
for  instance  H.  purum  and  H.  schreberi,  are  occasionally 
used  by  fishermen  for  scouring  their  bait.  Some  of  the 
larger  species  of  the  same  genus,  particularly  H.  trique- 
trum,  form,  on  account  of  the  length  and  elasticiiy  of 
their  stems,  an  excellent  packing  for  glass,  porcelain, 
stoneware,  and  other  brittle  substances.  In  Sweden  and 
Russia,  where  many  houses  are  fabricated  of  wood,  the 
chinks  are  often  stopped  with  Hypnum  splendens  (hence 
often  called  H.  parietinum)  H.  proliferum,  H.  prseion- 
gum.and  others.  With  Hypnum  Quitans,  according  to 
Loesel,  houses  are  sometimes  thatched  in  Prussia.  In 
Sweden,  Fontinalis  antipyretica,  densely  stuffed  behind 
the  chimney,  is  used  to  protect  the  walls  of  cottages 
against  the  action  of  the  fire.  Of  mosses  have  been  con- 
structed icehouses,  not  inferior  to  those  formed  of  any 
other  material.  In  mosses  may  bulbous  and  other  roots 
be  conveyed  in  safety  from  the  greatest  distance.  By 
having  their  trunks  and  branches  wrapped  up  in  moss, 
delicate  exotic  trees  are  often  recovered  by  gardeners 
from  a  languid  state.  In  mosses,  as  was  discovered  by 
Apuleius  Geoponus,  in  the  14th  century,  apples  maybe 
pie=erved  with  great  success.  And  as  mosses  contribute 
very  materially  to  the  formation  of  peat-moss,  it  is  evi- 
dent that  they  enter  in  a  staple  article  of  fuel  in  the  north 
of  Europe — though,  according  to  Anilgaard,  the  peat 
which  had  been  formed  from  moss  alone,  is  inferior  as 
fuel  10  that  which  contains  a  portion  of  other  materials. 
(Abilg.  vom  Torfe.     Hafnise  I7G5.) 

On  the  tinctorial  properties  of  mosses,  few  experi- 
ments have  been  made  ;  but  Damburney  states,  that  from 


a  decoction  in  water  of  mosses  which  he  gathered  from 
the  trunk  of  a  beach,  he  obtained  elegant  couleur  de 
vigogne.     (Recueil  d'Observ.  &c.  p.  253  ) 

In  medicine,  formerly,  several  mosses  were  considered 
as  of  great  efficacy  ;  but  now,  the  whole  family  may  be 
considered  as  abandoned  by  the  physician.  A  species  of 
Marchantia — M.  conica,  from  a  rude  analogy,  which 
may  be  traced  between  the  appearance  of  its  surface  and 
that  of  the  liver,  was  once  in  use  as  a  potent  remedy 
against  all  hepatic  disorders.  The  >^eizi'  of  Dioscorides 
is  generally  supposed  to  be  either  Marchantia  conica,  or 
Peltidea  canina ;  and  it  derives  its  name  from  its  sup- 
posed efficacy  against  a  cutaneous  disease  so  termed. 
Polytrichum  commune  and  Funaria  hygrometrica,  the 
Adianium  aurcum  majus  and  minus  of  old  pharma- 
ceutical writers,  were  both  celebrated  and  used  as  of 
wonderful  virtue  against  very  many  diseases.  So  late  as 
the  16th  century,  Fuchsius  stated,  that  a  decoction  of 
these  mosses  in  water,  applied  externally,  strengthens 
the  roots  of  the  hair,  and  even  renews  the  hair  after  it 
has  fallen  off;  taken  internally,  it  is  a  good  expectorant, 
diuretic,  lithontriptic,  and  that  it  cures  the  king's  evil 
besides.  Bauhin,  in  the  ITth  century,  states,  that  in  his 
days  pedlars  were  wont  to  hawk  about  long  stalks  of  Po- 
lytrichum commune,  variously  twisted,  which  were  pur- 
chased with  avidity  by  the  ignorant,  as  remedies  of  uni- 
versal efficacy.  That  moss  was  considered  as  possessed 
of  great  magical  virtue  ;  and  a  relict  of  the  superstitious 
regard  in  which  it  was  formerly  held,  may  be  traced  in 
a  use  to  which,  according  to  Bridel,  it  is  still  put  in  some 
parts  of  Germany — that  of  protecting  the  cradles  of  in- 
fants from  the  effects  of  witchcraft.  By  Linnaeus,  all  the 
high-sounding  virtues  formerly  attributed  to  it,  were 
pronounced  to  be  apochryphal;  yet  Dillenius  asserts,  on 
his  own  authority,  that  it  is  good  against  pulmonary  affec- 
tions. Tournefort  celebrates  its  sudorific  properties; 
and  Bucholz  has  ascertained  that  these  properties  are 
much  concentrated  in  a  distilled  water  obtained  from  it. 
In  Lapland,  according  to  Linnaeus,  the  Sphagna,  moist, 
and  without  being  heated,  are  applied  to  cedematous 
feet;  and  in  Dalia,  a  decoction  of  Fontinalis  antipyretica 
has  been  used  as  a  pediluvium  in  fever.  A  sudorific 
property  has  been  attributed  to  the  Hypna,  perhaps  on 
no  better  account  than  the  literal  signification  of  the 
name,  although  that  name  had  been  arbitrarily  transfer- 
red by  Dillenius  and  Linnsus  to  certain  mosses,  from 
some  lichen  which  Dioscorides  vaguely  designated  by 
it. —  But  it  is  unnecessary  to  say  more  of  the  medicinal 
uses  of  mosses,  since  the  whole  family  is  disregarded 
in  modern  practice;  and,  for  aught  that  is  known  to  i!ie 
contrary,  with  reason.  The  whole  family  seems  to  pos- 
sess a  slight  degree  of  astiingency.  Polytrichum  com- 
mune, which  has  been  used  as  an  emetic,  may  owe  tlie 
activity  of  its  properties,  superior  to  tliat  of  the  proper- 
ties of  most  other  mosses,  to  the  gallic  acid  which  has 
been  found  in  its  constitution.  Tbe  chemical  constitution 
of  mosses  is  scarcely  at  all  known  ;  and  the  gum,  ex- 
tractive and  calcareous  earth  which  have  been  found  in 
some  members  of  the  family,  are  too  trifling  in  amount  to 
admit  of  any  practical  conclusion  being  drawn  Irotn  their 
presence. 

The  further  investigation  of  the  uses  of  mosses,  we 
recommend  to  the  lovers  of  this  elegant  tribe  of  plants, 
as  a  field  for  the  exercise  of  tlu'ir  ingenuity  scarcely 
less  promising  than  the  description  and  arrangement  of 
soecies. 
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Geagrafihic  Distribution  of  Moa»es. 

As  the  distribution  of  plants  over  the  i^lobe  depends 
chiifly  on  the  distiiliulion  of  heal,  the  tropical,  the  tem- 
perate, and  the  polar  regions,  have  each  a  distinct  cha- 
racter in  their  vegetable  productions.  In  the  tropical 
region,  plants  of  the  most  majrstic  appearance,  palms, 
arborescent  ferns,  and  trees  with  splendid  blossoms, 
adorn  the  woods  ;  the  lawns  are  oft  covered  with  gigan- 
tic grasses  of  two.  tliree,  or  even  four  yards  in  height ; 
and  Liliaceac,  Scitamineje,  and  other  herbs  with  the  larg- 
est and  most  beautiful  blossoms,  stud  the  fields.  In  this 
region,  mosses,  though  they  occur  wherever  there  is 
moisture  and  shade,  are  in  a  general  view  rare,  except 
at  a  considerable  elevation  on  the  mountains. 

In  the  temperate  region,  palms  and  arborescent  ferns 
are  wanting  ;  the  flowers  of  the  forest  trees  are  so  small 
and  so  destitute  of  show,  as  to  be,  in  common  language, 
denied  the  name  ;  the  grasses  are  in  general  small  plants, 
their  shoots  and  foliage  forming  a  dense  entangled  turf; 
and  the  daisy,  crowfoot,  and  bugloss,  take  the  place  of  the 
Liliaceae  and  otiier  splendid  plants  of  the  tropics.  Mosses 
and  lichens  are  plentiful,  and  acotyledontous  plants  in 
general  form  from  a  third  to  a  half  of  the  species  of  ve- 
getables. Within  the  polar  region,  trees  are,  in  a  ge- 
neral view,  scarce.  Some  pines,  and  the  white  birch, 
which  advance  farthest,  at  last  disappear,  and  the  dwarf- 
birch,  some  dwarf  salices,  as  S.  gljuca,  reticulata,  and 
herbacea,  for  a  time  supply  their  place,  in  a  herbage  of 
coarse  grasses  and  cyperaceae,  with  mosses  and  lichens 
intermingled.  Still  farther  within  the  region,  mosses 
and  lichens,  and  some  minute  fungi,  are  left  sole  occu- 
pants of  the  land  ;  the  mosses  next  cease  to  grow  ;  and 
Uredo  nivalis,  which  inhabits  the  surface  of  the  snow  it- 
self, forms  the  northern  limit  of  the  vegetable  tribes. 
The  different  florae,  however,  though  in  a  general  view 
sufficiently  well  ciiaracterized  in  each  region,  pass,  by 
imperceptible  gradation?,  into  each  other;  and,  in  the 
tropical  region,  on  ascending  mountains,  as  the  heat  de- 
creases, we  fall  in  successively  with  a  flora  analogous  to 
that  of  the  temperate  and  polar  regions  ;  in  like  manner, 
on  ascending  a  mountain  in  the  temperate  region,  we 
find,  at  a  certain  distance  below  the  snow  line,  the  com- 
mencement of  a  polar  flora. 

Most  f;imilics  of  plants  are  limited  to  a  certain  range 
of  climate;  but  mosses  are  dispersed  nearly  over  the 
whole  surface  of  the  globe.  If  they  are  peculiarly  luxu- 
riant and  plentiful  on  the  inner  side  of  the  polar  circle, 
and  towards  the  snow  line  in  the  tropical  and  temperate 
regions,  it  is  on  account  of  the  humidity  of  the  soil  and 
climate,  which  is  peculiarly  favourable  to  their  vegeta- 
tion ;  and  the  absence,  or  small  proportion  of  cotylcdo- 
neous  plants,  which  leares  them  full  scope  for  growth. 
The  extent  of  ground  covered  by  mosses,  in  the  polar 
circle,  almost  exceeds  belief.  Sprengcl  states,  that  "  in 
regions  where  the  soil  is  never  th.iwed  beyond  the  dopth 
of  four  inches,  mosses  and  lichens  are  the  only  vegetable 
inhabitants,  as  has  been  proved  by  the  relation  of  Sujef, 
who  went,  under  the  direction  of  Pallas,  in  1771,  to  the 
coast  of  the  Icy  Sea.  Tlie  northern  border  of  Siberia, 
towards  the  coast  of  that  Sea,  is,  for  tlie  width  of  some 
liundrcd  versls,  one  continued  morass,  destitute  of  trees, 
where,  in  the  middle  of  summer,  the  thaw  never  pene- 
trates beyond  a  span  deep;  and  here  the  whole  soil  is 
covered  by  mosses.  In  Spiizbergen,  according  to  Mar- 
tens, the  rocks  of  Schistus,  rising  out  of  the  everlasting 
masses  of  ice,  arc  thickly  clothed  with   mosses;  and  in 


Greenland  they  constitute  the  most  numerous  class  of 

vegetables." 

Throughout  the  whole  of  Scandinavia,  mosses  abound  ; 
and  then,  as  well  as  on  the  Carpathian  and  Swiss  Alps, 
in  the  Vosges  in  the  woods  of  Thuringia,  in  Hercynia, 
new  species,  and  even  genera,  are  not  unfrequently  dis- 
covered. 

In  North  America,  mosses  are  at  least  equally  abun- 
dant ;  but  though,  from  the  time  of  Dillenius,  European 
botanists  have  had  correspimdunts  in  the  British  settle- 
ments, the  muscology  of  that  continent  is  still  very  im- 
perfeclly  known.  The  humidity  of  the  southern  parts  of 
South  America,  and  of  Terra  del  Fuego,  is  equally  fa- 
vourable to  mosses;  and  in  these  parts  often  large  dis- 
trics  are  completely  covered  with  them.  It  is  well  known 
that  UiUenius  received  a  considerable  number  of  his 
rarest  species  from  Patagonia:  and  that  thence  Commer- 
son  brought  home  a  rich  collection  belonging  to  this  fa- 
mily. The  riches  of  Terra  del  Fuego  in  mosses,  is  at- 
tested by  Forster,  who,  however, did  not  collect  any. 

Nor  are  the  islands  of  the  Pacific  Ocean,  particularly 
the  more  southerly,  less  favourable  to  the  growth  of 
mosses.  To  them  we  owe  that  singular  hepatic  moss, 
Monoclca  Forsteri, named  by  the  discoverer,  Mr.  Forster, 
Anthoceros  univalvis.  The  riches  of  New  Zealand  in 
this  family,  are  proved  by  the  collection  brought  home 
by  Mr.  Menzies.  And,  should  the  existence  of  the  newr 
Southern  Continent,  said  to  have  been  lately  discovered, 
be  verified,  we  cannot  doubt  that  the  botanist  who  shall 
first  investigate  that  country,  will  obtain,  with  compara- 
tively little  trouble,  a  rich  harvest  of  new  species,  and 
perhaps  some  new  genera,  belonging  to  this  family. 

In  New  Holland,  the  mosses  tliffer  as  much  from  the 
mosses  ofothcr  countiies,  as  dothe  cotyledoneous  plants. 
Instead  of  polytricha,  we  have  that  singular  moss  Daw- 
sonia  polytrichoides  ;  instead  of  the  usual  forms  of  Gym- 
nostomum,  we  have  those  peculiar  mosses  with  a  gib- 
bous capsule,  a  membrane  across  the  moulh,  and  a  very 
peculiar  habit,  of  which  Mr.  Brown  has  foi  med  his  genus 
Lcptostomum.  As  yet  the  muscology  of  New  Holland 
and  its  dependencies  is  extremely  little  known;  and  we 
doubt  not  that  a  rich  harvest  remains  for  any  botanist  that 
may  have  opportunity  and  zeal  to  investigate  it  further. 

That  Asia  abounds  in  new  species  of  mosses,  and  is 
by  no  means  destitute  of  new  genera,  has  of  late  been 
amply  proved  by  remittances  received  in  Europe.  To 
Nepal  we  owe  that  singular  moss  Lyellia  crispa,  which 
has  several  points  of  affinity  both  with  Dawsonia  and  Po- 
lytiichum;  Calymperes  Garneri  ;  Octoblepharum  ser- 
ratum  ;  Schlolheimia  sulcata,  besides  a  very  consider- 
able number  of  new  species  belonging  to  genera  well 
known  in  Europe  ;  all  of  which  have  been  collected  and 
transmitted  by  the  Honourable  Colonel  Girnei';  another 
instance  of  the  zeal  of  the  Honourable  East  India  Com- 
pany's servants  in  the  cause  of  science.  That  distin- 
guished botanist.  Dr.  Wullich  of  the  Calrntta  gardens, 
has  also  transmitted  to  Eui')|)e  a  number  of  new  and  in- 
teresting species.  But  in  Asia,  still,  as  indeed  in  every 
country  out  of  Europe  hiliierto  mentioned,  next  to  no- 
thing has  been  done,  compared  with  what  remains  to  do. 

The  muscology  of  Africi  seems  to  be  more  imper- 
fectly known  than  that  of  any  other  country  which  has 
been  trod  by  the  foot  of  science.  Nor  is  this  wonder- 
ful, s^ncc  we  know  so  little  of  that  continent  itself.  Yet 
it  can  seal  rely  be  doubled  that  the  high  lands  of  Abys- 
sinia, the  summits  of  that  lofty  ridge  teimcd  the  moun- 
tains of  the  moon,  and  of  other  lofty  ridges,  the  banks  of 
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:ivers,  and  the  swamps,  which  are  too  plentiful  and  ex- 
tensive for  the  health  of  Europeans  on  some  parts  of  the 
coast,  all  abound  in  mosses. 

Of  the  dependencies  of  Africa,  the  isle  of  Madagascar 
has  a  rich  cotyledoneous  flora,  a  rather  humid  soil,  deep 
shady  woods,  and  is  somewhat  mountainous.  This  island 
presents  a  very  fair  prospect  to  the  muscologist. 

Having  thus  taken  a  general  view  of  the  distribution 
of  mosses  over  the  globe,  or  rather  of  the  very  slight  de- 
gree of  knowledge  which  has  been  attained  respecting 
this  distribution,  something  may  next  be  said  of  the  par- 
ticular localities  which  different  mosses  affect. 

It  has  already  been  mentioned,  that  moisture  and  shade 
are  favourable  to  the  growth  of  mosses  in  general.  These 
are   peculiarly   requisite  for  the  hepatic  mosses.     Yet 
several  species  of  mosses  choose  their  residence  where 
ihey  have  no  shade,  snd  comparatively  little  moisture. 
The  four  species  of  Andraea  grow  only  on  the  dry  sides 
of  exposed  alpine  rocks  ;  Grimmia  saxicola  delights  in 
a  similar  situation,   but   sometimes  descends  somewhat 
lower.      Anictangium    ciliatum ;    Grimmia   ovata,   and 
pulvinata;    various  Trichostoma;    delight   also  on   ex- 
posed rocks  and  stones,  receiving  no  moisture  except 
from  rains  and  dews;  and  hence  their  existence,  like 
like  that  of  many  other  mosses,  is  torpid  for  most  of  the 
summer.     Tortula  muialis  abounds,  as  its  specific  name 
imports,  on  walls;   has  equally  little  moisture;  and  is 
also  torpid  during  ordinary  summers.     Tortula  ruralis, 
and    subulaia ;    Didymodon    purpureum,    and    various 
Hypna  which  grow  on  thatched   roofs  and  on   turf-capt 
■walls,  (as  well  as  in  various  other  situations,)  are  equally 
destitute  of  moisture  and  shade  with  the  species  already 
mentioned.     Diphyscium  foliosum  grows  on  the  sides  of 
dry  rocks,  or  on  dry  knolls,  and  is  in  perfection  in  the 
latter  months  of  autumn.     Some  mosses  will  thrive  in  a 
soil  of  pure  sand,  as  Tortula  ruralis,  Hypnum  lutescens, 
and   perhaps   H.   dendroides.     Buxbaumia   aphylla  de- 
lights in  peat-moss,  and  will  thrive  in  it  whether  it  be 
dripping  wet,  or  quite   dry.     Various  mosses  grow  on 
fields  and  mountains,  in  situations  not  particularly  either 
wet  or  dry,  and  having  no  shade  but  what  is  occasionally 
afforded  them  by  the  heath  or  grass  among  which  they 
are  situated.      Such  are   Hypnum  undulatum,  loreum, 
splendens,  schreberi;    Didymodon  purpureum;   Bryum 
aipiiiura,  and  nutans,  &c.     On  the  other  hand,  many  de- 
light only  in  densely  shaded,  moist  situations,  and  grow 
on  the  earth,  or  creep  over  other  substances  in  their  way  ; 
such  are  Hookeria  lucens;  Hypnum  proliferum,  prae- 
longum,  striatum,  denticulatum  triquetrum  ;  Bryum  ro- 
seum,  Sec.     Various  species  must  be  considered  as  bog 
species  ;  such  are  Weissia  splachnoides,  Hookeria  iae- 
tevirens ;  Hypnum    cuspidatum,  cordifolium,  filicinum, 
aduncum,scorpioides  ;  Bryum  palustre,  dealbatum,  ven- 
tricosum,    punctatum,    hornum.       Dicranum    glancum, 
cerviculatum,  and   fiexuosum,  grow  in  bogs  and  other 
moist  places;  the  four  Sphagna  also  may  be  considered 
as  bog  plants,  though  Sph.  obtusifolium,  and  Sph.  acuti- 
folium,  ott  grow  on  the  mountains,  merely  in  moist  situ- 
ations.    Many  species  are  fond  of  running  water  ;   such 
are  Cinclidotus  fontinaloides,  the  three  species  of  Fonti- 
nalis,  Bartramia  fontana,  Hypnum  fluitans,  ruscifolium, 
kc.      Most  of  the   elegant  Splachna,  obscene  in  their 
habitation,  prefer  the  dung  of  animals,  in  alpine  situations. 
Many  mosses  grow  on  trees;  such  are  Gymnostomum 
viridissimum  ;  Ptevogonium  smithii ;  Leucodon  sciuroi- 
des;    Zygodon   conoideum ;  most  of  the   Orthotricha; 
Neckera  pumila;  Hypnum  trichomanoides,  complana- 


tum ;  occasionally,  serpens  curvaluno,  and  myosuroides, 
&c. 

The  geognostic  relations  of  mosses  are  too  little  known 
to  have  place  in  this  brief  sketch. 

SYSTEMATIC  ARRANGEMENT   OF 
MOSSES. 

This  extensive  family,  or  class,  naturally  subdivides 
into  two  orders,  which  were  termed  Musci  frondosi,  and 
Musci  hepatici,  by  Hedwig.  We  reluctantly  part  with  a 
term  sanctioned  by  so  great  an  authority,  and  inore  par- 
ticularly as  this  arrangement  of  musci  was  first  suggest- 
ed by  him  :  Yet  we  feel  ourselves  obliged  to  use  the  term 
foliosi,  first  proposed  by  Sir  J.  E.  Smith,  that  we  may 
avoid  an  equivoque  between  the  order  of  Frondose  musci 
and  the  frondose  species  and  genera  of  the  Hepatic  musci. 
The  two  orders  may  also  be  termed,  with  much  pro- 
priety, Plantae  operculatae,  and  PI.  desperculatae,  with 
Mohr. 

Ordek  I. 

MUSCI  FOLIOSI,  OR  OPERCULATI. 

The  Musci  foliosi,  or  operculati,  have  the  herb  always 
divided  into  stems,  roots,  and  leaves,  and  the  fruit  cover- 
ed with  a  calyptra,  and  raised  on  a  seta,  or  fruitstalk, 
except  in  the  two  genera  Andraea  and  Sphagnum,  in 
which  it  is  sessile. 

The  capsule  is  always  entire,  except  in  Andraea,  in 
•which  it  is  quadrivalve;  and  except  in  Phascum  and 
Voitia,  in  which  it  is  indehiscent,  it  opens  by  the  sepa- 
ration, by  a  transverse  line,  of  a  part  termed  Operculum 
or  lid,  from  the  summit  of  the  capsule. 

The  natural  character  of  this  order  is  to  have  the  flow- 
ers monoecious,  dioecious,  sometimes  united,  or  poly- 
gamous. 

Male  Flowers. — Calyx  polyphyllous,  the  leaflets  ge- 
nerally of  the  same  colour  with  the  leaves  of  the  plant; 
but  frequently  different  in  form  and  texture ;  some- 
times coloured  ;  spreading  when  the  flowers  are  discoid, 
conniving  when  they  are  budlike. 

Corolla  none.  Stamens  several,  within  a  polyphyl- 
lous calyx,  with  succulent  filaments  intermingled  ;  in 
some  species  they  are  aggregated  into  a  capitulum,  and 
raised  on  a  stalk  above  the  calyx;  in  others,  they  are 
scattered  in  the  axillje  of  the  upper  branches.  Fila- 
ment short  (except  in  Sphagnum,  in  which  it  is  some- 
what elongated)  filiform  ;  anther  roundish,  ovate,  or 
cylindrical,  consisting  of  a  m.ass  of  pollen,  contained  in  a 
case  that  usually  opens  by  a  lid. 

Female  Flowers. — Calyx  a  perichaetium,  many-leaved, 
the  leaflets  oft  more  delicate  in  texture  than  the  other 
leaves,  enclosing  several  pistils,  with  succulent  threads 
intermingled  among  them. 

Corolla  none,  unless  we  describe  under  this  name 
the  loose  exterior  covering  of  the  capsule,  which  is  cy- 
lindrical towards  the  base ;  terminates  upwards  in  a 
cone  ;  adheres  at  the  summit  to  the  capsule,  and  is  free 
every  where  else,  except  (during  the  flower)  at  the  base. 

Pistil,  cylindrical  at  the  base,  terminating  above  in  a 
cone  ;  the  style  elongated,  slender,  covered  to  the  very 
summit  by  the  calyptra.  The  stigma  truncated  or  con- 
cave. 
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Pericarp,  a  capsule,  enlire  except  in  Andraea  ;  elevat- 
ed on  a  fruitstalk,  except  in  Sphagnum  and  Andiaea ; 
opening  by  the  separation  of  an  operculum,  except  in 
Phascum  and  Voiiia,  in  which  it  is  indehiscent;  the 
mouth  either  naked,  covered  with  a  flat  membrane,  sur- 
mounted by  a  conical  membrane,  or  by  teeth,  which  are 
always  definite  in  number,  except  in  Dawsonia,  and  either 
in  a  single  or  double  row  ;  an  elastic  ring  frequently 
present  without  the  teeth;  walls  of  the  capsule  always 
double,  though  in  some  instances  very  closely  approxi- 
mated ;  wlien  the  peristome  is  double,  one  row  of  teeth 
usually  arises  from  the  summit  of  each.  An  upright 
pillar,  termed  Columella,  which  rises  perpendicularly 
from  the  base  to  the  summit  of  the  capsule,  and  some- 
times, as  in  Systilium  splachnoides,  and  Hypnum  dcn- 
droidcs,  continues  attached  to  the  operculum  after  the 
capsule  is  opened,  is  always  present  in  tliis  family. 

Calyptra,  torn  by  the  elongation  of  the  fruit-stalk,  or 
by  the  enlargement  of  the  capsule,  either  from  the  base, 
or  by  a  nearly  horizontal  section  about  the  middle  ;  oft 
split  at  one  side  ;  in  some  instances  very  small  and  ca- 
ducous ;  generally  deciduous ;  very  rarely  persistent. 

ANATOMY   AND   PHYSIOLOGY  OF  FOLIOSE   OR  OPEUCULATE 
MOSSES. 

Mosses  appear  to  consist  entirely  of  cellular  texture, 
which  varies  much  in  density,  and  in  the  form  of  the 
cells  in  different  species,  and  even  in  different  parts  of 
the  same  species.  In  the  stems  and  nerves  of  the 
leaves,  the  cells  are  narrow  and  elongated,  from  the 
effect  of  pressure.  In  many  instances,  the  compression 
and  elongation  of  the  cells  takes  place  chiefly  at  the 
circumference  of  the  stem;  while  those  in  the  centre 
preserve  very  nearly  their  original  hexagonal,  penta- 
gonal, or  other,  and  frequently  more  complicated  form  ; 
indicating  that  in  mosses,  as  in  palms,  vegetation  is 
most  active  in  the  centre  of  the  trunk  ;  while,  from  the 
ready  and  abundant  ramification  of  a  large  proportion 
of  species,  this  family  has  some  analogy,  in  external 
aspect,  to  the  dicotyledoneous  vegetables.  The  elon- 
gated cells  have  been  described  by  Hedwig,  the  first  of 
Muscologists,  as  straight  tubes,  analogous  to  those  figur- 
ed by  Grew  and  Malpighi,  as  a  constituent  part  of  the 
larger  plants,  and  as  forming,  in  particular,  a  great 
part  of  the  wood  of  ligneous  dycotyledons.  But  in  the 
larger  plants,  these  supposed  tubes  are  now  generally 
admitted  to  be  merely  condensed  cellular  substance ; 
and  in  mosses,  a  gradation  may  be  traced  from  the 
roundish,  or  angular  and  nearly  equal-sided  cell,  to  the 
tubiform  appearance  produced  by  elongation  from  pres- 
sure. Hedwig  concluded,  from  analogy,  that  spiral 
tubes  exist  in  mosses,  and  adduced  the  disengagement 
of  globules  of  air,  about  the  size  of  moss  seeds,  from 
dissected  portions  of  the  stem,  while  he  was  examining 
them  under  a  microscope,  and  from  the  dry  calyptra 
when  placed  in  water,  as  proofs  of  their  existence.  But 
he  admits  that  he  had  never  been  able  to  detect  them 
by  the  knife  and  microscope  ;  and  his  hypothesis,  that 
pollen  is  formed  chiefly  by  the  agency  of  the  spiral 
vessels,  perhaps  predisposed  him  to  admit  their  exist- 
ence upon  slighter  grounds  than  he  might  otherwise 
have  considered  necessary.  The  light  which  the  re- 
searches of  that  disiiiiguished  investigator  have  diffused 
over  the  structure  and  economy  of  mosses,  entitle  even 
his  opinions  to  great  respect :  and  Bridcl,  without  adduc- 
ing any  new  fact,  considers  the  existence  of  the  vessels 


in  question  to  be  established  ;  thinks  that  they  form  the 
chief  part  of  the  meshes  that  divide  what  are  usually 
termed  the  cells  of  the  leaves;  and  doubts  whether  "in 
these  meshes  the  vessels  form  a  single  stratum  only,  or 
several  strata  superimposed,  as  in  the  leaves  of  the  apple 
and  orange."  By  means  of  these  vessels,  which  he 
thinks  traverse  the  wiiole  structure  of  a  moss,  and  by 
them  alone,  are  we  enabled  to  explain  the  transformation 
of  a  disciferous  into  a  capsuliferous  plant.  But  he  does 
not  show,  in  what  manner  these  vessels  would  assist  us 
in  the  solution  of  this  difficulty.  We  are  unable  to  see 
how  it  can  be  in  any  degree  affected  by  the  question 
about  the  presence  or  absence  of  spiral  vessels,  and  think 
that  it  can  be  solved  only  by  considering  species  which 
had  been  reckoned  dioecious,  to  be  really  monoecious. 

We  distrust  conclusions  drawn  from  analogy,  when 
the  substances  compared  have  so  many  points  of  dis- 
crepancy, as  musci  and  cotyledoneous  plants.  The 
structure  of  the  ridges  that  form  the  partitions  between 
the  cells,  and  of  the  slightly  elevai'id  lines  that  cross 
the  cells  in  different  directions,  is  at  jresent  altogether 
unknown.  It  may  consist  of  a  congeries  of  extremely 
minute  tubes;  analogy  perhaps  favours  that  supposition; 
and  we  recommend  the  inquiry,  as  one  of  no  mean  inte- 
rest, to  the  vegetable  anatomist,  and  to  botanists  in 
general. 

In  the  flat  part  of  the  leaves,  the  cells  are  in  general 
less  compressed  than  in  the  stems  and  nerves,  yet  even 
in  the  leaves  ihey  vary  exceedingly  in  form  in  different 
species,  and  sometimes  not  a  little  in  the  same  species, 
at  different  periods  of  growth.  Very  frequently  bars, 
much  more  slender  than  the  parietes  of  the  cells,  tra- 
verse the  cells  in  different  directions,  but  chiefly  in  the 
direction  of  their  narrowest  diameter.  These  are  very 
conspicuous  in  the  genus  Sphagnum,  in  which  the  cells 
are  of  a  very  peculiar  form;  and  they  are  more  or  less 
visible,  crossing  the  cells  of  most  mosses.  In  Hookeria 
lucens  the  cells  are  of  a  rhomboidal  form,  the  diameter 
between  the  angles  pointing  from  the  base  to  the  apex 
of  the  leaf,  being  about  twice  as  long  as  the  transverse 
one.  In  Diphysicum  foliosum  the  cells  appear  some- 
what like  small  irregluar  openings  in  a  very  dense  tex- 
ture. And  almost  every  moss  has  something  peculiar 
in  the  form  of  its  cells. 

No  pores  have  hitherto  been  traced  on  the  surface  of 
any  moss  ;  and  neither  pores,  nor  any  other  means  of 
communication,  has  been  traced  in  the  interior  between 
the  cells.  Yet  it  is  certain  that  they  are  extremely  per- 
meable, and  that  they  imbibe  water  with  great  avidity, 
not  merely  when  in  a  state  of  active  vegetation,  but  af- 
ter they  have  been  preserved  dry  for  several  years.  A 
dried  moss  may  thus,  after  having  been  preserved  for 
any  number  of  years,  at  any  time  be  restored  to  its  ori- 
ginal verdure,  and  to  the  exact  appearance  which  it 
iiad  when  growing,  by  simple  immersion  for  a  few  mi- 
nutes in  water.  There  is,  however,  one  case  of  excep- 
tion. If,  in  the  original  drying,  great  pressure,  or  the 
smoothing  iron  has  been  used,  for  the  purpose  of  mak- 
ing very  showy  specimens,  tlien  the  original  form  can 
never  be  regained.  Of  course,  if  one  set  of  thtse  fine 
specimens  be  kept  for  show,  there  should  be  others, 
less  artificially  prepared,  for  use.  It  is  remarkable, 
that  a  moss  which  has  been,  from  drought,  quite  arid, 
and  in  a  state  of  torpor  for  several  months,  or  even  for 
years,  will,  in  many  instances  at  least,  on  the  re-appli- 
cation of  moisture,  grow  as  vigorously  as  before  the 
commencement  of  the  torpidity.     But  mosses  that  have 
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been  deprived  of  vitality  by  heat,  or  by  whatever  other 
means,  imbibe  moisture  when  dry,  as  rapidly  as  mosses 
merely  torpid.  It  appears,  then,  that  this  quality  of  ab- 
sorption in  them  is  not  dependent,  or  at  least  not  always 
dependent,  on  the  vital  principle.  May  it  not,  then,  be,  at 
least  in  the  dead  moss,  the  result  of  a  chemical  affinity 
between  water,  and  that  modification  of  vegetable  matter 
of  which  a  moss  is  composed  ? 

In  regard  to  duration,  mosses  may  be  divided  into  an- 
nual, biennial,  and  perennial. 

'J'he  particular  parts  of  mosses  may  be  divided  into 
conservative  and  reproductive  organs. 

CHAP.  I. 

tONSEKVATIVE   OUGANS. 

These  may  be  conveniently  subdivided  into  roots, 
stems,  branches,  and  leaves. 

Sect.  I.     Of  Roots. 

The  root,  that  part  by  which  the  plant  is  fi.xed  and 
nourished,  can  scarcely  be  said  to  be  wanting  in  any 
plant,  at  least,  certainly,  not  in  any  moss:  And  both  the 
species  into  which  roots  are  usually  subdivided — the  pri- 
mary and  secondary — are  exemplitied  in  this  family. 

The  primary  root,  that  sort  which  is  analogous  to  the 
prolongation  of  the  rostellum  in  the  colyledoneous  tribes, 
is  sufficiently  obvious  in  a  young  moss,  though  the  mode 
of  its  original  evolution  seems  to  be  considerably  differ- 
ent from  that  of  cotyledoneous  plants.  Like  what  are 
usually  called  the  cotyledons,  it  seems  to  be  a  mere  ex- 
pansion of  the  substance  of  the  seed  itself,  the  stem  soon 
after  appearing  exactly  opposite  it.  In  Buxbaumia 
aphylla,  it  persists,  and  is  curiously  divided,  almost  im- 
mediately below  its  origin.  It  is  thicker  than  the  secon- 
dary roots;  but  in  Sphagnum,  in  Hypnum,  with  its  affi- 
nities, with  few  exceptions,  and  indeed  in  the  greater 
part  of  the  family  of  mosses,  the  primary  root  is  of  no 
long  duration,  being,  with  the  lower  part  of  the  stem  it- 
self, choked  by  the  exclusion  of  air,  owing  to  the  luxu- 
riant vegetation  of  the  parts  above  it :  it  soon  decays,  and 
forms  mould.  The  plant  is  then  nourished  by  the  secon- 
dary roots,  V  hich  shoot  in  profusion  from  every  part  of 
the  stem,  particularly  from  its  under  side,  if  in  contact 
with  a  moist  surface.  They  arise  first  from  the  axils  of 
the  leaves ;  but  in  several  species  they  soon  cover  the 
whole  of  the  stem  towards  the  lower  part  with  a  dense 
woolly  tomentum,  which,  in  bog  or  water  species,  as  in 
Bryum  palustre,  Bartramia  fontana,  is  usually  dark 
brown,  and  often  becomes  long  and  crisp,  concealing  not 
merely  the  stem  betv.een  the  leaves,  but  ultimately 
choking  the  leaves  themselves.  In  several  species  roots 
arise  also  from  the  nerves  of  the  leaves.  In  Timmia 
megapolitana  they  have  been  observed  to  originate  from 
the  nerve,  after  the  flat  part  of  the  leaf  had  decayed.  In 
nerveless  leaves,  they  sometimes  arise  from  the  apex, 
and  even  from  the_^at  exfianded  disk,  (an  origin  which 
we  have  not  found  anywhere  noted.)  as  in  Hookeria 
lucens. 

Whether  primary  or  secondary,  they  are  always 
fibrous;  and  though  simple,  when  protruded,  soon  be- 
come divided  or  branched.  In  an  early  state,  they  ap- 
pear like  undivided  tubes  ;  but  they  soon  become  opaque, 
and  when  examined  by  dissection,  are  found  to  be  di- 
vided into  cells  by  transverse  partitions.  Externally 
their  colour  varies,  from  while,  which  is  rare,  unless  in  an 
earlv  state,  througli  various  shades  of  brown  to  black. 
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Sect.  II.     0/  the  Stem  and  Branches. 

Xor  is  the  stem  ever  wanting  in  the  structurs  of  a 
mois,  though  in  some  species,  as  in  Diphysicum  folio- 
sum,  Weis'iia  nuda,  some  Phasca,  and  even  somcGyni- 
nosloma,  it  is  not  vciy  obvious  at  first  without  a  magni- 
fier, appearing  little  else  than  a  thin  plate  interposed  be- 
tween the  roots  and  the  fructification.  In  Buxbaumia 
aphylla  it  is  in  the  form  of  a  bulb.  It  is  usually  cylin- 
drical; yet  in  Bryum  cuspidatuni,  ligulatum,  and  some 
other  species  with  decurrcnt  leaves,  it  appears  angular. 
When  sterile  it  usually  tapers  to  a  point,  but  in  the  fer- 
tile state  it  is  frequently  club-shaped;  and  though  solid 
in  the  other  parts,  (excepting  in  the  base  of  the  bulb  of 
Buxbiumia  aphylla,  which  is  hollow,  at  least  in  the  young 
state,)  these  club-shaped  extremities  are  not  unfrequently 
found  hollow.  Even  these  stems  or  branches,  however, 
were  originally  tupering  like  the  others  ;  and  it  is  not  till 
after  the  stem  or  branch  has  attained  its  full  length,  that 
the  incrassated  club-like  extremity  begins  to  be  formed. 
On  a  transverse  section  of  it  we  usually  find  the  appear- 
ance of  a  division  into  epidermis,  bark,  wood,  and  pith  ; 
appearances  which  seem  to  be  ov.ing entirely  to  the  form 
and  size  of  the  cells,  occasioned  by  some  difference  in 
the  degree  of  pressure  to  which  the  difi'erent  parts  have 
been  subjected,  and  the  length  of  time  during  which  it 
has  been  continued  ;  or,  at  least,  not  to  require  for  their 
explanation  any  other  cause  than  different  modifications 
of  the  same  cellular  tissue,  by  whatever  means  produced. 
We  have  not  been  able  to  find  in  these  stems  the  "  vas- 
culosum  opus,"  mentioned  by  Hedwig;  we  have  found 
no  proofs  of  its  existence  that  are  satisfactory,  adduced 
by  others,  and  hence  we  must,  in  the  mean  time,  consi- 
der its  existence  as  hypothetical. 

The  surface  of  the  stem  is  either  quite  smooth,  or  i; 
is  roughened  with  papillseform  excrescences;  perhaps 
never  downy,  though  it  often  appears  so,  from  being  co- 
vered with  minute  roots.  At  the  lower  part,  and  in  the 
thickly  branched  species,  not  unfrequently  throughout  a 
great  part  of  the  length  of  the  stem,  as  in  various  Hypna, 
it  often  appears  scaly,  from  the  remains  of  decayed  leaves. 
In  duration,  it  is  in  some  species  annual  or  biennial  ;  in 
which  instances  it  continues  always  soft  and  succulent ; 
but  in  the  greater  number  of  species  it  is  perennial,  and 
oft  acquires  somewhat  of  a  woody  consistency.  Indirec- 
tion it  is  upright,  the  stem  by  its  rigidity  supporting  it- 
self, as  in  Hypnum  dendroides,  Bryum  ligulatum,  and 
other  analogous  species,  in  which  the  tap  root  persists  ; 
in  other  instances,  the  stems,  though  weak,  support  each 
other  in  an  upright  posture,  in  consequence  of  growing 
in  thick  tufts,  as  in  some  of  the  Sphagna ;  or  it  is  always 
recumbent,  as  in  roost  of  the  Hypna  Neckerae,  various 
Dicrana,  &c.  Many  of  these  procumbent  species  may 
be  said  to  be  creeping,  because  they  protrude  roots  from 
the  whole  of  their  under  surface.  Many  species,  parti- 
cularly those  of  short  duration,  have  the  stem  quite  sim- 
ple ;  but  some,  even  of  the  annual  species,  are  branch- 
ed, as  are  perhaps  all  the  perennial  species,  without  ex- 
ception, either  simply  or  repeatedly,  bifariously  or  irre- 
gularly;— in  short,  exhibiting  a  very  considerable  vari- 
ety of  modes  of  ramification.  After  the  flower,  it  is  not 
uncommon  for  the  species  truly  simple,  at  the  lime  cf 
flowering,  to  produce  either  one  or  two  branches  from 
the  extremity  of  the  stem,  on  one  side,  or  on  iwo  oppo- 
site sides  of  the  young  fruit;  and  thus  the  mature  fruit, 
in  some  instances,  acquires  the  appearance  of  being  la- 
teral, or  axillary,  though  the  flower  was  terminal.  In  the 
snecies  truly  branched,  innovations,  as  the  terminal  prf>- 
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longations  are  named,  also  have  place,  besides  the 
branches  arising  variously,  detcrminatcly,  or  indclermi- 
iiately,  alonp  the  sides  of  the  stem,  and  in  these  species 
the  Howcrs  and  fruit  occur  exclusively,  or  almost  exclu- 
sively, on  the  branches. 

Sect.  III.     Of  the  Leavea, 

.\o  species  of  opcrculate  or  foliose  moss  is  leafless; 
thoutjli  the  specific  name  of  Buxbaumia  aphylla,  is  a 
proof  lliat  it  had  once  been  considered  as  an  instance. 

As  in  other  plants,  the  leaves  of  mosses  may  be  said 
to  be  radical,  cauline,  rameal,  or  floral,  according  to  the 
parts  of  the  plant  on  which  they  grow,  or  which  they 
surround. 

In  no  species  are  they  pedunculate,  in  general  they  are 
sin)ply  sessile  ;  yet  in  many  species  they  are  amplexi- 
caul,  in  others  decurrent.  In  the  plants  will)  male  flowers 
of  Dicranum  biyoides,  they  may  be  said  to  be  sheathing, 
the  upper  and  inner  side  of  the  leaf  being  double  towards 
the  base,  the  folds  arising  on  opposite  sides  of  the  stem 
— a  structure  having  a  remote  affinity  to  that  of  Ihe  lobu- 
late  Jungermanniae. 

In  every  instance  the  substance  of  the  leaf  is  continu- 
ous with  that  of  the  stem  ;  a  leaf  truly  deciduous,  which 
separates  by  an  aniculation,  being  unknown  in  the  fa- 
mily. Thty  always  persist;  and  often  long  after  they 
have  been  decomposed  in  the  place  where  they  grow, 
the  remaining  nerve  or  fragments  of  the  base  of  the  leaf 
show  where  they  had  been  inserted.  They  never  occur 
opposite  or  verticillated,  but  are  always  in  alternate  or- 
der. In  inseiiion  they  are  either  bifarious,  as  in  a  section 
of  Dicrana,  Hypna,  various  NeckersE;  Sec. ;  trifarious  in 
Fonlinalis  antipyretica,  and  Bryum  triquetrum  ;  quadri- 
farious,  as  in  Hookeria  lucens,  though  their  summits  are 
directed  bifariously  ;  in  six  rows,  in  Hypnum  trique- 
trum. In  most  mosses  they  arise  indiscriminately  from 
every  side  of  the  stem  ;  either  distant,  or  in  close  array  ; 
and  are,  in  the  direction  of  the  leaf,  either  imbricate,  pa- 
lent,  squarrose,  or  stcund.  In  many  instances  the  disk 
of  tlie  leaf  is  concave,  in  others  it  is  recurved  ;  in  Fonti- 
nalis  aniipyretica,  it  is  complicato-carinate  ;  it  is  seldom 
quite  plain. 

Except  in  the  Buxb:iumia  aphylla,  in  which  the  leaves 
are  deeply  laciniate,  they  may  be  said  to  be  entire  ; — 
though  inlheonly  known  species  of  Diphyscium,  and  in 
some  species  of  Anictangium,  the  pcrichaetical  leaves 
are  divided  into  an  indefinite  number  of  long  slender  seg. 
ments.  In  form  they  vary  very  much,  being  cordate, 
roundish,  ovate,  obovate,  oval,  linear,  subulate,  strap- 
shaped,  &c.  The  sterile  plants  of  Shistostega  pinnate, 
(or  Gymnostomum  pinnatum,)  resemble  a  frond,  the  hi- 
larious leaves  being  confluent  at  the  base.  In  most  in- 
stances, the  leaves  are  furnished  with  a  nerve,  which 
either  projects  beyond  the  summit,  forming  a  hairlike 
point,  or  terminates  exactly  at  the  apex,  or  at  a  less  or 
greater  distance  below  it.  In  some  instances,  when  the 
nerve  terminates  below  the  suinmit,  it  becomes  forked. 
It  sometimes  occupies  a  great  part  of  the  disk  of  the 
leaf,  as  in  some  Dicrana,  and  in  Barlramia  ithyphylla.  In 
the  latter  species  it  disappears  about  the  middle,  blend- 
ing with  the  substance  of  the  disk  of  the  leaf.  When 
;here  are  two  nerves,  in  no  instance  do  they  reach  the 
summit  of  the  leaf.  In  Hookeiia  laete-virens  alone,  they 
proceed  pretty  near  it.  In  general  they  do  not  proceed 
beyond  the  middle  of  the  leaf;  and  sometimes  only  for  a 
very  little  way  above  its  base.     The  margin  is  generally 


simple,  not  difi'ering  in  substance  or  in  texture  from  the 
disk ;  yet  sometimes,  as  in  certain  Gymnostoma,  and  a 
section  of  Bryum,  it  is  very  evidently  incrassated.  In 
cither  case,  it  may  be  quite  entire,  serrate,  crenate,  or 
ciliate.  When  it  is  serrate,  the  nerve  also,  in  some  spe- 
cies, particularly  toward  the  summit,  is  marked  with  the 
same  serratures  ;  and  in  Polytrichum  undulatum,  they 
occur  over  a  considerable  part  of  the  under  surface  of 
the  disk,  towards  the  summit.  The  serratures,  in  many 
instances,  extend  along  the  whole  free  margin  of  the 
leaf;  in  other  instances,  only  for  a  certain  distance  from 
the  apex. 

The  surface  of  the  leaves  is  in  general  quite  smooth, 
and  often  shining.  The  under  side  of  the  leaf  is  rough- 
ened with  numerous  projecting  points,  in  Anictangium 
ciliatum,  Hypnum  proliferum,  and  some  others.  In  va- 
rious Hypna,  both  with  and  without  a  nerve,  the  leaf  is 
traversed  longitudinally  by  various  stripes;  and  in  some 
Neckerx,  in  Hypnum  rugosum,  Dicranum  undulatum, 
Sec.  it  is  transversely  wrinkled. 

In  structure  the  leaves  of  the  mosses  consist  of  cellular 
tissue,  inclosed  in  epidermis.  In  the  meshes  of  the  cellu- 
lar tissue  is  contained,  perhaps  in  every  instance  except 
the  Sphagna,  and  Dicranum  glaucum,  a  very  succulent 
pulp.  In  Sphagnum,  they  contain  only  a  nearly  limpid 
juice.  If  a  leaf  be  cut  across,  and  quickly  placed  under 
the  microscope,  the  sap  may  be  seen  flowing,  by  the 
sides  of  the  meshes,  in  little  currents,  out  of  the  cells. 
Hedwig,  who  first  made  this  observation,  describes  the 
sap  as  flowing  out  of  the  meshes  or  partitions  them- 
selves, by  which  the  cells  are  divided.  In  repeating  his 
experiment,  the  little  current  has  always  appeared  to  us 
to  flow  by  the  sides  of  the  meshes;  and  in  some  instances, 
to  be  wider  than  the  diameter  of  the  partition  itself;  and 
hence  we  are  unable  at  present  to  admit  these  currents 
as  a  proof  of  the  vascular  structure  of  the  leaf,  although 
we  should  have  been  much  delighted,  by  perceiving 
sufficient  proof,  anywhere,  of  this  supposed  vascular 
structure  of  the  leaves,  as  well  as  of  the  supposed  vas- 
cular structure  of  the  stem. 

CHAP.  II. 

OF  THE   REPRODUCTIVE   ORGANS    OF   FOLIOSE   MUSri. 

Sect.  I.     0/  the  Flower  and  Fruit. 

The  flowers  of  mosses  are  in  most  instances  monoe- 
cious ;  in  a  considerable  number  are  they  dioecious ; 
very  rarely  are  they  polygamous  (Bryuin  palustre);  and 
equally  rarely  are  they  bisexual  or  united  (Bartramia 
pomiforrais,  Bryum  trichodes.) 

Mosses  in  general  are  fond  of  growing  in  tufts,  parti- 
cularly the  diclinous  species.  So  closely  are  the  male 
and  female  plants  of  Gymnostomum  pyriforme  frequent- 
ly placed  together,  that,  on  a  cursory  view,  they  may  ap- 
pear to  spring  from  the  same  root. 

In  regard  to  situation,  the  flowers  of  mosses  arise 
either  from  the  base  of  the  stem,  from  its  apex,  along 
its  sides;  or  from  the  apex  or  sides  of  the  branches. 
To  give  instances  of  some  of  these  modes  of  distribu- 
tion :  In  Dicranum  taxifolium  the  female  flowers  arise 
from  the  root  ;  the  male  are  axillary.  In  the  genus 
Phascum,  the  female  flowers  are  terminal,  the  male 
(usually  very  minute,)  are  axillary.  In  Hypnum  tri- 
quetrum, a  dioecious  species,  the  male  flowers  appear 
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chiefly  on  the  sides  of  the  branches,  the  female  on  the 
sides  of  the  stem.  In  H.  prolifeiuin,  both  male  and  fe- 
male flowers  grow  from  the  sides  of  ihe  siem.  In  the 
genus  Sphagnunn,  the  nnale  flowers  are  found  in  the  in- 
crassated  apices  of  the  upper  branches,  the  female  are 
axillary. 

Though  the  flowers  of  mosses  are  minute,  they  may, 
with  few  excep.ions,  be  easily  discovered  by  an  eye 
somewhat  practised,  either  witnout  any  assistance,  or 
with  the  aid  of  a  common  pocket  ^lass. 

The  flowers  of  mosses,  as  of  other  plants,  consist  of 
the  essenlial  parts  of  frucuticauon,  and  their  envelopes. 

The  envelope  of  the  flowers  of  a  moss  is  termed  Pe- 
richsetiiini.  It  is  usually  polypnyllous.  but  ihe  male 
flowers  of  Encalypta  vultraiis,  and  a  few  other  species, 
have  a  four  leaved  pericauuni.  file  nuintier  ol  leaves 
in  the  perichastium  of  diflurent  species,  varies  Irom  six 
to  twenty.  The  perichaetial  leaves  are  seldom  in  a  smgle 
row.  When  in  several  rows,  tiie  outermost  are  usually 
smaller  ihan  the  intermedinu-,  and  the  iiinennost  are  the 
smallest.  Except  in  some  few  mstanees,  in  which  those 
surrounding  the  female  floweits  are  similar  to  those  of 
the  stem,  the  intermediate  and  inner,  (and  sometimes  also 
the  outer  perichaetial  leaves)  almost  invariably  differ 
very  much  in  structure,  form,  and  sometimes  in  colour 
and  margin,  from  those  of  the  stem.  Thus  iti  Encalypta 
vulgaris,  and  ciliata,  the  perichaetial  leaves  want  tue  very 
prominent  nerve  of  the  stem  leaves,  and  are  altogether 
unlike  them  in  form.  Peculiarities  in  the  perichaetial 
leaves  of  Dicranum  bryoides,  and  Dipiiyscium  foliosum, 
have  already  been  mentioned;  and  ii  may  now  be  added, 
that  while  the  interior  perichaetial  leaves  in  Dipliysium 
foliosum  divide  at  the  summit  into  cilia,  the  exterior  are 
acuminate,  and  the  stem  leaves  are  tongue-shaped.  It 
would  appear,  also,  that  in  Buxbaumta  apliylla  tlie  leaves 
are  of  two  difl'erent  sorts.  Those  with  which  we  have 
been  for  some  time  acquainted,  and  of  which  we  examin- 
ed ^  very  considerable  number  in  October,  1819,  are 
reticulated,  the  cells  usually  hexagonal  or  oval ;  much 
more  rarely,  we  conceive,  oblong,  as  they  are  represented 
in  Mr.  Greville's  accompanying  figure.  The  other  sort, 
which  we  conceive  to  be  pericliseiial  leaves,  were  dis- 
covered by  Mr.  Greville,  while  he  was  drawing  the 
figures  for  this  paper.  They  have  the  appearance  of  a 
number  of  conferva-like  filaments,  united  in  a  single 
file.  These  leaves,  like  the  others,  are  laciuiated  ;  and 
the  lacinis  are  formed  by  the  separation  of  the  fila- 
ments into  sets  of  two  or  three  ;  and  sometimes  a  single 
one  goes  to  the  formation  of  a  segment  by  itsell  In 
the  laciniae,  the  filaments  sometimes  again  separate  to- 
wards the  summit.  With  these  leaves  we  are  quite 
unacquainted  ;  but  we  can  rely  on  Mr.  Greville's  ac- 
curacy. The  Hypna  in  general  have  the  female  flowers 
surrounded  by  a  perichselium  consisting  of  membrana- 
ceous, transparent  leaves,  extremely  different  from  those 
of  the  stem. 

The  male  and  female  flowers  of  mosses  may  in  genc- 
lal  be  distinguished  without  much  difficulty,  even  with- 
otJl  opening  the  perichaetial  leaves.  The  male  flowers, 
when  axillary,  are  more  rounded  at  the  base;  are  shorter, 
and  have  an  appearance  of  greater  firmness  and  com- 
pactness than  the  axillary  female  flowers.  When  the 
flowers  of  the  one  sort  are  axillary,  and  of  the  other  ter- 
menal,  there  can  be  no  difFiculiy  ;  yet  even  then  oft  tlie 
same  distinctive  marks  prevail. 

The  essenlial  parts  of  the  flower  consists  of  stamens 
and  pistils. 


The  stamens,  as  already  mentioned,  usually  occupy  a 
separate  flower  from  the  pistils.  They  are  always  nu- 
nieiuus  in  the  same  flower.  They  consist  of  a  filainenl, 
usually  short,  but  in  Sphagnum  of  considerable  lenii;lli, 
and  a  mass  of  pollen  similar  to  that  of  the  Asclepiadcae, 
contained  in  a  double  membrane,  situated  upon  it.  The 
form  of  this  mass  is  usually  cylindrical ;  but  in  the  genu* 
Sphagnum,  and  in  Bryum  andiogynum,  it  is  ovate,  and 
somewhat  acuminated.  In  Sphagnum,  it  appeals  t» 
be  surrounded,  in  the  perpendicular  direction,  by  a 
ring.  The  membrane  containing  the  mass  of  pollen 
never  separates  from  the  filament,  unless  owing  to 
external  violence.  Its  colour  is  in  every  instance  a  light 
green. 

If  placed  in  a  drop  of  water  in  a  concave  glass,  the 
colour  becomes  lighter,  it  enlarges  ;  and  when  its  con- 
tents are  about  to  be  emitted,  it  is  nearly  pellucid.  At 
last  it  opens  at  the  summit,  either  irregularly,  as  in 
Sphagnum,  or  by  a  sort  of  lid,  as  in  most  other  mosses, 
and  emits,  with  force,  a  transparent  viscid  fluid,  with 
numerous  coloured  granules  intermingled.  Afterwards, 
the  empty  exterior  of  the  mass  shrinks  ;  it  becomes 
divided  into  large  reticulations;  its  colour  becomes 
yellowish,  and  at  last  its  sides  fall  together. 

This  process  may  easily  be  observed  also,  without 
the  aid  of  water.  The  figure  of  it  given  by  Hedwig,  in 
T/ieor.  Gencrat.  et  Fructif.  Plane.  Crijfil.  t.  xi.  was  taken 
in  the  dry  state,  under  the  solar  microscope. 

This  is  the  account  given  by  Hedwig  in  the  second 
edition  of  the  work  just  alluded  to,  (Lcipsiae,  1798,)  and 
which  has  now  approved  itself  to  the  botanical  world  in 
general.  In  the  former  edition  of  the  same  work,  and  in 
his  other  previous  writings,  Hedwig  described  mosses  as 
possessing  true  anthers  or  bags  containing  a  dry  pollen, 
and  even  figured  repeatedly  the  pollen  in  the  act  of 
escaping.  But  subsequent  and  more  accurate  observa- 
tion convinced  him  that  this  was  a  mistake. 

Generally,  in  both  male  and  female  flowers  of  mosses, 
occur  a  great  number  of  succulent  jointed  threads.  In 
some  species  they  retain  the  same  thickness  from  the 
base  to  the  summit,  and  terminate  acutely  or  obtusely  ; 
in  others  they  swell  towards  the  summit  into  various 
forms.  In  Dicranum  pellucidum,  they  are  slightly 
club-shaped,  in  Bryum  triquetrum,  very  evidently  so. 
They  terminate  in  incrassated  globular  joints  in  Bar- 
tramia  fontana,  Bryum  punctatum.  Af:er  becoming 
club-shaped,  the  last  joint  forms  an  apiculus  in  Brvum 
hornuni  ;  in  Funaria  hygrometrica,  they  vary  in  form. 
The  threads,  however,  which  are  thus  incrassated  to- 
wards the  summit,  occur  only  in  some  terminal  male 
flowers,  and  never  in  those  that  are  axillary.  In  a  few 
rare  instances,  the  threads  are  altogether  wanting,  as  in 
the  male  flowers  of  Grimmia  pulvinata.  When  present, 
they  are  compared  by  Hedwig  to  the  nectaries  of  other 
flowers,  aflbrding  a  moist  halitus,  well  fitted  to  promote 
the  emission  of  the  fluid,  which  constitutes  most  of  the 
mass  of  pollen. 

The  pistils  of  mosses,  with  a  few  rare  exceptions, 
among  which  is  the  genus  Sphagnum,  always  occur  se- 
veral together  in  the  same  flower.  In  Sphagnum  they 
are  solitary.  In  the  female  flowers  of  Uiphyscium  fo- 
liosum, six  pistils  always  occur;  in  Encalypta  ciliata,  and 
Dicranum  bryoides.  seven;  in  Encalypta  vulgaris,  ten; 
and  ill  Bryum  hornum,  twenty.  But  of  these,  in  general, 
only  one  becomes  fruit-bearing;  the  rest  soon  wither, 
though  they  persist.  Yet  in  Bryum  ligulaium  and 
punctatum,   Dicranum  scoparium,  and  some  other  spe- 
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oies,  we  frequently  find  several  capsules  arising  from 
the  same  periclisetium.  The  sterile  pistils,  being  at  first 
supposed  by  llcdwig  to  be  of  no  other  use  than  to  assist 
the  fecundation  of  tiie  fertile  one,  by  making  the  flowers 
larger,  and  thus  favouring  the  ingress  of  pollen,  wtre  at 
that  time  named  by  him  adductors.  But  he  afterwards 
renounced  this  idea  ;  considered  all  the  pistds  as  equally 
susceptible  of  fecundation  ;  and  tlic  use  of  so  many  in  a 
flower  to  be,  that  al  least  one  capsule  from  it  might  be 
secured.  They  consist  alv/ays  of  three  parts,  the  stigma, 
style,  and  germen. 

In  its  younger  state,  the  stigma  appears  closed  and 
convex.  At  maturity  it  opens,  and  becomes  cup-shaped  ; 
and  a  granular  matter  is  sometimes  seen  to  arise  from 
it,  the  nature  and  use  of  wiiich  is  quite  unknown.  As 
the  stigma  opens,  the  style  begins  to  show  in  sonne 
species  a  single  canal,  as  in  the  genus  Sphagnum,  in 
Encalypla  vulgaris  and  ciliata  ;  two  canals,  as  ni  Gynri- 
nostomum  iruncatulum  ;  several,  as  in  Hypnum  tri- 
quetrum.  Tiiey  are  sometimes  furnished  with  lateral 
bars,  resembling  plaits  in  the  surrounding  membrane. 
The  style  is  generally  deciduous,  in  some  few  instances 
it  is  caducous. 

The  germen  is  at  first  usually  of  a  figure  more  or  less 
ovate,  generally  acuminate  towards  the  summit;  when 
it  bet,Mns  to  swell,  it  assumes  the  figure  of  a  cone. 

Objectors  to   the   fi^dwigian  theory  have  contended, 
that   it   is   scarce  possible  to   conceive  that   the  pollen, 
from  a   close  gt-mmiform  separate   flower,  should  ever 
reach   the    pisuls,   even   in    monoecious  mosses.     They 
have  considered  the  objection  still  stronger  in  the  case 
of  the  dioecious,  and  altDgether  insupt-rable  in  regard  to 
the  aquatic   species.     But   since  thu  fluid  contained  in 
the    mass  of  pollen  escapes    with    a   veiy   considerable 
clastic  force,  there  seems  no  reason  to  doubt  that  it  may 
easily  clear  the  leaves  of  the  perichaeliura  ;  and  besides, 
these   at  certain   times   open    very    considerably.     The 
dice -ious  species  usually  live  in  society,  the  malts  inter- 
mingled with  the  femak".     But  in  cases  where  clumps 
of  male  or  female  mossts  occur  at  a  distance  Irom  the 
other  sex,  even  tiiis  can  be  no  more  a  legitimate  objec- 
tion to  the   Hcdwigian  theory,  than   the  occurrence  of 
male  or  female  date-palms,  at  a  dist.nce  from  the  other 
sex,  can   furnish   a    legitimate   objection   to  the  sexual 
theory  in  Pnaenogamous  botany.     In  such  instances,  the 
plants,  on  examination,  have'  invariably  been  found  sterile. 
The  objeclii.n  resptctmg  llie  aquatic  mosses  will  appear 
by  no  means  formidable,  if  we  recollect,  that  in  serene 
■weather,    the  young    flowering   branches    of  Fontinalis 
antipyre'ica    may   be   found   floating   on  the   surface   of 
the  water,  while  in   rainy   and  cold   weather  they   seek 
the   bottom;  and  that   of  other   aquatic    mosses,  which 
have  not  this  h.tbit,  or  the  stems  of  which  are  too  short 
to  reach  the  surface  of  the  watet,  perhtsps  all  arc  sterile, 
tinless  when  they  grow  in  places  only  occasionally  inun- 
dated.    For  further  objections  to  ilic  He:hvi;^ian  ilitory, 
■we  refer  to  G-^er'ner  De  Fructibus  et  Seminibus  Planla- 
rum.  in  the  hilroduction  ;  jVtckar's  Physiologia   Musco- 
rum,  and  Mtihodus  Mut.corum  ;  and   to   De  Bcaiivois' 
Prodrome    d'jletheogamie.      i'ne    objections    of     these 
writers,  wc  have  no  iloubt  our  readers  will  find  no  diffi- 
cultv  in  answering  for  themselves.     Those  of  Gaertncr, 
in  particular,   have  been   generally  noted  as   quite  un- 
\vorthv  of  so  great  a  man.     His  remarks,  made  at  a  time 
■wliLHthe  polle  .  of  mosses    was  supposed  to  be  farina- 
'jeousj  regarding  the  efTcets  of  moisture  on  the  pollen  of 


mosses,  in  particular,  show  that  his  love  of  argument,  in 
this  instance,  had  made  him  forget  the  nature  of  pollen, 
in  the  whole  division  of  cotylcdoncous  |)Iants. 

In  the  female  flowers,  the  succulent  jointed  threads, 
mentioned  under  the  male  flowers,  are  also  very  rarely 
absent.  In  various  Polytrichia,  they  are  so  abundant, 
that,  adhering  to  the  glutinous  calyplra,  when  it  is 
rinsing,  they  furnish  it  with  a  dense  hair-like  covering. 
In  these  mosses,  the  threads  are  always  filiform  through- 
out. 

The  calyptra  is  a  thin  transparent  membrane,  that 
completely  invests  the  pistil.     Around  the  germen  it  is 
always  free  ;  though  at  an  early  period  it  emijraces  the 
germen  so  closely  as  to  have  the  appearance  of  cohering 
with    it.     It  forms  the  transparent  exterior  covering  of 
the  style,   and   is  insepaiahly    connected   with  the  little 
ducts  in   the  centre.     Ol   the  stigma  it  forms  the  chief 
part  of  the  large  cupahapcd  expansion.      After  fecun- 
dation,   the  caiyptra  is  the  first  part    which    begins  to 
enlarge.     The  style  and  stigma  are   not  long  in  decay- 
ing ;  but  the   p.irt  of  the  calyptra  surrounding  the  ger- 
men becomes  ventricose,  (in  Gyninus'.omum  pyriforme) 
sometimes    iiagon-shaped,    (in    Funaiia    hygiometriea) 
sometimes  it  is    constiicted  in  the    middle,   (as  in  the 
genus  Sphagnum;)  and   in  every  instance,  iii  this  slate, 
it  contains  a    limpid  fluid.     Tne   fruit  stalk  begins   to 
elongate;  but  the  fruit  remains  extremely  small  in  the 
upper  part   of  the  Calyplra.     Alter    the  Calyplra    has 
been   torn   up   from  the  base,  by  the  elongation   of  the 
fruilsialk,  then   the  fruit,  having  more  freedom,  begins 
slowly  to  enlarge.   In  the  genera  Sphagnum  and  Andraca 
alone,  in  whicli  the  capsule  is  always  sessile,  the  calyptra 
is,  by  the  enlargement  of  the  capsule,  torn  irregularly  to- 
wards the  middle;  and  the  upper  part  is  very  fugacious. 
The  calyptra,    when  torn  from   the  receptacle,  is  in 
some  instances  ciuite  entire  at  its  base,  and  not  in  the 
least  cleft  in  any  part,  as  in  Encalypta  vulgaris,  in  which 
musB,  and  in  the  whole  genus,  it  completely  encloses  the 
mature  fruit.     In  other  instances  it  is  mitriform,  being 
smaller  than  in  the  Encalypiae,  and  having  an  indefinite 
number  of  clefts,  of  i:o  great  depth,  situated  all  around 
the  base.     In  other  instances  it  is  dimidiate  (cucuUatc, 
or  hoo.l-shaijcd,  as  some  term  it)  when  it  is  split  from 
the  base  on  one  side,  for  about  two  thirds  or  more  of  its 
depth,  throughout  the  whole  of  that  part  wnicli  covers 
the  capsule,  excepting   llijt  in  which  the  beak    of  the 
operculum  is  situated.     When  dimidiate,  it  is  in  general 
situated  more  or  less  obliquely  upon  the  capsule  ;   when 
mitriform  or  campanulatc,it  is  situated  straight.     In  ex- 
teiior,  it  is  either  quite  smooth,  as  in  Polytrichum  un- 
dulatum,  the  Encalypiae,  the  Hypna,  or  at  least  most  of 
them.  Etc.  or  sparse  hairs  project  uprightly  from  it,  as  in 
the  Orthotricha;  or  it  is  furnished  with  a  dense  covering 
of  hairs,  not  attached  to  it,  except  laterally,  which   are 
merely  the   succulent  filaments  which  had  adhered  to  it 
when  it   began   to  rise,   in    consequence  of  a  glutinous 
exudation,   as   in   many    Polytricha,   and   in    the   genus 
Dawsonia.    The  true  Calyptra  of  the  hairy  Polytricha  is 
very  small.  In  general,  the  Calyptra  falls  some  time  before 
the  separation  of  the  operculum,  or  lid  of  the  Capsule. 
But  in  Encalypta  vulgaris,  and  ciliata,  Tetraphis  pellu- 
cida,  and  some  others,  it  persists  till  the  time  when  the 
operculum  separates. 

The  chief  purpose  of  the  flower  of  mosses,  as  of  other 
plants,  is  the  formation  of  the  fruit. 

The  fruit  of  mosses  is  always  capsular,  and  is  alwayis- 
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-furnished  wiih  oh  operculuna  or  lid,  situated  at  the  sum- 
mit of  the  capsule.  For  a  coasidcraliJe  time  before  ihe 
maturity  of  the  capsule,  the  difference  in  colour  of  the 
operculum,  and  the  appearance  of  its  margin,  show  that 
it  is  to  separate  by  a  borizonlal  line.  Yet  in  three  ge- 
nera, Phascuni,  Voilia,  and  Andraea,  it  never  separates  ; 
Phdscum  and  Voitia  h.iving  no  regular  mode  of  open- 
ing, and  Andraea  being  ihc  only  genus  of  mosses  known 
ibat  has  a  valvular  capsule. 

In  all  otbei  mosses  the  operculum  separates  at  the 
maturity  of  ihe  fruit,  and  discloses  the  mouth  of  the 
capsule,  which  is  either  quite  naked,  as  in  Sphagnum  ; 
covered  with  a  horizontal  membrane,  as  in  some  Gym- 
Bostnnia,  in  Lcptosiomum  of  Mr.  Brown,  in  Drepano- 
ph)llum,  in  Lyelliu ;  surrounded  by  a  plaited  conical 
truiic.ite  membrane,  as  in  Diphyscium;  or  by  a  toothed 
or  ciliated  process,  or  by  both.  Tne  teeth  are  always 
definite  in  number,  and,  except  in  Dawsonia,  the  cilia 
also.  The  lowest  number  ol  teeth  is  tour,  in  Tetra- 
phis;  the  next  eight,  doubled,  Oioblepharnm,  Fabro- 
nia  and  Splacimuni  ;  next  16,  which  are  either  entire 
and  equidistant,  as  in  Weissiu,  Calymperes,  Grimmia  ; 
or  cleft  hulf  way  down  from  the  summit,  as  in  Dicranum ; 
or  clef;  to  the  very  base,  or  nearly  so,  in  which  case  tiiey 
may  also  be  described  as  32,  placed  in  pairs,  as  in  Di- 
dymodon,  Trichosiomum.  \Vc  find  next  in  Torlula  32 
fiiilorm  twisted  teeth,  which  are  united  at  the  base  more 
or  lebs  into  a  tube.  In  Tayloria  bplachnoides  are  found 
32  teeth  in  pairs,  arising  wiibiii  and  below  the  mouth 
of  the  capsule,  curiously  folded  inwards  when  the  cap- 
sule is  moist,  twisting  outwards,  in  a  singular  manner, 
with  a  vermicular  motion,  on  the  application  of  drought 
or  heat.  The  teeth  of  all  mosses  indeed  have  a  certain 
degree  of  motion.  They  all  expand  on  the  falling  of 
the  opercuium,  and  return  to  their  position  across  the 
mouth  of  the  capsule  in  moist  weather.  But  the  teeth 
of  no  other  known  moss  have  the  variety,  or  rapidity  of 
motion,  of  Tayloria.  In  Pclytrychum  tlie  number  of 
teeth  is  in  sonie  species  32,  in  others  64;  in  all  they 
are  united  at  the  summit  by  a  h.orizonial  membrane. 
Of  mosses  with  a  double  peristome,  some  have  the  ci- 
lia (as  the  divisions  of  the  inner  peristome  are  termed,) 
unconnected  at  the  base  ;  as  in  Funaria,  Zygorion, 
Oriholrichum  ;  others  have  them  connected  at  the  base 
by  a  membrane  ;  as  in  Bartramia,  Hookeria,  Hypnum, 
Bryum.  Fontinalis  has  for  internal  peristome,  a  reti- 
culated cone  ;  and  Buxbaumia,  a  plicate,  membranous 
truncated  cone.  The  mosses  having  a  double  peris- 
tome have  invariably  16  teeth,  and  in  general,  an  equal 
number  of  cilia.  Some  species  of  Ortholrichum  are 
irregulai,  in  O.  anomalum,  and  O.  cupulalum,  cilia  be- 
ing aliogLther  wanting;  in  O.  ciispum,  O.  Hutchinsise, 
and  O.  affine,  only  eight  being  present.  In  some  spe- 
cies ol  H)pnuni  and  Bryum,  filiform  processes  occur 
between  the  cilia.  In  Dawsonia  alone  the  cilia  are 
innumerable,  and  arise  equally  from  the  walls  of  the 
capsule,  and  from  the  central  pillar  termed  Columella. 
This  moss  is  quite  unfurnished  with  teeth. 

In  several  species  of  moss,  around  the  teeth  is  situated 
an  elastic  ring  ;  the  untwisting  of  which,  at  the  maturity 
of  the  capsule,  assists  materially  in  the  disengagement 
of  the  operculum. 

The  walls  of  the  capsule  are  double,  and  frequently, 
at  its  maturity,  a  considerable  interval  is  interposed 
between  them;  yet  in  several  species  they  occur  always 
in  such  close  proximity,  as,  on  a  cursory  view,  to  appear 
bat  a   single  wall.     The  exterior  is  hard,  crustaceous, 


and  densely  reticulated  ;  the  interior  is  much  more  deli- 
cate. The  teeth  of  the  peristome  always  originate  in  the 
outer  wall ;  the  cilia,  the  horizontal,  and  the  conical  mem- 
brane from  the  inner.  The  operculum  seems  also  to  be 
originally  a  mere  continuation  of  the  outer  wall. 

In  form  the  capsule  varies  very  much.  It  is  roundish 
in  Bartramia;  pear-shaped  in  Funaria  hygrometrica ; 
subulate  in  Tor'.ula ;  gibbous,  or  roundish  on  one  side 
and  flat  on  the  other,  in  JDiphyscium  and  Buxbaumia  ; 
quadiangular  in  some  Polytricha,  &c. 

.11  direction,  the  capsule  is  either  upright,  and  equal 
on  every  side,  as  in  Gymnostomum  (excluding  Mr. 
Brown's  Lcptostomum,)  Orthotrichum,  Srlotheimia,  See. 
or  as  it  is  more  or  less  inclined  (cernuous)  when  the  di- 
mension of  the  upper  side  is  usually  greater  than  that 
of  the  lower ;  as  in  most  Hypna,  many  Dicrana,  &c. 
When  inclined,  it  is  sometimes  furnished  with  a  little 
mamilliform  appendage  towards  the  base, termed  Struma, 
as  in  Dicranum  virens,  strumiferum,  &c. 

In  colour  the  capsule  varies  very  considerably,  thougli 
this  character  has  not  hitherto  been  found  of  much  conse- 
quence. Yet  it  is  very  striking  in  some  foreign  mosses; 
it  is  yellow,  for  instance,  in  Gymnostomum  zanthocar- 
pum;  in  Dicianum  flcxifolium  and  Drepanophyllura 
fulvum,  it  is  of  a  brownish-yellow  ;  in  Calymperes  Gar- 
neri  it  is  of  a  reddish-brown,  &c. 

From  the  base  of  the  capsule  to  its  apex,  arises  ari 
upright  little  pillar,  termed  Columnula,  or  Columella. 
This  is  universally  present  in  the  fruit  of  mosses.  Its 
apex  is  considered  by  Hedwig  as  being  always  attached 
to  the  highest  part  of  the  interior  of  the  operculum.  In 
Buxbaumia  aphylla  it  is  narrow  at  the  base,  becomes 
ventricose  towards  the  middle,  and  narrower  again  to- 
wards the  summit.  It  is  curiously  bent  as  it  passes  frona 
the  inner  wall  of  the  capsule  towards  the  apophysis.  In 
this  moss,  at  least  in  its  younger  state,  the  lower  parts 
of  the  columella  is  hollow.  In  Gymnostomum  pyriforme, 
it  appears  as  if  attached  to  the  base  of  the  capsule  by  a 
number  of  roots  ;  and  in  the  upper  part  assumes  the  forms 
of  a  drinking  glass.  In  the  genus  Sphagnum,  it  is  an 
obtuse  cone. 

Sometimes,  as  in  Systilium  splachnoides,  and  Hyp- 
num dendroides,  it  remains  attached  to  the  operculum 
after  the  opening  of  the  capsule.  In  the  latter  men- 
tioned species,  by  contracting  upon  itself,  it  shuts  the 
capsule  by  bringing  down  the  operculum  close  upon 
its  mouth,  in  moist  weather,  and  raises  it  again  when  the 
weather  becomes  dry.  Its  summit  is  club-shaped,  in 
Tayloria  splachnoides,  in  Lyellia,  at  maturity,  it  seems  to 
be  terminated  by  the  horizontal  membrane,  of  which  a 
part  adheres  to  it;  in  Dawsonia,  it  terminates  in  nume- 
rous cilia.  The  use  of  this  part  is  supposed  by  Hedwig 
to  be,  to  promote  the  circulation  of  the  juices  of  the  cap- 
sule in  its  early  state,  and  afterwards,  probably,  it  adds 
to  its  firmness. 

The  capsule  is  supported  on  a  peculiar  elongated 
receptacle  termed  Seta,  or  Fruitstalk,  which  is  produced 
after  the  flower.  It  is  wanting  only,  as  already  men- 
tioned, in  Sphagnum  and  Andraea,  in  which  the  capsule 
is  sessile.  It  is  very  short  in  Diphyscium  foiiosum,  in 
most  species  of  Phascum,  in  Grimmia  apocarpa  and 
maritima,  in  Cinclidotus  fontinaloides,  in  the  genus  Fon- 
tinalis,  &c.  in  which  the  capsule  does  not  rise  above  the 
perichaetial  leaves.  Usually  the  capsule  s  very  con- 
siderably elevated  above  them.  In  Bryum  riquetrum  it 
is  very  long,  reaching  to  three,  or  even  five  inches  above 
the  leaves. 
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The  fruitstalk  varies  very  considerably  in  colour.  Its 
surface  is  generally  smooth  ;  but  it  is  covered  with  pa- 
pillaeform  excrescences,  in  Buxbaumia  aphylla,  Ilypnum 
rutabuluni,  veluiinum,  lutescens,  Sec.  At  the  summit, 
in  several  instances,  it  expands  considerably,  forming  a 
part  termed  Apophysis.  This  pan  is  small  compared 
with  the  capsule,  in  those  Polytricha  that  are  furnished 
with  it.  In  Tayloria  it  is  long  and  narrow.  Of  all  genera 
hitherto  known,  it  is  most  remarkable  in  Splachiium,  in 
some  species  of  which,  it  is  several  times  larger  than  the 
capsule  itself,  and  is  usually  of  a  dift'erent  colour  both 
from  the  capsule  and  the  fruitstalk.  In  Splachnum 
Sphaericum  ttie  apophysis  is  from  twice  to  three  times 
larger  than  the  capsule  ;  in  Splachnum  rubrum  and  lu- 
teum,  it  is  umbrella-shaped  ;  and  the  capsule  appears 
merely  like  the  top,  or  little  ornament,  above  the  um- 
brella. In  the  former  of  these  two  fine  foreign  species, 
the  apopl>ysis  is  of  a  deep  red,  in  the  latter,  of  a  brilliant 
yellow. 

Of  the  Seeds  of  Mosses. 

The  seeds  of  mosses  vary  very  much  in  surface,  in 
size,  in  figure,  and  in  colour.  In  surface,  the  gieater 
pait  of  them  arc  quite  smooth  and  round,  yet  some  are 
angular — the  seeds,  for  instance,  of  Phascum  serratum  ; 
some  are  marked  with  circular  dcpresiions,  as  in  Enca- 
lypta  vulgaris;  some  areechinated,  as  in  Gjmnostomuin 
pyrilorme,  Bartramia  pomiformis,  &c.  In  size,  it  is  re- 
markable, that,  as  in  cotyledoneous  plants,  some  of  the 
minute  species  have  much  larger  seeds  than  species  of 
larger  growth.  Thus,  in  Piiascuin  serratum,  the  mi- 
nutest of  mosses,  the  capsules  ol  which  contain  100  seeds, 
the  seeds  are  larger  in  proportion  than  those  of  all  the 
other  Phasca,  with  the  single  exception  of  Phascum 
alternifolium,  which  contains  sixteen  very  large  seeds  in 
each  capsule.  Similar  variations  in  size  occur  in  other 
genera.  In  figure,  the  seeds  of  most  mosses  are  spheri- 
cal, or  approach  to  that  form  ;  yet  in  Phascum  serratum 
an  instance  has  been  given  of  angular  seeds,  and  in  a  con- 
siderable number  of  species,  they  are  more  or  less  oval. 
In  colour,  at  first  shades  of  yellow  and  green  prevail  in 
the  seeds  of  mosses,  afterwards  of  brown,  but  in  both 
states  the  colour  is  subject  to  diversities. 

The  seeds  of  mosses  are  so  minute,  that  their  struc- 
ture can  be  well  investigated  only  in  the  pioccss  of 
germination. 

Meese,  in  1767,  was  the  first  to  raise  mosses  from  the 
seed.  His  experiments  were  made  upon  Polytrithum 
commune  ;  but  fat  more  satisfactory  experiments,  and, 
indeed,  experiments  altogether  conclusive,  are  those  of 
Hedwig  himself. 

He  seems  to  have  been  led  to  these  experiments 
from  an  occurrence  in  May  1774.  To  a  strung  north 
wind  for  a  night  and  day,  succeeded  cloudy,  wet,  and 
cold  weather.  In  a  few  days  afterwards,  the  earth  in  the 
flower-pots  in  his  windows  looking  to  the  east,  assumed 
a  greenish  hue.  He  conjectured  this  to  be  owing  to 
young  plants  of  mosses.  Taking  up  some  of  them  on 
the  point  of  a  penknife,  cleansing  them  in  a  few  drops  of 
water  from  the  adhering  carlh,  and  subjecting  them  to 
liis  microscope,  lie  observed  a  young  plant,  with  pellucid, 
very  while  roots,  and  above  them  some  minute  threads, 
delicately  articulated  in  some  parts.  These  threads  he 
conjectured  to  be  cotyledons,  and  immediately  began  to 
think  of  experiments  for  ascertaining  farther  this  point. 
The  species  which  he  selected  for  this  purpose  was  Fu- 
naria  hygrometrica.  Remembering  that  Dillenius  states 
it  to  love  arid  and  adust  places,  he  made  a  soil  for  it,  in 


a  (lower-pot,  above  common  earth,  of  about  an  inch  thick 
of  ashes  and  charcoal  intermingled,  adding  a  very  little 
earth  to  the  coniposiiion.  Over  this  he  opened,  with  the 
point  of  a  needle,  several  capsules  of  Funaria  hygrome- 
trica, the  seeds  being  dispersed  in  little  heaps.  The 
seeds  of  other  capsules,  opened  in  the  same  manner,  he 
scattered  more  equally  over  the  flowerpot.  That  the 
seeds  might  not  be  blown  away  by  the  winds,  he  covered 
the  flower-pot  with  well-washed  branches  of  boxwood, 
and  placed  the  flower-pot  in  one  of  his  windows  with  a 
northern  exposure. 

In  the  first  days  after  the  sowing  the  yellowish  heaps 
contracted  a  darker  colour.  Afterwards  they  could 
scarcely  be  seen  by  the  unassisted  eye.  But  on  the 
seventh  day  from  sowing,  with  the  help  of  a  moderately 
magnifying  glass,  he  found  the  whole  surface  of  the  pot, 
and  particularly  the  little  heaps,  of  a  greenish  colour. 
The  branches  of  boxwood  were  now  taken  away,  and, 
having  taken  up  some  ])laiits  on  the  point  of  a  needle, 
washed  them,  and  placed  them  under  his  microscope 
in  a  drop  of  water,  he  saw  with  much  pleasure,  swim- 
ming in  it,  innumerable  seeds,  part  of  which  had  already 
produced  a  simple,  very  tender,  pellucid,  white  root,  and 
immediately  opposite  a  simple  obtuse  corpuscle,  of  a 
very  light  green. 

Three  days  afterwards,  or  on  the  tenth  day,  the 
whole  surface  of  the  flower-pot  was  covered  with  an 
agreeable  green  colour,  and  the  little  heaps  had  acquired 
a  silky  lustre.  He  now  found  the  radicles  increased 
either  in  number  or  by  ramification  ;  and  the  cotyledons 
branched.  Eight  days  afterwards,  there  was  no  change, 
except  that  the  whole  was  of  a  more  intense  green,  and 
afterwards  he  perceived  the  leaves  springing  here  ani 
there. 

The  plants  grew  so  rapidly,  that  in  the  month  of  Octo- 
ber following,  numerous  disciform  male  plants  appeared 
intermingled  with  very  minute  females.  The  latter  hav- 
ing attained  their  proper  size  by  the  end  of  Novemberi 
then  protruded  the  stigma  beyond  the  leaves  of  the  peri- 
chsetium ;  and  in  the  following  spring  capsules  were 
obtained  from  them,  from  which  more  young  plants  were 
obtained. 

.Similar  experiments  were  afterwards  made  with  Gym- 
nostomum  pyriforme,  Bryum  trichodes,  and  caespitium, 
and  all  with  the  same  success.  Similar  experiments 
have  since  been  made  by  several  botanists,  and  all  have 
since  been  satisfied  of  the  truth  of  Hed wig's  positions 
regarding  the  seed,  with  the  exception  of  the  late  inge- 
nious De  Beauvois,  who  contended  that  what  Hedwig  and 
every  body  but  himself  called  seeds  was  really  pollen, 
and  that  the  true  seeds  were  to  be  found  in  the  Colu- 
mella. His  hypothesis  has  been  ably  refuted  by  Mr. 
Brown,  in  vol.  x.  of  the  Linn.  Trans. ;  who  shows,  that 
what  De  Beauvois  took  for  seeds,  were  merely  some 
particles  of  what  he  calls  the  pollen,  which  had  been 
carried  into  the  cellular  substance  of  the  columella  by 
the  knife. 

Unfortunately  the  limits  within  which  this  paper  must 
be  circumscribed,  will  not  admit  of  our  entering  upon 
our  reasons  for  considering  the  supposed  cotyledons  as 
a  peculiar  production.  But  we  appeal  to  observation, 
whether  they  be  natuial  divisions  of  the  seeds,  or  whether 
they  be  not  mere  growths  from  it. 

Sect.  II.     0/  Gemma,  or  Buds. 

These  arc  roundish  or  oval  bodies,  situated  either  in 
the  axils  of  the  leaves,  or  sometimes  in  the  stellated  ex- 
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tremities  of  the  plants.  They  are  totally  different  in 
structure  from  the  anthera,  never  opening  spontaneous- 
ly, never  containing  a  clear  fluid,  and  they  are  never 
situated  on  a  footstalk.  When  full  grown,  like  the 
bulbs  of  the  tyger  lily,  they  fali  off,  and  produce  a  plant 
similar  in  every  respect  to  that  on  which  they  grew  ; 
but  this  is  a  mere  lateral  extension  of  the  life  ol  the  in- 
dividual, as  in  the  case  of  a  sucker,  a  graft,  or  a  layer, 
and  not  the  commencement  of  the  existence  of  a  new 
being,  as  in  a  plant  raised  from  the  seed. 

We  shall  close  this  chapter  wiih  a  brief  sketch  of 
different  hypotheses  respecting  the  flowers  and  fruit  of 
mosses. 

Micheli,  who  first  investigated  the  flowers  of  mosses, 
considered  the  male  as  united,  or  bisexual  flowers.  The 
stamens  he  took  for  pistils,  and  the  jointed  threads  for 
stamens ;  and  the  capsules  he  considered  as  another 
sort  of  fruit.  Dillenius  mistook  the  male  for  the  female 
flowers,  and  the  female  for  the  male,  and  misled  Lin- 
naeus. Hill  considered  the  male  flowers  to  be  mere 
collections  of  buds ;  the  capsule  he  considered  as  a 
\inited  flower,  the  seeds  being  each  a  pistil,  and  the  teeth 
being  stamens, — a  theory  refuted  by  the  toothless  species. 
3Vleese  adopted  the  opinion  of  Micheli  in  regard  to 
the  male  flower,  and  of  Hill  in  regard  to  the  capsule. 
Koelreuter  modified  Hill's  system,  considering  the  ca- 
lyptra  to  be  the  stamen,  and  not  the  teeth.  Gaertner, 
like  Meese  and  Koelreuter,  spe;iks  of  the  capsule  as  a 
united  flower,  but  supposes  the  operculum  to  be  the 
stamen.  Dc  Beauvois,  as  already  mentioned,  took  the 
capsule  for  a  united  flower,  the  seeds  for  pollen,  and  the 
true  seeds,  he  said,  were  contained  in  the  columella.  He 
most  extraordinarily  considered  the  seeds  to  be  fecun- 
dated at  the  time  of  emission,  the  teeth,  according  to  him, 
materially  aiding  the  fecundation  by  their  motion.  Lastly, 
JKeckarmay  be  mentioned, (though  he  was  contemporary 
■with  Hedwig,)  who  sets  out  with  informing  us,  that  he 
will  never  allow  any  of  the  cryptogamic  plants  of  Lin- 
naeus to  be  endowed  with  sex  ;  and  then  gravely  states 
that  mosses  are  propagated  by  buds,  which  he  calls  bise- 
menses  steriles. 

Generic  Distribution  of  Foliose  Musci. 

Before  the  time  of  Dillenius,  no  attempts  seem  to  have 
been  made  to  divide  mosses  into  genera.  Pharmaceutical 
writers,  indeed,  had  long  been  accustomed  to  name 
Polytrichum  commune,  Adiantum  aureum  majus;  and 
Funaria  hygrometrica,  Adiantum  aureum  minus.  But 
these  were  mere  individual  appellations  for  two  solitary 
plants  used  in  medicine  ;  and  muscus,  with  some  phrase 
descriptive  of  the  particular  species,  or  some  reference 
to  a  previous  author,  was  used  as  a  generic  name  in 
common  to  the  whole  family.  Dillenius  saw  the  incon- 
venience of  this,  and  remedied  it  by  the  institution  of 
genera.  But  taking  the  term  Musci  in  an  extended 
sense,  he  admitted  into  his  admirable  Historia  Muscorum 
many  plants  having  extremely  little  affinity  to  those  dc- 
scribed  in  this  article.  "  By  the  name  of  moss,"  says 
Dillenius,  "  I  designate  a  class  of  inferior  plants,  of 
•which  the  genera,  being  more  imperfect,  consist  either 
«f  parts  that  are  simple  and  uniform,  being  destitute 
equally  of  flower  and  fruit;  or  they  arc  endowed  with 
diversity  of  parts,  and  bear  something  instead  of  fiowtrs 
and  fiuit,  which  answers  to  liiem."  With  this  latitude 
of  definition,  he  was  enabled  to  include  in  his  Historia 
some  of  the  minute  fi)ngi;  a  great  many  Algae,  such  as 


the  whole  tribe  of  Confervae  ;  many  Ulvae,  and  some 
Tremellae,  comprehending  both  under  the  generic  name 
Tremella;  the  whole  tribe  of  lichens,  under  the  generic 
names  Usnea,  Coralloides,  and  Lichenoides ;  besides 
Lycopodium,  (assigned  to  the  Filices  of  some  later  au- 
thors,) divided  into  the  three  Dillenian  genera,  Lycopo- 
dium, Selaginoides,  and  Lycopodicides.  His  other 
genera  belong  either  to  the  foliose  or  the  hepatic  rausci. 
The  following  six  Dillenian  genera  contain  all  the  foliose 
musci,  which  he  has  described  and  figured. 

Fructification  visible  in  powdery  heads 
50f  two  different  forms  .  .  .        Mnium. 

C  Of  one  form 

"  rFurnished  with  an  operculum  that  separate* 
I      transversely 

t Capsules  naked,  i.  e.  destitute  of  acalyptra,  ge- 
nerally sessile  .  .  .         Sphagnum. 
Capsules  covered  with  a  calyptra, 
C  Inclosed  in  a  sheath  or  calyx,  and  sessile  Fontinalis 
<  Destitute  of  a  calyx,  usually  situated  upon  a 
(_     pretty  long  fruitstalk. 
Arising  from  the  iixils  of  the  leaves  along  the 
branches,  and  furnished  at  the  base  with  a 
scaly  involucrum,  the  leaves  of  which  are  dif- 
ferent  from  the  leaves  of  the  plant         .         Hypnum. 
-^  Arising  from  the  summits  of  the  stems  or  branch- 
I      es,  or  from  shoots  arising  from  the  summits 
I      of  the  stems  of  the  preceding  year  ;  not  fur- 
I      nished  with  a  scaly  involucrum,  but  arising 
(_     from  a  tubercle ;  the  calyptra 

5  Smooth        .  ,  ■  .  .        Bryum. 

(_^  Hairy  .....        Polytrichuni. 

The  two  different  sorts  of  powdery  heads  ascribed  by 
Dillenius  to  Mnium,  and  on  account  of  which  he  has 
placed  it  in  a  division  by  itself,  are  the  male  and  female 
fructification.  The  calyptra  of  Sphagnum,  at  least  that 
part  of  it  raised  by  tlie  capsule,  is  very  fugacious,  and 
had  escaped  the  notice  of  Dillenius  ;  hence  he  errone- 
ously characterises  the  genus  by  the  want  of  a  calyptra. 
The  capsules  of  Fontinalis  are  now  well  known  not  to  be 
sessile,  though  the  fruitstalk  is  short  ;  and  the  scaly  in- 
volucrum, at  the  base  of  the  fruitstalks  of  Hypnum,  is 
exactly  analogous  to  the  "  sheath  or  calyx"  of  Fonti- 
nalis. 

This,  as  the  first  attempt  at  systematic  arrangement 
of  musci,  is  far  from  destitute  of  merit ;  but  it  is  the  ad- 
mirable descriptions  and  figures  of  the  Historia  Musco- 
rum which  constitute  its  chief  value. 

Porella,  or,  as  it  is  called  in  The  Cons/iectus,  Poronia, 
is  placed  in  this  system  between  Lycopodium  and  Se- 
laginoides;  hence  it  would  appear  that  it  was  consider- 
ed by  Dillenius  as  having  more  affinity  to  the  Lycopo- 
dineae  than  to  the  musci  proper.  And  certainly,  ab- 
stracting from  the  difference  of  texture,  there  is  a  very 
considerable  resemblance  in  habit  between  some  of  the 
bifarious  leaved  Lycopodia,  and  of  the  bifarious  leaved 
Jungtrmanniac. 

Several  plants  are  introduced  which  are  not  referred 
to  any  genus.  Among  these  is  Buxbaumia  aphylla, 
which  has  no  other  name  than  the  descriptive  one  ori- 
ginally given  to  it  by  Buxbaum  himself,  "  Muscus  ex- 
iguus  aphyllos,  capitulo  crasso  and  bivalvi."  Diphys- 
cum  foliosum  is  reckoned  a  Sphagnum. 

Linnieus'  System  of  Foliose  Musci,  (from  the  13th  edit, 
of  the  Syst.  JVat Vindob.  1767—70.) 

1.  Lycopodium,  anthera  bivalve,  sessile  ;  no  calyptra. 

2.  Porella,  anthera  miililocular,  penetrated  by  many  por«s  ;  with- 

out operculum  and  calyptra. 
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3.  Sphagnum, antheraoperculate;  the  mouth  smooth;Tiocalyptra. 
4. 1'hascum,  antliera  operculate;  mouth  ciliated;  calyptra  minute. 

5.  FontinaUs,  anthera  operculate  ;  calyptra  sessile,  enclosed  in 

a  perichxtium. 

6.  Buxbaumia,  anthera  operculate,  membranaceous  on  the  one 

side;  calyptra  caducous;  a  little  bag  of  pollen  within  the 
operculum. 

7.  Splaclinum,  anthera  seated  on  a  large  deeply  coloured  apo- 

physis; calyptra  caducous;  stellated  female  flowers  on  dif- 
ferent individuals. 

8.  Polytrichum,  anthera  operculate,  seated  on  a  very  small  apo- 

physis ;  calyptra  villose  ;  female  stellated  flowers  on  dift'er- 
ent  individuals. 

9.  Mnium,  anthera  operculate  :  calyptra  smooth  ;  female  flower, 

a  naked,  pulverulent,  remote  capitulum. 

10.  Bryum,  anthera  operculate;   c;\lyptru  smooth,  filament  (fruit- 

stalk)  arising  from  a  terminal  bulb. 

11.  Hypnum,  anthera  operculate  ;  calyptra  smooth,  filament  la- 

teral, arising  from  a  perichxtium. 

Of  this  arranjjement  the  fust  genus,  Lycopodium,  is 
now  excluded  from  among  mosses.  Schreber,  consider- 
ing it  to  have  some  analogy  in  t!ic  opening  of  the  cap- 
sules to  Osinunda,  placed  it  among  ferns  ;  and  it  is  now 
generally  consideicd  as  the  type  of  a  new  cryptogumic 
order  ;  Stachyoptcrides  of  Willdenow  ;  L;^copodineaB  of 
others, — a  more  circumscribed,  and  belter  constituted 
order.  The  original  Porclla  was  transmitted  from  Ame- 
rica by  the  venerable  practical  botanist,  John  Barlram  of 
Pennsylvania,  to  Dillenius.  Linnaeus  never  saw  the 
plant,  but  characterised  tlie  genus  from  Dillenius's 
figure  and  descriptions.  It  remained  a  puzzle  for  seve- 
ral years.  Hedwig  early  considered  the  genus  as  alto- 
gether doubtful.  (See  Fund.  Hist.  J\/'at.  Muse.  Frond. 
vol.  ii.  p.  68,  piintcd  in  1782.)  And  in  the  2'l  edit,  of 
liis  Theoria  Gencrationis  el  Fructificationis  Planlarum 
Cryfitogamicarum  Linnai,  publisliLci  in  1798,  he  state?,  in 
a  note,  that  "specimens  of  this  plant,  (Porella  pinnala,) 
■which  he  had  lately  received  from  the  Rev.  Mr.  Muh- 
lenberg, though  destitute  of  frtiit,  show  evidently  that  it 
belongs  to  the  family  of  the  Jungeimanniae  ;"  and  Mr. 
Dickson  having  received  in  the  package  of  a  parcel  of 
plants  from  America,  specimens  of  a  plant  nearly  in  the 
condition  of  that  figured  by  Dillenius;  having  ascertain- 
ed it  to  belong  to  the  same  species  by  comparison  with 
Dillenius's  original  specimen ;  and  fueling  it  to  be  a 
new  species  of  Jungcrmannia,  described  and  figured  it 
in  vol.  iii.  of  the  Linnxan  rransactiojis,  published  in  1 797, 
vindcr  the  name  of  Jungcrmannia  porclla.  The  calyx, 
or  the  calyptra  of  the  plant,  had  been  taken  for  the  fruit ; 
and  the  pores  were  the  work  of  insects.  The  dificnnt 
compartments  in  the  supposed  capsule  were  a  mere  mis- 
take of  Linnaeus,  not  being  mentioned  by  Dillenius. 

It  is  remarkable,  that  Linnaeus  uniformly  terms  the 
capsule  an  anthera,  and,  of  course,  the  male  fljwers 
female.  This  mistake  also  was  that  of  Dillenius,  who, 
in  his  work,  very  inconsistently  called  thai  cipauie  which 
he  believed  to  be  the  anther.  Liniiaeus'  notions  were 
originally  right  on  this  subject  ;  but  yielding  to  what  he 
considered  to  be  the  better  judgment  ol  Dillenius  in  re- 
gard to  mosses,  and  reforming  his  language, — liic  whole 
glare  of  the  mistake  fell  upon  himself 

It  is  unnecessary  to  make  farther  remarks  on  this  ar- 
rangement. Bating  the  mistakes  in  ihe  generic  charac- 
ters, as,  for  instance,  the  denial  (after  Dillenius)  of  a 
calyptra  to  Spiiagnum  ;  his  own  mistake  in  ascribing  a 
toothed  fringe  to  Phascum  ;  his  very  singular  and  alto- 
gether false  character  of  Buxbaumia, — it  might  be  not 
very  inconvenient,  while  only  a  very  few  mosses  were 
known.  It  may  appear  at  first  remarkable,  that  Linnaeus 
has  detected  none  of  Dillenius'  mistakes,  but  has  copied 


them  all ;  but  when  we  recollect  that  Linnaeus  boasts,  in 
some  of  the  Prefaces  to  the  Genera  PlanCorum,  that  he 
scarcely  ever  used  even  a  pocket  glass,  we  shall  cease 
to  wonder  at  this  circumstance.  As  the  work  of  Dille- 
nius contained,  as  we  have  seen,  a  great  many  plants 
that  are  by  no  means  mosses,  the  arrangement  of  Lin- 
naeus may  be  regarded  as  the  commencement  of  Systema- 
tic Muscolog) — i  very  rude  one,  certainly,  as  must  first 
attenipls  are  ;  and  one,  the  conception  or  execulion  of 
which, after  the  work  of  Dillenius, could  involve  scarce  any 
difficulty  ;  yet  there  can  be  no  queslion  that  it  was  useful 
in  the  infancy  of  the  science,  by  calling  the  attention  of 
botanists  to  the  character  and  distribution  of  this  family. 

Hedivig's  System  of  Foliose  Muaci. 

For  the  sake  of  brevity,  the  essential  generic  charac- 
ters given  in  his  Synoptic  Table,  (at  p.  83,  84.  <if  vol.  ii. 
of  the  Fundanientum  Historix  JVatiiralis  Muscoruni- 
Frondosorum)  uniy  are  exhibited. 


Capsule 

I.  Without  any  peristome. 

1.  Phascum. 

U.  Peristome  naked,  male  flower. 

1  Chibsliapcd. 

2.  Sphag'num, 

2.  Gemmifoim. 

3.  Hedwigia. 

3.  Disciform. 

4.  Gymnostomum. 

III.  Peristome  figured. 

A.  Single. 

a.  Toothed  ;  teeth 

=t.  Entire 

1.  Four  in   number;  male  flower 

varying  in  form 

5.  Tetraphis. 

2.  Eight,  apophysis  inflated  ;  male 

flower  ilisciform 

6.  Splachnura. 

3.  Sixteen,  narrow,  erect;    male- 

flowtr  gemmiform 

7.  Leersia. 

4.  Sixteen,  rather  broad,  reflexed ; 

male-flower  gemmiform 

8.  Grimmia. 

5.  Sixteen,   rather   broad,   reflex- 

ed ;     male    flowers    capituli- 

form 

9.  Weissia. 

6.  Thirty-two,    connected    at   the 

summit  by  a  horizontal  mem- 

brane 

10.  Polytrichum. 

^.  Bifid 

l.Kather  long,  erect;  male  flow- 

ers gemmiform 

11.  Trichostomum. 

2.  Short,   inflexed  ;     male  flower 

12. 
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14. 
15, 


Fissidens. 
Dicranum. 

Tortula. 
Barbula. 


*  Gemmiform 
•'  Capitulif'orm 
b.  Ciliatedand  twisted;  male  flower 

1.  Gemmiform 

2.  Capituliform 
;.  Peristome  double 

a.  Dentato  ciliale  ;  teeth 
•t.  Free  at  the  apex  ;   the  cilia 

1.  Not  cohering  at  the  base  16.  Neckera. 

2.  Cohering  by  a  membranaceous 

base 
«  Uniform 

Male  flower  gemmiform      17.  Leskea. 
b  A'arying   in   form  ;    the  male 
flower 
'  Gemmiform  18, 

'•  Capituliform  19 

*•«  Di.sciform  20. 

fi.  Teeth  cohering  at  the  summit 

Male  flower  disciform  21.  Koelreutera. 

b.Perist.  dentato  membranaceous  ;  the 
teeth 
1.  Acuminated  ;  the  flowers  united     23.  Webera. 
2.  Truncated  ;  the  m.ile  flower  dis- 
ciform. 23.  Buxbaumia. 
c.  Dentato  reticulate  ;  male  flower 

1.  Gemmiform.  24.  Fontinalis, 

2.  Disciform  and  united  25.  Meesia. 


Hypnum. 

Bryum. 

Mnium. 


MUSCl. 
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buch  is  the  first  modification  of  Hedwig's  system.  Its 
great  merit  consistsin  its  placing  the  peristome  full  in  the 
view  of  the  botanical  world,  and  making  it  the  chief  basis 
of  generic  distinction.  The  publication  of  this  system 
commenced  a  new  era  in  systematic  muscology, — an 
era  since  which  more  progress  has  been  made  in  the 
study  than  in  all  former  ages.  The  former  systems  were 
not  indeed  at  once  relinquished  for  it.  For  more  than 
twelve  years  after  its  first  publication,  we  find  some  of 
the  most  judicious  botanists  complaining  of  it,  and  set- 
ting it  aside,  as  too  artificial.  But  every  day  contributed 
to  make  the  defects  of  the  Linnaean  arrangement  more 
and  more  apparent,  while  every  day  contributed  also  to 
remove  some  of  the  prejudices  which  impeded  the  re- 
ception of  Hedwig's  sybtem.  In  point  of  fact,  the  dif- 
ferent arrangements  which  have  been  formed,  and  more 
or  less  widely  received  in  Europe  during  the  last  thirty 
years,  are,  with  extremely  few  exceptions,  to  be  consi- 
dered as  modifications  of  Hedwig's  system,  or  as  formed 
according  to  his  principles.  Those  arrangements  which 
form  exceptions,  have  been  little  noticed,  and  still  less 
followed.  That,  for  instance,  of  the  late  ingenious  Baron 
Palissot  de  Beauvois,  has  been  very  seldom  noticed,  ex- 
cept with  the  view  of  censure  ;  and,  as  far  as  we  know, 
has  had  only  one  follower,  in  Mons.  Desmazieres  of  Lille. 
If  our  limits  had  permitted,  we  would  have  given  a 
sketch  of  it  as  a  curiosity. 

In  a  few  topical  florae,  the  arrangement  of  Linnseus  is 
still  retained  ;  but  in  these  works  the  species,  far  too 
numerous  for  the  system,  are  in  such  confusion,  that  we 
consider  these  works  as  nearly  quite  useless  in  regard  to 
Muscology. 

The  system  of  Hedwig  was  afterwards  very  consi- 
derably modified  by  himself.  Hedwigia  was  given  up 
for  Anictangium  ;  and  the  distinction  between  Gymnos- 
tomum  and  Anictangium  was  made  to  consist  in  Gym- 
nostomum  having  the  male  flowers  in  a  terminal  head  ; 
Anictangium  having  them  axillary.  The  name  Leersia, 
■which  other  botanists  had  begun  to  give  to  different  ge- 
nera, was  exchanged  for  Encalypta  ;  Koelreutera,  for  the 
same  reason,  became  Funaria;  and  in  the  species  Mus- 
corum,  a  posthumous  work,  published  in  1801,  ten  new 
genera  were  added.  After  Tetraphis  was  inserted,  l.An- 
drsea,  defined  teeth  four,  connected  at  the  summit,  (it 
should  have  been  "  Capsule  quadrivalve,"  as  Ehrhart 
had  discovered  long  before.  See  Hooker,  in  Linn.  Trans. 
V.  X.  p.  382 — oSr.j 

Between  Andrsea  and  Splachnum  is  inserted,  2.  Octo- 
blepharum,  easily  distinguished  from  Splachnum  by  the 
■want  of  an  Apophysis.  After  Encalypta  (Leersia)  of 
which  the  definition  is  altered  to  male  flower  axillary, 
female  terminal  on  the  same  plant,  three  new  genera, 
3.  Pierigynandrum,  4.  Cynontodium,  and  5.  Didymodon 
have  place.  Pterigynandium,  in  addition  to  the  charac- 
ter ot  Encalypta,  has  also  male  and  female  flowers  axil- 
lary on  different  phnts.  Cynontodium  has  both  male 
and  female  flower  terminal,  and  Didymodon,  both  male 
and  female  flower  axillary.  These  exhaust  the  new  ge- 
nera with  a  single  fringe. 

In  the  division  with  a  double  fringe,  we  find  first  of 
the  new  genera,  6.  B;»rtramia  (immediately  following 
Buxbaumia.)  and  characterised  by  the  inner  fringe  being 
membranous,  furrowed,  contracted  into  a  cone,  finely 
lacinated  at  the  orifice:  Flowers  united.  After  Neckera 
(the  arrangement  of  the  genera  being  somewhat  diff"er- 
ent  in  this  scheme  from  the  original  one,)  7.  Orthotri- 
chum,  8.  Timmia,  9.  Pohlia. — Orthotrichum  is  charac- 
VoL.  XIV.     Part  L 


terised  by  the  inner  fringe  being  of  ciliary  teeth,  uncon- 
nected ;  those  of  the  outer  approaching  each  other  in 
pairs.  The  remainins;  new  genera  belong  to  the  subdi- 
vision in  which  the  cilia  forming  the  inner  fringe  arise 
from  a  membranous  base.  Timmia  has  the  teeth  uni- 
form, the  male  flower  axillary,  the  female  terminal, 
Pohlia  has  the  teeth  uniform,  the  flower  united  and  ter- 
minal. After  Bryum  is  introduced,  10.  Arrhenopterum, 
and  these  two  genera  are  distinguished  by  Bryum  having 
the  male  flower  terminal,  in  a  round  head,  and  Arrhenop- 
terum, as  the  name  imports,  the  male  flower  axillary. 

We  agree  with  British  botanists  in  general,  in  consi- 
dering it  rather  as  a  defect  in  this  system,  that  so  much 
stress  should  be  laid  upon  the  male  flowers — parts  of 
much  importance  certainly  in  the  economy  of  vegeta- 
tion ;  but  we  think  not  well  suited,  in  this  family,  for  ge- 
neric discrimination,  while  the  fruit  alone  is  amply  suffi- 
cient. On  the  Continent  in  general,  the  male  flowers 
are  still  resorted  to  for  this  purpose  ;  but  they  are  alto- 
gether omitted  in  the  British  systems.  It  was  quite  na- 
tural for  Hedwig  to  attach  much  importance  to  the  male 
flowers  in  his  system,  as  he  was  the  first  to  place  beyond 
a  doubt  their  nature  and  universality.  But  a  British  sys- 
tem of  quite  recent  origin,  which  we  shall  presently  ex- 
hibit, we  consider  much  more  convenient,  and  much 
more  likely  to  last,  than  any  into  which  the  male  flowers 
are  admitted. 

Bridel'a  System  of  Frondose  Musci, 

For  the  sake  of  brevity,  we  shall  exhibit  merely  his 
essential  generic  characters  of  Musci,  as  given  in  the 
Analytic  Table,  with  which  the  Mantissa  commences. 

I.  Plants  furnished  with  a  Calyptr*  and 
Operculum,  the  fruit  entire — or  Musci 
Frondosi. 

Sect.  I. 
Fruitstalk  without  any  sheath — Evaginulati.  1.  Sphagnum. 

Sect.  IT. 
Seta  inserted  into  a  sheath — Vaginulati. 

Class  I. 

Capsules  falling  off  without  opening. 
Mouth  none — Astomi. 

Order  I. 
Fruit  terminal — Acrocarpi  2.  PbascuiQ. 

Obber  II. 
Fruit  lateral — Pleurocarpi.  3.  Pleuridium 

Class  II. 
Capsules  with  the  mouth  naked — Gjrmnostomi. 

OrBER  I.      ACHBOCARPI. 


Calyptra. 


[  hoodshaped,  lipped, 

'  pyramidal,  bursting  at  the  side, 

\      persistent. 

I.  mitriform         .... 

Order  II.     Pleurocarpi. 


4.  Gymnostomuiii. 


Pyramidula. 
Schistidium. 


.  Anccctangium. 


Class  HI. 

Mouth  of  the  capsules  surrounded  with  a  pe- 
ristome.    Peristomi. 

Order  I.     Acrocabpi. 

(a)  Peristome  Simple. 
*     undivided. 


dinded. 


8.  Leptostomum. 
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Imo,  Teeth  aoUlary,  entire,  free  at  the  base. 


'4-toothed. 
8-tootlied. 


Perist.< 


16-toothcd 
Teeth 


'uniled  at  the  summit. 

'between  cylindrical  and  bell-shaped, 
mitrit'orm  smooth, 
sulcatcd. 


Free  at  the 

summit. 
Caljptru. 


r 


< 


lioodsliaped. 
Teeth  of  the 
Peristome. 


solid. 


9.  TetrapUis. 

10.  Octoblepharum 

11.  Coiiostomum. 

12.  Encaljpta. 

13.  Grimuiia. 

14.  Glyphomitrium 

15.  Weissia. 


r*''"'""'!'"?16.Coscinodon. 
Perforated  J  *P°P''y''^'i 
Capsule.     "S     ...  ^ 

I  with  an       ?  17.  Tromatodon. 

^.apophysis,  i 


2do,  Teeth  solitary,  split,  free  at  the  base 
"hoodshaped 


Teeth  15,  split 
to  the  middles 
Galyptra. 


18.  Dicranum. 


Teeth  divided 
to    the  base 
into  sets  of  2, 
3,  or  4. 
Calyptra. 


.mitriform 
mitriform 


1  Capsule  with 
an    apolysis. 

Oncophoi'tts. 

2  Capsule  with- 

out an  apo- 
physis. Di- 
cranum. 

3  Capsule  trun- 

cated at  the 
base  on  the 
anteriorside. 
Aegiceras. 


19.  Campylopus. 

20.  Racomitrium. 


hoodsbaped 


otio.  Teeth  solitary,  split,  united  at  the  base  by  a 
membrane. 

4to,  Teelh  solitary,  hdsted  at  the  snmmit. 

(  nearly  free  at  the  base,  membrane  ? 
none,  or  very  short  > 

connected  at  the  base  by  a  broad  ? 
tesselated  membrane  3 


I'eelh 


2 1 .  Trichostomum. 

22.  Desmatodon. 

23.  Barbula. 

24.  Syntrichia. 


5to,  Teeth  approximated  in  pairs. 
Teeth  16  .  .  . 

32  Cansule  i  *"1'""'  =»"  apophysis 
J^  capsule  ^^yj^lj  j_^  apophysis 

6to,  Teeth  in  pairs,  coalescing. 
Capsule  with  an  apophysis 

(4)  Peristome  simple  and  compound. 


Extsrnal  teeth  of  the 
Peristome  approxi- 
mated in  pairs  and 
agglutinated.  < 

tjapsule  without  an 
apophysis. 

Calyptra. 


Plaited  and  keeled 


Smooth  and  straited 


25.  Cynodon. 

26.  Didymodon. 

27.  Hookeria. 


28.  Splachnum. 


29.  Orthotrichum. 


30.  Ulota. 


L 


Ext.  per. 
Internal. 

Ext.  per. 
Internal. 


Ext.  per. 
Internal. 


Ext.  par. 
Internal. 

Ext.  per. 
Internal. 

Ext.  per. 

Internal.  16  cilia. 

Ext.  per. 
Internal. 

Ext.  per. 
Internal. 

Ext.  per. 

Internal. 


16  acute  teeth. 

An  elongated  membrane   divided 


13.  Pohlia 


34. 
35. 


Bartramia 
Bryum. 


into  16  teeth. 

teeth  16,  wedge-shaped 

A   plicato-cariiiate   membrane,  di- 
vided into  16  bifid  segments. 

Teeth  16,  rather   fCapsulc  equal, 
broad,  acute. 

A  carinato-sulcate 
membrane  pro- 
duced intol6  ra- 
ther broad  pro- 
cesses, with  ci- 
lia interposed.     1..        unequal.      36.  Arrhenopterum 

Teeth  16,  rather  broad,  ascending 
erect. 

A  membrane  produced  into  16  per- 
forated bifurcated  segments 
(with  ciliae  interposed  ?)  37.  Mnium 

Teeth  16,  rather  broad,  acuminat- 
ed. 

A  membrane  divided  into  16  seg- 
ments, the  segments  variously 
divided,  and  anastomosing. 

Teeth  16,  obtuse,  short. 

'"approxim.ited  in  pairs,^   on 

free  at  the  base.  5 

f  connected  by  a  network.  40 

Teeth  16,  acute,  infiexed. 

A  cupuliform  membrane,  closed  at 

the  summit,  16  times perfor.ited.  41.  Cinclidium. 

Scarce  any. 

A  conical  truncated  membrane, 
plaited  16  times,  open  at  the 
summit.  42.  Diphyscium. 

Scarce  any ;  or  16  teeth,  by  no 
means  truncated  ;  capsule  un- 
equal. 

A  conical  truncated  membrane, 
plaited  16  times,  open  at  the 
summit  i  between  the  two  pe- 
ristomes a  process  having  the 
appearance  of  a  torn  network, 
formed  like  a  chaplet.  43.  Buxbatimia. 


38.  Timmia. 


Diplocomium. 
Meesia. 


2do,  Teeth  of  the  external  peristome  united  at 
the  summit. 


(e)  Peristome  compound. 

Imo,  Teeth  of  the  external  peristome  free  at  the 
summit. 

Ext.  per.  16  teeth,  rolled  outwards  spirally. 

Internal.  A  conical  membrane,  at  last  split 
longitudinally  into  several  irre- 
gular segments.  31.  Schlotheirala, 

Ext.  per.  16  lanceolate,  acute  teeth. 

Internal.  A  very  short  membrane,  divided 
into  16  teeth,  with  intermediate 


44.  Funaria. 


prominent  dots. 


32.  Paludella. 


Okdeh  II.     PtEunocAnpr. 

(a)  Peristome  single. 
Imo,  Teeth  entire,  upproximated  in  pairs. 

2do,  Teeth  entire,  egtdtUstant  from  each  cthe-. 


45.  Fabroiiia 
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fhood-shapcd.smooth,  46.Pterigynandrum. 
\^    ^^  ic   ^  1  _»_     ]  conical,  at  the  base 
Teeth  16,  Calyptra  <(      n,^,,f,fij^  smooth,      it.  Maoromitruim. 

l_hairy.  48.  Lasia. 

Stio,  Teeth  bifd. 

49.  Leucodon. 

(4)  Peristome  compound. 

5to,  Teeth  of  the  internal  peristome  free  at  the 
base. 

Ext.  per.  Teeth  16,  erecto-inflected. 
Int.  Cilia  16,  opposite  the  teeth. 

Ext.  per.  Teeth  16,  at  last  reflexed. 

Cilia  16,  alternating  with  the  teeth.  51.  Anacamptodon. 

'hoodshaped.smooth.  52.  Neckera. 
1.  capsule  suhsessile.  Dislicha. 
pedunculate.  A'eckera. 

mitriform,  smooth.  53.  Cryplisa. 

rough.     54.  Pilotrichum, 

1.  calyptra  rough, 
with  hairs. 

2.  with  chaffy  sub- 
stances. 


50.  Antitrichia. 


Int. 


Ext  per.Teeth  16  erect, 
Cilia  16,  alter- 
nating with-^ 
the  teeth. 
Calyptra. 


Pilotrichum. 


L 

2.  The  teeth  of  the  internal  peristome  connected 
at  the  base  by  a  membrane. 

Ext.  per.  Teeth  16,  acute. 

Int.  Cilia  16,  connected  by  transverse 

bars,  arising  from  a  very  narrow 
membrane,  divided  into  two 
limbs,  but  united  at  the  sum- 
mit. 


Lepidopilum, 


55.Climacium. 


Ext.  per.  Teeth  16,  subu-^ 

lata.  hoodshaped. 

•Int.  A  membrane       I 

produced    into  )- 
16   linear    uni-     mitriform,  rough 
form  processes,     with  hairs.  57 

Calyptra.  J  smooth.  53, 

Ext.per.  Teeth  16,  lan-~)  bell-shaped,  slightly 


56.  Leskia. 


ChsEtophora. 
Pterigopbylluni, 


Int. 


ceolate,  re 
flexile. 
A  membrane 
produced  in-  > 
to     16    pro-  ( 
cesses,   with 
cilia     inter- 
posed. 
Calyptra.  J 


lacinatedat the  base  59. 
hoodshaped  60. 

1.  capsule  c- 
qual,  Isocar- 
pia. 

2.  unequal  cer- 
nuous,  Iliip. 
tium. 


Racopilum. 
Hypnum. 


Stio,  Internal  peristome  -aitliout  teeth. 
Ext.  per.  Teeth  16,  acute,  nearly  erect. 
Int.  A  reticulated  conical  membrane. 


61.  Fontinahs. 


OnDin  III. 

Fruit  from  the  duplicature  of  a  leaf.     En- 
tophyllo.carpi. 

Teeth  solitary,  bifid.     ?,f  63.  Octodiceras. 

'  316  65.  Fissidens. 

Class  IV. 

Mouth  of  the  capsule  closed  with  a  hori- 
zontal membrane.     Epistomi. 

Order  I. 
Mouth  of  the  capsule  naked.  Gymnostomi 

Order  II. 
Mouth  of  the  capsule  toothed.    Peristomi. 


64.  Calymperes. 


C^'yP'-      Fn'akef 


65.  Polytrichiim. 

66.  Catharinea. 


Class  V. 


Cilia  arising  below  the  mouth  from  the  walls 
of  the  capsule,  and  from  the  columella. 
Hypostomi 


67.  Davrsonia. 


Appendix. 
Plants  furnished  with  a  calyptra  and  oper- 
culum, the  capsule  dividing  into  valves. 

63.  Andraea. 

This  very  ingenious  system,  we  cannot  help  thinking 
unnecessarily  encumbered  with  hard  Greek  names  of 
subdivisions.  As  many  of  these  sections  contain  each 
only  a  single  genus,  to  commit  to  memory  the  name  ot 
the  sections,  is,  in  these  instances,  just  equivalent  to 
learning  an  additional  name  for  so  many  genera.  We 
Ihink  there  is  sometimes  an  inconvenient  vagueness  ot 
expression  in  his  characters  ;  for  instance,  when  he  calls 
the  peduncle  of  Sphagnum  a  fruitstalk,  though  its  true 
nature  had  been  shown  in  a  plate,  by  Hedwig,  37  years 
before  the  Mantissa  was  published.  Besides,  several  of 
the  genera  seem  liable  to  reduction.  Tlius,  Plcuridiuni; 
which  is  separated  from  Phascum  by  its  lateral  ftuit, 
contains  one  European  species,  Phascum  alternifolium 
of  other  writers  ;  in  which,  indeed,  the  mature  fruit  is 
lateral  from  innovation;  but  the  flowers  and  the  young 
fruit  are  undoubtedly  terminal.  The  only  other  species 
is  a  plant  from  the  Isle  of  Trance,  which  has  much  the 
habit  of  Ph.  alternifolium.  Bridel  has  marked  it  with 
the  sign  of  doubt.  If  a  good  species,  we  are  strongly 
inclined  to  anticipate  that  it  will  turn  out  a  genuine  Phas- 
cum. Pyramidula  contains  only  one  species,  Pyr.  tetra- 
gona,  which,  notwithstanding  the  peculiarity  in  the  Ca- 
lyptra mentioned  in  the  definition,  is  considered  by  Voit 
as  identical  with  Gymnostomum  pyriforme.  Schistidium 
of  Bridel  is  Anictangium  of  Hooker  ;  and  Anoectan- 
giuni  of  Bridel  is  Hooker's  Hedwigia.  Glyphomitrium, 
which  contains  three  species,  should  probably  be  either 
blended  with  the  Grimmiae,  or  divided  between  Enca- 
lypta  and  Grimmia.  Coscinodon,  a  genus  defined  by 
Sprengel  to  contain  certain  mosses  with  perforated  teeth, 
cannot  be  tenable,  unless  the  definition  be  amended  ;  as 
we  find  species  with  perforated  teeth  in  Grimmia,  AVeis- 
sia,  Trichostomum,  and  Didymodon,  and  having  the 
closest  affinity,  in  habit  and  systematic  relation,  with  the 
other  species  of  this  genera.  Indeed,  the  genus  seems 
to  be  composed  entirely  of  species  of  Weissia  and  of 
Didymodon.  Campylopus  of  Bridel  has  been  formed 
to  receive  certain  Dicrana,  at  least  one  Trichostomum, 
and  some  Grimmiae,  with  an  utter  disregard  of  the  Ca- 
lyptra, though  it  is  defined  to  be  "  mitriform  at  the  base 
lacero-fimbriate."  Racomitrium  contains,  of  well  known 
species,  chiefly  those  Trichostoma  with  the  teeth  divid- 
ed. Desmalodon  contains  two  Dicrana,  and  Barbula 
curta  of  Hedwig.  But  it  would  be  tedious  logo  through 
the  whole  system  in  this  manner.  Under  his  68  genera, 
Bridel  has  assembled  951  species,  by  far  the  tcreatest 
number  hitherto  published  in  any  one  work.  Of  these 
species,  indeed,  a  considerable  nun\ber  will  be  found, 
on  exammaiion,  to  be  mere  varieties.  Yet,  even  after 
deducting  for  these  varieties  so  large  a  number  as  160, 
or  even  200,  we  have  in  that  work  a  collection  of  spe- 
cies far  greater  than  is  elsewhere  to  be  found  in  a  single 
work.  The  want  of  figures,  and  its  occasional  mistakes, 
and  vagueness  in  definiiion,  are  its  chief  defects  as  a 
collection  of  species. 

Bridel's  references  are  very  curious,  in  general  ac- 
curate, and  valuable.  Yet  at  some  of  them  it  is  im- 
possible to  avoid  smiling.  He  is  very  fond  of  referring 
to  Ailanson's  Families  des  Plantcs.  and  not  unfre- 
quenily  relers  to  the  same  Adunsonian  name,  plants 
ot  the  most  heterogeneous  appearance,  and  belonging 
to  genera  that  assort  extremely  ill  together.  Thus,  t» 
C2 
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Luida  arc  referred  one  species  of  Splachnum ;  several 
Trichostoma,  Fissidentes,  Dicrana,  Toriulae,  Baibulae, 
Neckerae,  Hypna,  Brya;  two  species  of  Milium,  two 
of  Bartramia,  the  Genus  Octoblepharum,  and  some 
Weissiae.  To  Bryon  are  referred  some  Gyninostoma, 
some  Leersiae,  (Encalyptae,)  several  Splaclina,  one 
Trichostomum,  one  Tortula  ;  several  Barbulae  ;  one  Ar- 
ihenopterum,  two  RInia,  one  Funaria,  two  VVeberae, 
and  one  Meesia.  To  Green  are  referred  the  genus 
Phascum  ;  some  Sphagna,  and  some  Grimmiae.  To 
Harisona  are  referred  some  Iledwigiae  (Anictangia  and 
Gymnostoma),  some  Fissidentes,  several  Neckerae  and 
Fontinalis  Squamosa  !  It  is  unnecessary  to  multiply  ex- 
amples, and  indeed  these  are  the  most  remavkjble.  The 
amount  of  the  incongruity  does  not  consist  merely  in  the 
assemblage  of  heterogeneous  species  under  the  same 
genus,  but  in  the  breaking  down  of  natural  genera,  that 
their  species  might  be  divided,  and  parcels  of  them 
blended  under  one  Adansonian  name,  with  parcels  of 
species  belonging  to  other  genera,  having  no  imaginable 
aflinity  with  them.  Thus,  while  all  the  other  Splachna, 
known  to  Adanson,  seem,  according  to  Bridel,  to  belong 
to  the  genus  Bryon.,  what  is  there  in  Splachnum  am- 
puUaceuni,  to  make  it,  with  so  many  plants  totally  unlike 
it,  a  Luida?  By  what  possible  art  can  species  of  Gym- 
nostomum,  Fissidens,  Ncckera,  and  Fontinalis  squamosa, 
be  comprehended  under  one  generic  definition?  And 
this  allotment  of  F.  squamosa  is  the  more  singular,  as  all 
the  other  species  of  Fontinalis  belong  to  Adanson's 
genus  of  the  same  name.  Luida,  as  represented  by 
Bridel,  is  merely  a  mass  of  confusion. 

It  is  quite  evident,  that  it  would  be  in  vain  to  search 
for  the  reason  of  these  very  whimsical  arrangements  in 
the  meagre  definitions  given  in  the  Families  des  Plantes  ; 
and  that,  if  the  citations  be  worth  any  thing,  they  must 
have  been  obtained  either  from  a  Herbarium,  or  from  a 
pupil  of  Adanson,  thoroughly  imbued  with  the  notions  of 
his  master.  We  wish  that  Bridel  had  in  this  instance 
referred  to  his  real  authority,  instead  of  referring  to  a 
book  which  gives  us  no  assistance  in  unravelling  these 
intricacies.  But,  whatever  the  real  authority  was,  we 
■wovild  hope,  for  the  honour  of  the  French  naturalist,  that 
it  had  been  very  often  mistaken. 

Dr.  Hooker's  Syatem  of  Poliose  or  Ofierculate  Mosses. 

Division  I.     Mouth  of  the  Capsule  destitute  of 
Teeth. 

•  Ca/isiile  Valvular. 

Genus  1.  Andraca.  Capsule  quadrivalve  ;  the  valves 
held  ill  proximity  at  the  apex  by  means  of  the  persistent 
lid  ;  calyptra  irregularly  torn. 

Of  this  genus,  first  defined  by  Ehrhart,  and  adopted 
by  Hedvvig  and  by  all  subsequent  muscologists,  four 
species  are  known,  all  of  which  are  indigenous  to  Bri- 
tain. They  are  inhabitants  of  alpine  rocks  ;  of  a  very 
dark  colour,  and  rigid  texture.  Linnaeus,  who  was 
acquainted  with  two  of  the  species,  having  overlooked 
the  columella  and  persistent  lid,  described  them  as 
Jungermanniae.  They  would  have  been  published  under 
the  name  now  universally  received,  in  the  Mcthodus 
jVIuscorum  of  the  younger  Linnaeus,  had  he  not,  with 
misplaced  indignation,  cancelled  Ehrhari's  original  sheet, 
rontaining  the  alteration,  and  restored   his  father's  ar- 


rangement. The  nearest  affinity  of  this  genus,  among 
Foliose  Mosses,  ij  to  Sphagnum,  on  a.count  of  its  sessile 
capsule.  The  species  most  prized  is  A.  nivalis,  (Muse. 
Biit.  t.  8.)  one  of  the  two  with  nerveless  leaves,  a  moss 
peculiar  to  Britain,  which  is  characterised  by  the  stems 
being  slightly  branched,  leaves  loosely  inibricateti,  sub- 
falcate,  subsecund  ;  those  of  the  perichactium  similar 
to  those  of  the  stem. 

**  Cajisule  entire. 

a.  Capsule  sessile,  receptacle  pedunculate. 

II.  Sphagnum.  Receptacle  pedunculate,  peduncle 
resembling  a  fruitstalk.  Capsule  sessile,  entire,  its  lid 
deciduous,  its  mouth  naked  ;  calyptra  irregularly  torn. 

Contains  four  species,  all  of  which  were  compre- 
hended, by  Linnaeus,  under  his  Sph.  palustre,  and  are 
common  in  marshy  situations  and  bogs.  By  colour  alone 
they  may  be  easily  discriminated  from  all  other  British 
mosses,  except  Dicranum  glaucum. 

b.  Capsule  on  a  fruitstalk,  receptacle  sessile. 

III.  Phascum.  Fruitstalk  terminal.  Operculum  ad- 
nate.     Calyptra  dimidiate,  (short,  fugacious.) 

Contains  17  British  species,  according  to  Sir  J.  E. 
Sniiili,  {Comfi.  Fl  Br.  2d  and  3d  edit.)  which  are  reduced 
in  the  Muse.  Brit,  to  11  species. 

The  Phasca  are  among  the  minutest  mosses  known, 
and  Ph.  serratum,  the  smallest  species,  is,  besides,  re- 
markable for  its  creeping,  articulated,  br,.nched,  leaf- 
less conferva-like  shoots,  which  appear  to  be  merely  the 
primal  y  expansions  of  the  seed  in  germination,  jjcrsistent 
in  this  instance,  as  the  primary  lichenoid  expansion  of 
Acrostichum  alcicorne  is  among  ferns.  In  most  of  the 
Phasca  the  fruitstalk  is  very  short,  and  the  fruit  immersed 
among  the  perichaetial  leaves. 

IV.  Voitia.  Fruitstalk  terminal.  Operculum  adnate. 
Capsule  deciduous  with  the  fruitstalk.  (Calyptra  large, 
persistent.) 

This  genus  was  first  defined  by  Professor  Hornschuch, 
on  account  of  a  moss,  (V.  Nivalis,  Muse.  Exot.  t.  97.  the 
only  species  at  present  known.)  which  he  found  by  the 
snow  line  on  the  Carinthian  mountains.  The  genus  is 
distinguished  from  Phascum  by  the  large  persisient 
calyptra,  and  the  deciduous  fruitstalk,  which,  in  the  only 
species  known,  is  about  an  inch  in  length  ;  and  the  whole 
habit  is  very  unlike  that  of  any  known  Pliascum. 

V.  Gymnostomnm.  Fruitstalk  terminal.  Mouth  of 
the  capsule  nuked.     Calyptra  dimidiate. 

Contains  fourteen  British  species,  according  to  the 
Muse  Brit,  and  nine  foreign  mosses,  considered  as  spe- 
cies of  this  genus,  are  figured  in  the  Muse.  Exot.  Among 
these  foreign  species  are  the  mosses  which  had  been 
comprehended  m  the  new  genus  Leptostomum,  by  the 
distinguished  Mi.  Brown  ;  a  tribe  of  plants  marked  by  a 
very  peculiar  habit  ;  a  gibbous  capsule,  approaching,  in 
some  instances,  to  the  form  of  that  of  Diphyscium;  and 
an  annular  membrane  arising  within  the  walls  of  the  cap- 
sule, traversing  its  mouth.  As  a  horizontal  membrane, 
with  a  similar  oiigin,  has  been  found  to  cover  the  mouth 
of  the  capsule  of  four  British  species,  (most  easily  per- 
ceived in  G.  griffilhianuni)  '.he  Leptostoma  have  been  pro- 
visionally included  by  Dr  Hooker  within  his  definition  of 
Gymnostomum.  In  that  genus  plants  of  such  singularly 
different  habits  are  now  included,  that  it  seems  not  unlikely 
that  the  discovery  of  a  few  new  species  additional  may  in- 
duce muscologisis,  not  merely  to  replace  Leptostomum, 
(perhaps  with  some  alteration  in  the  character,)  but  to  form 
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generic  definitions  for  other  parcels  of  Gymnostomum 
as  at  present  coiisliluted.  Giyphocarpa  of  Brown,  in 
particular,  wc  wish  much  to  see  separatee!. 

VI.  Dreprtnoptiyllurn.  This  genus  has  been  proposed 
by  Professor  Richard  for  the  reception  of  a  very  singular 
moss,  Drep.  lulvuin  which  he  found  growing  on  trees 
in  the  woods  of  Frencii  Guyana.  The  species  is  dioecious, 
the  male  and  female  plants  differing  much  in  aspect. 
Mouth  of  the  capsule  naked.  A  thin  upright  membrane 
arises  from  the  inner  side  of  the  mouth  of  the  capsule. 
The  operculum  is  depressed  at  the  summit.  The  stem 
erect,  flexuous, branched.  Tfie  leaves  hilarious,  scymetar- 
shaped,  arising  alternately  from  the  anterior  and  posterior 
sides  of  the  stem  ;  the  nerve  running  along  the  lower 
margin.     Colour  of  the  leaves  lemon-yellow. 

Notwithstanding  the  singularity  of  the  habit  of  this 
moss,  there  seems  to  be  no  tt  chnical  character  at  present 
known  to  separate  it  from  Gymno^tomum.  Before  see- 
ing the  mouth  of  the  capsule  [Muse.  Exot.  t.  125.)  it 
was  supposed  by  both  Scliwaei;richen  and  Hooker  to 
belong  to  the  bifariously-leaved  Dicrana. 

VII.  Anictangium.  Fruiistalk  terminal.  Mouth  of 
the  capsule  naked.     Calyptra  milriform. 

Contains  two  British  species,  of  which  Anict.  ciliaiiim 
is  a  very  common  moss,  of  a  hoary  aspect,  with  the  cap- 
sule immersed;  occurring  upon  rocks  and  stones,  at  a 
lower  elevation  than  the  hoaiy  Trichobtoma,  with  diapha- 
nous points  to  the  leaves ;  and  Anict.  imberbe  is  peculiar 
to  Ireland.  France  possesses  another  species,  Anict. 
lapponicum.  Germany,  Anict.  aqualicum  ;  other  two 
species,  natives  of  New  Holland  and  South  America,  are 
figured  in  the  Musci  Exot.  and  we  have  received  speci- 
mens from  North  America  of  two  species  different  from 
any  of  these. 

VIII.  Schistostega.  Fruitstalk  terminal.  Mouth  of 
the  capsule  naked.     Lid  laciniated.     Laciniae  deciduous. 

This  genus,  first  defined  by  Hedwig,  contains  only  one 
known  moss,  Schist  pennata,  which  has  been  only  once 
found  in  Biitain,  in  a  particular  spot  in  Devonshire,  by 
Mr.  Newbeny.  It  is  Gymnostomum  osmundaceum  of 
E.  B.  V.  xxxi.  t.  2213.  a  minute  plant,  having  much  re- 
semblance in  habit  to  Dicranum  bryoides. 

Ri.garding  this  genus  we  transcribe  a  note  from  Bridel: 
"  Schkur,  a  most  acute  investigator  of  mosses,  intent  only 
on  truth,  has  shown  that  Hedwig  erred  greatly  in  the 
observation,  description,  and  representation  of  the  oper- 
culum of  this  moss.  Fur  Hedwig  described  and  figured 
those  delicate  Striae,  radiating  from  the  centre  to  the 
circumference,  with  which  the  operculum  is  adorned,  as 
fissures,  by  which  the  operculum  splits  into  a  great  many 
pans,  (a  circumstance  which  might  possibly  occur  in  a 
solitary  instance.)  instead  of  falling  ofi"  entire,  as  in  other 
mosses.  Weber  and  Mohr,  induced  by  so  great  an  au- 
thority, and  even  affirming  that  they  themselves  had  ob- 
served the  same  ciicumstance,  formed  for  it  the  new 
genus  Schistostega,  so  named  from  the  split  operculum. 
But  Schkur,  having  long  and  pertinaciously  scrutinized 
the  capsule  of  this  moss,  found  that  it  is  in  no  other 
manner  reticulated,  nor  does  it  separate  in  any  other 
manner  than  in  other  mosses,  though  he  confesses  that 
it  is  very  lender  and  fugacious.  Therefore  nature  her- 
self sets  aside  the  genus  Schistostega;  and    that  name 

will  remain  in    n)Uscology    only    like    Trentepohlia a 

proof  that  the  best  observers  may  easily  fall  into  eiror, 
if  they  examine  nature  carelessly,  or  with  a  prejudiced 
mind." 

Without  going  quite  so  far  as  Bridel  in  regard  to  this 


genus — since  the  authorities  at  present  in  its  favour  are 
Hedwig,  Weber,  and  Muhr,  "  all  most  acute  investiga- 
tors, intent  only  on  truth,"  v/hile  against  it  is  quoted  only 
Schkur,  yet  we  own  that  we  should  not  be  much  sur- 
prised were  the  genus  to  be  reduced,  and  the  only  spe- 
cies of  it  to  be  known  hereafter  by  the  name  of  Gym- 
nos'omum  pennatum. 

IX.  Hedwigia.  Fruitstalk  lateral.  Mouth  of  the 
capsule  naked.     Calyptra  dimidiate. 

As  thus  defined,  the  genus  is  altogether  exotic.  In 
Muse.  Exot.  four  species  are  figured,  of  which  one  is 
indigenous  to  the  Carinthian  Alps  ;  one  to  Teneriffe  ;  and 
two  to  tropical  America. 

X.  Lyellia.  Capsule  plane  on  the  one  side,  convex  on 
the  other.  Its  mouth  closed  with  a  (thick,  depressed) 
membrane,  of  which  the  circular  disc,  separating  from 
the  (broad)  peisistent  limb,  remains  attached  to  the  per- 
manent included  Columella.  Calyptra  hood-shaped,  (o; 
dimidiate,)  hairy  on  the  summit. 

This  gtiius,  defined  by  Mr.  Brown,  contains  only  one 
species,  Ly.  crispa,  gathered  by  the  Hon.  Col.  Garner, 
in  Nepal.  In  the  membrane  covering  the  mouth  of 
the  capsule,  it  is  totally  unlike  any  other  known  moss  ; 
yet  in  general  aspect  it  has  several  points  in  common 
with  Dawsonia,  Polylrichum,  and   Buxbaumia. 

XI.  Dipliyscium.  Fruitstalk  terminal.  Capsule  plane 
on  the  one  side,  convex  on  the  other.  A  plicate  mem- 
brane, in  the  form  of  a  truncated  cone,  arising  from  the 
inner  side  of  the  mouth  of  the  capsule.  Calyptra  milri- 
form. 

Contains  only  one  species,  D."  foliosum,  the  Buxbaumia 
foliosa  of  authors.  It  is  separated  from  Buxbaumia  on 
account  of  its  wanting  the  row  of  teeth  exterior  to  the 
membranous  fringe,  which  occurs  in  B.  aphylla.  D.  fo- 
liosum is  not  uncommon  in  various  parts  of  Britain.  It 
is  very  plentiful  in  Peebles-shire. 

Division  II.  Mouth  of  the  capsule  furnished 

WITH  TEETH. 

*  In  a  single  row.     {Peristome  single.) 

XII.  Polytrichum.  Peristome  simple,  of  32  or  64 
equiflistant  incurved  teeth,  connected  at  the  summit  by  a 
horizontal  membrane.     Calyptra  dimidiate. 

Contains  10  British  species.  There  are  besides  two 
species,  P.  capillare,  and  P.  laevigaium,  peculiar  to  Lap- 
land; and  other  four  species  are  figured  \nlhe  Muse.  Exoc. 

In  one  section  of  this  genus,  the  Catharinea  of  authors, 
tiie  calyptra  is  always  smooth  ;  in  the  other  it  is  hairy, 
owing  so  the  adherence  of  the  succulent  filaments  of  the 
flower,  occasioned  by  a  viscid  exudation  common  to  them 
and  to  the  calyptra. 

XIII.  Tctraphis.  Fruitstalks  terminal.  Peristome 
single,  of  four  equidistant  upright  teeth.  Calyptra  mi- 
triform. 

Contains  only  two  species,  both  of  which  are  indige- 
nous to  Britain,  and  neither  rare. 

XIV.  Octoblepharum.  Fiuiistalk  terminal.  Peris- 
tome single,  of  eight  double  teeth. 

Contains  two  species,  both  exotic,  of  which  the  one,  O. 
albiclum,  is  common  to  both  hemispheres,  and  widely 
distributed;  the  other,  O.  serratum,  has  been  hitherto 
found  only  in  Nepal,  and  in  the  Isle  of  Bourbon. 

XV.  Fabronia.  Fruitstalk  lateral.  Peristome  single, 
of  eight  double  teeth. 

Of  this  genus,  which  is  altogether  exotic,  and  differs 
from  Octoblepharum  by  the  lateral  insertion  of  the  huit- 
stalk,  two  species  are  figured  in  the  Muse.  Exot. 
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XVI.  Splachnum.  Fiuiislalli  tenninal.  Peristome 
single,  of  eight  double  teeth.  Capsule  seated  on  an  apo- 
physis.    Calyptra  mitriform,  entire. 

Contains  eight  British  species,  all  of  which  delight  in 
alpine  situations  ;  several  of  which  are  rare,  and  much 
prized,  paiticularly  Spl.  frcElichiamim,  Spl.  vasculosuir, 
Spl.  angustatuni,  and  Spl.  mnioidcs.  Three  species, 
and  these  among  the  finest  of  this  genus,  are  peculiar  to 
Lapland,  viz.  Spl.  rubrum,  luleuin,  and  urceolatum.  The 
apophysis  of  Spl.  rubrum  is  umbrella-shaped,  of  a  bril- 
liant red,  and  much  larger  than  the  capsule.  That  of 
Spl.  luleuni  resembles  a  reveised  umbrella,  and  is  still 
larger  in  proportion  to  the  capsule,  and  of  a  fine  yellow. 
Two  additional  species,  the  one  from  tropical  .'\mcrica, 
the  other  from  (the  trunks  of  dead  trees  !  in)  Yau  Die- 
men's  Land,  are  figured  in  the  Muse.  Exot. 

XVII.  Systylium.  Peristome  simple,  of  16  pairs  of 
short  teeth,  united  at  the  base.  Operculum  connate  with 
the  columella,  persistent.  (Capsule  furnished  with  an 
apophysis.) 

A  genus  defined  by  Professor  Hornschuch,  which  con- 
tains only  a  single  species,  Syst.  splachnoides  Muse. Exot. 
t.  98,  found  by  the  Professor  in  only  one  place,  on  a  mi- 
caceo-schistose  rock,  in  the  Alps  of  Upper  Carinthia. 

XVIII.  Tayloria.  Peristome  simple,  of  32  very  long 
twisted  teeth,  approximated  in  pairs.  Capsule  furnished 
with  an  apophysis. 

This  genus  was  first  defined  by  Schwaegrichen,  under 
the  name  Hookeriu,  which  had  been  pre-occupied  by  Sir 
J.  E.  Smith,  in  the  ninth  volume  of  the  Lin.  Trans.  Since 
Schwjegrichen's  name  could  not  be  retained.  Dr.  Hooker 
devoted  the  genus  to  Dr.  Taylor  of  Cork,  his  friend  and 
able  coadjutor  in  the  Museologia  Britannica.  Tayl. 
splachnoides  is  an  alpine  moss,  that  inhabits  Norway, 
Switzerland,  and  the  North  of  Germany. 

XIX.  Tortula.  Fruiisialksterminal.  Peristome  single, 
of  32  filiform  twisted  teeth,  more  or  less  united  at  the 
base  into  a  tubiform  membrane.     Calyptra  dimidiate. 

Contains  1 1  British  species,  of  which  T.  stellata,  found 
hitherto  only  by  Mr.  Dickson,  is  the  most  rare,  and  is 
peculiar  to  Britain.  T.  cuneifolia,  common  in  Devon- 
shire, seems  to  be  rare  elsewhere,  and  perhaps  has  not 
hitherto  been  found  in  Scotland.  Five  new  species  are 
contained  in  Xhe  Muse.  Exot. 

XX.  Cinclidotus.  Fruitstalks  terminal.  Peristome 
single,  of  32  filiform  twisted  teeth,  anastomosing  at  their 
base.     Calyptra  mitriform. 

This  genus  was  first  defined  by  De  Beauvois,  in  the 
Prodrome  ri'jEtheogamic.  It  contains  only  one  species. 
Cine,  foritinal'jides,  the  Fontinalis  minor  of  Linnaeus,  and 
Trichoslomum  fontinaloidcs  of  Hedwig  and  Smith.  The 
calyptra  is  sometimes  split  on  one  side. 

XXI.  Conostomum.  Fruitstalk  terminal.  Peristome 
of  16  equidistant  teeth,  all  united  at  their  summits.  Ca- 
lyptra dimidiate. 

This  genus  was  established  by  Swartz  in  Schrader's 
Journal.  It  contains  only  one  British  species,  C.  boreale, 
the  Grimniia  conostonia  of  Sir  J.  E.  Smith.  It  is  an  al- 
pine moss.  Only  another  species,  C.  australe  of  Swartz, 
native  of  Noith  America,  at  the  Streighls  of  Magellan, 
is  known.  Both  species  approach  the  Bartramiae  with 
terminal  footstalks,  very  much  in  habit. 

XXII.  Encalypta.  Fruitstalks  terminal.  Peristome 
single,  of  16  teeth.  Calyptra  campanulate,  smooth,  en- 
tirely er.closint;  the  mature  c^ipsule. 

Contains  three  British  species,  of  which  E.  strepto- 
carpais  very  rare  in  fructification;  in  which  state  it  was 


found  by  Dr.  Hooker,  on  the  Duke  of  Atholl's  grounds 
at  Dunkeld,  in  181  5.  The  other  two  species  are  common. 

XXHI.  \Veissia.  Fruitstalk  terminal.  Peristome 
single,  of  16  entire  etjuidistant  teeth.  Calyptra  dimidiate. 

Contains  18  British  species,  of  which  \V".  splachnoides, 
W.  Tcmpletoni,  W.  trichodes,  W.  calcarea,  W.  pusilla, 
are  among  the  most  rare.  \V.  Templetoni  is  peculiar 
to  Ireland.  Five  new  species  are  figured  in  the  Musci 
Exotiei. 

XXIV.  Pterogonium.  Fruitstalk  lateral.  Peristome 
single,  of  16  entire  C(|uidistant  teeth.     Calyptra  dimidiate. 

Contains  thiec  species,  of  which  P.  Smithii,  a  spe- 
cies which  Sir  J.  E.  Smith  gathered  almost  immediately 
on  landing  in  England  from  his  travels,  and  whicii  was 
not  before  known  to  be  a  native  moss,  and  Pt.  filiforme, 
are  rather  rare  British  species.  Our  other  species,  Pt. 
gracile,  is  common.  Four  new  species  are  figured  in  the 
Muse.  Exot. 

XXV.  Calymperes.  Fruitstalk  terminal.  Peristome 
single,  of  a  spongy  horizontal  membrane,  completely 
covering  the  mouth,  at  last  divided  in  the  middle  into 
16  short  teeth.  Calyptra  large,  mitriform,  involving 
the  capsule,  at  last  divided  laterally. 

Of  this  genus,  first  defined  by  Swartz,  three  species 
are  known ;  of  which  two,  C.  lonchophyllum,  and  C. 
Palisoti,  natives  of  the  West  Indies  and  of  .Africa,  are 
figured  by  Schwaegrichen  ;  the  third,  C.  Garneri,  a  na- 
tive of  Nepal,  from  which  it  was  sent  by  the  Hon.  Col. 
Garner,  is  figured  in  the  second  volume  of  the  Muse. 
Exot.  It  is  a  singular  genus,  and  seems  to  be  confined 
to  warm  countries. 

XXVI.  Grimmia.  Fruitstalk  terminal.  Peristome 
single,  consisting  of  I  6  equidistant  teeth,  entire  or  perfo- 
rated, (very  rarely  split.)     Calyptra  mitriform. 

Of  this  genus,  seven  species  are  indigenous  to  Britain. 
Gr.  saxicola,  Gr.  Daviesli,  and  Gr.  Doniana,  are  rare. 
Five  new  species  are  figured  in  the  Muse.  Exot. 

XXVII.  Dicranum.  Fruitstalk  terminal.  Peristome 
single,  of  16  bifid  teeth.     Calyptra  dimidiate. 

Contains  24  British  species,  of  which  D.  latifoliurn,  D. 
longifolium,  D.  spuriuni,  are  the  most  rare.  D.  glau- 
cum  is  rare  in  fruit.  The  Muse.  Exot.  contain  seven 
new  species. 

XXVIII.  Trichostomum.  Fruitstalk  terminal.  Pe- 
ristome of  16  teeth,  divided  to  the  base,  or  32  approxi- 
mated in  pairs.     Calyptra  mitriform. 

Contains  nine  British  species,  none  of  which  is  pe- 
culiarly rare.  The  Muse.  Exot.  contain  two  additional 
species. 

XXIX.  Lcucodon.  Fruitstalk  lateral.  Peristome 
single,  of  16  split  teeth,  or  32  closely  united  in  pairs. 

Only  one  species  of  this  genus,  L.  sciuroides,  is  British, 
and  of  it  the  fruit  is  very  rare.  L.  canariensis  is  another 
species  figured  by  Schwaegrichen;  and  five  new  species 
are  figured  in  the  Mute.  Exot. 

XXX.  Didymodon.  Fruitstalk  terminal.  Peristome 
single,  of  16  teeth,  cleft  to  the  very  base,  or  nearly  so,  or 
32  approaching  in  pairs,  or  united  at  the  base.  Calyptra 
dimidiate. 

Contains  eight  British  species,  of  which  the  most  rare, 
at  least  in  fruit,  D.  flexifoliuni,  was  found  abuiidantly  in 
that  state  last  summer,  by  Mr.  Greville,  in  Devonshire, 
with  the  teeth  in  good  condition,  and  the  genus  of  this 
moss  no  longer  remains  uncertain.  D.  inclinatum,  and 
D.  rigidulum,  are  also  rare.  Tl-.e  Muse.  Exot.  contain 
two  new  species,  besides  D.  splachnifulium,  which  is  the 
Weissia  oblusa  of  Bridel. 
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*•  In  a  double  row.     {^Peristome  Bauble.') 

XXX.  Funaria.  Fruitstalk  terminal.  Peristome  dou- 
ble, oblique;  the  outer  of  16  teeth;  the  inner  of  16 
teeth,  opposite  those  of  the  outer. 

Three  British  species  belong  to  it,  of  which  F.  hiber- 
nica,  "  found  on  the  roof  of  a  ihatclied  cottage  at  Blarney, 
near  Coik."  by  Mr.  Urummond,  is  the  rarest. 

XXXII.  Zy:.;odon.  Fruitstalk  terminal.  Peristome 
double;  the  exterior  of  I  6  teeth,  approaching  in  pairs; 
the  interior  of  as  many  horizontal  cilia.  Calyptra  dimi- 
diate, short. 

Contains  only  one  British  species,  Z.  conoideum,  which 
grows  always  on  trees,  and  has  been  found  near  Inverary, 
Scotland,  by  Mi  Dickson;  in  Mr.  Templtton's  orchard 
at  Orange-grove,  Ireland  ;  and  mar  Manchester,  by  Mr. 
Hobson.  Another  species,  Z.  obtusifoiium,  sent  from 
Nepal  by  the  Hon.  Colonel  Garner,  is  figured  in  the 
Muse.  Exot. 

XXXIII.  Orthotrichum — Fruitstalk  terminal;  Pe- 
ristome double, exterior  of  16  teeth, approaching  in  pairs; 
the  interior  consisting  of  8  or  of  16  cilia,  or  wanting. 
Calyptra  mitriforiii. 

Ten  British  species  belong  to  it,  of  which  the  last  dis- 
covered and  rartst  is  O.  Lvellii.  found  by  Mr.  Lyeli  "  on 
trees  in  the  New  Forest,  Hants."  O  Hutchinsis  is  the 
only  other  rare  species,  and  is  exclusively,  or  chiefly, 
Irish.     Nine  new  species  are  figured  in  the  Musci  Exot. 

XXXIV.  Sclolheimia.  Fruitstalk  terminal.  Peristome 
double  ;  exterior  of  1 6  revolute  teeth  ;  the  interior  a  co- 
nical plaited  membrane,  irregularly  torn. 

A  tropical  genus  very  nearly  related  to  Orthotrichum. 
The  only  species  of  it  figured  in  the  Muse  Exot.  Scl. 
sulcata,  was  sent  from  Nepal  by  the  Hon.  Colonel  Gar- 
ner, and  "  has  such  a  resemblance  to  Orthotrichum 
longifolium,  that  it  can  be  distinguished  only  by  the  Pe- 
ristome." The  genus  seems  to  have  been  first  charac- 
terized by  Schwaergrichtn. 

XXXV.  Neckera.  Fruitstalk  lateral ;  the  exterior 
of  16  erect  free  teeth  ;  the  interior  of  16  cilia,  connected 
only  at  the  very  base  by  a  short  membrane  ;  Calyptra 
dimidiate. 

Contains  two  British  species,  of  which  N.  pumila  is 
rare  in  Scotland  ;  nor  is  the  fruit  of  N.  crispa  abundant. 
Eight  new  species,  and  three  (hat  had  been  previously 
figured,  have  place  in  the  Alusci  Exotici.  It  is  proper  to 
remark,  that  the  character  of  the  genus,  as  given  in  the 
Musci  Exot.  is  more  extensive  than  that  in  the  Museo- 
logia  Briia?inica,  which  we  have  here  exhibited;  and 
hence  it  is  not  impossii)le  that  some  of  these  species  may 
belong;  to  the  following  genus. 

XXXVI.  Anomodon.  Fruitstalk  lateral  ;  peristome 
double;  consisting  of  16  teeth,  and  a  ciliary  process 
arising  from  tiie  side  of  each  tooth;  calyptra  dimidiate. 

Contains  two  British  species.  The  fruit  of  A.  curti- 
pendulum  is  rather  rare. 

XXXVII.  Daltonia.  Fruitstalk  lateral;  peristome 
double,  consisting  of  16  teeth,  and  a  ciliary  process  aris- 
ing from  the  side  of  each  tooth  ;  calyptra  mitriform. 

Contains  two  British  species,  both  of  which  are  rare. 

XXXVIII.  Fontinalis.  Fruitstalk  lateral ;  peristome 
double  ;  the  exterior  consisting  of  I  6  teeth,  the  interior 
of  16  cilia,  connected  by  transverse  bars,  and  forming  a 
reticulated  cone;  calyptra  mitriform. 

Of  this  genus  three  species  are  British  ;  of  which  F. 
capillacea  is  of  extreme  rarity,  and  F,  squamosa  some- 
what rare. 


XXXIX.  Buxbaumia.  Capsule  oblique,  gibbous; 
peristome  double  ;  the  exterior^  numerous  jointed  fili- 
form processes  ;  the  interior  a  plaited  membranous  cone ; 
calyptra  mitriform. 

This  single  moss  was  first  discovered  in  Britain  by 
Dr.  Hooker.  It  has  subsequently  been  found  by  Mr.  E. 
Maughan,  near  Roslin;  by  Mr.  Jackson,  near  Aberdeen; 
and  by  the  writer  of  this  article,  for  three  successive 
years,  on  the  mountains  of  Nubie,  Peeblesshire.  This 
last  habitat  is  much  more  abundant  than  any  of  the  others, 
and  does  not  appear  likely  to  be  exhausted. 

This  moss  has  now  for  some  time  been  well  known  to 
have  leaves,  sec  Edin.  Philos.  Journal,  vol.  ii.  p.  377; 
and  the  original  description  of  Buxbaum,  in  which  the 
capsule  is  said  to  be  bivalve,  is  occasionally  applicable 
to  the  plant  in  a  state  of  decay. 

XL.  Bartramia.  Fruitstalk  terminal;  peristome  dou- 
ble ;  the  exterior  of  1 6  teeth  ;  the  interior  a  plaited  mem- 
brane, divided  into  1 6  bifid  segments  ;  calyptra  dimidiate. 

Contains  six  British  species,  none  of  which  is  peculi- 
arly rare.  Two  new  species,  and  two  that  had  been 
previously  dscribed,  are  figured  in  the  Muse.  Exot. 

XLI.  Bryum.  Fruitstalks  terminal;  peristome  dou- 
ble; exterior  of  16  teeth;  interior  a  plaited  membrane 
divided  into  16  segments,  usually  alternating  with  cilia. 
Calyptra  dimidiate. 

Contains  25  British  species,  of  which  Br.  triquetrum, 
and  Br.  rostratum,  seem  to  be  the  most  rare.  Br.  ros- 
tratum,  in  most  winter  seasons,  is  abundant  in  fruit  at 
Braid  Hermitage.  We  have  found  the  exterior  teeth 
of  Br.  dealbatum,  in  specimens  gathered  at  Gulane,  to 
be  exactly  half  the  length  of  the  cilia,  making  it  a  true 
Meesia.  The  fruit  of  Br.  roseum  is  very  rare.  Three 
new  species  are  figured  in  the  Muse.  Exot. 

XLII.  Hookeria  (of  Smith.)  Fruitstalks  lateral;  pe- 
ristome double  ;  exterior  of  1 6  teeth  ;  interior  of  a  mem- 
brane divided  into  16  entire  segments,  v/ilh  sometimes 
cilia  alternating.     Calyptra  mitriform. 

Of  this  genus,  two  species  are  British ;  and  Hook, 
laetevirens,  found  hitherto  only  in  a  bog  near  Cork,  by 
Mr.  Drummond,  is  extremely  rare.  Its  leaves  are  fur- 
nished with  two  nerves  running  nearly  to  the  summit. 
Six  new  species,  and  two  that  had  been  previously  pub- 
lished, are  figU'i-ed  in  the  Muse.  Exot. 

XLIII.  Leskea.  Fruitstalks  lateral,  peristome  double, 
exterior  of  16  teeth;  interior  of  a  membrane  divided 
into  16  segments,  with  no  cilia  interposed.  Cal)ptra 
dimidiate. 

All  the  British  Leskeas  are  thrown  into  the  genus 
Hypnum  in  the  Muscologia  Britannica.  on  account  of  the 
difficulty  in  the  discrimitiativs  character  of  these  genera; 
and  because,  if  the  species  in  a  topical  flora  be  well  ar- 
ranged, they  may  be  more  conveniently  discriminated 
without  the  separation.  "  Bu',"  says  Dr  Hooker,  in 
No.  28  of  the  Muse.  Exot.  "  in  a  work  on  foreign  mosse, 
I  think  it  right,  at  least  for  the  present,  to  adopt  the 
genus  Leskea,  though  1  must  again  repeat  it  as  my 
opinion,  that  it  is  not  founded  in  nature.  Tne  genus 
Hvpnum  is  now  of  such  vast  extent,  mat,  in  cases  where 
the  peristome  can  be  well  examined,  it  is  convenient  to 
have  recourse  to  such  characters  as  are  afforded  by  the 
Hedwigian  families  of  Leskea  and  Hxpnuni." 

Under  this  generic  name  are  described  in  the  Muse. 
Exot.  seven  new  species. 


24 


MUSCI. 


XHV.  Hypnum.  Fiuitstalks  lateral ;  peristome  dou- 
l)le;  exterior  of  16  teeth;  interior  a  membrane  divided 
into  16  segments,  with  alternate  cilia.  Calyptra  dimi- 
diate. 

Of  Hypna  (including  also  under  that  name  the  genua 
Leskea,)  the  British  flora  contains  60  species.  Of  these, 
H.  reflcxum,  H.  moUc,  H,  moniliforme,  a  new  species 
discovered  in  Ireland  by  Mr.  Mackay,  II.  catenulatum, 
H.  rufescens,  H.  flagellare,  H.  blandovii,  H.  polymor- 
phum,  H.  rugulosum,  H.  silesianuni,  and  H.  crista  cas- 
trensis,  are  the  most  rare.  The  fruit  of  various  other 
species  has  been  reckoned  very  rare,  as,  fsr  instance,  of 
H.  dendroides,  which  has  been  found  in  great  abundance 
by  various  botanists  in  the  neighbourhood  of  Edinburgh. 
See  Mr.  Stewart's  Horiiis  Crij/itog-amicus  Edinertsis, 
fasc.  1.  The  fruit  of  H.  proliferum,  H.  alopecurum,  H. 
Schreberi,  H.  squarrosiim,  the  var.  revolvens  of  H. 
aduncum,  all  of  which  are  reckoned  more  or  less  rare 
in  fruit  by  Sir  J.  E.  Smith,  have  also  been  found  most 
abundant  in  that  state  in  this  neighbourhood,  by  various 
botanists.  But  the  fruit  of  H.  fluitans,  H.  cordifuliuni, 
H.  siellatum,  and  H.  scorpioides,  seems  to  be  rare  in 
the  extreme  in  this  neighbourhood,  though  formerly  the 
late  Mr.  Don  gathered  H.  cordifolium  in  fruit  at  Dud- 
dingston  Loch. 

The  number  of  new  Hedwigian  Hypna  figured  in  the 
Muse.  Exot.  is  17;  of  which  one  species  is  doubtful. 
An  additional  species,  H.  flexile,  had  previously  been 
repeatedly  described. 

••*  Cilia  numerous,  arising  from  the  inner  side  of  the 
walls  of  the  cafisule  below  the  mouth,  and  from  the  colu- 
mella : 

XLV.  Dawsonia.  Capsule  convex  on  the  one  side, 
plane  on  the  other;  peristome  penicillated,  cilia  very 
numerous,  capillary,  straight,  equal,  arising  from  the 
walls  of  the  capsule,  and  from  the  columella.  Exterior 
calyptra, a  plexus  of  hairs  ;  interior  rough  at  the  summit. 
Of  this  very  singular  genus,  only  one  species,  D.  poly- 
trichoides,  is  known.  It  was  discovered  by  Mr.  Brown 
at  Port  Jackson,  and  tlie  genus  was  named  by  him,  in 
vol.  X.  of  Linn.  Trans,  after  "  that  incomparable  cryp- 
togamist,"  Dawson  Turner,  Esq.  of  Yarmouth, 

The  genus  is  introduced  by  Dr.  Hooker  in  the  system, 
immediately  after  Liellia.  Natural  affinity  certainly 
brings  it  near  to  that  genus  and  to  Polytrichum  ;  but  on 
account  of  its  innumerable  cilia,  we  prefer,  with  Bridel, 
placing  it  at  the  end  of  the  system. 

Such  is  the  system  of  Dr.  Hooker,  a  system  which  we 
think  moie  likely  to  last  than  any  other  hitherto  propos- 
ed. The  Doctor's  pencil  has  so  admirably  illustrated 
every  genus — we  may  add,  every  species  of  which  he 
has  treated.— that  no  room  is  left  to  an  attentive  reader 
for  mistake,  or  even  doubt.  And  we  are  persuaded,  that 
it  will  not  soon  undergo  any  other  material  alteration, 
than  the  introduction  of  a  new  genera  in  the  progress  of 
discovery. 

Order  II.     MUSCI  HEPATICI,  or  DEOPERCU- 
LATI. 

This  order  is  easily  distinguished  from  the  foliose  or 
operculate  musci,  by  the  want  of  an  operculum,  and  by 
that  part  of  the  calyptra  which  is  separated  by  the  elon- 
gation of  the  frnitstalk,  or  growth  of  the  capsule,  falling 
immediately.  In  some  instances,  the  calyptra  merely 
splits,  without  the  separation  of  any  part,  to  allow  the 
capsule  to  escape. 


The  natural  ciiaracter  of  this  order  may  be  stated 
thus: 

Flowers  dicEcious  or  monoecious,  destitute  of  succu- 
lent jointed  threads,  usually  on  a  proper  receptacle,  but 
in  the  genus  Marchantia,  on  a  common  one.  In  situa- 
tion they  are  radical,  axillary,  or  terminal;  they  very 
rarely  originate  from  the  underside  of  a  frondose  stem. 
Male  flowers. 

Calyx,  none;  except,  perhaps,  in  the  genus  Antho- 
ceros,  in  which  the  cup-shaped  receptacles  may  be  term- 
ed calyces. 

Stamens.  Anthers  in  general  spherical  or  ovate,  but 
varying  inform  in  different  genera,  and  even  species; 
imbedded  in  a  common  peltate  or  waiilike  receptacle; 
in  the  substance  of  the  frond  ;  sessile,  or  on  short  fila- 
ments on  the  upper  or  lower  side  of  the  frond  ;  or  on 
filaments,  in  general  more  elongated,  and  situated,  in 
general,  several  together  within  the  same  leaf,  but  some- 
times solitary;  the  leaves  in  the  axils  of  which  they  oc- 
cur, are  in  general  closely  imbricated,  but  sometimes 
patent. 

Female  flowers. 

Calyx  rarely  absent,  monophyllous,  containing  several 
pislilla,  rarely  a  single  pistillum. 

Calyptra  bell-shaped  ;  attached  to  the  receptacle;  free 
around  the  germen  ;  forming  the  outer  covering  of  the 
style,  and  a  considerable  part  of  the  stigma. 

Pislilla  various  in  form  ;  germen  ovate  ;  sometimes 
obovalc  ;  rarely  spherical ;  style  filiform  ;  stigma  in  ge- 
neral somewhat  widened. 

Pericarp,  unknown  in  Sphasrocarpus  ;  in  the  others 
a  capsule,  valvular,  or  at  least  toothed,  except  in  Riccia; 
generally  situated  on  a  fruitslalk,  sometimes  sessile  or 
immersed  ;  containing  numerous  seeds,  intermingled,  in 
most  instances,  with  elastic  filaments,  which  arc  usually 
spiral. 

Seeds,  in  general  spherical  or  ovate,  smooth  and 
brownish ;  but  they  vary  considerably  in  form,  surface, 
and  colour. 

Minute  plants,  of  annual,  biennial,  or  perennial  dura- 
lion,  the  greater  number  of  the  species  of  the  order  leafy, 
and  all  these  species  belong  to  one  genus;  some  other 
species  of  the  same  genus,  and  all  the  species  of  the  other 
genera,  are  frondose.  They  grow  erect,  or  less  or  more 
inclined,  or  they  creep  along  the  ground.  They  always 
prefer  moist  situations  ;  and,  in  some  few  instances,  grow 
in  water. 

Anatomy  and  Physiology  of  Musci  Hefiatici. 

Like  the  foliose  mosses,  the  Hepatic  consist  entirely 
of  cellular  tissue. 

Except  in  the  section  of  frondose  species,  in  which  the 
texture  is  comparatively  dense,  the  cellular  tissue  of  the 
Jungermanniae  is  much  more  lax  and  delicate  than  that 
of  the  foliose  musci.  Hence  many  of  the  species  will 
wither  almost  as  soon  as  they  are  gathered,  if  they  are 
not  immediately  put  into  a  vasculum,  or  laid  out  in  paper. 

In  this  genus,  the  cellular  tissue  contains  a  clear  fluid, 
with  particles  of  different  colours  in  difTerent  parts  of 
the  same  species,  and  sometimes  varying  in  different  va- 
rieties of  the  species,  swimming  in  it.  In  the  stems, 
when  the  plants  are  in  health,  these  particles  are  usually 
of  an  olive-green  or  purple  colour.  In  the  leaves,  they 
vary  in  colour  in  different  species,  being  brown  in  J. 
junipeiina,  purple  in  some  varieties  of  J.  nemorosa,  J. 
compressa,  &c. 
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All  the  species  of  the  other  genera  ai-e  invariably 
frondose. 

The  species  of  Marchantia  are  of  a  dense  firm  tex- 
ture, somewhat  carnose,  evidently  reticulated,  the  pre- 
vailing colour  of  the  upper  surface  a  bright  green,  with 
a  light  coloured  prominent  spot  in  each  reticulation  ;  the 
under  surface  is  covered  with  a  membrane,  frequently 
rugose,  in  which  the  green  is  less  vivid,  or  it  sometimes 
is  of  a  reddish  colour.  In  M.  hemisphxrica,  the  under 
surface  is  of  a  dark  purple. 

In  structure,  the  genus  Targionia  approaches  nearest 
to  Marchantia,  of  which  indeed  it  has  completely  the 
habit;  the  same  dense  texture,  the  bright  green  upper 
surface,  with  numerous  light-coloured  prominent  spots 
of  the  frond.  The  under  surface  is  quite  black  ;  in  some 
instances  it  would  appear  that  it  is  covered  with  reddish 
membranes. 

In  Riccia  glauca,  the  best  known,  and  indeed  the  only 
certain  British  species  of  this  genus,  the  form  and  size 
of  the  cells  is  remarkably  regular,  being  nearly  oval, 
and  all  nearly  of  the  same  size,  except  towards  the  edges. 
It  is  of  a  thick  carnose  consistency,  and  is  roughened 
with  prominent  points  on  the  surface,  thus  evincing  some 
affinity  to  Marchantia,  though  it  differs  remarkably  in 
several  other  particulars,  to  be  afterwards  mentioned. 

In  Sphserocarpus,  the  texture  is  considerably  different, 
being  much  more  delicate  and  membranous.  Its  cellular 
structure  is  sufficiently  obvious  under  the  microscope, 
and  the  cells,  though  often  hexagonal,  or  pentagonal,  ap- 
pear to  vary  remarkably  in  form. 

In  delicate  membranous  habit,  Anthoceros  approaches 
somewhat  near  to  Sphasrocarpus;  and  when  sterile,  it 
has  considerable  resemblance  to  minute  fronds  of  Jun- 
germannia  epiphylla.  Its  reticulations,  as  seen  under 
the  microscope,  are  pretty  regularly  hexagonal ;  and  in 
Anthoceros  laevis  have,  like  Marchantia  and  Riccia,  a 
prominent  spot  in  the  centre. 

In  Monoclea,  the  external  appearance  of  the  frond  is 
considerably  like  that  of  Jungermannia  epiphylla  ;  but 
the  texture  is  much  more  dense  and  coriaceous,  and  the 
reticulations  are  indistinct. 

CONSERVATIVE  OEGAXS  OF    HEPATIC    MUSCI. 

1.  Hoots. 

These,  bating  accidents,  are  never  wanting  in  the  fa- 
mily of  hepatic  mosses,  unless  in  the  two  aquatic  species, 
Riccia  natans,  and  R.  fluitans.  Both  primary  and  secon- 
dary roots  occur  in  the  family,  the  primary  roots  in  ge- 
neral decaying  soon,  are  considered  rare,  and  have  been 
found  only  in  some  of  the  leafy  Jungermannia:,  such  as  J. 
asplenioides,  J.  Hookeri,  &c. ;  in  the  former  of  which  the 
branched  root  descends,  in  the  latter  it  spreads  horizon- 
tally. The  structure  of  these  primary  roots  does  not  differ 
from  that  of  the  stem  ;  but  they  are  paler  in  colour,  and 
more  succulent.  The  species  which  are  furnished  with 
primary  roots  all  grow  more  or  less  upright. 

Secondary  roots  abound  in  the  family.  In  the  fron- 
dose species,  they  oft  pullulate  in  great  profusion  from 
the  whole  of  the  under  surface  of  the  frond,  or  from  a 
great  part  of  it ;  and  particularly  from  the  nerve,  where 
the  species  is  furnished  with  one.  Indeed,  with  ilie  ex- 
ception of  the  two  aquatic  Ricciae  already  alluded  to, 
there  does  not  appear  to  be  any  species  of  hepaiic  moss 
which  is  destitute  of  them  ;  though  sometimes  they  are 
very  minute,  and  require  careful  examination  before  they 
can  be  discovered.     Specimens  of  Jungermannia  pin- 

VoL.  XIV.     Part  I. 


guis,  found  floating  on  the  water,  are  sometimes  altoge- 
ther destitute  of  roots  of  any  sort ;  but  this  seems  to  be 
an  accident  owing  to  the  unnatural  situation.  In  Sphae- 
rocarpus,  it  would  appear  that  the  anomaly  occurs  ot 
each  frond  being  supported  by  a  single  root.  When  the  . 
species  is  procumbent,  or  more  or  less  inclined,  the  roots 
always  originate  from  the  lower  side  of  the  stem,  whe- 
ther it  be  leafy  or  frondose.  In  the  species  of  Junger- 
mannia furnished  with  stipules,  they  grow  in  bundles 
immediately  under  the  stipules  ;  in  the  exstipulated  spe- 
cies, from  any  place  indifferently,  on  the  lower  side  of 
the  stem.  In  J.  tribolata,  J.  setacea,  &c.  they  grow 
even  from  the  branches  proper  to  the  fructification.  The 
calyx  itself  of  J.  trichomanis  sends  forth  a  few  fibrous 
radicles  from  its  upper  part ;  but  these  must  be  care- 
fully discriminated  from  the  hairs  which  surround  the 
calyx  of  that  moss,  which  always  point  upwards,  while 
the  roots  descend.  Sometimes  a  singular  inflation  ap- 
pears at  the  lower  end  of  the  roots  of  J.  anomala,  which 
seems  to  be  an  effect  of  disease.  As  in  the  foliose  mosses, 
roots  also  proceed  sometimes  from  the  leaves,  as  in  J. 
complanata. 

In  structure,  the  secondary  roots  of  this  order  of  plants 
appear  to  be  tubular  throughout ;  as  under  the  micros- 
cope they  exhibit  no  appearance  of  division  by  constric- 
tion or  articulation.  In  general  they  have  a  considerable 
degree  of  transparency,  and  are  of  a  cloudy  whitish  co- 
lour, sometimes  nearly  colourless.  A  brownish  tint  is 
occasionally  observed  in  the  roots  of  some  Jungerman- 
niae;  which  is  supposed  to  be  derived  from  the  soil  in 
which  they  grow.  In  J.  pusilla,  and  Marchantia  hemis- 
phserica,  they  are  of  a  deep  purple  colour  ;  a  shade  of 
which  may  also  be  sometimes  perceived  in  the  roots  of 
J.  hyalina,  J.  excisa,  and  J.  ventricosa.  In  Targionia 
hypophylla,  they  are  black.  In  Marchantia  polymorpha, 
they  are  usually  of  a  shining  brown,  though  sometimes 
whitish. 

2.    Stems  and  Branches. 

In  the  leafy  species  of  Jungermanniae,  the  stem  is 
either  cylindrical,  or  it  tapers  to  a  point.  In  the  frondose 
hepatic  mosses,  it  is  usually  more  or  less  flattened.  Id 
the  genera  Anthoceros,  Sphaerocarpus,  Riccia,  and  Mo- 
noclea ;  and  in  Jungermannia  multifida,  and  J.  pinguis, 
in  which  no  nerve  can  be  traced,  the  whole  frond  seems 
to  be  of  the  nature  of  a  stem,  and  to  be  destitute  of  any 
leafy  expansion.  In  these  instances  then,  the  flattening 
of  the  stem  attains  its  utmost  extent,  having  in  Antho- 
ceros and  Sphaerocarpus,  a  thin,  delicate,  membranous 
appearance. 

In  both  the  leafy  and  frondose  species  of  this  order, 
the  stem  is  in  some  instances  simple,  in  others  branched. 
It  is  simple,  among  the  leafy  species,  in  J.  scalcaris,  J. 
excisa,  and  a  few  others;  slightly  branched,  in  J.  pumiia, 
J.  lanceolala,  and  several  others;  much  branched  in  J. 
serpyllifolia,  J.  dilatata,  J.  Woodsii,  Sec.  In  general  the 
branches  are  irregular  in  their  distribution ;  but  in  J. 
lomentella,  J.  laevigata,  and  several  others,  they  originate 
in  a  bifarious  manner;  in  J.  Tamarisci,  they  give  the 
stem  the  appearance  of  being  bipinnate.  Nor  are  inno- 
vations unfrequent  among  the  leafy  Jungermannae,  giving 
the  fruit  the  appearance  of  being  lateral,  while  the  flower 
was  terminal.  Among  the  frondose  instances  of  the  or- 
der, Anthoceros,  Sphaerocarpus,  and  J.  pinguis,  have 
simple  stems  ;  in  Riccia  glauca,  it  is  somewhat  divided 
at  the  summit;  in  J.  multifida,  J.  Blasia,  and  the  genus 
Marchantia,  it  is  usually  very  much  branched. 
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The  slcm  is  iiivaiiably  cellulose  lliroughout ;  and  in 
several  instances,  the  siruciure  is  cviclcinly  more  con- 
densed in  the  ciiciinifcrcnce  than  in  ilie  ceniie  ; — a  proof 
that,  in  this  order,  as  well  as  in  the  I'oliose  mosses,  the 
most  active  veijetaiion  is  in  the  centre  of  the  stem. 

3.  Leaves. 

As  the  terms  leafy  and  frondose  have  already  heen 
frequently  used  in  treating  of  the  plants  of  this  order,  it 
would  have  been  unnecessary  to  mention  at  present,  that 
both  leaves  and  fronds  have  place  in  it ; — did  it  not  seem 
expedient  that  we  state  some  reason,  why  we  have  not 
employed,  to  distinguish  this  order,  the  term  Frondose 
Musci; — a  name  for  it  suggested  by  the  same  distin- 
guished botanist,  who  assigned  the  name  Foliose  Musci 
to  the  other  order. 

What  we,  with,  we  believe,  the  greater  number  of  bo- 
tanists, are  disposed  to  call  leaves,  occur  only  in  one  ge- 
nus of  this  order— the  genus  Jungermaiuiia — to  which, 
however,  belongs  a  much  greater  number  of  species,  llian 
to  all  the  rest  put  together.  That  genus  contains,  however, 
also  a  few  frondose  species.  In  the  sections  containing 
the  leafy  species,  the  leaves  originate  always  by  a  broad 
base  ;  and  are  always  continuous  in  substance  with  the 
stem  or  branch  from  which  they  originate,  never  sepa- 
rating by  an  articulation.  Hence  it  is  contended,  that  the 
leaves  should  be  considered  as  segments  of  a  frond;  and 
that  the  stipules,  with  which  many  leafy  Jungerinantiiae 
are  furnished,  should  be  regarded  as  analogous  to  the 
scales  of  ferns. 

We  feel  it  difficult  to  admit  this  reasoning  to  be  con- 
clusive ;  first,  because  it  would  oblige  us  to  renounce 
the  term  leaf,  in  treating  of  the  foliose  or  operculate 
mosses,  as  well  as  in  the  hepatic.  In  the  former  order, 
as  well  as  in  the  latter,  "  the  leaves  and  stem  are  always 
of  one  homogeneous  cellular  substance,  perfectly  united 
and  continuous ;  and  there  is  never  any  solution  of  con- 
tinuity between  those  paits,  like  the  fall  of  the  leaf  in 
other  plants,  at  any  part  of  their  growth."  Secondly,  we 
cannot  admit  it,  because  leaves  which  never  separate 
from  the  stem  or  branches  by  any  articulations,  are  not 
uncommon  among  cotyledoneous  plants,  particularly  the 
herbaceous  species.  This  then,  which  we  take  to  be  the 
strongest  argument  which  has  been  urged  against  the 
use  of  the  term  leaves,  in  the  description  of  certain  Jun- 
germanniae,  is  not  less  powerful  against  the  operculate 
musci,  to  which  leaves  have  never  been  denied,  than 
against  the  leafy  Jungermannise.  But  it  is  said  to  be 
anomalous,  that  both  leaves  and  fronds  should  occur  in 
the  same  order,  and  quite  unnatural,  that  they  should 
have  place  in  the  same  genus.  For  our  own  part,  we 
find  no  greater  difficulty  in  conceiving  leafy  and  frondose 
species  to  belong  to  the  same  hepatic  genus,  than  in  ad- 
mitting that  leafy  and  leafless  species  often  belong  to  the 
same  cotyledoneous  genera;  or  that  species  with  a  her- 
baceous, and  species  with  a  ligneous  stem  ;  species  of 
perennial,  and  species  of  annual  duration,  should  be  com- 
prehended within  the  same  generic  definition.  In  fine, 
we  think  it  must  appear  extremely  paradoxical  to  all,  at 
first,  to  find  the  leaf  like  expansions  of  what  are  usually 
called  the  leafy  Jungermannia:, defined  to  be  fronds;  we 
see  no  good  purpose  that  can  be  served  by  the  paradox  ; 
and  therefore  we  avoid  it. 

The  leaves,  then,  in  this  order,  never  occur  on  foot- 
stalks, they  are  always  sessile,  not  at  all  contracted  at  the 
base,  and  always  united  to  the  stem  or  branch  which  sup- 
ports them,  without  articulation.    They  are  often  decur- 


rent,  as  in  J.  asplenioides.  In  the  bifarious-Ieaved  spe- 
cies, which  arc  the  most  numerous,  tncy  are  semiam- 
plexicaul,  in  an  oblique  direction,  as  in  J,  ventricosa. 
When,  as  in  J.  Hookeri,  the  leaves  are  multifarious,  they 
are  transversely  semiamplexicaul.  When  bifarious,  the 
leaves  are  generally  imbricated,  so  as  to  conceal,  to  a 
certain  extent,  the  upper  or  lower  side  of  the  stem. 

In  direction  they  vary  much,  and  sometimes  not  a  little 
in  the  same  species.  When  multifarious,  they  generally 
point  toward  the  summit  of  the  stem,  whether  it  be  erect 
or  prostrate.  The  hilarious  species,  in  general,  have  the 
leaves  indifferently  patent  or  erect.  In  J.  juniperina,  we 
have  a  solitary  instance  of  the  leaves  being  secund.  In 
form,  the  leaves  of  Jungernianniae  vary  much  in  different 
species.  They  are  ovate,  obovate,  orbicular,  cuneiform, 
ligulate,  &c.  Ovate  and  orbicular  leaves  not  unfrequcntly 
occur  on  the  same  plant,  as  in  J.  anomala.  The  apex  of 
the  leaves  is  often  rounded,  but  in  J.  Dicksoni,  Sec.  it  is 
acute  ;  acuminate  in  J.  juniperina,  Sec.  ;  very  sharp,  and 
almost  cuspidate  in  some  stales  of  J.  baibata  ;  but  in  no 
instance  is  a  leaf  furnished  with  a  filiform  point. 

The  leaves  of  many  species  are  more  or  less  divided 
from  the  summit,  the  divisions  varying  much  both  in 
depth  and  in  number.  In  many  species  they  are  two- 
lobed,  and  the  lobes  are  always  folded  upon  each  other. 
In  a  few  instances,  the  lobes  are  of  equal,  or  nearly 
equal  size,  as  in  J.  resupiiiata,  but  in  general  they  are 
very  unequal,  and  unlike  in  form.  The  larger  lobe  is  al- 
ways plane,  or  more  or  less  concave,  but  the  smaller 
varies  much  more  in  this  respect;  it  is  plane  in  a  consi- 
derable number  of  instances,  involute  in  others;  when  it 
has  reached  its  minimum,  it  is  frequently  saccate,  and 
appears  like  a  minute  thickened  part  of  the  other  lobe,  as 
in  J.  Hutchinsia:.  The  division  between  the  lobes  of  the 
leaf  is  also  very  variable.  In  J.  platyphilla,  and  some 
other  species,  the  leaf  seems  rather  to  have  a  small  late- 
ral involute  process,  than  to  be  two-lobcd  ;  in  J.  plani- 
folia  the  two  lobes  are  sometimes  completely  separated 
to  the  very  stem.  But  a  regular  gradation,  through  a 
number  of  species,  may  be  traced  between  these  ex- 
tremes. The  larger  lobe  is  sometimes  again  divided,  as 
in  J.  ciliaris,  J.  Woodsii ;  the  smaller  appears  to  be  al- 
ways entire. 

In  general  the  margins  of  the  leaves  are  entire,  but 
instances  are  not  waiaing  in  which  they  are  serrated,  la- 
ciniated,  dentate,  and  even  spinoso-dcntatc. 

No  instance  is  known  of  the  leaf  of  a  Jungermannia 
being  furnished  with  a  nerve.  In  J.  albicans  there  is  in- 
deed the  appearance  of  one,  but  there  is  no  projection  on 
either  side  of  the  leaf,  as  in  the  nerves  of  the  leaves  of  the 
fnliose  mosses,  and  the  appearance  is  ocasioned  solely  by 
a  difference  in  the  form  and  arrangement  of  certain  of 
the  cells,  distributed  from  the  base  towards  the  apex  in 
the  central  part  of  the  leaf. 

The  leaves  inclosing  the  anthers,  thence  termed  peri- 
gonial  leaves,  in  general  differ  liltle  from  the  others,  ex- 
cept in  being  more  closely  imbricated,  and  in  having  a 
protuberance  at  the  base,  wheie  the  anthers  are  situated. 
These  leaves  are  fiequently  wanting. 

The  leaves  surrounding  the  calyx  of  the  female 
flower,  or  the  perichaetial  leaves,  in  general  diffei  much 
more  from  those  of  the  stem.  Sometimes,  however, 
they  are  altogether  wanting,  as  in  J.  Trichomanis.  In  J. 
Hookeri,  they  are  very  concave,  and  entirely  surround 
the  young  fructifications,  supplying  the  place  of  a  calyx, 
which  is  wanting  in  that  species.  In  J.  juniperina,  J. 
scalaris,  Sec,  they  are  united  at  the  margin,  and  seem 


MUSCI. 


27 


almost  converted  into  a  sort  of  outer  calyx.     In  J.  poly- 
anthos  and  J.  sphagni  they  resemble  small  scales. 

When  stipules  occur,  they  are  always  produced  on 
the  lower  side  of  tlie  plant,  and  generally  throughout  its 
whole  length,  between  each  pair  of  leaves.  Yet  in  J. 
compressa,  and  J.  sphagni,  thoy  appear  only  on  the 
younger  branches  ;  and  in  J.  Taylori,  J.  scalaris,  Sec.  are 
not  easily  discovered.  They  vary  much  in  form,  in  their 
margin,  in  simplicity  of  division,  &c.  Their  margins 
are  in  general  plane,  but  in  J.  platyphylla  and  J.  Tama- 
risci,  they  are  recurved. 

Such  of  the  Frondose  Hepatic  mosses  as  are  furnished 
with  a  leafy  expansion,  have  it  either  simple,  or  lobed, 
and  more  or  less  divided,  according  as  the  stem  is  simple 
or  divided.  In  J.  epiphylla,  it  is  not  unfrequently  simple, 
but  it  occurs  also  in  that  species,  divided  into  short  un- 
equal lobes.  In  J.  Blasia  it  is  usually  very  much  divided, 
following  the  dicholomous  or  palmate  divisions  of  the 
stem,  (which,  in  this  species,  is  rarely  simple.)  The 
leaf-like  expansion  of  this  species,  is  in  general  again 
much  lobed  in  its  circumference,  and  not  unfrequently 
divided  in  a  pinnatitid  or  bipinnatifid  iTianner.  The 
fronds  of  J.  pubescens,  J.  Lyellii,  and  J.  hibernica, 
are  divided  in  a  manner  very  similar  to  those  of  the  ge- 
nus Marchaniia,  to  which  we  shall  next  proceed,  after 
remarking,  that  J.  pubescens  is  the  only  British  species 
of  the  genus  known,  that  has  any  downiness  on  its  surface. 
In  Marchantia  the  fronds  are  deeply  and  repeatedly 
lobed,  having  a  very  considerable  analogy,  in  the  mode 
of  their  division,  to  the  genus  Peltidea.  In  this  genus, 
the  stem  or  nerve  is  always  sufficiently  obvious,  unless 
occasionally  in  feeble  plants,  which  may  be  found  in  dry 
situations,  unfavourable  to  tUeir  growth.  The  fronds  of 
the  genus  Targionia  are  usually  simple,  or  but  little 
divided.  The  upper  surface  of  each  is  marked  with  a 
depressed  line,  running  along  the  middle  of  the  frond 
from  the  base  to  the  apex.  Opposite  this,  on  the  under 
surface,  a  slight  elevation  is  perceptible,  marking  the 
situation  and  direction  of  the  stem. 

The  genera  Anthoceros,  Sphaerocarpus,  Riccia,  and 
Monoclea,  as  well  as  the  two  species  of  Jungermannia, 
multifida,  and  pinguis,  have  already  been  noted,  as 
containing  only  plants  which  we  are  disposed  to  consider 
as  destitute  of  a  leafy  expansion.  Our  reason  for  this 
opinion  has  already  been  hinted  at.  In  these  species  no 
nerve  can  be  tiaced,  nor  is  there  any  thing  like  a  short 
stem  between  the  base  of  the  frond  and  a  tap-root.  The 
nerve,  where  it  can  be  traced  in  a  frondose  plant,  is  allow- 
ed by  all  to  be  the  stem,  or  to  be  representative  of  it, 
and  we  think  it  has  been  demoi'Strated,  notwithstanding 
the  frequency  of  the  term  acaulis  in  systematic  botany, 
that  there  is  no  instance  of  a  truly  stemless  plant.  On 
this  account  we  give  the  name  of  stem  to  the  broad  fron- 
dose expansion  in  the  plants  just  mentioned  ;  though  we 
admit,  that  this  part,  which  we  term  stem,  performs  also 
the  function  of  leaves  in  regard  to  these  plants,  just  as 
the  succulent  leafltss  stems  of  various  Cacti,  Euphorbiae, 
Stapcliae,  &c.  perform  the  part  of  leaves  in  regard  to 
them. 

REPRODUCTIVE  ORGANS. 

1.  Flowers  and  Friiit. 

As  no  instance  is  known  of  an  united  flower  in  any 
hepatic  moss,  we  shall  describe  first  the  flowers  con- 
taining the  stamens.     These  have  already  been  stated 


to  be  destitute  of  a  calyx,  or  any  other  proper  covering. 
By  Hedwig,  substances  dilTering  much  in  form  and  struc- 
ture, were  described  as  stamens  of  the  Jungermannise. 
In  the  leafy  species  may  be  found  not  unfrequently,  on 
the  upper  leaves,  and  sometimes  on  the  summits  of  the 
stems,  a  somewhat  spherical  capitulum,  consisting  of 
minute  globules,  which  are  more  or  less  pellucid,  not 
supported  on  a  footstalk,  and  of  which  no  internal  organ- 
ization has  been  traced.  They  vary  in  form,  being  some- 
times ovate,  sometimes  angular.  On  their  falling  off, 
the  leaves  and  ends  of  the  stems  frequently  appear  trun- 
cated or  jagged,  as  if  by  the  loss  of  a  part  of  their  sub- 
stance. Hedwig  regarded  this  as  no  unlikely  conse- 
quence of  their  having  supported  male  flowers  ;  but  Dr. 
Hooker  has,  with  great  probability,  conjectured  that  each 
of  these  globules  may  hence  be  considered  as  a  cell  of 
the  leaf  or  stem. 

The  true  anthers  of  Jungermannise  originate  from  the 
stem  or  branches.  In  the  leafy  species  they  are  usually 
inclosed  in  densely  imbricated  leaves,  the  number  within 
each  leaf  being  indefinite,  and  varying  from  one  to  five 
or  six.  In  a  few  instances  the  perigonial  leaves  (or  those 
next  the  anthers)  are  patent,  and  in  several  species  the 
anthers  are  without  any  covering.  They  are,  in  the 
leafy  species,  always  supported  on  a  whitish,  pellucid, 
very  delicate  filament,  and  are  spherical  in  form,  having 
much  resemblance  to  those  of  the  genus  Sphagnum.  In 
the  frondose  species,  the  filament  is  in  some  instances 
very  short,  as  in  J.  pinguis  ;  in  others  it  is  altogether 
wanting,  as  in  J.  epiphylla,  and  J.  Blasia.  In  these  two 
last  mentioned  species,  indeed,  the  anthers  are  imbedded  ; 
— in  J.  Blasia,  in  the  substance  of  the  nerve  ;  in  J.  epi- 
phylla in  a  lateral  process,  have  some  analogy  to  the  re- 
ceptacle of  the  male  flowers  of  the  genus  Marchantia. 
In  J.  Blasia  the  usual  spherical  form  of  the  anther,  is 
exchanged  for  an  oval.  In  some  frondose  species,  the 
anthers  are  found  always  on  the  upper  surface  of  the 
frond, as  in  J.  Lyellii  and  J.  hibernica;  in  others,  always 
on  the  lower  surface,  as  in  J.  furcata  and  J.  pubescens. 

In  structure,  the  anthers  of  Jungermannis  consist  of 
a  membranous  covering  containing  a  fluid,  with  a  granu- 
lated substance  swimming  in  it,  the  granules  being  usu- 
ally of  an  olive  brown  or  greyish  colour ;  but  in  J.  pusilla 
they  are  yellow,  and  orange  coloured  in  J.  Hookeri.  It 
would  appear,  that  before  the  maturity  of  the  anther  the 
fluid  is  absorbed,  and  the  granules  become  a  farinaceous 
pollen — at  least  such  a  pollen  seems  to  be  represented 
by  Hedwig,  as  seen  by  him  to  escape  from  an  anther  of 
J.  epiphylla.  Theor  General,  et  Fructif.  Plant.  Cryfit. — 
2d  ed.  lab.  xxiv.  Several  monoecious  species  of  Jun- 
germannise arc  known,  but  by  much  the  greater  number 
of  them  is  dioecious. 

With  the  exception  of  M.  androgyna,  and  according 
to  Wahlenberg,  M.  hemisphaerica,  in  which  male  and 
female  flowers  occur  on  the  same  plant,  all  the  species 
of  Marchantia  are  dioecious.  The  anthers,  in  all  the 
species  in  wliich  they  have  been  discovered,  are  inclosed 
within  a  common  receptacle,  which  varies  considerably 
in  form  in  difterent  species.  In  M.  polymorpha,  it  is  pel- 
tate or  concave,  nearly  entire  in  the  margin,  scaly  on  the 
under  surface,  and  striated,  with  nine  or  ten  furrows, 
marked  with  papillseform  projections  on  the  upper  sur- 
face, and  supported  on  a  stalk,  like  the  receptacle  con- 
taining the  female  fructification.  In  M.  conica  and  M. 
androgyna,  it  is  wart-shaped  and  sessile,  with  numerous 
papillael'orm  projections  on  the  upper  surface,  and  at  last 
becoming  concave.     In  both  of  these  forms  of  the  reccp- 
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tacle,  tlic  anthers  are  disclosed  by  a  perpendicular  sec- 
tion near  the  midclle  of  the  receptacle.  They  are  of  an 
oblongu-uvate  form,  with  a  very  short  filament.  They 
appear  to  be  surrounded  with  a  iraiisparent  jointed  ring, 
and  to  contain  a  granular  substance.  According  to  Mi- 
cheli,  the  anthers  of  M.  conica  at  last  dissolve  into  a 
milky  fluid,  which,  under  the  microscope,  appears  to  con- 
sist of  a  lliin  transparent  colourless  fluid,  with  numerous 
white  particles  swimming  in  it. 

Of  the  genus  Targionia,  the  anthers  can  scarcely  be 
said  tabe  known.  Within  the  meshes  of  that  very  thin, 
delicate,  reticulated  membrane,  vviiich  lines  the  calyx  of 
the  fiuit,  Sprengel  perceived  minute  granular  bodies, 
respecting  the  nature  of  which  he  gives  no  positive  opi- 
nion, but  seems  inclined  to  take  tliem  for  anthers.  Till 
they  be  examined  by  dissection,  and  their  external  cha- 
racters be  more  accurately  ascertained,  their  true  nature 
must  remain  altogether  problematical ;  but,  supposing 
them  to  be  really  the  anthers,  this  genus  must  be  admit- 
ted to  exhibit  a  nearer  approach  to  an  united  flower,  than 
any  other  of  the  Hepatic  Mosses. 

On  the  fronds  of  Anthoceros,  and  usually  near  to  the 
female  flowers,  may  be  perceived  several  minute,  slightly 
elevated,  greenisli  yellow  spots.  These,  wlien  examined 
under  the  micioscope,  are  found  to  contain  several  ovate 
corpuscles,  situat,  d  immediately  under  the  cuticle. 
When  these  corpuscles  have  attained  a  certain  size,  the 
cuticle  covering  them  opens,  is  retracted  on  every  side, 
and  forms  an  oval  margin  at  a  certain  distance  around 
them.  It  would  appear,  that  sometimes  a  part  of  the 
cuticle  adheres  to  these  corpuscles,  forming  a  sort  of 
crown  to  them.  The  corpuscles  of  an  ovate  figure,  sur- 
rounded by  a  pellucid  jointed  ring,  contain  a  granular 
matter,  and  are  supported  each  on  a  short  pellucid  stalk. 
There  can  be  no  doubt  that  these  are  the  anthers  of  this 
genus.  When  the  pollen  has  escaped,  they  shrivel,  and 
acquire  a  darker  colour. 

Amid  the  projecting  points  with  which  the  upper  sur- 
face of  Riccia  glauca  is  studded,  shining  white  globules 
are  easily  observed.  One  or  two  of  these  being  gently 
removed,  and  examined  in  a  drop  of  water  under  a  high 
power  of  the  microscope,  they  are  found  to  contain  a 
granular  mass.  Each  is  supported  on  a  dark-coloured 
filament,  and  instead  of  the  usual  pellucid  jointed  ring, 
is  surrounded  with  a  dark  border.  These  seem  to  be 
the  stamens  of  this  species.  The  fructification  of  the 
other  Ricciae,  at  least  of  the  other  British  species,  is  quite 
unknown. 

The  stamens  of  the  genera  Sphserocarpus  and  Mono- 
clea,  arc  altogether  unknown. 

From  the  female  fructification  of  the  hepatic  musci 
the  calyx  is  rarely  absent.  Yet  instances  of  this  defi- 
ciency, as  already  staled,  are  not  wanting  in  the  genus 
Jungermannia,  no  calyx  occurring  in  J.  concinnata,  or 
J.  Hookeri.  In  a  few  other  species,  as  J  juniperina,  J. 
scalaris,  Sec.  a  sort  of  calyx  is  formed  by  the  union  of 
the  perichaeiial  leaves,  (or  those  next  the  gernien.)  It 
is  very  small  in  comparison  of  the  calyptra,  seldom 
reaching  to  half  its  length.  It  is  usually  single  ;  but 
instances  of  a  double  calyx  occur  in  J.  Lyellii,  J.  hy- 
bernica,  J.  phyllanthus,  J.  flabellata,  and  J.  hymeno- 
phyllum,  all  frondose  species.  In  most  cases  it  is  tu- 
bular, or  somewhat  ventricose  ;  the  mouth  somewhat 
plicate.  Other  forms  of  the  calyx,  however,  are  found 
in  species  of  very  common  occurrence  ;  thus  in  J.  epi- 
phylla,  multifida,  and  pinguis,  it  is  cup-shaped;  in  J. 
iurcata  like  a  scale.     In  J.  asplenioidcs  it  is  somewhat 


flattened,  and,  before  the  capsule  escapes,  is  curved  at 
the  apex,  and  slit  down  a  little  on  one  side.  In  J.  gi- 
gantea  a  is  very  much  compressed  at  the  mouth.  The 
mouth  of  the  calyx  is  generally  roundish,  in  many  spe- 
cies toothed  ;  I'our-clelt  in  J.  sphacrocarpa,  ciliate  in  J. 
connivens,  J.  gigantea,  &,c.  flaileiiccl  and  truncate  in  J, 
asplenioides,  &c.  In  substance  it  in  general  tesembies 
the  leaves;  but  it  is  membranaceous  in  J.  Blasia,  rather 
carnose  in  J.  toinenteila  and  J.  coaiita  ;  very  cairiose  in 
J.  Trichonianis,  &c.  Its  suilace  is  in  general  smooth  ; 
but  in  J.  dilatata  and  falcata  it  is  tulierculuted.  In  situ- 
ation it  is  either  terminal,  lateral,  on  short  lateral 
branches,  or  on  short  branches  at  the  base  of  the  shoots, 
When  lateral,  it  sometimes  arises  Irom  the  upper  side 
of  the  stem,  as  in  J.  pusilla ;  at  other  times  from  the 
lower  side,  as  in  J.  sphagni. 

In  all  the  BrilisI)  species  the  calyx  is  inserted  on  its  base, 
and  hence  upright,  except  in  J.  Trichomanis  and  J.  viti- 
culosa,  in  which  it  is  attached  by  the  side  of  the  mouth, 
pendent,  and  buried  in  the  earth.  In  J.  saccata  of  Nevir 
Zealand,  the  calyx  has  a  similar  attachment  ;  but  as  it 
arises  from  the  sunimits  of  upright  branches,  it  is  never 
concealed  in  the  earth. 

In  Marchanlia  (at  least  in  the  species  polymorpha  and 
conica)  the  calyx  is  tubular;  and  much  longer  than  in 
the  Jungermanniae,  only  the  summit  of  the  style  appear- 
ing beyond  it,  when  the  germen  begins  to  enlarge,  at 
which  time  it  becomes  flagon-shaped.  It  is  of  a  very 
delicate  membranaceous  texture ;  the  mouth  at  first 
nearly  entire,  but  it  is  said  to  be  divided  afterwards  in 
M.  chenopoda,  M.  cruciata,  and  M.  polymorpha,  into  four 
segments,  and  in  the  other  species  into  a  greater  number. 
Its  colour  is  brownish.  Besides  this  proper  calyx,  M. 
conica  and  M.  cruciata  are  furnished  with  what  may 
perhaps  be  termed  a  common  one  in  a  cup-shaped  pro- 
cess, out  of  which  the  peduncle  supporting  the  common 
receptacle  arises. 

Some  distit\guished  botanists,  after  Linnaeus,  term  the 
common  receptacle  of  the  female  fructification,  which 
forms  the  characteristic  mark  of  the  genus  Marchantia,  a 
common  calyx.  But  this  is  contrary  to  the  analogy  of  all 
the  other  hepatic  mosses,  to  the  calyces  of  none  of  which 
it  has  the  least  resemblance;  and  it  is  very  inconvenient 
in  regard  to  this  genus  itself,  as  the  supposed  common 
calyx  is  totally  unlike  the  proper  calyx.  The  little  cup 
at  the  base  of  the  fruitstalk  seems  to  us  much  better  to 
merit  the  appellation  ;  and  there  can  surely  be  no  doubt, 
that  the  common  receptacle  is  quite  a  peculiar  organ.  It 
is  always  supported  on  a  footstalk.  In  form  it  is  stel- 
lated, hemispherical  or  conical,  usually  more  or  lesslobed. 
In  M.  chenopoda  of  the  West  Indies,  it  appears  as  if 
halved,  its  three,  four,  or  five  acuminated  segments  being 
directed  to  one  side  only.  The  flowers  are  always  on  the 
lower  side  of  the  receptacles,  and  occur  chiefly  towards 
the  summits  of  the  lobes  or  segments. 

In  Targonia,  what  appears  to  be  the  calyx  consists  of  a 
double  membrane,  the  exterior  of  a  reddish  purple,  the 
interior  more  delicate,  white,  with  hexagonal  meshes,  in 
which  meshes  the  supposed  anthers  of  this  moss  are  situ- 
ated. 

The  calyx  of  Anthoceros  is  cylindrical,  somewhat 
elongated;  its  orifice  toothed,  and  at  last  reflected;  its 
structure  exactly  resembles  that  of  the  frond. 

The  calyx  of  Sphasrocarpus  is  inversely  pear-shaped, 
not  above  a  line  in  length,  with  a  contracted  orifice  at 
the  summit.  It  is  described  by  Dillenius  and  Micheli 
as  at  last  splitting  into  two  segments, — a  division  which 
does  not  appear  to  have  been  afterwards  observed ;  and 
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hence  many  modern  botanists  suspect  some  fallacy  in  the 
observation  of  these  two  illustrious  authors  on  this  par- 
ticular point.  In  structure,  the  calyx  exactly  resembles 
the  frond. 

In  Riccia  glauca,  the  whole  pistil  in  its  younger  state, 
with  the  exception  of  its  apex,  is  immersed  in  the  sub- 
stance of  the  frond.  Hence  a  calyx  seems  scarcely  to 
be  necessary  to  protect  the  fruit  of  this  plant ;  and  none 
has  been  discovered.  Monoclea  is  also  destitute  of  a 
calyx,  the  cavity  in  the  frond,  from  which  the  fruitstalk 
originates,  probably  serving  in  its  stead. 

The  number  of  pistilla  which  occur  within  one  calyx 
varies  in  different  genera,  and  even  in  different  species 
of  the  same  genus.  In  Jungermannia,  from  three  to 
eight  or  ten  have  been  found  in  one  calyx.  In  form  they 
are  generally  linear  or  lanceolate;  but  in  J.  pinguis,  J. 
fuicata,  and  J.  multifida,  they  are  short  and  ovate.  Their 
colour  is  whitish  or  pale  grey,  with  reddish  longitudinal 
streaks.  Generally  one,  sometimes  two  of  these  pistilla 
become  fertile.  The  germen  then  swells  and  acquires 
an  olive  colour.  The  style,  varying  in  length  in  different 
species,  soon  decays.  The  stigma  is  somewhat  wider 
than  the  style. 

In  Marchantia  polymorpha,  two  or  three  pistilla  occur 
within  each  calyx.  In  the  earliest  period  at  which  they 
have  been  observed,  the  germen  is  conical  and  olive 
brown.  Never  above  one  pistil  in  each  calyx  seems  to 
become  fertile.  The  style  is  brownish,  and  of  consider- 
able length;  the  stigma  scarcely  wider  than  the  style. 

The  calyx  of  Targionia  contams  always  several  pis- 
tils, of  which  only  one  becomes  fertile.  The  germen 
is  oval,  nearly  sessile ;  the  style  terminal  and  subulate, 
tubular  ;  the  stigma  concave. 

In  Anthoceros  each  calyx  seems  to  contain  only  a  sin- 
gle pistil,  which  is  cylindrical,  tapering  towards  the  sum- 
mit, on  which  appears  a  brownish  substance  consisting  of 
numerous  filaments,  and  this  again  is  surmounted  by  a 
short  style  of  the  same  colour.  The  stigma  is  not  at  all 
enlarged.  The  form  of  the  pistil  and  of  the  fruit  of  An- 
thoceros, is  that  of  a  little  horn,  or  tusk  ;  and  hence  the 
generic  name.  In  Riccia  glauca  the  germen,  which  is 
completely  immersed  in  the  frond  till  considerably  ad- 
vanced, is  of  a  roundish  form  ;  the  style,  rather  short,  of 
a  dark  purple  colour,  projects  slightly  above  the  surface 
of  the  frond  ;  the  stigma  appears  truncated.  This  is  the 
only  hepatic  moss  in  which  the  s'yle  is  known  to  persist. 
The  pistils  of  Sphaerocarpus  and  Monoclea  are  com- 
pletely unknown. 

The  calypira,  or  exterior  covering  of  the  pistil,  is 
known  to  exist  in  every  hepatic  moss,  of  which  the  fruit 
has  been  seen;  with  the  exception  of  Sphaerocarpus,  of 
which  the  flower  is  completely  unknown.  As  in  the  fo- 
liose  mosses,  it  is  attached  by  its  base  to  the  receptacle; 
free  around  the  germen;  inseparably  united  to  the  style; 
and  usually  expanded  at  the  summit,  forming  a  consi- 
derable portion  of  the  stigma.  In  several  instances,  how- 
ever, as  already  mentioned,  the  stigma  is  not  wider  than 
the  style.  In  texture  it  is  usually  membranaceous  ;  but 
in  some  of  the  frondose  Jungermaniiioe,  such  as  J.  epi- 
phylla,  J.  pinguis,  J.  multifida,  and  J.  furcata,and  various 
foreign  species,  it  is  subcarnose.  Its  surface  is  usually 
smooth;  but  in  J.  multifida  it  is  tuberculated,  and  in  J. 
furcata  hispid.  In  the  other  frondose  genera  it  is  usually 
membranaceous  and  smooth.  In  Anthoceros  it  seems  to 
consist  of  a  number  of  dark  coloured  filaments. 

At  a  certain  period  after  the  flower,  a  passage  through 
the  calyptra  is  forced,  either  in  consequence  of  the  elon- 


gation of  a  peculiar  receptacle,  like  that  of  the  foliose 
mosses,  termed  fruitstalk,  or  in  consequence  of  the  en- 
largement of  the  fruit  itself.  In  the  Jungermanniae  the 
fruitstalk  varies  very  much,  being  very  long  in  J.  epi- 
phylla,  and  J.  pinguis  ;  in  the  former  of  which  it  some- 
times attains  the  length  of  three  inches  :  while  in  J.  pla- 
typhylla,  J.  scolopendra,  &c.  it  merely  rises  above  the 
very  short  calyx,  and  probably,  in  these  species,  is  sel- 
dom more  than  two,  or  a:  most  three  lines  in  length.  The 
fruitstalks  of- the  Jungermanniae  consist  of  an  extremely 
delicate,  lax,  cellular  tissue,  usually  of  a  semi-pellucid 
whiteness.  They  are  of  remarkably  rapid  growth,  and 
equally  rapid  decay.  In  J.  epiphylla,  for  instance,  if  in 
the  evening  a  capsule  be  perceived  which  has  just  newly 
burst  through  the  calyptra,  and  the  same  plant  be  visited 
again  next  morning,  (supposing  the  night  to  have  been 
mild  and  moist,)  the  fiuiistalk  will  be  found  to  have  at- 
tained its  full  length.  Between  eight  and  ten  in  that 
morning  probably  the  capsule  will  open  ;  and  by  a  little 
past  eleven  the  fruitstalk  will  begin  to  decay.  The  dura- 
tion of  that  of  J.  Blasia  is  perhaps  even  shorter.  On  ac- 
count of  this  extreme  fugaciousness,  the  fruit  of  some  of 
the  Jungermanniae  is  much  more  difficult  to  be  met  with 
than  that  of  the  foliose  mosses. 

In  Marchantia  the  fruitstalk  is  so  extremely  short,  that 
it  may  almost  be  said  to  be  wanting.  It  differs  in  no 
essential  respect  from  that  of  Jungermannia.  It  is  of 
course  an  organ  extremely  different  from  the  peduncle 
or  stalk  which  supports  the  common  receptacle. 

In  Monoclea  the  peduncle  reaches  the  height  of  about 
an  inch  and  a  half;  is  succulent,  somewhat  carnose ;  of 
a  sordid  yellow.  In  some  instances  a  single  fruitstalk,  in 
others  three  of  them,  arise  from  the  same  cavity  in  the 
frond.  In  the  other  hepatic  genera,  Anthoceros,  Sphae- 
rocarpus, I'argionia,  and  Riccia,  the  fruit  is  sessile. 

The  fruit  of  all  the  Hepatic  mosses,  with  the  excep- 
tion perhaps  of  Sphaerocarpus,  is  capsular. 

In  the  genus  Jungermannia,  before  the  capsule  has 
escaped  the  calyptra,  it  is  of  an  ovate  figure,  without  any 
appearance  of  sutures.  At  this  early  stage  it  consists  in- 
teriorly of  cellular  tissue,  containing  numerous  dark-co- 
loured granules,  with  numerous  twisted  brown  lines  in- 
termingled. When  it  has  emerged  from  the  calyptra, 
the  capsule  hardens ;  the  sutures  become  evident  ;  the 
pulp  is  absorbed  ;  and  the  capsule  contains  only  the  gra- 
nules become  seeds,  and  thelwisled  brown  lines  become 
spiral  filaments.  The  texture  of  the  calyx  is  usually 
corneous  ;  but  in  several  species  it  is  membranaceous 
and  pale  brown,  as  in  J.  Mackaii,  J.  pusilla,  &c. ;  mem- 
branaceous, white,  and  transparent,  in  J.  hamatifolia,  J. 
calyptrifcilia,  and  some  others.  In  general,  the  capsule 
divides  to  the  very  base  into  four  valves,  which  become 
quite  expanded  ;  but  in  J.  calyptrifolia,  J.  minutissima, 
kc.  the  valves  do  not  reach  above  half  the  length  of  the 
capsule;  and  in  J.  Hookeri,  J.  Lyellii,  and  some  others, 
have  five  valves  instead  of  the  usual  number.  In  J.  pu- 
silla, it  is  altogether  irregular  in  the  mode  of  opening; 
a  singular  anomaly.  In  J.  Trichomanis,  the  number  of 
valves  is  as  usual  four,  divided  to  the  very  base;  but 
they  are  twisted  spirally  in  a  singular  manner. 

The  spiral  filaments,  (elateres.)  which  nccur  always 
intermingled  with  the  seeds  of  the  Jungermanniae.  and 
some  other  hepatic  genera,  consist,  in  some  instances, 
of  a  single  thread,  twisted  upon  itself;  in  other  instances, 
of  two  threads,  enveloped  in  a  thin,  pellucid,  tubular 
membrane.  The  mode  of  their  attachment  is  in  many 
instances  quite  problematical,  as  they  are  always  found 


36 


MUSCI. 


quite  loose  at  both  ends,  intermingled  among  the  seeds. 
In  J.  Hookeri,  J.  furcata,  he.  they  are  formed  of  a  single 
thread,  and  remain,  after  the  discharge  of  the  seeds,  at- 
tached to  the  extremity  of  the  valves  of  the  capsule.  In 
J.  flabellata,  J.  serpyllifolia,  &c.  the  attachment  is  the 
same;  but  each  spiral  filament  consists  of  a  double  he- 
lix, or  twisted  thread.  In  J.  epiphylla,  the  filaments  re- 
main attached,  in  a  thick  tuft,  to  the  centre  of  the  cap- 
sule, opposite  the  insertion  of  the  iVuilslalk. 

The  capsule  of  Marchaniia  is  very  similar  in  struc- 
ture to  that  of  Jungermannia.  At  maturity,  the  four 
valves  of  the  capsule  roll  backwards,  and  disclose  a  great 
number  of  spiral  filaments,  with  the  seeds  intermingled. 
According  to  Hedwig's  delineation,  in  M.  conica,  the 
spiral  filaments  seem  to  be  irregular  in  the  number  of 
their  helices,  two,  three,  or  four,  occurring  inditTerently 
within  the  pellucid  membrane,  in  spiral  filaments  taken 
from  the  same  capsule.  In  M.  polymorpha,  the  fila- 
ments consist  always  of  a  double  helix.  In  Monoclea, 
which,  in  the  structure  of  its  fruit  approaches  the  near- 
est to  the  two  genera  already  treated  of,  the  capsule  is 
oblongo-cylindraceous,  striated,  inclined ;  opening  on 
the  back,  or  upper  part,  by  a  single  valve.  Each  cap- 
sule contains  numerous  seeds  and  spiral  filaments.  The 
filaments  consist  each  of  a  double  helix.  M.  Forsteriis 
the  only  hepatic  moss  with  a  univalve  capsule,  hitherto 
discovered.  In  Amhoceros  and  Targionia,  the  capsules 
are  bivalve.  In  Anthoceros  the  capsule  splits  longitudi- 
nally from  the  summit,  as  if  by  the  separation  of  the 
valves  of  a  silique,  and  discloses  numerous  seeds,  which 
are  supposed  to  have  been  attached  to  a  very  obvious 
cylindrical  central  columella,  as  well  as  to  the  valves; 
and  numerous  elateres,  or  seed  dispersers,  of  a  structure 
very  diff"erent  from  the  spiral  filaments  of  the  preceding 
genera.  They  sometimes  arc  of  one  piece,  of  a  length 
probably  sufficient  to  measure  twice  the  circumference 
of  a  seed,  rounded  on  the  exterior  side,  and  flat  on  the 
interior,  with  the  end  somewhat  incrassated,  bent  in  the 
form  of  a  semicircle,  and  each  seizing  one  of  the  seeds 
with  its  two  extremities.  More  freqaently  they  are  of 
two  pieces,  united  by  a  joint ;  and  seem  extremely  well 
fitted  for  dispersing  the  seeds  with  elasticity. 

The  globose  capsule  of  Targionia  is  situated  on  the 
lower  surface  of  the  frond  ;  and  at  maturity  splits  verti- 
cally into  two  hemispherical  valves.  It  contains  nume- 
rous very  minute  seeds,  combined  by  threads  into  a  dense 
globular  mass.  In  this  genus  elateres,  or  seed  dispersers, 
are  altogether  wanting. 

The  pericarp  of  Spliaerocarpus  is  unknown.  In  the 
bottom  of  the  calyx,  there  appears  at  maturity  a  dense 
mass  of  extremely  minute  seeds,  combined  into  a  glo- 
bular form  by  numerous  threads,  as  in  Targionia.  In 
Riccia  glauca  the  capsule,  having  emerged  some  time 
before  maturity  from  the  substance  of  the  frond  in  which 
the  germen  was  lodged,  appears  of  a  roundish  form.  At 
maturity  the  upper  part  of  the  capsule  separates,  and  a 
mass  of  dark-coloured  seeds  comes  in  view.  This  is  the 
only  known  hepatic  moss,  having  an  obvious  pericarp, 
which  is  not  valvular. 

Seeds  of  He/ialic  Mosses. 

These  vary  much  in  form,  size,  surface,  and  colour,  in 
different  genera,  and  even  species  of  the  same  genus.  In 
Jungermannia,  they  are  usually  spherical ;  but  in  J.  ser- 
pyllifolia, J.  niinutissima,  and  J.  calyptrifolia,  they   are 


oblong,  somewhat  angular  in  the  two  latter;  in  J.  epi- 
phylla, they  are  irregular  in  form,  but  usually  more  or 
less  oblcng  or  ovate.  In  size  ihey  vary  very  much,  some- 
times a  small  capsule  containing  a  great  number  of  seeds, 
while  a  mucli  larger  one  contains  comparatively  few. 
And,  as  in  the  foliose  mosses,  some  of  the  minutest  spe- 
cies are  noted  for  the  largeness  of  their  seeds.  Thus  J. 
minutissima  and  J.  calyptrifolia,  two  microscopic  spe- 
cies, have  both  large  seeds  compared  witli  tiie  size  of 
the  plants  and  of  the  capsule  ;  while  in  J.  Trichomanis 
they  are  small  and  numerous.  Their  surface  is  usually 
smooth  ;  yet  in  J.  Hutchinsiae,  they  are  marked  with 
spots  which  appear  to  be  minute  tubercles;  in  J.  dila- 
tata,  and  J.  Tamarisci,  they  are  tuberculated  ;  and  in  J. 
pusilla,  they  are  echinated.  Their  colour  is  usually 
some  shade  of  brown,  varying  from  yellowish-brown  ta 
olive-brown  ;  but  different  shades  of  green  are  also  far 
from  uncommon.  In  the  capsule,  as  well  as  when  fall- 
ing out,  they  usually  appear  quite  separate  and  uncon- 
nected;  but  those  of  J.  Hookeri,  and  J.  Blasia,  are  usu- 
ally enveloped  three  together,  in  a  pellucid  membrane. 
In  J.  Blasia,  parcels  of  two,  and  of  four  arc  also  found 
within  one  membrane  ;  and  it  seems  to  give  way  before 
the  escape  of  the  seeds  as  they  fall  out  separately.  In  J. 
Hookeri  the  membrane  is  no  longer  visible  when  the 
seeds  are  quite  mature  ;  yet  as  they  usually  fall  out  in 
threes,  it  seems  probable  that  the  membrane  continues 
to  exist. 

In  Marchantia  also,  the  seeds  are  of  a  spherical  form, 
at  least  in  the  species  polymorpha  and  conica,  the  spe- 
cies which  come  most  frequently  under  observation  in 
this  neighbourhood.  In  M.  conica,  their  surface  is  co- 
vered with  minute  spots,  which  probably  are  tubercles. 

The  seeds  of  iVlonoclea  and  Anthoceros  are  also  near- 
ly spherical.  In  Monoclea  their  surface  is  smooth,  in 
Anthoceros  it  is  echinated. 

The  seeds  of  Riccia  glauca  appear,  at  an  early  period, 
like  white  smooth  globules.  When  more  advanced,  they 
become  flattened,  of  a  greenish  colour,  surrounded  by  a 
pellucid  white  line.  At  niauirity,  they  become  dark- 
brown,  hemispherical,  or  in  some  instances  nearly  ovate, 
with  a  prominent  point  always  at  one,  and  sometimes  at 
both  extremities. 

The  germination  of  the  seeds  of  hepatic  mosses  has 
been  observed  in  species  of  the  two  genera  Jungermannia 
and  Marchantia. 

In  April  1780,  Hedwig  sowed  some  of  the  seeds  of  J. 
epiphylla,  by  shaking  some  of  the  mature  capsules  over 
a  flowerpot,  the  earth  in  which  had  been  properly  pre- 
pared for  this  experiment.  After  the  lapse  of  a  few  days, 
they  began  to  swell,  and  afterwards,  from  the  narrower 
and  lighter  coloured  extremity,  a  white,  simple,  and 
very  pellucid  root  proceeded.  The  upper  part  of  the 
seeds  became  at  first  reticulated,  and  afterwards  they 
expanded  into  perfect  plants.  Thus  it  has  been  satis- 
factorily proved,  that  in  Jungermannia,  the  little  gra- 
nules contained  in  the  capsules  are  really  seeds. 

On  the  germination  of  Marchantia,  experiments  were 
made  by  Neckar,  as  early  as  1772.  In  1779,  Hedwig 
repeated  the  experiment  wiili  the  seeds  of  M.  polymor- 
pha. Having  prepared  a  floweipot,  containing  that 
sort  of  mould  which  he  reckoned  most  agreeable  to 
this  species,  and  in  a  due  degree  of  moisture,  he  cau- 
tiously shook  over  it  some  stellated  receptacles,  of 
which  the  capsules  were  open.  The  pots  were  then 
covered  with  branches  of  boxwood,  which  had  been 
well  washed   in  spring-water.     In  eight  days  after  the 
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sowing,  the  whole  earth  in  the  flowerpot  assutned  a 
greenish  hue,  afterwards  distinct  plants  could  be  easily 
traced  ;  and  in  the  foUowini:;  sprinij;,  both  peltate  and 
stellated  receptacles  were  produced  by  them. 

2.   Of  Gemma,  or  Buds. 

In  the  [»cnus  Jungcrmannia,  these  appear  to  occur  on 
only  a  few  species.  In  J.  minulissima,  J.  calyptrilolia, 
and  some  other  minute  species,  they  seem  to  be  pro- 
duced on  the  stems  ;  in  J.  complanata,  on  the  margins  of 
the  leaves;  in  J.  furcata  on  the  extremity  of  the  frond  ; 
and  in  J.  Blasia  within  proper  tubular  receptacles  These 
receptacles  were  formerly  considered  as  the  fruit  of  this 
plant,  which  was  accordingly,  from  the  time  of  Linnaeus 
downwards,  till  the  publication  of  the  last  number  of  Dr. 
Hooker's  admirable  monograph  of  the  British  Junger- 
manniae,  considered  as  of  a  distinct  gcims  termed  Blasia. 
Specimens  of  this  plant,  with  capsules,  had  been  gather- 
ed long  before  by  Mr.  Dickson,  on  the  shores  of  Loch 
Tay,  who  louk  it  for  a  new  Jungeiinannia.  About  the 
same  time  that  these  were  communicated  to  Dr  Hnoker, 
specimens  without  capsules  were  sent  to  him  by  Swartz. 
The  marginal  gemmae  in  both  iminediately  attracted  nis 
attention.  Mr.  Lyell  found  the  plant  at  Klnnoruy,  and 
having  watched  its  progress,  he  obtained  specimens  with 
young  fruit,  not  yet  burst  from  the  the  calypira,  and 
soon  after,  the  same  genilemsin  sent  from  Ambleside  a 
specimen  with  the  capsule  burst  from  the  frond.  And 
Dr.  Taylor,  now  of  Cork,  found  ripe  capsuks  on  the 
mountains  at  Loch  Bray,  in  March,  1814.  Thus  was 
the  genus  Blasia  erased  from  among  vegetables,  and  the 
species  formerly  known  by  the  name  of  Blasia  pusilla 
became  Jungcrmannia  Blasia. 

In  structure,  the  gemmae  of  Jungerraanniae  resemble 
the  leaves  of  the  species  wiiich  produce  them.  They 
vary  in  form,  being  spherical  in  J.  Blasia,  J.  calyptri- 
folia,  and  some  others,  and  in  J.  complanata  and  J.  fur- 
cata, somewhat  oblong.  Those  of  J.  Blasia  are  furnished 
with  roots,  even  before  their  escape  from  the  proper  re- 
ceptacle, and  in  that  species,  as  well  as  in  J.  furcata, 
their  progress  towards  perfect  fronds  may  be  easily 
traced. 

The  gemmae  of  Marchantia  are  contained  within  pro- 
per cup-shaped  receptacles.  These  receptacles  appear 
at  first  as  minute  slightly  elevated  spots,  but  after  having 
increased  somewhat  in  size,  they  open,  and  disclose  a 
number  of  oblong  substances,  tapering  towards  both  ex- 
tremities, each  of  which,  in  due  time,  falls  out  of  the  re- 
ceptacle, and  in  favourable  circumstances,  becomes  a 
perfect  plant.  On  the  sterile  fronds  of  M.  polymorpha, 
these  cup-shaped  receptacles  of  gemmae  are  often  very 
numerous.  No  gemmae  have  been  hitherto  detected  on 
any  other  of  the  hepatic  musci. 

Generic  Distribution  of  the  Hefiatic  or  Deofierculate 
Messes. 

The  only  alterations  which  have  taken  place  in  the 
generic  distribution  of  this  family  since  the  time  of  Lin- 
naeus, aie,  the  blotting  from  the  list  the  genus  Blasia, 
as  already  mentioned  under  the  article  Gemmae,  a  late 
alteration,  and  the  discovery,  also  recent,  of  the  genus 
Monoclea.  Indeed,  with  these  exceptions,  and  the  very 
important  one  of  the  discovery  of  many  new  species  of 
Jungcrmannia,  the  hepatic  mosses  remain  in  a  state  very 
little  different  from  that  in  which  they  were  left  by  Dille- 
nius  and  Micheli. 


*  Furnished  with  Hfitral  Filaments. 

I.  Jungermannia.  No  common  receptacle  of  the  Fruit. 
Capsule  quadrivalve,  seated  on  a  fruitstalk  longer  than 
the  calyx.     No  columella. 

This  very  extensive  genus  contains  no  fewer  than  81 
British  species  ;  and  42  rare  foreign  ones,  of  which  32 
had  not  laeen  previously  published,  have  been  figured 
and  described  by  Dr.  Hooker  in  the  Musci  Exotici.  The 
genus  is  divided  into  primary  sections,  according  as  the 
species  are  leafy  or  frondose.  The  leafy  species  are 
subdivided  into  such  as  have  no  stipules,  and  such  as  are 
furnished  with  these  appendages.  The  exstipulated  spe- 
cies are  again  subdivided,  according  to  the  insertion  of 
the  leaves;  whether  it  be  (1)  multifariously,  or  indiffe- 
rently, on  all  sides  of  the  stem,  as  in  J.  julacea;  or  (2) 
bifariously,  on  two  opposite  sides  of  the  stem  only.  This 
section,  containing  many  species,  has  them  arranged  un- 
der the  heads,  (a)  leaves  undivided,  as  in  J.  asplenioides; 
(A)  leaves  emarginate  or  bifid,  the  segments  equal;  as 
in  J.  emarginata,  J.  bicuspidata  ;  (c)  leaves  divided  into 
three  or  four  equal  segments,  as  in  J.  pusilla,  J.  capi- 
tata  ;  [d)  leaves  bifid,  the  segments  unequal,  and  dou- 
bled ;  as  in  J.  nemorosa,  J.  complanata.  The  stipulate 
species  are  subdivided,  (1)  into  such  as  have  the  leaves 
entire,  or  with  a  few  scattered  notches  ;  as  in  J.  ano- 
mala,  J.  Trichomanis  ;  (2)  such  as  have  the  leaves  di- 
vided into  two  or  three  equal  segments;  as  in  J.  biden- 
tata,  J.  trilobata  ;  (3)  such  as  have  the  leaves  bifid,  the 
segments  unequal,  and  folded  on  each  other  ;  and  this 
section  is  subdivided  into  (a)  species  having  the  lower, 
or  smaller  segment  plain;  as  in  J.  platyphylla;  (A)  hav- 
ing the  lower  or  smaller  segment  involute,  as  in  J.  ca- 
lyptrifolia;  (c)  having  the  lower  or  smaller  segment 
saccate,  as  ni  J.  Hutchinsiae,  J.  Tamarisci. 

These  sections  and  subsections  exhaust  the  leafy  spe- 
cies. The  Frondose  species  are  divided  primarily,  into, 
(1)  such  as  are  nerveless,  as  J.  pinguis,  J.  multifida,  (2) 
such  as  are  furnished  with  a  nerve ;  and  this  section  is 
subdivided  according  as  (a)  the  calyx  is  single,  for  in- 
stance, in  J.  Blasia,  J.  epiphylla,  (6)  the  calyx  is  double, 
as  ill  J.  Lyellii,J.  hibernica. 

The  neighbourhood  of  Edinburgh  abounds  in  Junger- 
manniae  ;  J.  Blasia  has  been  gathered  in  fruit  in  Peebles- 
shire, in  the  autumn  of  1818  and  1819  ;  and  some  very 
rare  and  curious  species,  as  J.  setiformis,  J.  Duniana,  J. 
albescen'-,  have  been  discovered  in  Britain,  hitherto  only 
on  the  Scottish  Alps. 

II.  Monoclea.  No  common  receptacle  of  the  fruit. 
Capsule  univalve,  opening  longitudinally  on  one  side; 
seated  on  a  fruitstalk  longer  than  the  calyx. 

Of  this  interesting  genus,  only  one  species,  M.Forsteri, 
is  known,  which  was  gathered  in  some  one  of  the  South 
Sea  Islands,  by  Mr.  GForster.  It  differs  from  Antho- 
ceros.  to  which  genus  Mr.  Furster  had  reduced  it,  in 
possessing  true  spiral  filaments,  in  the  want  of  a  colu- 
mella and  of  a  calyx,  as  well  as  in  being  univalve. 

III.  Marchantia.  Receptacle  of  the  male  flowers  pel- 
tate or  wart-like,  with  numerous  antherae  embedded  in  its 
disc.  Female  flowers.  Common  receptacle  peltate, 
fl'iwering  beneath.  Capsules  opening  at  the  summit  by 
revulute  valves. 

Of  this  genus  only  eight  species  appear  to  be  known, 
all  of  which,  but  one,  were  enumerated  by  Liniaeusj 
and  no  fewer  than  five  of  them  are  indigenous  to 
Britain.  Of  these,  M.  criiciata,  M.  hemispbaerica,  and 
M.  androgyna,  are  rare.  M.  polymorpha  is  extremely 
common,  and  is  one  of  the  plagues  of  gardeners,  oyer- 
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running  iheir  flower-pots  and  beds.  M.  conica  is  plenti- 
ful by  the  sides  of  streams ;  but  rather  capricious  in  pro- 
ducing its  fruit,  which,  when  it  occurs,  is  usually  mature 
in  March  or  April. 

*•  Furnished  ivilh  Elastic  Seed  Disfiergers,  not  S/iiral. 
JVever  with  a  common  recefitacie. 

IV.  Anthoceros.     Male  flowers,  scattered,  wartlike. 
Female.     Calyx  tubular.     Capsule  subulate.     Seeds 

numerous,  rough,  attached  to  the  valves,  as  well  as  to  the 
columella. 

Of  this  genus,  three  species,  A.  punctatus,  A.  laevis, 
(or  major,)  and  A.  multifidus,  are  known;  of  which  the 
two  former  are  indigenous  to  Britain.  They  grow  in 
clover  and  turnip  fields,  and  produce  fruit  in  winter. 

*••  Unfurnished  loith  Elateres,  or  Seed  Dispersers.     J\'o 
common  receptacle. 

V.  Targionia.  Capsule  globose,  of  two  concave  valves. 
Seeds  numerous,  combined  by  fibres  into  a  globe. 

Only  one  species  is  known,  T.  hypophylla  ;  which  was 
first  found  in  Italy,  and  figured  and  described  by  Micheli. 
Within  these  few  years  it  has  been  ascertained  to  be  a 
British  species.  It  grows  en  the  sides  of  dripping  rocks, 
producing  fruit  in  spring. 

VI.  Sphaerocarpus.  Calyx  monophyllous,  inflated, 
entire.  Seeds  very  numerous,  collected  into  a  globe,  in 
the  bottom  of  the  calyx. 

Contains  only  one  species,  Sph.  terrestris;  which  grows 
in  the  same  places,  and  at  the  same  time,  with  Riccia 
^lauca — though  it  is  apt  to  be  mistaken,  on  a  cursory 
view,  for  a  Phascum.  Its  glaucous  hue  distinguishes  it, 
at  first  glance,  to  those  who  have  once  seen  it. 

VII.  Riccia.     Male  flowers,  scattered,  wartlike. 
Female,  germen  globose,  embedded,  with  the  lower 

part  of  the  style  in  the  frond.  Capsule  exposed,  globose, 
crowned  with  the  style.     Seeds  numerous,  elliptical. 

Of  this  genus,  five  species  are  usually  enumerated  ;  of 
which  three,  R.  glauca,  R.  natans,  and  R.  fluitans,  are 
British.  R.  natans  and  R.  fluitans,  uncertain  species,  as 
their  fruit  is  unknown,  are  rare,  and  occur  among  duck- 
weed, &c.  floating  on  the  surface  of  stagnant  pools.  R. 
glauca  is  very  abundant  in  croft  lands  and  clover  fields, 
in  the  beginning  of  winter. 

Excluding  the  genus  Jungermannia,  which  has  been 
already  so  well  illustrated  by  Dr.  Hooker,  there  is,  within 
the  ample  bounds  of  systematic  botany,  perhaps  no  tribe 
of  plants  more  inviting,  as  tlie  subject  of  a  short  mono- 
graph, than  the  hepatic  mosses.  In  regard  to  them,  the 
best  treatises,  hitherto  published,  not  unfretiuenily  give 
statements  directly  opposite,  and  in  general  without  the 
slightest  intimation  that  a  difference  of  opinion  exists  on 
the  points  in  question.  Several  of  these  discrepancies, 
the  monographist,  having  the  plant  before  him,  with  the 
proper  instruments,  might  remove  for  ever  without  much 
difficulty.  Some  of  the  species  are  indeed  not  easily  ob- 
tained ;  but  this  surely  need  be  no  impediment  to  the  un- 
dertaking, considering  the  liberality  with  which  all  who 
are  )inown  in  botany,  in  the  present  age,  communicate 
specimens,  and  elucidations,  whenever  they  see  reason 
to  believe  that  it  may  be  for  the  advancement  of  the  sci- 
ence ;  and  even,  in  very  many  instances,  lor  the  mere 
gratification  of  an  amateur. 

We  cannot  avoid  expressing  at  present  our  regret,  that 
the  distinguished  author  of  the  work  entitled  Musci  Jix- 


otici,  to  which  we  have  so  often  referred,  should  have  dis- 
continued it,  in  order  to  write  popular  books  for  home 
consumption.  We  trust,  tliat  his  admirable  talent  for 
description  and  discrimination,  and  his  inimitable  pencil, 
will  soon  be  again  directed  to  objects  more  worthy  of 
them.  We  are  aware  of  the  great  importance  of  good 
elementary  works  ;  but  for  one  who  could  continue  the 
work  just  alluded  to,  or  proceed  on  the  sume  plan,  with 
the  new  series  of  the  Flora  Londinensis,  there  are  un- 
doubtedly several  quite  adequate  to  supply  any  want  of 
the  other  sort,  that  can  be  at  present  felt.  On  the  same 
account,  we  regret  the  abrupt  conclusion  of  the  Historia 
Fucorum,  by  another  distinguished  author  ;  and  though 
we  cannot  doubt,  that  a  work  on  antiquities  from  his  pen 
will  be  minutely  accurate,  and  equally  learned,  elegant, 
and  amusing  ;  yet  the  world  certainly  abounds  much  more 
in  good  antiquarians,  though  even  they  are  not  exceed- 
ingly plentiful,  than  in  Crypiogamists,  such  as  he  is. 

J^ev)  Arrangement  of  the  Jungermannia. 

We  shall  conclude  this  article,  with  a  brief  notice  of 
a  new  arrangement  of  the  geniis  Jungermannia,  which 
has  been  proposed  by  Signior  Giuseppe  Raddi,  of  Flo- 
rence, in  a  paper  on  the  Jungermanniae  of  Tuscany,  in- 
serted in  the  Memoirs  of  ilie  Italian  Society,  Vol.  xviii. 
Part  i.  division.  Physics. 

Signior  Raddi's  paper  is  altogether  theoretical,  and 
is  to  be  considered,  we  conceive,  as  the  Prodromus  of  a 
work  on  the  rare  Cryptogamic  plants  of  Tuscany,  which 
he  announces  in  it.  The  thirty-seven  species  which  he 
has  characterised,  we  take  to  be  intended  merely  as  in- 
stances of  his  new  genera;  as  it  is  inconceivable  that 
the  Florentine  territory  should  not  produce  a  greater 
number;  and  though  there  are  several  rare  species  among 
them,  they  have  no  pretensions,  when  viewed  together,  to 
the  character  of  a  selection  of  rare  species. 

After  stating,  that  ever  since  the  days  of  Micheli,  the 
necessity  of  some  subdivision  of  the  genus  had  been 
felt  by  various  learned  and  celebrated  botanists;  and 
noticing  slightly  Micheli's  own  subdivision  of  it  into 
the  genera  Jungermannia,  Muscoi'les,  and  Marsilea,  he 
proceeds  to  remark,  that  "  the  difference  between  the 
species  of  Jungermannia  is  so  great,  that  many  of  them, 
as  J.  viticulosa,  J.  asplenioides,  J.  platyphylla,  J.  laevi- 
gata, J.  emarginata,  &c.  are  so  nearly  related  to  tlie 
frondose  (foliose)  mosses,  as  to  agree  with  them  in  their 
natural  characters,  and  even  in  many  of  the  artificial 
marks  employed  to  discriminate  them,  so  that  they  ab- 
solutely merit  a  place  in  that  family."  It  is  unfortu- 
nate, that  we  are  not  furnished  with  a  character,  either 
natural  or  artificial,  of  any  foliose  moss  ;  but  certainly 
Signior  Raddi  must  allude  to  characters  of  the  plants 
of  that  family  very  different  from  any  with  which  we 
are  acquainted,  if  they  enable  him  to  blend  the  leafy 
but  deoperculate  Jungermanniae  with  the  leafy  and 
operculate  mosses.  We  wonder  that  he  has  not 
pressed  Andraea,  and  perhaps  J.  julacea,  into  his  ser- 
vice, as  connecting  links;  as  they  surely  have  more  af- 
finity in  habit  than  the  Jungermanniae,  which  he  has 
instanced,  and  any  operculate  moss.  His  proofs  that 
the  Jungermanniae  should  be  blended  with  the  opercu- 
late mosbcs,  are  these;  both  are  branched,  and  vary  in 
the  number  of  their  branches ;  both  produce  roots  with 
great  facility  ;  some  species  of  operculate  mosses,  as 
Bryum  androgynum,  Tetraphis  pellucida.  See.  as  well  as 
Jungermanniae,  produce  on  the  end  of  the  stem  pow- 
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dery  heads,  which  he  takes  to  be  collections  of  buds;  and 
he  reminds  us,  that  the  ovaria  ot  both  have  a  calyptra. 
We  are  soi  ry  that  he  has  siopt.  short,  after  merely  com- 
mencing the  most  intertsling  pari  of  his  proof;  and  can- 
not help  considtriiig  what  he  lias  advanced  as  altogether 
nugatory,  unless  further  suppoited. 

But  to  proceed  to  Signior  Rucldi's  arrangement.  It 
is  founcied  chiefly  on  the  slrui  lUre,  consistency,  and  in- 
sertion of  the  calyx,  calyptia,  capsule,  and  even  the  an- 
therse,  so  that  its  basis  is  considerably  more  extensive  than 
that  formerly  proposed  by  Hedwig;  and  according  to 
these,  the  genus  Juiigerni  u.nia  of  authors  is  divided  into 
ten  new  genera,  of  which  the  following  are  the  names 
and  characters : 

I.  Bellincinia.  Calyx  compressed,  laciniato-dentate, 
sub-bilabiate,  smooth.  Calyptra  of  one  piece,  membra- 
nous, pellucid,  its  bordei  variously  divided.  Capsule 
ovate,  or  between  ovate  and  roundibh,  dividing  into  four 
equal  valves,  supported  on  a  delicate,  pellucid,  cellulose 
footstalk,  the  growth  of  which  is  remarkably  rapid,  as  in 
the  following  genera. 

The  only  species  instanced  is  B.  montana;  J.  laevigata 
of  Hooker's  British  Jungermaiiniae,  t.  xxxv. 

II.  Anioiria.  Calyx  compressed,  bilabiate;  the  lips 
quite  entire,  somewhat  rounded.  Calyptra  of  one  piece, 
its  border  variously  divided.  Capsule  roundish,  diviaing 
into  lour  equal  valves. 

Spikelets  ovaio-lanceolate,  formed  of  imbricated  con- 
vex scales,  containing  the  roundish  antheias,  on  a  different 
individual. 

Ant.  vulgaris,  or  J.  platyphylla  of  authors,  is  the  only 
instance. 

III.  Frullania.  Calyx  nearly  triangular,  divided  at 
the  summit  into  three  roundish  apicuUte  segments ; 
plano-convex  above,  with  sometimes  prominent  stripes, 
and  more  or  less  besprinkled  with  minute  tubercles. 
Calyptra  of  one  piece,  the  limb  variously  divided.  Cap- 
sule ovate,  or  between  ovate  and  roundish,  quadrivalve. 
Spikelet  oval,  formed  by  imbricated  convex  scales  con- 
taining the  antherae. 

Two  species  are  instanced,  F.  major  (J.  dilatata)  and 
F.  minor  (J.  Tamarisci.) 

IV.  CandoUea.  Calyx  more  or  less  compressed,  trun- 
cated, adhering  to  the  stem  by  its  base.  Calyptra  of  one 
piece,  its  border  variously  divicied.  Capsule  ovate  or 
roundish,  dividing  into  lour  equal  valves. 

Antherae  subcarnose,  irregular  in  their  position,  being 
sometimes  on  th.;  margin  of  the  leaves;  at  other  times 
on  the  summit  of  the  terminal  leaves  ;  and  usually  on  a 
distinct  individual. 

C.  asplenioides,  (J.  asplenioides,)  C.  carinata,  supposed 
to  be  J.  compacla  of  Roth,  or  J.  resupinala  of  Hooker, 
C.  nemorosa,  (J.  nemorosa,)  and  C.  complanata,  (J.  com- 
planata,)  are  four  species  given  as  instances  of  this  genus. 

V.  Jungermannia.  Calyx  monophyllous, membranous, 
tubular,  adiiering  to  the  stem  by  its  base.  Calyptra  of 
one  piece,  membranous,  pellucid,  bearing  the  style,  its 
border  variously  divided.  Capsule  ovate  or  roundish, 
covered  by  the  calyptra  while  it  remains  in  the  calyx, 
dividing  into  four  equal  valves.  Seeds  numerous,  minute, 
adhering  to  the  whole  inner  surface  of  the  valves  by 
means  of  very  slender  elastic  filaments. 

Antherae  without  any  covering,  placed  sometimes  on 
the  margins  or  summits  of  the  leaves,  at  other  times 
forming  a  roundish  mass  on  the  end  of  the  stem,  and 
usually  occurring  on  a  distinct  individual. 

This  new  genus  is  arranged  into  four  primary  divi- 
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sions,  each  of  which  is  again  divided  into  sections,  and 
sometimes  into  subsections  :  the  first  division,  entitled, 
(A.)  Leaves  without  lobes  or  stipules,  consists  of  the  fol- 
lowing sections  :  first.  Leaves  entire.  Contains  J.  poan- 
tbos,  J.  scalaris,  J.  lanceolata,  and  J.  lenerrima,  which  last 
is  said  to  be  the  J.  gracillima  of  English  botany  :  the  se- 
cond section,  entiled,  Leaves  emar^inate,  two-lobed,  or 
bifid,  is  subdivided,  accoraing  as  [a)  the  tn.irgin  is  quite 
entire,  i.  e.  without  teeth,  as  in  J.  connivens.  and  five 
other  species,  not  well  ascertamed  ;  or  as  it  is  (/3)  too'  hed, 
of  which  the  only  instance  is  J.  dentata  of  Signior  Raddi, 
a  species  of  which  he  thinks  J.  Turner!  to  be  probably  Ci 
variety  i  the  third  section  contains  species  with  more  than 
two  teeth,  or  divisions,  of  which  J.  quiiiquedentata(J.  bar- 
bata,  Hooker,  t.  Ixx.)  is  the  only  instance. 

The  second  primary  division  (B.)  contains  the  species 
having  the  leaves  lobed,  but  no  stipules. 

Its  first  section  contains  the  species  with  the  smaller 
lobe  uppermost,  as  J.  falcata  of  Raddi,  (J.  albicans)  his 
only  instance.  Its  second,  the  species  with  the  smaller 
lobe  undermost,  of  which  J.  inconspicua  of  Raddi,  sup- 
posed to  be  J.  minutissima,  is  the  only  instance. 

The  third  primary  division  (C.)  contains  the  species 
having  the  leaves  two-lobed,  and  furnished  with  stipules. 
As  only  one  species  is  instanced  under  this  division,  it 
was  unnecessary  to  give  any  title  of  a  section  ;  yet  'vre  find 
section  first,  Leaves  entire,  containing  J.  serpyllifolia. 

The  fourth  and  last  primary  division  (D.)  contains  the 
stipulate  species,  of  which  the  leaves  are  not  two-lobed. 

Its  first  section,  in  which  the  leaves  are  entire,  con- 
tains only  J.  viticulosa.  Its  second,  in  which  the  leaves 
are  emarginate,  or  bidentate,  contains  only  J.  bidentata. 
Its  third,  in  which  the  leaves  are  terminated  by  more 
than  two  teeth  or  divisions,  contains  J.  trilobata  and  J. 
reptans. 

VI.  Fossombronia.  Calyx  monophyllous,  subcampa- 
nulate.  Calyptra  of  one  piece,  bearing  the  style,  its 
border  variously  divided.  Capsule  roundish,  splitting 
into  irregular  segments. 

Antherae  succulent,  pedunculate,  situated  at  the  lower 
part  of  the  stem  in  a  distinct  individual. 

It  contains  only  F.  angulosa,  (J.  Pusilla,  Hooker,  t. 
Ixix.) 

VII.  Calypogeja.  Calyx  cylindrical,  carnose  adhering 
to  the  stem  by  the  side  of  its  mouth,  and  buried  in  the 
earth.  Calyptra  of  one  piece,  its  border  divided  into  two 
or  three  irregular  segments.  Capsule  cylindrical,  obtuse, 
dividing  into  four  equal  linear  valves. 

Male  flowers  as  in  Jungermannia. 

It  contains  C.  ericetorum  of  Raddi,  a  new,  or  supposed 
new  species,  C.  flagellifera.  (J.  palustris  repens,  &:c.  of 
Micheli,  Fig.  5.)  C.  fissa,  (J.  Trichomanis.) 

VIII.  Metzgcria.  Calyx  ascending,  membranaceous, 
turbinate,  and  adhering  by  its  base  to  the  lower  side  of 
the  frond.  Calyptra  of  one  piece,  its  border  variously 
divided.  Capsule  roundish,  dividing  into  four  equal 
valves.  Seeds  minute,  adhering  by  very  slender  elastic 
filaments  to  the  inner  surface  of  the  valves  at  their  apex. 
Ovate  or  globose  corpuscles,  which  are  perhaps  the  male 
fructification,  are  scattered  over  the  upper  surface  of  a 
distinct  frond. 

Contains  two  species,  M.  glabra  (J.  furcata)  and  M. 
pubescens  (J.  pubescens.) 

IX.  Rciemeria.  Calyx,  or  rather  Calyptra,  resembling 
a  calyx,  ascending,  carnose,  almost  ti  uiicated  at  the  apex, 
and  slightly  attenuated  at  the  base,  by  which  it  adheres 
to  the  lower  surface  of  the  frond. 
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Capsule  oblong,  dividing  into  four  equal  valves.  Seeds 
numerous,  adhering  by  very  slender  and  elastic  filaments 
to  liie  inner  surface  of  the  valves  at  their  apex.  Sup- 
posed anthers  scattered  on  the  upper  surface  of  a  distinct 
t'rond. 

Contains  two  species,  R.  multifida,  R.  palmata,  (both 
of  vvhich  are  merely  J.  multifida,)  and  R.  pinguis,  (J. 
pinguis.) 

X.  Pellia.  Calyx  arising  from  the  upper  surface  of 
ihe  frond,  its  limb  somewhat  divided.  Calyptra  suh- 
carnose,  its  border  variously  divided.  Capsule  round, 
dividing  into  four  equal  obtuse  valves.  Seeds  numerous, 
very  minute,  adhering  by  very  slender  elastic  filaments 
to  the  base  and  centre  of  the  capsule. 

Supposed  anthers  various  in  form,  somewhat  carnose, 
scattered  over  the  surface  of  a  distinct  frond. 

Only  one  species  of  it  is  known,  P.  Fabroniana  (J. 
epiphylla.) 

These  characters  are  rather   long,  when  considered 
merely    as    discriminative;    and  it  is  evident  that  they 
must  liave  included  many  more  circumstances,  had 'they 
been  inlcncied  as  natural.     It   does  not  appear  that  bre- 
vity had   been  considered  of  much  consequence  in  the 
construction  of   them,    for   in  some  instances,  circum- 
stances in  common  to  all  the  Jungermanniae  are  men- 
tioned under  one  genus,  and  not  again  repeated.     ^Vliat 
is  said  of  the  fruilstalk  in  the  character  of  the  first  ge- 
nus is  quite  out  of  place,  and,  if  stated  at  all,  it  should 
have  occurred  in  preliminaiy  remarks  on  the  fructifi- 
catioTi  of  Jungermanniae.     When  it  is  mentioned  under 
the   Raddian  genus    Jungermannia,    that  "  the  capsule 
is  covered    by    the  calyptra    while    it    remains    in    the 
calyx,"  the  statement  almost  necessarily  leads  to  a  mis- 
take in  regard  to  all  the  other  genera,  as  we  are  no- 
where informed  that  this  character  is  in  common  to  the 
whole  of  them.     Since,  in  all  the  genera,  the  calyptra  is 
stated  to  be  "  of  one  piece,  its  border  variously  divid- 
ed," it  was  plainly  unnecessary  to  slate  this  at  all  ;  and 
it   is  worse  than  useless  to  say,  under  the  new  genus 
Jungermannia,  that  the  calyptra  supports  the  style  ;  for 
if  this  be  true  of  one  of  the  new  genera,  it  is  true  of  all. 
It  were  easy,  in  several    instances,    to  have  shortened 
considerably  the  characters  taken  from  the  calyx;  and 
we  very  much  suspect  that  the  attachment  of  the  seeds 
to  the  spiral  filaments,  which  is  given  as  a  character  in 
several  genera,  is  altogether  hypothetical.     The  disco- 
very of  the  Iruit  of  J.  laevigata  (Bellincinia  montana) 
is  interesting  :  but  we  regret  that  the  character  which 
has  been  given  of  the  fructification  is  too  vague  to  throw 
any  light  on  the  question,  whether  this   is  not  merely  a 
variety    of   J.  platyphylla  (Antoiria   vulgaris.)     In  this 
latter  species,  which  is  of  very  common  occuirence,  the 
mouth  of  the  calyx  may  be  subject  to  vary  a  little  ;  but 
certainly  to  find  it  "  truncate,  inciso-serrale.  (or  irregu- 
larly torn,)  with  a  deep  notch  on  one  side,"  as  described 
by  Dr.  Hooker,  is  extremely  easy  ;  while  we  have  neither 
seen  nor  heard  of  any  specimen  of  h  in  this  country  with 
entire  rounded  lips.     Supposing  this  arrangement  to  be 
followed,  we  think  it  would   be  indispensable  that  these 
two  genera  be  united.     We    are   at   a   loss  to  conceive 
why  the  insertion  of  the  spiral    filaments  has  not   been 
mentioned    under    Frullania, — in    both    the    species,   of 
which  it  is  very  obvious,  as  well  as  in  the  genera  towards 
the  end  of  the  arrangement ;  and  we  cannot  think  it  cor- 
rect to  describe  the  calyxes  of  its  two  species  as  similar 
in  form,  or  to  state  that  that  of  Frullania  minor  (J.  Tama- 
risci)  is  tuberculated, 


The  species  of  Candollea  seem  to  us  to  agree  in  scarce 
any  character  of  the  calyx,  except  in  its  being  ii  uncated, 
and  the  other  characters  taken  from  the  fructification  arc 
nugatory.  The  "  inegular  subcarnosc  vesicles,"  which 
are  stated,  after  Hedwig,  to  be  the  antheis,  art-  of  a  to- 
tally diflerent  nature,  and  seem  to  be  merely  the  cellular 
structure  of  the  leaf  decomposing.  The  real  anthers  of 
this  genus  are  always  axillary.  The  species  of  this  ge- 
nus are  also  very  discordant  in  habit.  In  short,  we  do 
not  see  thai  Candollea  could  be  rtiaineci  on  any  principle 
whatever.  The  character  ol  the  new  genus  Junger- 
mannia seems  to  us  to  depend  entirely  upon  Ihe  anthers, 
at  least  we  can  make  nothing  of  what  is  slated  respecting 
the  female  fructification  :  and  it  unfortunately  happens, 
that  our  author  had  not  seen  the  true  anthers  in  any  one 
of  the  species  of  this  new  genus,  but  had  mistaken  buds 
or  vesicles  for  them — as  the  anthers,  wliere  they  are 
known,  are,  in  all  the  species  refrTred  by  Raddi  to  Jun- 
germannia, invariably  axillary.  The  species  referred  to 
this  new  genus  differ  very  much  in  the  mouth  of  the  ca- 
lyx, and  not  more  in  fructification  than  in  habit.  The 
irregular  division  of  the  capsule  in  J.  pusilla  (Fossom- 
bronia  angulos*)  is  very  striking;  and  we  take  Fossom- 
bronia  and  Calypogeja  to  be  by  far  the  best  rharacterized 
and  most  natural  of  his  genera  ol  leafy  Ju!i:<eriiiannia. 
The  name  Calypogeja,  however,  (x«/ti;|  imo  yaia?,)  is 
founded  on  an  imptrfecl  knowledge  of  iht  genus  ;  and 
that  part  of  the  character  which  slates  that  the  calyx  "  is 
concealed  vertically  in  ihe  earlh"  should  be  taken  out,  as 
J.  saccata  of  New  Zealand,  unquestionalily  a  calypogeja, 
which  has  the  pendent  calyx  on  the  summit  of  upright 
branches,  never  has  it  buried  in  the  earlh. 

We  deem  it  unnecessary  to  follow  our  author  through 
his  three  frondose  genera.  To  the  arrangement  we 
ihiidi  it  but  just  to  give  the  praise  of  considerable  inge- 
nuity ;  but  it  certainly  appears  to  us  to  be  utterly  unfit 
for  the  purposes  of  discrimination,  and  to  give  little  or  no 
information  respecting  the  natural  affinities  of  species  ; 
and  hence  to  have  no  chance  of  being  followed.  We 
observe  that  there  is  no  allusioti  to  Dr.  Hooker's  mono- 
graph in  the  paper.  We  hope  thai  it  has  subsequently 
fallen  into  the  author's  hands,  and  doubt  not  that  it  will 
assist  him  much  in  the  study  of  this  genus. 

Jungermannia  we  take  to  be,  like  Erica,  Solanum, 
and  several  others,  an  extensive  vegetable  type,  un- 
susceptible, at  least  in  the  present  state  of  our  know- 
ledge, of  subdivision  into  genera;  but  of  which  the 
species,  when  arranged  under  well  devised  sections,  like 
those  of  Mr.  Dryander  for  Erica,  or  of  Dr.  Hooker  for 
Jungermanniae,  are  perhaps  as  easily  mastered,  as  if  each 
of  these  established  genera  were  subdivided  into  twenty 
new  ones,  with  unexceptionable  generic  characters,  or 
characters  that  are  exceptionable  oidy  on  account  of  the 
minuteness  of  the  parts  from  which  they  were  taken, 
their  being  discoverable  perhaps  only  upon  very  minute 
dissection,  and  the  consequent  difficulty  of  investigation. 
It  wouul  of  course  be  quite  useless  to  compare  such  an 
array  of  sections  with  generic  characters  of  an  inferior 
description. 

We  would  earnestly  recommend  to  all  who  attempt 
to  make  arrangemenls  in  systematic  botany,  that  they 
commence  with  a  minute  investigation  of  all  the  parts, 
certainly  at  least  of  all  the  parts  most  important,  with 
regard  to  classification,  of  all  the  species  to  be  included 
in  the  arrangement,  or  at  least  of  as  many  of  the  spe- 
cies as  may  be  accessible  to  them.     By  no  other  means 

do  we  conceive  it  possible,  that  a  new  arrangement  of 
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plants  that  have  been  long  known,  which  could  serve  any 
practical  purpose,  could  be  formed. 

Consult  Dillenii  Historia  Muscorum,  4'o.  Oxon.  1741, 
or  the  Edinburs^h  reprint.  Mii  lieli,  jVava  Genera  Ptan- 
tarum.  tol.  Flor.  1723.  H  dwii;,  Fundamemum  Hislo- 
rite  A'aturalis  Muscorum  Frondosorum,  4'.u.  Lips.  1782. 
JSjusd.  Theoria  Genrralionis  et  Fructificationis  Planta- 
rum  Crytitogamicarum  Linnai-  2d  ed.  4;o.  Lips.  1798. 
Ejusd.  Sfiecies  Muscorum,  4lo.  Lips.  1801.  Bridel, 
Muscologia  Recendorum,  4  vols.  4'j.  1797 — 1819  Sir 
J.  E  Siiiit'i,  in  English  Botany.  36  vols.  8*0.  various 
years;  in  Flora  Brttannica,  3  vols.  8vo.  1800 — 1802; 
in  R'  c^'  Encyclo/iadia,  uuler  different  titles.  Spren^^Ci's 
Introduction  to  the  Study  of  Cryfitogamous  Plants,  8vo. 
D'  Caiidolle  in  Flore  Fran^aise.  '2>i  edit.  6  vuls.  8vo, 
Hooker  and  Tiy\ov\  Muscologia  Britannica.  8io.  1818. 
Hooker's  Musci  Exulici.  2  vuls.  4  o.  do.  Monograpd  of 
the  Britisli  Juiigermanijias,  1  vol.  4to.  do.  In  Flora  Lon- 
dinensis,  2  '  series,  fol.  do.  On  Tayloria  splachnoides 
in  Brande'-  Journal,  vol.  2'l.  Various  papers  in  the 
Linnitan  Transactions,  and  in  various  French  and  other 
foreign  journals. 
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PLATE  CCCCr. 

Transverse  Sections  of  Stems — viewed  microscopically. 
Tig.  1.   Bryiim  ligulatum. 

2.  Hypnum  dendroides. 

3.  Polytrichum  commune. 

4.  Hypnum  alopecurum. 

5.  Sphagnum  obtusifolium. 

Microscopic  views,  illustrative  of  the  Structure  of  Leaves. 

6.  Hookeria  lucens. 

7.  Hypnum  denticulatum. 

8.  Sphagnum  ohtusit'olium. 

9.  squarrosum. 

10.  cuspidatum. 

11.  Neckera  crispa 

12.  Dicranum  glaucum. 
13    Diphyscmm  tohosum. 

14,  13.  Hookeria  Lucens,  with  Roots  springing  from  the  Disk 
of  the  Leaf. 
Figures,  somewhat  enlarged,  illustrative  of  the  different  formsof 
the  leaves;  tlie  absence  or  presence,  and  length,  &c.  of  the  Nerve. 

16.  Dicranum  glaucum. 

17.  Hypnum  scorpioides. 

18.  purum. 

19.  Schreberi. 

20.  medium. 

21.  Dicranum  latifolium. 

22.  Diphyscium  foliosum ;  a,  the  Stem  leaf,  b,  the  exterior 

Ferichjetial,  c,  the  interior  Perichstial  leaf. 

23.  Tortula  cuneifolia 

24.  Dicranum  longitblium. 

25.  adiantoitles. 

26.  Bryum  punctitum. 

27.  ligulatum. 

Microscopic  drawings  illustrative  of  the  Flowers  and  germi- 
nation of  Mosses. 

28.  The  Female  Flower  of  Stypnum  Triquetrum,  with  the 
Periciiaetial  leaves  removed. 

29.  Pistil  of  Hypnum   triquetrum,  exhibiting  several  little 

ducts  in  the  Style. 

30.  Flower  of  Bryurn  Trichoides. 

31.  Male  Flower  of  Bryum  Androginum,  b.  a  single  anther. 

32.  .\nlher  with  the  lid  open. 

33.  Club-sl).iped  succulent  Threads  of 
1.  An  old  and  decayed  anther. 


34.  Male  Flowers  of  Dicranum  bryoides,  m  the  duplicatures 

of  the  Leaves. 

35.  A  single  Male  Flower,  with  its  envelopes. 

36.  Female  Flower  of  Dicranum  bryoides,  in  the  base  of  the 

terminal  Leaf. 

PLATE  CCCCn. 

Fig.  1.  Male  Flower  ofEncalypta ciliata, with  its perigonialLeaves. 

2.  Pistil  of  a  Sphagnum,  solitary  in  a  Flower. 

3.  Plants  in  different  stages  of  Germination,  of  Gymnosto- 
mum  pyriforme. 

Open  Capsules,  somewhat  enlarged,  showing  the  Structure 
of  the  Peristome,  or  its  Absence. 

4.  Andraea  rupertris. 

5.  Sphagnum  obtusifolium. 

6.  Phasciim  subulalum. 

7.  Gymnostomum  pyriforme. 

8.  Diphyscium  foliosum. 

9.  Tetraphis  ovata. 

10.  Octoblepharum  serratum. 

11.  Splachnum  vasculosum. 

12.  Grimmia  apocarpa — with  3  teeth  separate. 

13.  Tortula  subulata. 

14.  Dicranum  Scoparium,  and  3  teeth  separate. 

15.  Didymodon  flexifolium,  with  do. 

16.  Funaria  hygrometrica,  three  teeth  of  the  Outer,  and  three 

of  the  Inner  fringe  seen. 

17.  Orthotrichum  affine. 

18.  Hypnum  medium — three  teeth,  and  three  cilia  separate. 

19.  Tayloria  Splachnoides  a.  Capsule,  natural  size,  and  b.  en- 
larged,   c.  Calyptra,  and  d.  four  Teeth  of  the  Peristome. 

20.  Dawsonia  polytrich-  ides — a  Capsule  natural  size,  with  the 
Calyptra — b.  Inner  Calyptra — c.  Operculum — d.  Capsule, 
somewhat  enlarged,  without  the  Operculum — e.  Capsule 
cut  open,  to  show  the  Columella  and  criia  issuing  from  it. 

21.  Lyellia  crispa.  u.  Capsule,  natural  size,  without  the  oper- 
culum. A.  Ditto  magnified,  c  Vertical  section  of  ditto  to 
show  the  Columella,  the  substance  of  the  Peristome,  the 
interior  Membrane,  and  the  adherence  of  a  part  of  the  Pe- 
ristome with  the  Columella  d  Calyptra  magnified,  e. 
Mouth  of  the  Capsule,  the  central  part  of  the  Membrane 
drawn  down  by  the  shrinking  of  the  Columella. 

22.  Pterigonium  .Smithii  a.  Branch  magniBed.  b.  Capsule 
magnified,  c.  Calyptra  magnified,  d.  Teeth  magnified. 
e.  Female  Flower;  the  succulent  Threads  very  unequal  in 
length  and  thickness,  the  longer  and  thicker  appearing  to 
have  an  internal  Tube. 

23.  Buxbaumia  aphylla  a  Tuft  of  young  Plants.  4.  Plants 
farther  advanced,  c.  Capsule  magnified  with  the  Apophy- 
sis and  a  small  part  of  the  rough  Fruitstalk  d.  Operculum 
separate,  e.  Vertical  section  of  an  immature  Capsule, 
showing  the  distance  between  the  outer  and  inner  Walls; 
the  connection  between  them  by  delicate  succulent 
Threads;  the  singular  flexure  of  the  Columella  in  passing 
from  the  inner  Wall  of  the  Capsule  to  the  Apophysis,  and 
its  incrassation  in  the  Apophysis,  f.  Section  of  the  Bulb, 
showing  it  to  be  hollow  towards  the  lower  end,  and  the 
curious  division  of  the  primary  Root  p-.  Horizontal  section 
of  the  Fruitstalk.    h.  Cellules  greatly  magnified. 

PLATE  CCCCHL 

Fig.  1. «'.  Base  <jf  the  Fruitstalk,  with  a  young  Pistil  rising  from 
the  s;<1ne  Bulb  k.  Reticulated  Leaf,  terminating  in  con- 
ferva-like filaments;  /.  Leaf  composed  enti'.ely  of  cnnfi  rva- 
like  filaments.  Both  these  leaves,  the  fnrmer  of  w  hich  we 
saw,  were  discovered  by  Mr.  R  K.  Grevilje  when  drawing 
these  Figures.  The  leaves  described  in  the  Edinburgh 
PhilosophicalJaumal,  va\  ii.  No  4  p.  .577,  were  palmate,  or 
much  faciniafe,  with  reticulations  like  those  of  the  leaf  i", 
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2  Calyx  of  Jungermannia  obiusifolia. 

3  Do   laid  open. 

4  Female  Fructification  of  J.  Hookeri,  which  has  no  Calyx. 

5  Germen  and  abortive  Pistilla'of  a  Female  Plant  of  do. 

6  .-Vntheis  of  do. 

7  A  single  .\nther  of  J.  Hookeri  magnified. 

8  Perigonial  Leaf  of  do. 
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9  Perigonial  Leaf  and  Anther  of  J.  platyphylla. 

10  Calyptra  and  Capsule  of  do. 

11  Calyptra,  w  itli  the  young  Capsule  enclosed,  of  J.  rcsupinata. 

12  Open  Capsule  of  J.  fuicata. 

13  Spiral  Filaments  and  Seeds  of  do. 

14  LeavesofJ   asplenioides. 

15  Leaf  of  J.  junipevina. 

16  J.  setacea. 

17  J.  rcsupinata. 

18  J.  complanata. 

19  J-  nemorosa. 

20  J.  Hutchinsia;. 

21  J.  dilatata. 

23  AVart-sliaped  Receptacle,  containing  the  Anthers  of  Marchan- 
tia  conica. 


23  Vertical  section  through  the  middle  of  a  part  of  the  Recepta- 

cle, showing  the  Anthers. 

24  Under  side  of  the  Heceptacle  ot  the  Female  Flowers,  showing 

the  I'istilla,  the  Style  retiecied. 

25  A  single  Tlower  separated  Irom  the  Receptacle,  and  seen  on 

the  side  by  whicli  it  was  attached 
25  A  mature  Capsule,  (ipen,  with  the  valves  revolute,  exhibitinj^ 
numerous  spiral  Filaments  and  Seeds. 

27  A  single  spir.al  Filament,  and  a  single  Seed. 

28  Plant  of  Riccia  glauca,  natural  size. 

29  Patt  of  the  Frond  magnified,  with  Anthers  appearing  towards 

its  Apex. 

30  A  Capsule  nearly  mature,  with  the  Style. 

31  Two  mature  Seeds.* 


MUSIC. 


1,  Music  is  one  of  llic  fine  arts,  whose  object  is  to  give 
pleasure  by  the  proper  succession  and  combination  of 
sounds.  The  word  is  derived  from  the  Greek  MOTSA, 
Musa.  In  modern  times  music  consists  ot  two  principal 
branches — Melody,  or  the  proper  succession  of  single 
sounds  ;  and  Harmony,  or  the  proper  combination  of  si- 
multaneous sounds.  These  two  united  form  Music: 
The  former,  indeed,  may  perhaps  subsist  independently 
of  the  latter;  but  harmony  cannot  well  exist  without  the 
melodious  arrangement  of  each  of  the  several  parts  of 
which  it  is  composed. 

History. 

2.  Music  is  probably  nearly  coeval  with  our  race,  or, 
at  least,  with  the  first  attempts  to  preserve  the  memory 
of  transactions.  Before  the  invention  of  writing,  the 
history  of  remarkable  events  was  committed  to  memory, 
and  handed  down  by  oral  tradition.  The  knowledge  of 
laws,  and  of  useful  arts,  was  preserved  in  the  same  way. 
Rhythm  and  song  were  probably  soon  found  important 
helps  to  the  memory;  and  thus  the  muses  became  the 
early  instructors  of  mankind.  Nor  was  it  long,  we  may 
conjecture,  before  dancing  and  song  united,  contributed 
to  festivity,  or  to  the  solemnities  of  religion. 

3.  The  first  instruments  of  music  were  probably  of  the 
pulsatile  kind,  and  rhythm,  it  is  likely,  preceded  the  ob- 
servation of  those  intervals  of  sound  which  are  so  pleas- 
ing to  the  ear.  The  first  mention  of  stringed  instru- 
ments, however,  precedes  the  deluge.  Tubal,  the  sixth 
descendant  from  Cain,  was  "  the  father  of  all  such  as 
handle  the  harp  and  the  organ."  About  550  years  after 
the  deluge,  or  1800  before  Christ,  according  to  the  Bible 
chronology, both  vocal  and  instrumental  music  are  spoken 
of  as  things  in  common  use:  "  And  Laban  said,  what 
has  thou  done  that  thou  hast  stolen  away  unawares  to  me, 
and  carried  away  my  daughters  as  captives  taken  with 
the  sword  ?  Wherefore  didst  thou  flee  away  secretly, 
End  steal  away  from  me,  and  didst  not  tell  me,  that  I 
might  have  sent  thee  away  with  mirth,  and  with  songs, 
■with  tabret,  and  with  harp  ?" 

4.  Egypt  has  been  called  the  cradle  of  the  arts  and 
sciences,  and  there  can  be  no  doubt  of  the  very  early 
civilization  of  that  country.  To  the  Egyptian  Mercury, 
or  Thoth,  who  is  called  Trismegistos,  or  thrice  illustri- 
ous, is  ascribed  the  invention  of  the  Lyre,  which  had  at 


first  only  three  strings.  It  would  be  idle  to  mention  the 
various  conjectures  how  these  strings  were  tuned,  or  to 
try  to  settle  the  chronology  of  this  invention.  The  single 
flute,  which  they  called  Photinx,  is  also  ascribed  to  the 
Egyptians.  Its  shape  was  that  of  a  horn,  of  which  no 
doubt  it  was  originally  made.  Before  the  invention  of 
these  instruments,  as  Dr.  Burney  justly  observes,  "  Music 
could  have  been  little  more  than  metrical,  as  no  other 
instiuments  except  tnose  of  percussion  were  known. 
When  the  art  was  first  discovered  of  refining  and  sus- 
taining tones,  the  power  of  music  over  mankind  was  pro- 
bably irresistible,  from  the  agreeable  surprise  which  soft 
and  lengthened  sounds  must  have  occasioned."  The 
same  learned  wiiter  has  given  a  drawing,  made  under 
his  own  eye,  of  an  Egyptian  musical  instrument,  repre- 
sented on  a  very  ancient  obelisk  at  Rome,  brought  from 
Egypt  by  Augustus.  This  obelisk  is  supposed  to  have 
been  erected  at  Heliopolis,  by  Sesostris,  near  four  hun- 
dred years  before  the  Trojan  war.  The  most  rernarkabic 
thing  in  this  instrument  is,  that  it  is  furnished  with  a 
neck,  so  that  its  two  strings  were  capable  of  furnishing 
a  great  number  of  sounds.  This  is  a  contrivance  which 
the  Greeks,  with  all  their  ingenuity,  never  hit  upon.  "  I 
have  never  been  able,"  says  the  doctor,  "  to  discover 
in  any  remains  of  Greek  sculpture,  an  instrument  fur- 
nished with  a  neck  ;  and  Father  Montfaucon  says,  that 
in  examining  the  representations  of  near  five  hundred 
ancient  lyres,  harps,  and  cytharas,  he  never  met  with  one 
in  which  there  was  any  contrivance  for  shoitening  the 
strings,  during  the  time  of  performance,  as  by  a  neck  and 
finger-board." 

5.  From  the  long  residence  of  the  Hebrews  in  Egypt, 
it  is  no  improbable  conjecture  that  their  music  was  de- 
rived from  that  source.  However  that  may  be,  music, 
vocal  and  instrumental,  made  one  important  part  of  their 
religious  service.  If  the  excellence  of  the  inusic  was 
conformable  to  the  sublimity  of  the  poetry  which  it  ac- 
companied, there  would  be  no  injustice  in  supposing  it 
unspeakably  superior  to  that  of  every  other  people. 

6.  The  Greeks  certainly  received  the  rudiinents  of 
learning  and  of  the  arts  from  Egypt ;  but  in  the  fine 
arts  they  excelled  their  masters  and  all  others.  Among 
the  Egyptians,  painting,  statuary,  and  music  became 
stationary,  and  were  even  fixed  by  the  laws.  Among 
the  Greeks,  on  the  contrary,  the  highest  encourage- 
ments were   continually  held  out  to  improvement,  and 


*  We  have  been  indebted  for  the  above  Article  to  the  late  Mr.  John  Stewart,  Lecturer  on  Botany  in  Edinbvirgh,  whose  premature 
death,  while  he  was  correcting  tlic  last  sheet  of  it,  has  been  very  deeply  lamented.  Mr.  Stew.wt  was  on  the  eve  of  setting  off  for 
Chill,  where  he  proposed  to  spend  three  or  four  years  in  examining  the  natural  history  of  that  interesting  country  His  profound 
knowledge  of  botany,  the  extent  and  accuracy  of  his  general  acquirements,  and  his  ardent  7.eal  for  the  promotion  of  science,  fitted 
him,  in  a  peculiar  degree,  for  a  scientific  traveller,  and  e.xcited  among  his  friends  high  expectations,  which  he  has  not  been  permitted 
to  realize.    En. 
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that  perfection  was  obtained  which  tlie  admired  remains  of 
antiquity  exhibit.  It  is  not  questioned  that  in  architecture 
and  statuary  tliey  produced  models  which  the  moderns 
haidly  hope  to  equal.  Music  among  them  was  always  of 
capital  importance  in  their  religious  rites,  their  processions, 
their  games,  and  their  theatrical  representations.  The  same 
honours  and  rewards  were  held  out  to  e.xcellence  in  this  as 
in  the  sister  arts.  The  same  contests  excited  emulation 
among  candidates  for  fume  and  weahh.  Hence  music  may 
well  be  supposed  to  have  been  carried  to  the  same  perfection 
as  the  other  line  arts;  and  should  we  give  implicit  credit  to 
the  assertions  of  the  learned,  this  was  the  case.  But  when 
we  come  to  particulars,  we  do  not  find  these  expectations 
justified.  On  the  contrary,  every  candid  and  qualified 
judge  will  find  abundant  reason  to  conclude,  that  they  stopt 
at  a  point  of  perfection  far  lower  than  what  has  been  attained 
by  the  artists  of  modern  Europe. 

7-  The  diatonic  scale,  to  which  we  have  been  accustomed 
from  infancy,  appears  to  us  so  simple  and  natural,  that  we 
should  suppose  it  to  have  been  one  of  the  earliest  discoveries 
in  the  science  or  art.  This  was,  however,  by  no  means  the 
case.  The  first  Grecian  lyre,  attributed  to  ISlercurj',  had 
only  four  strings,  which  is  believed  to  have  been  nearly  the 
notes  which  the  moderns  call  E,  F,  G,  A,  beginning  on  the 
third  space  of  the  bass.  The  additions  of  other  strings  to 
this  lyre  are  ascribed  to  different  musicians,  Linus,  Orpheus, 
Thamyras,  who  added  strings  corresponding  to  D,  C,  B, 
extending  the  scale  downwards;  which  completed  the  hep- 
tachord, or  scale  of  seven  sounds,  a  compass,  says  Dr.  Bur- 
ney,  which  received  no  addition  till  after  the  time  of  Pindar, 
who  calls  the  instrument  then  in  use  ihe seven-toiigiiedli/re. 
According  to  Suidas,  the  Grecian  lyre  had  only  four  strings 
from  the  time  of  Amphion  till  that  of  Terpander,  a  period  of 
856  years,  who  added  the  three  strings  which  completed  the 
heijtachord,  consisting  of  two  conjoint  tetrachords.  About 
150  years  after  this  ])eriod,  Pythagoras  is  said  to  have  added 
or  introduced  an  eighth  string,  which  completed  the  octave 
from  B  to  b;  which  then  consisted  of  two  disjunct  tetra- 
chords. It  is  to  be  observed  that  the  interval  of  perfect 
fourth,  which  the  Greeks  call  a  tetrachord,  was  a  favourite 
interval  with  them,  and  on  the  difi'erent  ways  of  filling  up 
this  interval,  depended  their  d'lfCerenl  genera,  which  we  shall 
give  some  account  of  bye  and  bje.  To  the  octachord  of 
Pythagoras  was  afterwards  added  a  graver  string,  corre- 
sponding to  our  A,  on  the  first  space  in  the  bass.  This 
string  was  called  proslambanomenos,  or  added-string,  and 
was  the  gravest  sound  of  the  Grecian  scale. 

Subsequent  additions  to  the  acute  part  of  the  scale  ex- 
tended it  to  the  double  octave  above  proslambanomenos. 
This  was  called  the  great  system,  the  perfect  and  immuta- 
ble system. 

8.  This  system  they  considered  as  composed  of  five  tetra- 
chords, witli  the  note  proslamhanome nos,  or  added-note, 
which  was  not  reckoned  as  part  of  the  tetrachords.  The 
system  is  exhibited  in  the  following  scale,  in  modern  nota- 
tion. 

4lh  iPtr. 
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Each  tetrachord  ascending,  proceeds  by  a  semitone  and 
two  tones.  The  first  and  second  tetrachords,  as  also  the 
third  and  fourth,  are  conjoint,  that  is,  the  highest  note  of  the 
former,  is  the  lowest  of  the  latter :  the  second  and  third  te- 
trachords are  disjoint,  being  separated  by  a  tone.  The  fifth 
tetrachord  began  with  the  middle  sound  of  the  lyre  or  oc- 
tave to  proslambanomenos,  so  that  it  comprehended  part  of 
the  second,  and  part  of  the  third  tetrachords,  like  the  others, 
ascending  by  semitone  and  two  tones.  This  tetrachord 
seems  to  have  been  formed  for  the  sake  of  a  perfect  fourth, 
to  the  sixth  of  the  scale. 

9.  Such  was  the  diatonic  scale  of  the  Greeks  at  its  gravest 
pitch,  or  in  their  gravest  mode.  But  they  used  this  scale  at 
many  different  pitches,  and  these  constituted  their  modes, 
which  word,  therefore,  is  analogous  to  our  keys.  Aristoxe- 
nus,  the  oldest  writer  on  music,  whose  works  have  come 
down  to  us,  and  who  was  contemporary  with  Aristotle,  ad- 
mitted only  thirteen  modes,  though  subsequent  musicians 
allowed  of  fif'teen.  There  seem  to  have  been  originally  five 
modes,  the  Dorian,  Ionian,  Phr3'gian,  iEolian,  and  Lydian, 
rising  above  each  other  by  semitones.  To  each  of  these 
belonged  their  relative  modes,  fourth  above,  and  fourth  be- 
low, expressed  by  the  addition  of  hyper  and  hypo ;  as  Hy- 
perdorian,  Hypodorian,  &c.  The  scale  above  described, 
is  the  Hypodorian,  which  is  generally  allowed  to  have  had 
its  proslambanomenos  of  the  pitch  of  our  A,  on  the  first 
space  in  the  bass.  The  following  table,  therefore,  shows  the 
whole  in  their  relations  to  each  other. 
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Aristoxenus  refused  admission  to  the  HypercEolian,  and 
Hyperlydian,  as  being  only  octaves  of  the  Hypoionian  and 
Hypophrygian.  For  the  same  reason,  he  might  have  re- 
jected the  Hyperphrygian,  being  the  octave  of  the  Hypo- 
dorian. But  these  seem  to  have  been  admitted  as  com- 
pleting the  Phrygian,  ^Eolian,  and  Lydian,  by  fmnishing 
them  with  the  relative  modes  in  the  fourth  above.  The 
names  of  these  modes  point  out  very  clearly  the  connexion 
vvhich  the  ancients,  as  the  moderns  do,  felt  to  subsist  between 
these  related  keys.  Allowing  two  octaves  to  each  of  these 
modes,  the  whole  compass  of  the  fifteen,  was  three  octaves 
and  one  tone,  from  A  on  the  first  space  in  the  bass,  to  B 
over  the  first  ledger  line,  above  the  stall'  in  the  treble.  The 
ancients  ascribed  very  dillerent  efiects  to  these  modes,  inso- 
much that  it  is  diflicult  to  conceive  these  could  have  arisen 
from  a  mere  transposition  of  the  same  intervals  to  a  dillerent 
pitch.  Hence,  it  has  been  conjectured  that  some  other  cha- 
racter arising  out  of  the  rhythm,  or  the  poetry  to  which  the 
music  was  set,  belonged  to  each  mode.  "  I  should  sup- 
pose," says  Dr.  Bm-nej',  "  that  in  times  of  nnisical  refine- 
ment among  the  ancients,  when  the  characteristics  of  national 
melody  were  somewhat  eflaced,  the  names  of  the  musical 
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modes  had  much  the  same  use  as  our  technical  terms  gra- 
zioso,  grave,  allegro,  confuria,  anil  that  in  lyric  poetry, 
there  were  particular  species  of  feet  allotted  to  each  mode. 
If  that  was  the  case,  we  might  easily  suppose  that  a  chansfc 
of  mode  would  be  a  change  of  style  and  measure."  This 
supposition  lias  some  countenance  by  the  observation,  "  that 
Morley  and  all  the  old  writers  upon  modern  music,  before 
the  use  of  bars,  affixed  no  other  meaning  to  the  mocks  or 
moods,  as  they  were  then  called,  than  that  of  regulators  of 
time  or  measure." 

10.  "  It  is  remarkable,"  says  Dr.  Burney,  "  that  all  the 
ancient  modes  or  keys  were  minor,  which  must  have  given 
a  melancholy  cast  to  their  melody  in  general ;  and  however 
strange  this  may  appear,  it  is  as  certain  as  any  point  con- 
cerning ancient  music  can  be,  that  no  provision  was  made 
for  a  major  key  in  any  of  the  ancient  treatises  or  systems 
that  are  come  down  to  us."  But  the  truth  is,  that  no  com- 
parison can  well  be  made  between  ancient  music  and  the 
modern  modes,  whether  major  or  minor.  The  characteris- 
tic distinctions  of  these  modern  modes  arise  out  of  the  thirds 
and  sixths  of  the  scales  major  and  minor ;  and  of  true  con- 
sonant thirds  and  sixths,  the  ancients  had  no  knowledge  tor 
many  ages,  comprehending  the  most  splendid  periods  of 
tlieir  iiistory.  They  admitted  no  other  concords  but  fourths, 
fifths,  and  octaves,  which  being  always  tuned  perfect,  their 
diatonic  tetrachord  was  divided  into  two  major  tones  and  a 
small  interval  usually  called  a  semitone,  but  which  Euclid 
demonstrated  to  be  nnich  smaller.  The  thirds  were  there- 
fore all  so  false,  that  it  is  no  wonder  they  ranked  them 
among  the  discords.     Their  melodies  consequently  were 


built  on  principles  very  difleront  from  ours.  The  diatonic 
scale  of  the  ancient  Greeks,  indeed,  is  to  our  ears  so  un- 
tuned, that  it  is  extremely  difficult  to  fancy  that  any  toler- 
able melody  could  be  drawn  from  it.  Harmony,  in  the 
modern  sense  of  the  word,  is  altogether  out  of  the  question.* 

11.  Didymus,  an  eminent  musician  of  Alexandria,  who 
was  cotemporary  with  the  Roman  emperor  Nero,  was  the 
first  who  described  the  true  major  third,  consisting  of  a  ma- 
jor and  a  minor  tone;  the  major  or  diatonic  semitone, 
«'hich  results  trom  subtracting  this  major  third  from  the  per- 
fect Iburth;  and  the  minor  third,  consisting  of  major  tone 
ami  major  semitone;  yet  his  arrangement  of  the  intervals 
was  not  that  which  is  found  best  for  the  purposes  of  modern 
harmony.  Ptolemy,  tho  celebrateil  astronomer  and  geo- 
meter, who  ffourished  about  150  years  after  the  Christian 
era,  among  many  other  arrangements  of  the  scale,  first  pro- 
posed what  is  our  modern  diatonic,  which  he  calls  Diato- 
nicum  Intensuui :  so  long  was  it  ere  our  simplest  scale  of 
musical  notes  was  invented. 

12.  If  the  ancient  diatonic  genus,  at  least  as  described  by 
theorists,  appears  so  strange  to  us,  their  other  genera  are 
still  less  intelligible.  It  has  already  been  observed  that  their 
different  genera  arose  out  of  the  different  ways  in  which  they 
divided  their  favourite  interval,  the  perfect  fourth.  In  the 
diatonic  genus,  as  already  described,  the  scale  ascended  by 
a  semitone  and  two  tones.  The  chromatic  ascended  by  two 
semitones  and  minor-third.  The  enharmonic  by  two  quar- 
ter tones  and  a  major-third.  The  extreme  sounds  of  the  five 
tetrachords  remained  as  in  the  diatonic  genus.  The  scales 
filled  up  with  their  peculiar  intervals  were  these. 
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*  The  diatonic  scale  of  tiie  ancients  is  heard  on  Mr.  Liston's  Enharmonic  organ,  by  using  the  pedals  thus: 
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file  efl'ect  of  this  scale  is  so  disagreeable  to  our  cars  as  to  give  no  very  favourable  notion  of  ancient  music.  Possibly  in  practice  the  harsh- 
ness of  the  thirds  was  diminished  by  some  such  temperamtnt  of  the  perfect  concords,  as  the  moderns  are  constrained  to  admit,  in  keyed  in- 
struments in  general.  It  is  easier,  as  Dr.  Smith  observes,  for  practical  musicians  to  follow  the  judgment  of  tlic  ear,  whirli  leads  naturally 
to  an  occasional  temperament  of  any  disagreeable  concords,  than  to  learn  and  put  in  practice  the  theories  of  philosophers.  That  in  prac- 
tice they  did  so  temper  the  perfect  intervals,  is  the  opinion  of  Salinas,  which  he  endeavours  to  prove  by  a  quotation  from  Galen,  which, 
however,  does  not  bear  him  out.     See  Smith's  Harmonics,  Art.  12. 
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The  mark  X  like  St.  Andrew's  cross,  denotes  the  ele- 
vation of  the  note  before  which  it  is  set,  a  quarter-tone, 
dividing  the  semitone  into  two  intervals,  equal  or  nearly 
equal.  This  character  is  adopted  in  modern  notation  to  de- 
note the  elevation  of  a  sharpened  note  by  another  chroma- 
tic semitone,  and  is  called  double  sharp.  Each  of  the  three 
genera  was  subdivided  into  diflerent  species,  but  we  shall 
not  trouble  the  reader  with  the  conjectures  of  learned  men 
respecting  them.  "  The  distinctions  of  the  genera,"  says 
Dr.  Bumey,  "  seem  to  have  been  long  religiously  observed 
in  Greece :  as  the  lyre  was  allowed  but  four  strings  to  eacli 
tetrachord,  and  flutes  were  bored  in  a  particular  manner  for 
each  genus,  in  which  no  provision  was  made  for  ])roducing 
the  tones  peculiar  to  the  other  two."  The  invention  of  the 
enharmonic  genus  is  ascribed  to  Olympus  the  IVIysian,  the 
scholar  of  the  unfortunate  IMarsyas,  who  disputed  with 
Apollo.  Dr.  Burnej-,  from  a  jjassage  in  Plutarch's  Dia- 
logue concerning  music,  has  drawn  a  very  ingenious  conjec- 
ture respecting  the  enhamionic  of  Olympus.  It  seems  to 
have  consisted  merely  in  the  omission  of  certain  notes  in 
the  diatonic  tetrachords.  The  quarter  tones  of  the  enhar- 
monic he  supposes  to  have  been  a  refinement  of  later  times. 
"  It  must  be  remembered,"  he  observes,  "  that  the  Dorian 
mode  in  which  Olympus  is  said  to  have  composed  his  me- 
lodies, answers  to  our  kej-  of  D  minor.  Now  in  the  tetra- 
chords of  this  mode,  if  we  omit  every  third  sound,  we  shall 
have  the  following  melody. 
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Proslamb.  only  want- 
ing to  complete  the  octave. 

Now  this  is  exactly  the  old  Scots  scale  in  the  minor  ke}', 
a  circumstance  which  must  strike  every  one  who  reads  the 
passage  of  Plutarch,  that  is  at  all  acquainted  with  the  in- 
tervals of  the  Greek  scale,  and  with  Scots  music."  For  the 
passage  itself,  and  for  the  reasoning  with  which  he  supports 
this  conjecture,  we  must  refer  our  readers  to  his  Dissertation 
on  the  music  of  the  ancients,  prefixed  to  the  first  volume  of 
his  History  of  JVIusic.  We  shall  only  add,  that,  granting  all 
that  the  Doctor  supposes  of  the  similarity  of  the  scales,  it 
does  not  follow  that  the  celebrated  Names,  or  airs  of  Olym- 
pus, bore  any  great  resemblance  to  the  old  Scottish  airs.  The 
rhythm  of  the  former,  which  most  probably  was  hexameter, 
must  have  given  them  a  totally  ditlerent  character.  Besides, 
the  old  Scottish  airs,  though  drawn  from  a  defective  scale, 
and  carefully  avoiding  the  major  seventh  of  the  scale,  at 
least  in  the  minor  mode,  do  yet  in  their  closes  plainly  point 
at  cadences  in  the  harmony  to  which  they  belong,  a  thing  of 
which,  there  is  every  reason  to  beUeve,  the  ancients  had  no 
knowledge. 

13.  The  music  of  the  ancients  was  entirely  vocal,  and  en- 
tirely regulated  by  the  rhythm  of  the  poetry ;  even  their  in- 
strumental music  was  only  vocal  music  played  on  instru- 
ments, insomuch  that  they  had  no  notation  for  time.  The 
poet  and  musician  were  long  united  in  the  same  person. 
The  hexameters  of  Homer  were  sung  possibly  to  the  same 
melody  or  recitative,  which  he  himself  composed.  The 
IjTic  poets,  Alcaeus,  Sappho,  Anacreon,  literally  sung  their 
poems  to  the  lyre.  Pindar,  it  is  well  known,  set  his  own 
poems  to  music,  and  sung  them  himself  in  the  public  con- 
tests ;  and  his  skill  in  music,  and  the  excellence  of  his  voice, 
contributed  their  share  to  his  victories.  The  entire  subjec- 
tion of  the  music  to  the  quantity  (.f  the  syllables,  must  have 
made  it  resemble  our  recitatives  rather  than  our  airs,  even 


in  those  verses  which  were  composed  of  feet  of  equal  quan- 
tities, such  as  hexameters,  and  pure  iambics,  and  trochaics. 
But  the  continual  change  from  common  to  triple  time,  as  we 
should  express  it,  in  their  lyric  versification,  is  a  thing  of 
such  a  nature,  that  it  is  e-ttremely  ditRcult  for  a  modem  mu- 
sician to  conceive  that  music,  subjected  to  such  measures, 
could  be  tolerable.  That  habit  had  formed  their  ears  to 
find  pleasure  in  such  music,  is  not  to  be  doubted;  that  it  is 
not  quite  fair  to  try  their  taste  by  modern  standards,  we 
allow ;  but  to  give  up  our  rhythm,  and  to  return  to  that  of 
the  ancients,  as  learned  men  have  contended  we  ought  to  do. 
would  be  returning  to  acorns  after  having  enjoyed  the  gifts 
of  Ceres.  "  Let  the  most  inventive  composer,"  says  Dr. 
Burney,  "  try  to  set  half  a  dozen  hexameters,  pure  iambics, 
or  any  other  verses  that  will  fall  into  regular  common,  or 
triple  time,  and  he  will  soon  find  that  no  resources  of  me- 
lody are  sufficient  to  disguise  or  palliate  the  insipid  and  tiro- 
some  uniformity  of  the  measure;  and  as  to  any  thing  like 
expression,  we  may  as  well  expect  to  be  affected  by  the  me- 
chanical strut  of  a  soldier  on  the  parade.  In  other  metres, 
where  feet  of  diflerent  kinds  are  intermixed,  some  variety 
is  indeed  acquired,  but  it  is  a  misplaced  variety',  which, 
without  obviating  the  tiresome  eft'ect  of  a  confinement  to  no 
more  than  two  lengths  of  notes,  adds  to  it  that  of  an  awk- 
ward and  uncouth  arrangement ;  the  ear  is  still  fatigued  with 
uniformity  where  it  requires  change,  and  distracted  by  change 
where  it  requires  uniformity.  Modern  music,  on  the  con- 
trary, by  its  division  into  equal  bars,  (measures)  and  its  vii- 
eqiial  subdivision  of  these  bars  by  notes  of  various  lengths, 
unites  to  the  pleasure  which  the  ear  is  by  nature  formed  to 
receive  from  a  regular  and  e\  en  measure,  all  the  variety  and 
expression  wliich  the  ancients  seem  to  have  aimed  at  by  sud- 
den and  convulsive  changes  of  time,  and  a  continual  conflict 
of  jarring  and  irreconcilable  rhi/thms.'' 

\a.  It  is  very  surprising  that  so  ingenious  a  people  as  the 
Greeks  should  have  rested  contented  with  so  imperfect  and 
so  cumbrous  a  notation  as  theirs  was.  It  was  made  up  of 
the  letters  of  the  alphabet,  which  were  not  sufiiciently  nu- 
merous for  their  purposes:  they  were  therefore  inverted  and 
placed  in  various  positions,  mutilated  and  combined.  Na 
analog}'  drawn  fronj  the  octave  or  the  tetrachord,  from  their 
eenera  or  modes,  is  discoverable  in  these  characters.  Hence 
they  amounted  to  1620  diflerent  notes,  and  all  this  without 
any  notation  of  time.  The  same  sounds  were  diflTerently 
noted  for  the  voice  and  for  instruments ;  and  the  difliculty  of 
learning  to  read  music  was  excessive. 

\b.  It  has  been  a  matter  much  debated  among  the  learned, 
whether  the  ancients  were  possessed  of  harmony,  in  the  mo- 
dern sense  of  the  word — that  is,  of  music  in  parts.  For  a 
full  and  very  candid  account  of  the  controversy,  we  refer 
the  reader  to  Dr.  Buine}'"s  dissertation  on  the  music  of  the 
ancients,  prefixed  to  the  1st  vol.  of  his  History.  The  ac- 
count already  given  of  the  scale  of  the  Greeks,  art.  10. 
shows  that  it  could  not  furnish  any  sufl'erable  combinations, 
but  fourths,  fifths,  and  octaves;  and  the  conclusion  to  which 
the  most  learned  and  unprejudiced  inquirers  have  come, 
Meibomius,  Dr.  Wallis,  M.  Curette,  Padre  Martini,  &c.  is, 
that  the  ancients  were  ignorant  of  counterpoint,  or  music  in 
parts. 

l6.  In  the  general  wreck  of  literature  and  the  arts  which 
followed  the  imiption  of  the  barbarous  nations  into  the 
western  empire,  music  found  an  asylum  in  the  church.  It 
was  there  that  some  knowledge  of  ancient  music  was  pre- 
served; and  that  new  inventions  originated,  which,  in  pro- 
cess of  time  refined  and  perfected,  became  the  modem  sys- 
tem of  harmony.  The  practice  of  singing  psalms  and 
spuitual  songs  is  recommended  by  the  Apostles,  both  by 
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precept  and  example;  and,  there  can  be  no  doubt,  was 
adopted  in  the  meetings  of  the  first  Christians  for  social  wor- 
sliip,  and  for  mutual  encouragement,  comfort,  and  edifica- 
tion. It  is  reasonable  to  suppose  that  this  music  was  taken 
at  first,  rather  from  the  sacred  son^s  of  the  Hebrews  tlian 
from  the  tem|ile  worship  of  the  heathens.  When  afterwards 
the  church  bei;;an  to  imitate  the  splendour  of  the  Pagan 
wor>liip,  and  adopted  their  images  and  processions,  we  may 
believe  she  would  adopt  their  music  also.  Of  this  indeed, 
as  Dr.  Curne)'  observes,  the  versification  of  the  hymns  re- 
ceived into  the  service  of  the  church,  aft'ords  an  indisputable 
proof,  as  it  by  no  means  resembles  that  of  the  psalms  or  any 
other  Hebrew  poetry.  Examples  may  be  found  in  all  the 
breviaries,  niissals,  and  antiphonaries,  ancient  and  modern, 
of  every  form  of  versification  practised  by  the  Greek  and 
Roman  lyric  poets.  I'rudentius,  a  Christian  poet,  who  died 
toward  the  end  of  the  I'ourth  century,  was  author  of  most 
of  tlie  hymns  in  the  Roman  brcviar}'.  About  the  middle  of 
the  fourth  century,  Flavianus,  bishop  of  Antiocli,  established 
a  regular  choir  in  his  church,  which  he  divided  into  two 
parts,  and  made  them  sing  the  psalms  of  David  alternately. 
This  practice,  says  Theodorct,  which  began  at  Antioch,  af- 
terwards spread  itself  to  the  end  of  the  world.  This  is 
called  Antiphonal  singing,  and  out  of  it  afterwards  grew 
harmony  in  fugue. 

17.  Ambrose,  bishop  of  Milan,  introduced  this  practice 
into  the  western  church,  towards  the  end  of  the  fourth  cen- 
tury. He  also  chose  four  modes,  in  which  he  appointed  the 
service  of  his  church  to  be  sung.  To  these  modes  the  old 
Greek  names  of  Dorian,  Phrygian,  yEolian,  and  Myxoly- 
dian  were  given;  but  the  Grecian  modes  were  really  the 
same  scale  in  diflerent  keys,  whereas  the  Ambrosian  are 
merely  the  same  scries  of  sounds  as  they  lie  in  one  scale, 
reckoned  successively  from  D,  E,  F,  and  G.  These  four 
modes  are  called  Authentic.  To  each  of  these  Pope  Gre- 
gory the  Great,  about  230  years  after,  in  the  beginning  of 
the  seventh  century,  added  what  was  called  its  plagal,  that 
is,  according  to  the  most  probable  derivation,  its  adjunct  or 
collateral  mode.  Each  of  these  had  the  same  final  or  key 
note  as  its  relative  authentic,  from  which  there  is  no  other 
diflerence  than  that  the  melodies  in  the  four  authentic  or 
[M'incipal  modes  are   generally  confined  within  the   eight 


notes  above  the  key-note,  and  those  of  the  four  plagal  or  re- 
lative modes  within  the  compass  of  the  eight  notes  below 
the  fifth  of  the  key.  "  If  the  chant,"  saj's  Rousseau,  "  de- 
scends three  degrees  below  the  tonic  or  key  note,  then  the 
tone  (or  mode)  is  plagal."  These  are  called  the  eight  eccle- 
siastical tones  or  modes.  The  following  examples,  which 
are  taken  from  Dr.  Burney,  but  given  in  a  notation  more 
familiar  to  our  readers,  exhibit  the  essential  features  of  each. 

Essential  Sounds  of  ike  Tones,  or  Ecclesiastical  Modes. 


-^   1 
''V      ^o    ■ 

2              ^^3 

f^ 

Authentic.         Plagal. 


=^5. 


Auth. 


Flag. 


S 


ii 
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Auth.  Plag.  Auth.  Plag.' 

Each  tone,  besides  its  final,  with  which  the  psalm  or 
chant  generally  begins,  but  alwa3's  ends,  has  another  essen- 
tial note,  called  its  dominant,  which  prevails  chiefly  in  the 
song;  and  this  makes  another  distinction  between  the  au- 
thentic and  plagal  modes.  Here  is  a  table  of  the  finals  and 
dominants  of  the  tones. 


Authentic. 
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3-©-         5-e- 


feEEft:!=tt^==tt 


Final.     Dom.     F.     D.         F.      D.        F.      D. 

2  A  6  s-e- 
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Ih-^r^tt^^-i 


Plagal. 


One  example  of  each  will  be  sufficient : 
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II 

Dixit    Dominus    Domino    meo :       Sede    a    dextris  meis. 
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o  11 

Dixit   Dominus   Domino  meo :       Sede  a  dextris  meis. 


Irregular. 


^ 


ot>  ^  O  G  O  G  G  <s^  "■  e  a 


elQ&<^<:^g;a     33 


i 


In     exitu     Israel    de  Egyjjto,  domus  Jacob  de  populo    barbaro. 


The  only  accident  allowable  in  the  Ecclesiastical  modes  is 
a  flat  to  B,  which  is  removed  by  a  tj.  No  character  >>  oc- 
curs in  genuine  chants  of  high  antiquity.  Hence  the  bald 
eomlusion  of  the  second  of  these  examples,  like  what  we 
still  hear  in  the  Psalmody  in  country  churches.  The  third 
of  these  examples  is  called  irregular,  because  it  does  not 
appear  to  belong  to  any  of  the  modes. 


18.  Gregory  is  said  to  have  banished  from  the  church 
rhythmic  singing,  as  too  gay  and  paganish,  and  to  have 
established  the  plain  chant,  or  canto  fermo,  in  which  the 
notes  were  all  of  equal  length,  as  in  our  psalmody,  or  at 
least  of  no  stated  measure,  as  in  Cathedral  chanting.  Rous- 
seau says,  that  '■'  the  Christians  began  to  have  churches, 
and  to  sing  psalms  and  other  hymns,  at  a  time  when  music 
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had  already  lost  almost  all  its  energy ;  that  they  deprived  it 
of  the  greatest  power  which  remained  to  it,  namely,  that  of 
rhythm  and  metre,  when  from  the  verse  to  which  it  had 
always  been  applied,  the}'  transferred  it  to  tlie  prose  of  the 
sacred  books,  or  to  some  kind  of  barbarous  poesy,  worse 
for  music  than  prose  itself.  Then  one  of  the  constituent 
parts  of  music  vanished,  and  the  chant  drawling  rmiforml}', 
and  without  any  kind  of  measure,  in  notes  of  nearly  equal 
length,  lost  with  its  rhythmic  and  cadenced  march,  all  its 
energy."  Now,  though  there  can  be  no  question  that  the 
energy  of  music  depends  great!}'  on  rhythm  and  cadence, 
yet  we  cannot  help  thinking  that  in  the  end  she  gained  by- 


laying  aside  the  ancient  l}Tic  measures,  and  that  the  canto 
fermo  of  the  church  made  way  for  that  better  and  more  ener- 
getic rhythm  of  her  own,  which,  after  the  invention  of  the 
time  table,  she  acquired  on  the  stage,  and  in  the  chamber. 

19-  Pope  Gregory  conferred  a  great  benefit  on  music,  by 
applying  the  same  Roman  letters  to  denote  all  the  replicates 
of  the  same  sound  in  different  octaves.  Before  his  time,  it 
appears,  the  sounds  in  the  double  octave,  or  great  system  of 
the  Greeks,  had  been  denoted  by  fifteen  Roman  letters. 
Gregory  reduced  them  to  seven,  applying  the  same  letters, 
in  different  forms, 
lowing  scale. 


to  three  different  octaves,  as  in  the  fnl- 


A  B   C    D  E  F  G 


a    b    c    d    e    f    g 


m 


iiszs: 


aa  bb  cc  dd  ee  S  eg 

^  a  o  ° 

^  a  o     

e^3 


H 


This  was  an  important  step  in  notation.  These  seven  let- 
ters are  still  used  throughout  Euroj)e,  as  the  denominations 
of  the  sounds  of  the  Diatonic  scale  :  and  we  see  from  the  pre- 
dilection of  the  ancients  for  the  minor  scale,  how  the  first  letter 
of  the  Alphabet  comes  to  occupy  its  present  place,  instead 
of  denoting  the  fundamental  sound  of  the  major  mode. 

20.  From  this  period  forwards  may  be  traced  several  steps 
in  the  method  of  notation.  First,  Gregory's  letters  were 
written  over  the  syllables  to  which  they  were  to  be  sung, 
thus : 

deb      c      dedcbabd      a    GF 
Sit  nomen  Domini  benedictum  in  saecula. 

Afterwards  the  letters  were  placed  higher  or  lower  in  the 
page,  according  to  their  place  in  the  scale,  seemingly  to  as- 
sist the  imagination  in  reading  the  notes.  Then  the  alpha- 
betic characters  were  placed  at  the  beginning  of  the  lines  in 
which  the  words  were  written,  of  v/hich  curious  specimens 
may  be  seen  in  Dr.  Burney,  vol.  ii.  pp.  33,  35,  &c. ;  and  in 
Sir  John  Hawkins,  vol.  i.  p.  454.  A  little  before  the  time 
of  Guido,  points  were  placed  on  seven  lines,  perhaps  in 
imitation  of  the  strings  of  the  lyre.  At  last  Guido  placed 
the  points  or  notes  on  both  lines  and  spaces,  and  thus  he 
reduced  the  number  of  lines  to  four,  which  is  the  staff  still 
used  in  the  canto  fermo  of  the  Roman  church.  One  letter 
placed  on  a  line  at  the  beginning  of  the  staff',  determined  the 
names  of  the  notes  on  the  other  lines,  and  in  the  spaces. 
Hence  the  origin  of  the  ckfs,  which  are  nothing  but  Gothic 
letters  disfigured. 

21.  Guido  was  also  the  inventor  of  the  method  of  solmi- 
sation,  or  singing  by  s}llables,  which  are  so  used  as  to 
mark  the  places  of  the  semitones.  He  was  led  to  this  in- 
vention by  observing  that  in  a  hymn  to  St.  John,  the  first 
and  middle  syllables  of  the  three  first  lines  formed  a  regular 
ascent  in  the  scale  of  the  major  mode,  as  we  should  say. 
This  hymn  is  preserved,  and,  as  connected  with  an  inven- 


tion which  is  still  in  practice  in  most  countries  of  Europe, 
we  consider  it  a  curiosity  worthy  of  being  presented  to  our 
readers. 


--e- 


■e-9- 


aaieP-"^ 


UT  queant  lasis,     REsonare  fibris,    MIra     gestorum. 


/  V  ^  a  o  e^ 1  gpg — r-T-t — I  e  c  o  l.^  G  G 


-s-e- 


FAmuli  tuorum,       SOLve  polhiti,    LAbii   reatura, 


Sancte   Johannes. 

The  Greeks  used  four  syllables,  Ta,  Te,  The,  Tho,  witii 
which  they  practised  in  learning  to  sing  their  tetrachords,  so 
that  the  idea  of  always  applying  the  same  syllable  to  a 
sound,  similarly  related  to  the  rest  of  the  scale,  was  not 
original.  But  it  may  seem  surprising  that  Guido  stopped 
short  of  Gregory's  seven  letters,  which  completed  the  scale, 
the  eighth  being  a  repetition  of  the  first.  In  this  Guido  made 
a  retrograde  step  to  the  system  of  the  Greeks,  among  whom 
the  tritone  from  the  fourtli  to  the  seventh  of  our  major  scale 
was  carefully  avoided.  Like  them,  Guido  and  his  followers 
regarded  the  greater  seventh  of  the  scale,  so  important  in 
our  modulations,  as  irregular,  or  not  belonging  to  the  system. 
He  distinguished  three  Hexacliords,  which  being  repeated  in 
the  higher  octaves,  carried  the  scale  from  G  on  the  first  lin' 
of  the  bass,  to  (>e  on  the  fourth  space  of  the  treble,  as  exhi- 
bited in  the  following  Diagram. 
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3IUSTr. 


Durum  Hexachoril. 


Molle  Hex. 


Ut,      10,    nmi,    fa,     sol, 


ee  la. 
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^^ 


^5i?=y 


Natural  Hex. 


Ut,     re,      mi,  bb  la,  cc  sol,  dd  la. 
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^t— ^ 


Ut,      re,      mi,     f  fa,  gsol,  aasol. 
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Ut,      re,  tjmi,     fa,      sol,    e  la. 


Molle  Hex. 
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Natural  Hex. 
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Ut,      re,      mi,     b  fa,  c  sol,  d  la. 
I  I 


i^ 


Durum  Hex 
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Ut,      re,      mi,  F  fa,  G  sol,  a  la. 

I  I 

1. 
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X 


Flit,  A  re,  B  mi,  C  fa,  D  sol,  E  la. 

22.  These  three  Iiexachords  are  exactly  similar.  The  rea- 
son of  the  diflerent  names  assigned  them,  is  thus  stated  by 
Dr.  Durney.  "  In  the  Canto  fermo,  or  ancient  chants  of 
the  Roman  clmrch,  F  was  not  allowed  to  be  made  sharp  in 
the  key  of  G,  whicli  rendered  the  B  as  tritonus  to  F  tj  hamh 
and  difficult ;  hence  the  hexachord  of  G  was  called  durum; 
that  of  C,  in  which  the  B  flat  was  unnecessary,  naturale ; 
and  that  of  F,  on  which  the  15  flat  was  indispensable,  molle, 
soft ;  as  it  removed  the  harshness  which  the  tritonus  or  sharp 
fourth,  consisting  of  three  whole  tones  between  F  and  B  na- 
tural, would  have  occasioned."  Our  characters,  tl  natural, 
and  t)  flat,  are  derived  from  these  distinctions:  The  natural 
or  durum  B,  was  written  with  a  square  or  Gothic  letter;  and 
the  soft  or  flat  B,  with  a  rountl  or  Roman  letter.  The 
French  to  this  day  call  the  tj  B  quarre,  and  the  b  Bemol. 
AVe  here  see  also  the  origin  of  the  word  gammut.  The 
lowest  note  of  Guido's  scale  being  a  tone  lower  than  the 
lowest  of  the  old  scales,  and  being  octave  below  Gregory's 
G,  was  denoted  by  the  Greek  letter  F,  gamma ;  and  this 
sound  having  the  syllable  UT  given  it,  was  called  gamma 
lit,  and  contracted  to  gammut,  and  used  to  signify  the  whole 
scale.  By  this  diagram  also,  the  reader  may  understand  the 
names  given  by  our  forefathers  to  the  ihflerent  notes  of  the 
scale,  which  expressed  their  relations  in  diflcrent  hexachords: 
As  for  instance,  G,  sol,  re,  ut ;  for  this  note  is  sol,  in  the 


hexachord  of  C,  re^  in  that  of  F,  and  ut  as  the  first  sound 
in  its  own  hexachord. 

23.  Guide,  the  author  of  these  important  inventions, 
which  have  rendered  his  name  so  celebrated  in  the  history 
of  music,  was  a  monk  of  the  order  of  St.  Benedict,  at 
Arezzo  in  Italy:  hence  he  is  called  Guido  Aretinus.  He 
flourished  in  the  beginning  of  the  eleventh  century.  So  great 
a  change  did  these  inventions  make  on  the  study  of  music, 
that  as  he  himself  says,  the  boj's  under  his  care  were  able  to 
accomplish  in  three  days,  what  they  could  not  have  done  by 
any  otlier  method,  in  as  many  weeks.  "  By  divine  assist- 
ance," says  he,  "  I  have  pointed  out  such  a  method  of  no- 
tation, that  by  a  little  help  from  a  master  at  first,  an  intelli- 
gent and  studious  person  may  easily  acquire  the  rest  by  him- 
self. And  if  any  one  should  suspect  my  veracity,  let  him  come 
to  our  ctmvent — let  him  make  the  experiment — let  him  exa- 
mine the  children  under  my  care,  and  he  will  find,  that 
though  they  are  still  severely  punished  for  their  ignorance  of 
the  Psalms,  and  their  blunders  in  reading,  they  can  now 
sing  correctly,  without  a  master,  the  chants  to  those  Psalms  of 
which  they  can  scarce  pronounce  the  words."  Guido's  me- 
rit was  acknowledged  in  his  own  day.  In  the  year  1022, 
Pojie  Benedict  the  VIII.  sent  for  him  to  Rome,  and  treated 
him  with  great  kindness.  The  successor  of  Benedict,  John 
the  XXth,  also  sent  for  him,  and  condescended  to  become 
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his  scholar;  and  found  by  personal  experience  the  truth  of 
those  reports  whicii  lie  coukl  hardly  believe. 

24.  Guide's  method  of  solmisation  by  liexachords,  is  to 
this  day  practised  at  Naples,  where  some  of  the  greatest 
singers  whom  Europe  has  produced,  have  been  formed.  In 
England,  since  the  beginning  of  the  seventeenth  century,  it 
has  been  the  general  practice  to  use  only  four  syllables, 
omitting  ut  and  re  ;  so  that  the  octave  is  divided  into  two 
tetrachoids  as  among  the  Greeks;  the  interval  mi,  fa,  being 
always  the  semitone.  In  France  and  Italy  a  seventh  sylla- 
ble si  has  been  added  to  Guido's  syllables,  in  order  to  com- 
plete the  diatonic  scale ;  the  Italians  also  have  for  ut  substi- 
tuted rfo,  as  more  fit  for  singing;  and  this  method  in  Eng- 
land has  latterly  prevailed  over  that  by  four  syllables.  The 
French  have,  however,  entirely  forsaken  Guide's  principles, 
by  using  the  syllables  not  as  denoting  the  diatonic  scale, 
whatever  may  be  the  pitch  of  the  key-note,  but  as  fixed 
sounds.  Thus  they  say  of  a  piece  of  music,  in  the  key  of 
C,  that  it  is  in  Ut ;  in  D,  that  it  is  in  Re,  and  so  on;  for 
which  they  are  with  justice  severely  censured  by  Rousseau. 
{Diet.  Miis.  art.  Solfier.) 

25.  Guido  has  been  very  generally  said  to  have  invented 
cotinter-point,  or  the  harmony  of  simultaneous  sounds.  The 
word  counterpoint,  which  is  derived  from  Guide's  notation, 
in  which  sounds  to  be  sung  simultaneously  were  signified  by 
points  or  notes  placed  opposite  each  other  in  the  same  staff, 
has  probably  given  occasion  to  tliat  general  belief.  The 
word  counterpoint,  however,  was  not  even  introduced  till  a 
succeeding  age;  and  the  practice  of  harmony,  rude  indeed, 
and  such  as  would  be  even  shocliing  to  our  ears,  may  be 
traced  several  ages  before  his  time. 

2G.  The  invention  of  the  organ,  and  its  introduction  into 
the  service  of  the  church,  is  an  important  era  in  musical  his- 
tory; for  there  can  be  no  doubt  that  this  noble  instrument 
gave  birth  to  music  in  consonance,  and  had  a  most  material 
influence  on  the  progress  of  that  art  towards  perfection.  The 
organ  blown  by  (jellows,  is  an  improvement  of  the  hychaulic 
organs  of  the  ancients ;  but  at  what  period,  or  by  whom  this 
improvement  was  made,  is  unknown.  It  is  generally  agreed, 
that  organs  were  first  introduced  into  tiie  service  of  the 
church  by  Pope  Vhalian,  in  the  year  6GG.  About  the  be- 
ginning of  the  ninth  century,  they  had  become  pretty  gene- 
ral over  Europe.  The  organ,  no  doubt,  was  first  used  as  a 
unison  accompaniment  to  voices,  but  the  facility  which  it 


furnishes  of  sounding  several  notes  at  once,  would  soon  lead 
to  the  observation  of  the  agreeable  effect  of  some  consonances. 
Octaves,  fifths,  and  tburths,  were  the  first  intervals  used  in  con- 
sonance; and  the  first  accomjianiments  consisted  of  successions 
of  those  concords  running  parallel  with  the  voice.  When,  in 
iinita  lion  of  such  accompaniments,  these  concords  were  given 
to  voices,  this  was  called  organizure,  and  an  accompaniment 
to  the  canto-fcrmo  for  the  voice,  was  called  organuin  ;  a 
clear  proof  of  the  true  origin  of  the  practice.  In  an  ancient 
manuscript,  written  bj'  John  Cotton,  nearl\-  about  the  time 
of  Guido,  the  words  diapltonia  and  organum  are  used  as 
synonymous.  "  This  kind  of  singing,"  says  he,  '•  is  com- 
monly termed  organuin,  because  the  human  voice  soundin:; 
double  notes,  resembles  the  effect  produced  by  the  instrument 
which  is  callefl  an  organ." 

27.  Hubald,  a  monk  of  St.  Amand  in  Flanders,  who 
flourished  in  the  age  preceding  that  of  Guido,  was  the  author 
of  a  treatise  on  music,  out  of  which  Dr.  Burney  has  given 
specimens  of  the  crude  harmony  of  those  days,  consisting 
entirely  of  fourths  or  fifths.  lie  has,  however,  one  idea, 
"  that  while  one  voice  remains  on  the  same  tone,  the  other 
mav  wander  about  at  its  pleasure,"  which,  as  Dr.  Burney 
says,  shows  him  to  have  been  a  man  of  genius  and  enlarged 
views,  who  could  penetrate  beyond  the  miserable  practice  of 
his  time  into  our  organ  points,  and  multifarious  harmony 
upon  a  holding  note,  and  suggest  t)ie  principle,  at  least,  of 
the  boldest  modern  harmony.  It  does  not  appear  that  Guido 
made  any  great  improvements  in  the  art  of  counterpoint,  or 
organizing  as  he  calls  it.  The  fourth  is  still  the  I'avourite 
interval;  thirds  are  sparingly  admitted;  and  what  is  very  sin- 
gular, he  rejects,  and  even  forbids  the  use  of  the  fifth. 

2S.  Fianco  of  Cologne,  who  flourished  about  the  middle 
of  the  eleventh  century,  made  considerable  advances  in  the 
art,  which  he  is  the  first  to  call  discant.  He  divides  con- 
cords into  three  classes,  per/ec/,  imperfect,  and  mean.  The 
perfect  are  unison  and  octave,  the  imperfect  are  the  thirds, 
and  the  mean  are  the  fourth  and  fifth.  The  sixths,  major 
and  minor,  he  ranks  among  the  discords,  though  he  says 
they  may  be  allowed  in  discant.  The  lesser  second,  ereater 
fourth,  and  greater  seventh,  he  says  are  perfect  discords,  and 
intolerable  to  the  ear.  He  recommends  the  mixture  of  thirds, 
major  and  minor,  with  unisons  and  fifths.  Dr.  Burnev  gives 
the  following  specimen  of  his  method  of  interweavint;  imper- 
fect with  perfect  concords. 
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"  Though  this  fragment,"  says  he,  "  may  neither  please 
nor  interest  the  modern  contrapuntist,  yet  whoever  compares 
it  with  the  compositions  of  Hubald,  Odo,  and  Guido,  must 
regard  it  with  wonder." 

29.  After  Franco,  music  seems  to  have  continued  much 
in  the  same  state,  as  far  as  regards  harmony,  for  two  centu- 
ries. Succeeding  writers  seem  to  have  regarded  him  as  their 
master.  About  the  end  of  the  thirteenth  century,  however, 
■ne  find  a  commentator  on  Franco,  more  interesting  than  the 


rest,  and  who  deserves  to  be  ranked  among  the  improvers  of 
harmony,  Rlarchetto  of  Padua ;  one  of  his  treatises  on  mu- 
sic is  dated  i'ZjA.  This,  however,  must  have  been  written 
at  an  early  age,  as  there  is  another  treatise  of  his  dedicated 
to  Robert,  King  of  Naples,  who  reigned  from  130y  to  lo-14. 
In  his  works  are  (bund  the  first  examples  of  the  use  of  the  *, 
and  of  chromatic  modulations;  as  in  the  I'ollowing  examples, 
^^hich  clearly  evince  that  the  art  had  made  very  considera- 
ble advances. 
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Marchetto  is  tlie  first  who  speaks  of  the  resolution  of  dis- 
cords, and  lays  it  down  as  a  rule  tliat  no  two-sevcntlis,  or 
fourtlis  usod  as  discords,  should  succeed  eacli  other  ;  that  al- 
ter a  discord,  the  part  which  has  oflendcd  the  car  should 
make  it  amends  by  becoming  a  concord,  while  the  other 
stands  still. 

30.  In  the  fourteenth  century,  flourished  John  de  Maris, 
so  called  probably  from  the  place  of  his  birth  at  INIeurs,  in 
Normand}- ;  to  whom  many  inventions  in  music  have  bwn 
attributed.  "  llh  Art  of  Coiaitprpoint,"  says  Dr.  Burney, 
"  though  com})rised  in  a  very  few  pages,  is  the  most  clear 
and  useful  tract  on  the  subject  wliicli  those  times  can  boast.'' 
He  begins  l>y  informing  his  reader  that  all  beyond  the  oc- 
tave is  repetition.  That  "  within  the  octave  there  are  six 
species  of  concord,  three  perfect,  and  three  imperfect ;  of  the 
first  kind  are  the  unison,  8th,  and  5tii :  and  of  the  second  the 
two  3ds,  and  major  fith.  Thelirst  of  the  perfect,"  he  says, 
"  is  the  unisott,  which  though  by  some  not  allowed  to  be  a 
concord,  yet,  according  to  feoethius,  is  the  source  and  origin 
of  all  consonance.  The  unison  naturally  requires  after  it  a 
minor  3d  ;  which,  on  the  contrary,  for  variety,  is  best  suc- 
ceeded by  a  perlect  concord.  The  0th,  being  of  the  perfect 
kind,  is  well  followed  by  a  major  3tl,  and  e  contra.     The 


octave,  another  perfect  concord,  may  be  succeeded  by  a  ma- 
jor Cth;  aftiM-  which  a  perfect  or  imperfect  concord  may  be 
taken.  It  is  the  same  with  the  minor  3d,  which  being  of  the 
imperfect  kind,  may  be  succeeded  either  by  a  perfect  or 
imperfect  concord.  The  major  3d,  though  best  followed  by 
a  fnh,  yet  may  be  succeeded  by  another  3il,  but  then  it  must 
be  minor.  Tiie  major  (jlli  too,  though  best  followed  by  an 
8di,  may  yet  be  succeeded  cither  by  a  perfect  or  ini|)erfect 
concord  of  another  species,  fur  the  sake  of  variety;  it  can 
be  followed  by  a  0th  only  when  the  under  part  rises  a  major 
or  minor  3d;  but  by  3ds  and  6ths  at  i)leasure.  Kvery  com- 
position should  begin  and  end  on  a  perfect  concord;  and  it 
must  be  remembered  that  no  two  parts  shoidd  ascend  or 
descend  in  perfect  concordu,  though  imjierlect  may  be  used 
without  limitations;  and,  lastly,  care  must  be  taken  that 
when  the  under  part  ascends,  the  upper  should  descend,  and 
the  contrary." 

31.  "  Most  of  these  rules,"  the  Dr.  continues,  "  were  given 
by  Franco,  but  with  less  clearness  and  precision;  and  as 
they  will  not  only  show  that  harmony  had  made  some  pro- 
gress in  the  fourteenth  century,  but  are  such  as  would  not 
shock  modern  ears,  I  shall  present  them  to  the  musical 
reader  in  notes. 
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•'  The  minor  Gth,  I  know  not  why,  is  called  a  discord  by 
Franco,  and  has  no  admi.ssion  among  concords  by  John  de 
Muris;  though  it  is  only  an  inversion  of  the  major  3d, 
which  both  allow  to  be  a  concord. 

"  John  de  Muris  makes  no  mention  of  the  5th  in  this 
Tract,  though  in  his  Speculum  Mttsicce,  he  gives  rules  for 
discanting  on  a  succession  of  fourths  under  the  barbarous 
term  diatessaronare. 

"  Prosdocimus  de  Beldemandis  (in  a  Tract  on  Counter- 
point, written  1-112,)  is  the  first  who  allows  the  minor  (Jth  a 
place  in  the  catalogue  of  concords,  and  is  explicit  in  speak- 
in'r  of  the  4th  as  a  discord.  However,"  he  says,  "  it  is  less 
■A  discord  than  the  2d  or  7th,  and  may  be  placed  in  a  middle 
class  between  concords  and  discords." 

33.  The  first  compositions  in  harmony  were  in  simple 
counterpoint,  /.  e.  note  against  note.  But  even  this  required 
the  chant  to  proceed  with  a  uniform  pace,  and  the  relative 
length  of  the  notes  to  be  signified  by  a  proper  notation. 
Hence  the  invention  of  the  time-table.  This  has  been 
ascribed  to  John  de  Muris,  and  to  Franco.  It  appears, 
however,  to  have  arisen  between  the  times  of  Guido  and 
Franco,  and  to  have  made  some  progress  before  the  latter 
extended  and  improved  it,  and  gave  it  that  form  which  it 
kept  for  several  ages. 

34.  "  Music,  before  the  invention  of  counterpoint,^'  says 
Dr.  Burney,  "  consisted,  as  far  as  we  are  able  to  discover, 
in  canto  fermo,  or  melodies  equally  simple  ;  on  this  inelegant 
and  insipid  treble,  harmony  was  grafted,  and  practised  in 
the  church;  but  the  discovery  which  was  afterwards  made 
in  the  invention  of  characters  for  time  was  much  more  im- 
portant, as  it  constitutes  the  true  era  of  musical  independ- 
ence; for,  till  then,  if  melody  subsisted,  it  was  entirely  sub- 


servient to  syllabic  laws.  Music,  considered  abstractly, 
widiout  the  assistance,  or  rather  the  shackles  of  speech,  is 
now  become  a  rich,  expressive,  and  picturesque  language  in 
itself,  having  its  (own)  forms,  proportions,  contrasts,  punc- 
tuations, members,  plnases,  and  periods." 

35.  The  work  of  Franco,  entitled  Franconis  Musica  et 
Cantus  Mensurahilis,  is  inserted  entire  in  the  Collection 
which  M.  Gerbert,  the  Prince  Abbot  of  St.  Blaise,  has  pub- 
lished, under  the  title  o[  Scriptores  Ecclesiustici,  potissimum. 
de  Musica  Sacra.  It  contains  an  introduction,  and  thirteen 
chapters,  nine  of  which  are  on  the  subject  of  rhythm,  and 
the  other  four  on  discant.  "  Measured  music,"  he  says,  "  is 
song  measured  by  long  and  short  times,  and  these  times  may 
consist  either  of  sound  or  of  rests;  I  speak  of  a  rest  as  mea- 
sured by  time,  because  otherwise  tlie  performers  of  two  dif- 
ferent parts,  one  of  which  shoidd  have  a  rest,  and  the  other 
not,  would  be  unable  to  proceeii  together  in  exact  time." 
This  seems  to  imply  something  more  than  simple  counter- 
point. The  details  into  which  he  enters  show  clearly  that 
it  is  to  the  organ  and  organising  that  measured  music  owes 
its  origin.  lie  distinguishes  three  kinds  of  duration,  long, 
breve,  and  semibreve,  for  which  he  gives  notes  with  corre- 
sponiling  characters  for  their  rests.  The  long  mav  be  per- 
fect or  imperfect.  It  is  perfect  when  it  is  equal  to  three 
breves,  because  this  number  is  the  emblem  of  tiie  Trinity. 
It  is  imperfect  when  it  is  equal  to  two  breves.  Besides  iheir 
proper  values  these  notes  have  a  great  many  accidental  pro- 
perties, into  the  detail  of  which  it  would  be  useless  to  enter. 
lie  distingnishes  five  modes  or  moods  of  rhythm.  The  first 
consists  of  longs,  the  second  of  a  breve  and  a  long;  the  third 
of  a  long  and  two  breves;  the  fourth  of  two  breves  and  a 
long;  and  the  fifth  of  breves  and  scmibreves.     Franco  also 
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makes  use  of  bars  drawn  across  the  staft',  to  mark  the  ends 
of  a  sentence  or  verse;  and  this  is  the  only  use  that  is  made 
of  bars  at  present  in  canto  fermo. 

"  I  have  been  able,"  says  Dr.  Bumey,  "  to  find  no  consi- 
deraljle  improvements  in  the  time-table  between  the  eleventh 
and  fourteenth  century ;  when  the  chief  merit  of  several 
authors  in  the  cantus  mensurabilis,  whose  names  and  writings 
have  come  down  to  us,  was  to  dilute  the  discoveries  of  Franco, 
and  pour  water  on  his  leaves." 

36.  About  the  end  of  the  fourteenth  century,  musicians 
began  to  abandon  the  rhythmic  feet  of  Franco,  and  to  intro- 
duce into  the  measure  as  many  sounds  as  the  difl'erent  subdi- 
visions of  time  furnished  them.  New  figures  of  notes  be- 
came necessary,  and  were  introduced  about  the  beginning  of 
the  fifteenth  century.  Prosdocimo,  who  wrote  in  1412, 
does  not  mention  those  adiUtional  figures ;  but  in  later  au- 
thors we  find  them  distinctly  described;  and  among  the  first 
by  John  Tinctor,  who  was  chapel-master  to  Ferdinand  king 
of  Naples,  in  the  latter  half  of  the  fifteentli  century.  Tinctor 
is  remarkable  as  the  author  of  the  first  dictionary  of  music, 
which  he  published  under  the  title  of  Definitorium  termino- 
riim  iSIusicce. 

37.  The  doctrine  of  Tinctor  is  much  more  fully  deve- 
loped in  the  writings  of  Franchinus  Gafiiirius,  surnaraed 
Laudensis,  from  Lodi  in  the  Milanese,  the  place  of  his  birth. 
He  was  born  in  1451,  and  became  chapel-master  of  the  ca- 
thedral of  JNlilan  in  14S4.  The  publication  of  the  works 
of  Gatforio  is  a  remarkable  era  in  the  history  of  music,  both 
on  account  of  their  own  merit,  and  as  being  among  the  first 
which  issued  from  the  press.  His  Pratica  Mnsica  was 
printed  at  JNlilan  in  149C.  This  work  is  divided  into  four 
books.  The  first  treats  of  harmony,  that  is  to  say,  of  in- 
tonation or  raelod}-,  for  at  that  epoch  the  word  harmony  had 
still  the  same  signification  as  among  the  ancients ;  the  second, 
of  measured  song,  the  third  of  counterpoint,  and  the  I'ourth 
of  musical  proportions. 

Franchinus  speaks  of  only  five  characters  for  time;  the 
maxima  or  large,  the  long,  the  breve,  the  semibreve,  and  the 
minim.  But  other  writers,  earlj'  in  the  sixteenth  century, 
added  to  these  the  crotchet,  the  quaver,  and  semi-quaver. 

38.  The  use  of  bars  to  divide  the  period  into  equal  mea- 
sures, and  to  mark  the  rhythm  by  accents,  did  not  take 
place  till  the  beginning  of  the  seventeenth  century.  Hence 
the  perplexity  of  the  old  notation  of  time,  of  which  the  reader 
may  form  a  notion  from  Rousseau's  Dictionary,  art.  Liga- 
ture, Mesure,  Mode,  Prolation,  &c.  After  this  invention, 
the  ancient  notes  of  time,  which  signified  a  greater  duration 
than  that  contained  between  two  bars,  or  one  measure,  fell 
into  disuse ;  the  loncest  note  is  now  the  semibreve ;  and  the 
convenience  of  marking  the  lesser  accents,  by  uniting  in 
groupes  the  tails  of  qua\ers,  semiquavers,  &c.  has  contri- 
buted to  make  composers  prefer  writing  in  these  shorter 
characters  of  time,  vliich  gives  modern  music  a  diflerent 
appearance  to  the  eye  from  the  ancient,  even  where  the 
same  proportions  subsist  in  the  duration  of  the  sounds. 

39-  Franchino's  third  book  treats  of  counterpoint,  and 
he  lays  dowii  eight  rules  for  the  succession  of  consonances, 
which  are  nearly  the  same  as  are  observed  to  this  day.  He 
treats  also  of  dissonances,  and  we  see  that  these  intervals 
were  used  at  that  time,  but  with  timidity,  and  only  as  pass- 
ing notes,  or  b\'  syncopation. 

40.  The  practice  of  figurative  discant  very  soon  followed 
the  invention  of  the  time  table.  Even  Franco's  definition 
of  discant  might  be  construed  to  inqily  it.  "  Discant  is  the 
consonance  of  diflerent  melodies,  in  which  these  dilTfrent 
melodies  move  in  sounds  of  various  lengtlis,  as  longs,  breves, 
and  semibreves,  proportioned  to  each  other,  and  expressed 
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in  writing  by  adequate  notes  or  characters."  Whether  this 
definition  means  that  the  diflerent  melodies  in  their  simulta- 
neous agreements  were  of  different  figures,  two  or  more 
notes  of  the  melody  harmonising  with  one  note  of  the  other, 
may  admit  of  question;  but  there  is  no  doubt  that  figurati\i- 
or  florid  counterpoint,  imitation  and  fugue,  are  to  be  referred 
to  a  very  early  period.  It  is  certain  tliat  the  first  composi- 
tions for  the  church  that  were  printed,  and  which  were  com- 
posed in  the  fifteenth  century,  are  full  of  canons  and  fugues 
of  the  most  artificial  and  cUlficult  construction.  The  origin 
of  these  contrivances  is  thus  accounted  for  by  Dr.  Burnej-. 

41 .  "  Padre  Martini  is  of  opinion  that  this  species  of  com- 
position had  its  beginning  in  the  following  manner:  Th<" 
first  composers  having  begun  to  add  another  part  to  canfo 

fermo,  which,  at  the  same  time  that  it  formed  a  diflerent 
melody,  was  in  harmony  or  counterpoint,  which  is  the  union 
of  difleient  melodies,  contrived  that  whatever  part  they  su- 
peradded to  the  chant,  should  resemble  it  as  much  as  possi- 
ble, if  not  throughout  the  movement,  at  least  in  the  subject."' 
This  we  may  easily  suppose  %vould  be  suggested  by  the  anti- 
phonal  singing,  in  which  one  choir  sung  a  short  sentence, 
which  was  answered  by  another  choir.  "  But  as  this  canto 
fermo  is  sometimes  transposed  from  one  hexachord  {ox  pro- 
prield  del  canto,)  to  another,  in  the  same  manner  the  inn- 
tations  of  tlie  several  parts  in  counterpoint  are  made,  some- 
times in  unison  or  octave,  and  sometimes  on  the  4th  or  5tli 
above  or  below;  still  taldng  care  that  the  intervals  and  sylla- 
bles, or  solmisation,  are  the  same  with  those  of  the  principal 
chant.  And  it  is  easy  to  discover,  I'rom  the  skeleton  of  the 
ecclesiastical  modes,  given  in  art.  17-)  that  this  is  the  trui^ 
original  of  fugue,  and  all  the  laws  of  reply.  If  these  fixed 
and  fundamental  sounds  were  filled  up  with  their  interme- 
diate sounds,  we  should  have  all  the  scales  whence  the  me- 
lody of  fugues  and  canons  was  drawn,  during  almost  three 
centuries.  The  chants  of  the  church  lurnished  the  subjects 
and  their  answers;  the  accuracy  of  which  was  proved  by 
the  syllables  of  the  Guidonian  hexachords.  The  5th  above, 
and  5th  below,  or  5th  and  4th  of  the  key,  either  major  or 
minor,  are  hs  first  relatives;  and  as  they  I'urnish  the  most 
agreeable  modulation,  so  they  are  the  only  intervals,  difler- 
ent from  the  identity  of  unison  and  octaves,  in  which  the 
answer  of  a  regular  canon  or  fugue  can  be  made.  All  other 
replies  are  allowed  by  theorists  to  be  nothing  but  imitations. 
And  the  literal  names  of  the  notes,  their  appearance  on  pa- 
per, or  even  their  cU'ect  oti  the  ear,  will  not  demonstrate  the 
truth  of  an  answer  with  such  certainty  as  solmisation ;  and 
it  seems  as  if  the  Guidonian  sj'llables  woidd  be  more  useful 
in  this  species  of  composition  than  in  singing. 

"  I  have  dwelt  the  longer  on  these  first  principles  of 
Canon  and  Fugue,  as  the  lives  and  labours  of  the  primitive 
fathers  of  harmony  were  spent  in  establishing,  and  those  of 
their  immediate  successors  in  producin;;  such  illustrations  of 
them,  as  were  not  only  the  delight  of  their  own  age,  but  are 
still  the  admiration  of  every  friend  to  the  art." 

42.  Both  Tinctor  and  Franchinus  ascrilie  the  invention  of 
florid  counterpoint,  or  figurative  harmony,  to  the  Lnghsli, 
and  specifically  to  John  Dunstable,  who  died  in  1453,  or 
145S.  This  new  art,  as  Tinctor  calls  it,  was  soon  after 
cultivated  with  success  in  the  diflerent  countries  of  Europe; 
and  from  this  period  downwards,  not  only  the  names  of  com- 
posers are  known,  but  many  of  their  works  are  preserved. 
It  was  our  intention  to  exhibit  progiessive  examples  of  an- 
cient composition ;  but  this  would  occupy  too  nnich  of  our 
limited  space.  ^Xe  must  therefore  be  contented  with  men- 
tioning the  chief  of  these  venerable  masters,  and  giving  a 
general  account  of  their  harmony,  and  of  the  progress  of 
the  art  towards  its  present  condition. 
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43.  Tlie  Netheilands  took  the  lead  of  the  rest  of  Eu- 
rope, ami  produced,  from  tlie  close  of  the  fifteenth  century 
downwards,  John  Okcnlieini,  his  scholar  Josquin  Des  Proz, 
or  Jodoous  I'ratcnsis,  who  was  deservedly  reckoned  by  his 
conlcniporarics  tlie  greatest  musician  of  those  times;  Henry 
Isaac,  jfacol)  Ilorbrccht,  who  was  music  master  to  the  cele- 
brated [Rasmus.  It  is  related  of  him,  on  the  authority  of 
Errsuuis,  that  he  composed  an  excellent  mass  in  one  night, 
which  was  very  greatly  admired  by  the  learned. 

44.  At  this  time  the  Netherlands  furnished  masters  to  the 
rest  of  Europe;  even  Italy  did  not  disdain  to  fake  her  in- 
structors from  that  country.  Adrian  Willaert  settled  at  Ve- 
nice, and  is  regarded  by  the  Venetians  as  the  head  of  their 
school.  His  scholar,  CiosetTo  Zarlino  of  Venice,  the  most 
celebrated  and  vuluuiinous  theorist  of  the  l6th  ccnturj', 
published  Dcmonslrcilioni  Harmotiic/ie,  in  IfiZl.  Gaudio 
Mell,  a  Fleming,  supposed  to  be  the  same  witii  Goudimel,  a 
native  of  Tranche  C'ompte,  was  the  master  of  the  celebrated 
Giovanni  Pierluigi  da  Palestrina,  from  the  place  of  his  birdi, 
the  ancient  Praeneste.  This  great  musician  is  justly  consi- 
dered as  the  head,  not  only  of  the  Roman  school,  but  of 
ecclesiastical  musicians.  The  rage  for  learned  and  intricate 
contrivances,  and  crowded  harmony,  was  cairied  so  far,  that 
the  churcii  services  tended  only  to  distract  or  amuse,  instead 
of  assisting  devotion.  Pope  Marcellus  the  Second,  it  is  said, 
had  come  to  the  resolution,  in  the  year  1555,  of  entirely 
suppressing  choral  singing  in  the  church.  The  Cull  was 
already  prepared,  and  f)n  the  point  of  being  promulgated, 
when  Palestrina,  at  that  time  in  his  26th  year,  entreated  his 
holiness  to  suspend  the  decree  till  he  should  hear  a  mass 
composed  in  what  he,  the  author,  conceived  to  be  the  true 
church  style.  Tiie  Pope  granted  his  request;  and  was  so 
delighted  with  the  purity  of  the  harmony,  and  facility  of  the 
style,  that  the  design  was  laid  aside.  The  compositions  of 
Palestrina  are  still  continually  performed  at  Rome. 

45.  At  this  epoch,  the  general  rule  for  harmon}'  was  to 
accompany  every  note  of  the  scale  with  its  own  common 
chord,  except  those  which  rise  by  semitone,  which  had  a 
chord  of  the  sixth:  and  it  is  this  which  gives  those  ancient 
compositions  their  peculiar  character  and  effect.  It  was 
towards  the  middle  of  the  17th  century,  that  the  key  and 
mode  were  generally  well  ascertained,  and  that  the  harmony 
of  the  scale  was  reduced  to  that  of  the  key-note,  of  the 
fourth  and  of  the  fifth  of  the  key.  At  the  time  we  are 
.speaking  of,  discords  were  used  chiefly  as  passing  notes,  or 
by  syncopation.  "  The  old  contrapuntists,"  says  Dr.  Bur- 
ney,  "  held  the  sharp  (major)  fourth,  and  flat  (lesser)  fifth 
in  such  abhorrence,  that,  to  avoid  them,  they  frequently 
made  the  seventh  of  the  key  flat,  even  before  a  close."  This 
observation  is  applicable,  however,  to  an  earlier  age  than 
that  of  Palestrina.  "  Whoever,"  says  the  Doctor,  in  ano- 
ther place,  "  first  combined  the  sharp  3d  and  7th  to  the  5tli 
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of  the  key,  and  inverted  this  chord  into  ■*  to  the  second,  s  to 

the  sharp  (major)  seventh,  and  ^  -t-  to  the  fourth  of  a  key, 

conferred  as  refreshing  a  benefit  on  the  craving  lovers  of 
music,  as  Moses  on  the  thirsty  Israelites,  in  producing  water 
with  his  wand  from  the  rock  on  Mount  Horeb.  These 
combinations,  though  unknown  to  the  old  masters,  ;ire  utterly 
indispensable  in  the  present  Regie  de  V Octave.  The  com- 
binations are  found  in  the  compositions  of  Palestrina,  used 
in  a  regular  manner;  but  always  prepared,  and  very  spar- 
ingl}'.  They  seem  not  to  have  been  considered,  as  in  the 
present  day,  a  constituent  part  of  harmony,  next  in  import- 
ance to  the  chord  of  the  key.  The  old  masters  seldom  or 
never  add  the  seventh  to  the  leading  chord  in  a  close  on  the 


key;  but  the  major  third  of  the  leading  chord  ascends  by 
semitone  to  the  octave,  as  at  present. 

46.  While  the  old  masters  were  thus  eagerly  engaged  in 
improving  harmony,  and  exerting  their  ingenuity  and  indus- 
try in  Canon  and  Fugue,  melody  or  air  was  in  a  great  mea- 
sure neglected.  Air  liad  no  existence  but  in  the  national 
tunes  of  different  countries,  handed  down,  perhaps  by  tra- 
dition, from  the  songs  of  the  Troubadours,  the  wandering 
minstrels  of  the  age  of  chivalry;  or  produced  by  unknown 
jongleurs  and  violars,  as  dance  tunes.  About  the  middle  of 
the  l6th  century,  musicians  began  to  harmonize  these  tunes, 
and  to  compose  variations  to  them  for  keyed  instruments. 
"  The  first  secular  music  in  parts,"  says  Dr.  Burney,  "  that 
I  have  been  able  to  discover  on  the  (.'ontinent,  is  the  har- 
mony that  was  set  to  the  rustic  and  street  tunes  of  the  king- 
dom of  Naples;  and  these  under  the  several  denominations 
of  Arie,  Canzunette,  ViUotte,  and  Vil/anelle  alia  Napoli- 
tana,  were  as  much  in  fashion  all  over  Europe,  during  the 
l6th  century,  as  Provencal  songs  were  in  preceding  times, 
and  VeK^*ian  ballads  have  been  since.  Besides  the  old 
tunes,  which  were  collected  and  published  in  four  parts, 
others  were  composed,  not  only  by  the  natives,  but  in  imi- 
tation of  these  short  primitive  airs,  by  almost  all  the  princi- 
pal composers  of  other  places,  of  which  innumerable  vo- 
lumes were  printed  at  Venice,  Antwerp,  and  elsewhere,  un- 
der the  same  titles.  Indeed,  with  respect  to  Air,  which 
consists  in  symmetry  and  grace,  it  was  long  unprincipled; 
and,  till  the  establishment  of  operas,  no  better  was  perhaps 
produced  than  are  to  be  found  among  the  Neapolitan  Villa- 
iielle:  lor  during  these  times  even  the  key  was  seldom  ascer- 
tained; and  the  number  of  bars  are,  indeed,  still  more  regu- 
lar by  chance  and  sensibility,  perhaps,  than  principle.  The 
repetition  of  a  lucky  series  of  notes,  by  which  they  are  more 
deeply  impressed  on  the  mind  of  the  hearer,  was  hardly  be- 
gun to  be  practised  so  late  as  the  sixteenth  century;  though 
in  the  next,  the  secret  was  not  only  found,  but  men  of  small 
genius  and  resources  availed  themselves  of  it  to  a  disgusting 
degree." 

47.  At  the  same  time  another  species  of  secular  music 
prevailed,  under  the  name  of  Madrigals.  These  were  vo- 
cal compositions  in  many  parts,  generally  in  fugue.  They 
do  not  seem  to  have  contributed  greatly  to  the  improvement 
of  melody ;  but  as  greater  treedom  of  combination  and  mo- 
dulation were  allowed,  than  in  the  church,  these  secular 
com()()sitions  afforded  an  opportunity  to  ingenious  men  of 
trying  new  effects,  by  which  the  bounds  of  harmony  were 
enlarged. 

48.  One  of  the  most  successful  of  these  innovators,  was 
Claudio  Monteverde,  of  Cremona.  In  1582,  he  published 
Madrigals  for  three,  four,  and  five  voices,  in  the  style  of  the 
times;  but  his  courage  increasing,  he  ventured,  in  subse- 
quent productions,  to  violate  many  rules  of  counterpoint, 
which,  having  been  long  established,  were  held  sacred  by 
orthodox  professors.  He  was  severely  attacked  by  many, 
and  especially  by  Artusi  of  Bologna.  Monteverde's  licenses, 
however,  pleasing  the  public  ear,  were  soon  adopted  by  all, 
and  brought  about  a  revolution  in  harmony.  Since  that 
time,  every  fortunate  breach  of  an  old  rule  seems  to  be  re- 
garded as  the  establishment  of  a  new  one;  by  which  means, 
says  Dr.  Burney,  the  code  is  so  enlarged  that  we  may  almost 
pronounce  every  thing  to  be  allowable  in  musical  composi- 
tion that  does  not  offend  cultivated  ears.     Monteverde  was 
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the  first  who  used  double  discords,  such  as  the  ^,   _, 
I,  as  well  as  the  lesser  fifth  and  seventh,  without  prepa- 
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Monteverde's  New  Discords,  in  Five  Parts. 
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It  was  not  only  by  the  use  of  these  discords  that  he  im- 
proved music,  for  by  quittine  the  ecc'esiastical  modulation  in 
his  secular  productions,  he  determined  the  key  of  each 
movement,  smoothed  and  phrased  the  melody,  and  made  all 
his  parts  sing  in  a  more  natural  and  flowing  manner  than 
had  been  done  by  any  of  his  predecessors. 

49.  The  beginning  of  the  17th  century  is  a  notable  era  in 
the  history  of  music.  About  the  year  iCOO,  tlie  invention 
o(  Recitative  by  Jacopo  Peri,  at  Florence,  and  by  Emilio 
DEL  C'aveliebe,  at  Rome,  gave  birth  to  the  Opera  and  the 
Oratorio.  The  success  of  Peri's  iitiisira  par/ante,  in  his 
operas  of  Dafne  and  Euridice,  which  last  was  composed 
and  performed  at  Florence,  on  occasion  of  the  marriage  of 


Henry  FV.  of  France  with  Mary  de  Medici,  excited  the  emu- 
lation of  all  the  musicians  of  Italy ;  and  their  united  eflbrts, 
and  progressive  improvements,  brought  melody  to  its  highest 
perfection. 

50.  Monteverde  was  among  the  first  who  emulated  Ja- 
copo Peri,  in  his  new  invention.  His  opera  of  Ariadne  had 
great  success,  and  was  among  the  first  that  were  published 
with  the  music.  From  this  opera  we  shall  give,  as  a  speci- 
men of  the  harmony  of  that  age,  a  dance  time,  alia  Moresca. 
It  is  composed  in  five  parts,  and  being  in  simple  counter- 
point, is  a  better  example  of  the  harmonies  a  good  composer 
chose,  than  a  composition  in  fugue  would  be. 
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Dance  Tune  in  Monteverde's  Opera  of  Ariadne. 
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*  The  omission  of  a  8^  here  is  certainly  an  enor.    This  Moresca  is  copied  from  Sir  John  Hawkins'  History  of  Music. 
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This  Moresca  consists  of  one  strain,  repeated  in  four 
keys,  G  and  C  major,  A  and  D  minor.  We  may  ask, 
which  is  tlie  principal  key?  There  being  neither  sharp  nor 
flat  at  the  clef,  seems  to  indicate  C ;  but  the  air  neither  be- 
gins nor  ends  in  that  key.  In  the  major  mode  the  harmony 
is  much  the  same  as  a  composer  of  the  present  day  might 
employ.  To  the  third  note  in  the  bass,  (A  in  the  key  of 
G,  and  D  in  that  of  C)  a  modern  would  prefer  the  chord  of 
the  greater  sixth,  second  inversion  of  the  dominant,  to  the 
common  chord  here  given  to  it.  The  chord  of  the  major 
7th  to  the  fouilh  of  the  key,  resolving  by  the  diatonic  ascent 
of  the  bass  on  the  leailing  chord,  is  not  so  usual  now  as  it 

once  was :  the  chord  of  the  Gth  or  ^  is  preferred.     The 

oscent  of  die  minor  7th  of  the  leading  chord  in  the  melody, 
(3d  bar)  while  the  bass  takes  the  third  of  the  key,  is  a  li- 


cense still  practised  by  good  composers.  But  the  harmony 
in  the  two  minor  keys  is  very  curious.  The  fifth  of  the  key 
has  a  minor  chord,  thoujh  it  is  to  be  followed  by  the  chord 
of  the  key.  In  A  this  is  the  case,  even  when  the  imitation 
of  the  air  in  the  principal  melody  requires  G^.  It  is  only 
in  the  final  close  that  the  leading  chord  has  a  major  third; 
yet  he  has  thought  it  necessarj-  to  give  the  fourth  of  the  key 
(proceeding  to  the  fifth)  a  major  chird.  A  modem  com- 
poser would  have  just  reversed  the  matter:  He  would  have 
reckoned  the  minor  harmony  admissible  to  the  fourth;  but 
the  major  indispensable  to  the  fifth.  In  both  these  minor 
strains  the  conclusion  is  a  major  chord,  which  the  Frencii 
call  the  Tierce  de  Picardie.  The  major  common  chord 
being  reckoned  the  most  perfect  harmony,  it  was  a  rule  in 
the  church  to  end  every  composition  with  that  harmony. 
Padre  Martini  recommends  the  practice,  and  Dr.  Burney 
approves  of  it,  in  ecclesiastical  music.  In  secular  music,  it 
is  a  rule  more  honoured  in  the  breach  than  in  the  observance. 
These  remarks  show  that  music  was  not  yet  delivered  from 
the  trammels  of  the  ecclesiastical  modes,  and  that  the  minor 
mode,  as  now  understood,  was  not  as  yet  completely  esta- 
blished. 

il.  It  was  a  considerable  time  before  opera  music  was 
entirely  freed  from  the  shackles  of  fugue  and  complicated 
contrivance,  and  before  recitative  was  completely  distin- 
guished by  its  own  phraseology.     About  the  year   lC35, 


MUSIC. 


49 


Giacomo  Carissinii,  of  Rome,  began  to  flourish.  He  ba- 
nished formal  cadences  from  his  recitatives,  and  made  them 
approximate  more  nearlj'  to  declamation,  and,  at  the  same 
time,  gave  new  grace  and  expression  to  his  vocal  melody. 
In  his  works,  and  in  those  of  his  cotemporary  Alcssandro 
Stradella  of  Naples,  there  are  to  be  found  more  traits  of 
fine  melody  than  in  any  other  composers  of  the  17th  cen- 
tury. JMarc  Antonio  Cesti,  of  Venice,  in  flie  opera  of  Oron- 
tea,  brought  out  in  1649,  first  introduced  an  air  at  the  end 
of  a  scene  of  recitative,  and  coutributed  greatly  to  the  im- 
provement of  both  these  species  of  melod}'.  A  short  air 
from  this  opera  is  given  as  a  specimen  of  Cesti's  simple 
and  expressive  melody.  Taken  from  Dr.  Burney's  His- 
tory. 

52.  In  the  mean  time  instrumental  music,  properU'  so 
called,  began  to  improve.  Ludovico  Viadana,  if  he  did 
not  invent,  was  at  least  the  first  who  drew  up  general  rules 
for  the  figures  of  thorough  bass,  and  composed  an  organ 
bass  different  from  the  voice  part.  Girolamo  Frescobaldi, 
of  Ferrara,  who  flourished  about  the  beginning  of  this  cen- 
turj',  composed  fugues  expressly  lor  the  organ,  which  were 
admired  and  imitated  over  all  Lurope.  His  ricercari,  &c. 
were  among  the  first  compositions  printed  in  score  and  with 
bars.  Ricercari  and  funtasie  i)recedcd  sonatas  and  con- 
certos, and  were  the  first  com])ositions  expressly  made  for 
instruments  after  the  invention  of  counterpoint. 

53.  The  violin  kind  of  instruments  may  be  traced  to  the 
ancient  cithara.  The  first  step  to^^ards  the  modern  instru- 
ment, was  the  invention  of  a  neck,  by  means  of  which  the 
strings  might  be  shortened  during  performance,  so  that  a  few 
strings  I'urnished  many  sounds.  This  produced  the  lute, 
guitar,  &:c.  In  the  latter  name  the  ancient  word  cithara 
remains.  But  the  capital  improvement  was  the  invention  of 
the  boio.  From  some  ancient  figures  it  appears  that  this  in- 
strument was  in  use  in  France,  as  early  as  the  beginning  of 
the  fourteenth  century  ;  and  even,  as  Abbe  Le  Beuf  thinks, 
as  early  as  the  middle  of  the  eighth.  The  instruments 
played  by  the  bow  were  viols,  with  six  strings  over  a  fretted 
finger-board,  besides  several  other  strings  towards  the  left, 
which  produced  chords  to  the  higher  part.  The  violin  with 
four  strings,  and  without  frets,  was  despised,  and  left  to 
strolling  performers.  About  the  beginning  of  the  seven- 
teenth centurj  the  value  of  this  instrument  began  to  be  Ibund 
out.  In  the  orchestra,  at  the  performance  of  iMonteverde"s 
opera  of  Ariadne,  there  were  ten  Hole  de  brazzo,  and  only 
two  \iolins;  Duoi  VioUni  piccoli  alia  Franctse. 

The  superiority  of  this  instrument  began  to  be  felt ;  the 
best  masters  began  to  think  h  no  degradation  to  compose  for 
it.  The  frets  were  removed  from  the  finger  board,  and  in- 
struments capable  of  perfect  intonation  took  place  of  the  old 
chest  of  viols. 

54.  The  composer  who  contributed  most  to  the  favour  of 
the  violin,  was  the  justly  celebrated  Arcangelo  Corelli,  a 
Bolognese  by  birth,  but  settled  at  Rome  about  1683,  when 
his  first  work  was  published.  Soon  after  the  publication  of 
Corelli's  works,  the  violin  was  universally  esteemed  the  ca- 
pital instrument,  and  a  crowd  of  great  perlbrmers  and  great 
composers  for  that  instrument  appeared.  Nearly  cotempo- 
rary with  Corelli  were  Albinoni  and  Nivaldi.  His  greatest 
scholar  v.as  the  celebrated  Tartini.  The  style  of  this  great 
performer  was  at  first  extremely  difficult,  but  in  1744  he 
changed  it  entirely  to  graceful  and  expressive.  Continual 
practice,  when  there  is  no  natural  inaptitude,  will  generally 
ensure  the  attainment  of  great  execution;  but  grace  and  ex- 
pression can  be  attained  only  by  those  on  whom  nature  has 
bestowed  taste  and  sensibility.  Geminiani,  another  of  Co- 
relli's scholars,  settled  in  England,  and  contributed  to  the 
national  taste  and  improvement. 
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55.  Alessandro  Scarlatti,  towards  the  end  of  the  seven- 
teenth century,  was  the  father  of  the  illustrious  School  of 
Naples.  The  immediate  scholars  of  Scarlatti,  and  of  his 
contemporary  Gaetano  Greco,  were  Leonardo  Leo,  Nicolu 
Porpora,  Domenico  Scarlatti,  who,  by  his  happy  licenses, 
removed  many  of  the  old  restraints,  Leonardo  Vinci,  who 
set  the  example  of  banishing  from  the  theatre  fugue  and  la- 
boured contrivance,  in  which  he  was  followed  by  Pergolesi 
and  Hasse,  Francesco  Feo,  Francesco  Durante,  &c.  To 
these  succeeded  Jomelli,  Sabbatini,  Sacchini,  Piccini,  Pae- 
siello,  Guglielmi,  Cimarosa,  Sala,  Tarclii,  Sarti,  Martellari. 
&c.  &c.  who  have  delighted,  and  still  delight  the  lovers  of 
music. 

56.  In  England  we  may  distinguish  three  periods  in  the 
history  of  music,  since  the  invention  of  printing.  The  first 
ends  earl}'  in  the  seventeenth  century.  "  However  inele- 
gant, uncouth,  and  imperfect  our  lyric  compositions  may 
have  been,"  says  Dr.  Burney,  "  till  after  the  middle  of  the 
sixteenth  centurj',  our  counterpoint  and  church-music  arrived 
at  a  perfection  with  respect  to  art,  contrivance,  and  correct- 
ness of  harmony,  about  that  time,  which  at  least  equalled  the 
best  of  any  other  country."  This  period  comprehends  the 
names  of  Robert  Fairfax,  John  Shepherd,  Robert  Johnson, 
Robert  Parsons,  Dr.  Tye,  Robert  Whyte,  Thomas  Tallis, 
WilUara  Bird,  author  of  Nan  nobis  Domine;  Thomas  Mor- 
ley,  author  of  the  Introduction  to  Practical  Musick;  Dr. 
Bull,  Michael  Este,  Ehvay  Bevin,  and  Orlando  Gibbons. 
This  last  great  musician  died  in  1625.  The  second  period 
comprehends  Dr.  William  Child,  William  and  Henry  Lawes. 
John  Hilton,  Matthew  Lock,  whose  music  in  Macbeth  is  still 
perlbrmeti ;  of  wliom  Dr.  Burney  says,  that  he  was  the  best 
secular  composer  our  country  could  boast,  till  the  time  of 
Purcell;  Pelham  Humphrey,  Michael  Wise,  Dr.  Blow,  and 
the  celebrated  Henry  Piucell,  who  died  in  l695.  The  third 
period  extends  from  the  death  of  Purcell  to  the  present 
times,  and  includes  the  names  of  Dr.  Holder  and  Dr.  Al- 
drich,  who,  though  not  musicians  by  profession,  v.ere  excel- 
lent composers  for  the  church;  Dr.  Crofts,  Dr.  Green,  Mr. 
John  Weldon,  Dr.  Boyce,  Dr.  Nares.  In  theatrical  music, 
the  great  boast  of  the  English  is  Dr.  Arne,  the  only  native 
musician  who  has,  since  the  days  of  Pjrcell,  enjoyed  an 
equal  degree  of  popularity  with  that  admired  master.  Dr. 
Arne  died  in  1778. 

57.  The  French  have  been  always  delighted  with  their 
own  nlusic,  and  in  this  they  have  always  enjoyed  an  exclu- 
sive monopol}',  at  least  as  far  as  regards  vocal  music. 
"  French  music,  at  least  vocal,"  says  Voltaire,  '•'  is  not  re- 
lished, and  cannot  be  relished  by  any  other  nation,  because 
French  prosody  is  different  from  that  of  all  Europe.  We 
lay  the  stress  always  on  the  last  syllable,  and  all  other  na- 
tions on  the  penult  or  antepenult,  like  the  Italians.  Our 
language  is  the  only  one  which  has  words  ending  in  e  mute ; 
and  these  e's  which  are  not  pronounced  in  ordinary  decla- 
mation, are  uniformly  pronounced  in  our  musical,  gloi-reu, 
viifoi-reii,  barbari-eu,  furi-eu.  This  is  what  makes  most 
of  our  airs,  and  our  recitative,  insupportable  to  those  who 
are  not  habituated  to  it.  This,  together  with  the  slowness 
of  our  melody,  which  forms  a  strange  contrast  with  the  vi- 
vacity of  our  nation,  will  always  make  our  music  fit  only  for 
the  French." — "  Our  instrumental  music  partakes  a  little  of 
the  monotonj'  and  slowness  with  which  our  vocal  is  re- 
proached; but  several  of  our  symphonies,  and  especially 
our  dance-tunes,  have  received  more  applause  in  other  na- 
tions, and  they  are  performed  in  many  of  the  Italian  operas. 
There  are  hardly  any  other  admitted  by  a  sovereicn  who 
has  one  of  the  best  operas  in  Europe,  (the  Idng  of  Prussia) 
and  who,  among  his  many  singular  talents,  has  condescended 
to  cultivate  music  with  great  care. 
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'•'  John  Baptiste  Liilli,  wlio  was  born  at  Florence  in  1633, 
anil  brought  to  France  at  tlie  age  of  14,  before  he  had 
learned  to  play  on  the  violin,  was  the  father  of  true  music 
in  France.  He  knew  how  to  accommodate  his  art  to  the 
genius  of  tlie  languaj;e;  which  was  the  onlj'  way  to  succeed. 
It  is  worthy  of  remark,  that  at  tliat  time  Italian  music  had 
not  departed  far  from  tliat  gravity  and  noble  simplicity  which 
we  admire  in  the  recitatives  of  Lulli. 

"  After  him  all  our  musicians,  such  as  Colasse,  Campra, 
Dftouches,  and  the  rest,  have  been  his  imitators,  till  at  last 
one  man  came,  who  has  risen  above  them  by  the  profound- 
ness of  his  harmony,  and  who  has  made  music  a  new  art."' 

It  is  of  Rameau  that  the  celebrated  author  speaks  in  the 
last  sentence.  This  theorist,  to  whom  music  lies  under  real 
obligations,  was  long  ciied  up  in  France  as  the  autlior  of  mu- 
sical science.  Now  the  tide  of  his  popularity  is  turned,  and 
even  the  French  themselves  seem  disposed  to  deny  him  any 
merit  whatever.  '•  His  system,"  says  M.  C'horon,  "  which 
was  never  leccived  in  Italy  or  Germany,  is  now  universally 
rejected,  even  in  France;  and  is  only  followed  by  a  few 
composers,  wlio,  havinsr  l)een  educated  in  his  principles, 
would  find  too  much  dilliculty  in  renouncing  long-since  con- 
tracted habits.  It  is  therelbre  with  much  injustice  that  Ra- 
meau has  been  proclaimed  as  the  founder  of  tlie  science  of 
harmony,  and  as  having  at  last  found  in  nature  the  princijile 
« liich  connects  the  scattered  rules  of  t'ormor  times.  If  tliese 
eulogiums  have  been  repeated  by  entire  academies,  and  by 
writers  of  the  first  order,  such  as  D'Alemljert,  Rousseau, 
Condillac,  and  others,  this  only  proves  the  danger  of  speak- 
ing on  a  subject  which  one  does  not  understand.  All  the 
chords,  all  the  rules  of  harmony,  and  tlie  principles  of  com- 
position, existed  several  ages  before  him.  To  be  well  un- 
derstood, tiiey  needed  only  to  be  presented  with  order;  in 
place  of  whicli  he  has  only  augmenlnxi  liie  confusion,  and 
destroyed  any  school  there  was  in  France,  b}'  introducing  a 
vicious  system,  wliicii  being  put  in  order  by  able  writers, 
held  out  to  laziness  the  attractions  of  a  deceitful  facility. 
Still  we  should  acknowledge,  that  we  have  to  this  artist,  in 
other  respects  estimable,  one  grpat  obligation — that  of  having 
turned  tiie  general  attention  ti>  the  consideration  of  invcr- 
x/oHS,  which,  being  developed  by  more  able  hands,  and  es()e- 
cially  by  Marpurg,  Padre  Martini,  Knecht,  ^'aUotti,  Sabbat- 
tini,  &c.  has  furnished  an  excellent  method  of  classing 
chords." 

58.  Music  has  been  long  successfully  cultivated  in  Ger- 


many. If,  in  justice,  we  must  allow  the  admirable  Italian 
composers  for  the  theatre  to  have  carried  melody  and  ex- 
pression to  the  iiighest  perfection,  the  Germans  have  been 
their  successful  followers  in  that  style,  and  have  even  excel- 
led them  in  instrumental  composition.  During  the  iGth  and 
17th  centuries,  the  German  composers  were  at  least  equal  to 
those  of  any  other  country  in  Europe,  as  far  as  harmony  and 
contrivance  were  concerned.  '•  But  during  tiie  present  cen- 
tury," (that  is,  the  18th)  says  Dr.  Burney,  "  by  a  more  fre- 
quent intercourse  with  Italy,  and  the  best  compositions  and 
vocal  performers  of  that  country,  with  the  establishment  of 
Italian  o])eras  in  all  the  principal  courts  of  German3',  the 
inhabitants  of  that  vast  empire  have  cultivated  nmsic  to  a 
degree  of  refinement,  particularly  intrumcntal,  beyond  any 
period  in  the  history  of  the  art,  and  have  not  only  supplied 
their  own  country  with  innumerable  great  musicians,  but 
exchanged  with  Italy,  and  furnished  every  part  of  Europe 
with  professors,  whose  talents  and  abilities  have  been  the  de- 
light and  admiration  of  ail  true  judges  of  composition  and 
])erformance."  During  the  18th  century,  Germany  has  pro- 
duced so  manj'  excellent  musicians  in  every  style,  that  wc 
must  be  contented  with  naming  only  the  most  distinguished. 
The  great  opera  composers  are  Handel,  Ilasse,  Graun, 
Gluck,  John  Christian  Bach,  Nauman,  Haydn,  and  Mo- 
zart. Instrumental — Teleman,  Handel,  Sebastian  Bach,  the 
father,  to  use  Mr.  Shield's  words,  of  a  wonderl'ul  family  of 
harmonists;  Emanuel  Bach,  John  Christian  Bach,  already 
mentioned,  Kirnberger,  Quantz,  music-master  of  the  great 
Frederick,  king  of  Prussia,  Staniitz,  Cramer,  Ditton,  Eckard, 
Eichner,  HolTman,  Schobcrt,  Schroeter,  Schwardt,  Vanhal, 
Wagenseil;  above  all,  Hadyn,  Mozart,  and  Beethoven;  to 
whom  we  may  add  Pleyel  and  Kozeluch,  with  innumerable 
others.  Germany  is,  perhaps,  more  truly  the  country  of 
music,  than  any  other  in  Europe.  It  makes  a  part  of  the 
business  of  almost  every  common  school  of  every  town  and 
cottage,  so  that  genius  has  the  opportunity  of  early  instruc- 
tion; and  the  patronage  and  even  example  of  the  princes  of 
the  empire,  gives  every  encouragement  to  the  exertions  of 
professed  musicians. 

For  a  more  particular  account  of  tiie  liistorv  of  music, 
the  reader  is  referred  to  A  General  History  of  Music,  by 
Charles  Burney,  RIus.  D.,  and  A  General  History  of  the 
Science  and  Practice  of  Music,  by  Sir  John  Hawkins. 
Also  the  lives  of  eminent  musicians  under  their  respective 
names,  as  Handel,  Haydn,  Mozart,  &c. 


INTRODUCTORY  REMARKS. 


59.  For  the  purposes  of  music,  sounds  must  be  agreeable 
in  themselves  :  they  must  have  that  clearness  which  distin- 
guishes them  iVoni  mere  noise,  and  that  sweetness  which 
distinguishes  them  Ironi  harsh  and  disagreeable  sounds.  In 
these  respects  there  are  many  shades  of  difference,  which 
constitute  the  dilTerent  qualities  of  musical  voices  and  instru- 
ments, and  which  consequently  claim  the  regard  of  the  mu- 
sician. But  the  chief  object  to  be  considered  in  the  science 
of  music,  is  the  relation  of  sounds  to  each  other,  in  respect 
of  gravitv  and  acuteness.  Happily  we  are  able  to  ascertain 
and  describe  these  relations  in  sucii  a  manner,  as  to  convey 
the  most  precise  notions  of  them,  and  even  subject  them  to 
numerical  calculation,  like  any  other  quantities. 

Co.  Sound  is  caused  by  the  vibrations  of  sounding  bodies, 
which  communicate  similar  vibrations  to  the  air,  which  last 
aflect  our  organs  of  hearing.  When  the  vibrations  of  the 
sounding  body,  and  consequently  those  of  the  air,  are  of 
vtiiform  velocity,  that  is,  when  the  numbers  of  vibrations  in 
Clival  times  are  equal,  our  organs  of  hearing  arc  uniformly 


affected,  which  we  express  by  saying  that  the  sound  conti- 
nues at  the  same  pitch.  If  by  any  cause  the  velocity  of  the 
vibrations  be  increased,  the  sound  is  perceived  to  be  what 
we  call  more  acute  or  sharp ;  and  if  by  any  cause  the  ve- 
locity of  the  vibrations  be  retarded,  the  sound  is  perceived  to 
be  what  we  call  graver  or  lower.  When  the  accelerations 
or  retardations  are  gradual,  so  that  the  alterations  of  acute- 
ness or  gravity  take  place  by  insensible  degrees,  the  sound 
is  continuous,  and  is  not  properly  musical ;  (such  for  exam- 
])le,  as  is  produced  by  sliding  the  fniger  along  the  string  of  a 
viohn,  while  it  is  acted  on" by  the  bow.)  When,  on  the 
other  hand,  the  pitch  is  the  same  for  some  ascertainable 
time,  ami  the  alterations  of  acuteness  or  gravity  take  place 
by  certain  ascertained  degrees  or  intervals,  the  sounds  are 
musical;  and  one  |irincipal  object  of  musical  science  is  to 
ascertain  those  relations  in  the  pitch  of  diffaent  sounds, 
which  are  projier  lor  producing  music. 

That  we  may  be   able  to  reason  concerning  the  diffe- 
rent relations  of  musical  sounds,  it  is  necessary  that  we  be 
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possessed  of  some  unequivocal  method  of  determining  or  de- 
fining them;  and  the  most  convenient  is  found  to  be  the 
division  of  a  n)u,sical  string.  There  are  three  circumstances 
which  determine  the  number  of  vibrations  made  by  a  string 
in  a  given  time,  or,  in  other  words,  tlie  pitch  of  its  sound, 
viz.  the  length  of  the  vibrating  string,  tlie  weiglit  of  a  given 
portion  of  it,  and  the  force  with  wliich  it  is  stretched.  By 
supposing  these  two  last  circumstances  always  the  same,  the 
pitch  of  musical  sounds  can  be  very  conveniently  expressed 
by  the  length  of  the  strings  which  respectively  produce  them. 
It  has  been  demonstrated  that  the  numbers  of  vibrations  are 
inversely  proportional  to  the  lengths ;  consequent!}'  unisons 
are  of  the  same  length :  the  string  of  the  more  acute  sound 
is  shorter,  and  that  of  the  graver  sound  longer. 

Cl.  We  shall  here  show  the  relative  proportion  of  the 
strings,  wlilch  give  the  simplest  scale  of  musical  sounds. 
When  the  sound  of  a  string  is  compared  with  that  of  one- 
half  its  length,  the  latter  is  octave  higher  than  tiie  former; 
so  called  because  such  is  the  relation  of  the  eighth  sound  of 
the  scale.  The  relation  between  a  note  and  its  octave  is, 
next  after  that  of  unison,  the  simplest  and  most  perfect  in 
nature;  and  when  the  two  notes  are  sounded  at  the  same 
time,  they  almost  entirely  unite.  Indeed  so  striking  is  the 
resemblance  of  the  one  sound  to  the  other,  that  it  often  re- 
quires care  and  attention  to  distinguish  them  from  unisons. 
It  is  for  this  reason,  that  by  whatever  name  or  letter  any 
sound  in  a  scale  is  denoted,  its  octave  is  denoted  by  the  same 
name  or  letter;  and  should  we  divide  the  string  which  gave 
us  the  octave  to  the  Ibrmer,  again  by  2,  so  as  to  obtain  its 
octave,  this  new  sound,  whose  string  is  ^  of  the  first,  is 
called  its  double  octave,  and  is  still  denoted  by  the  same 
letter;  and  so  of  J,  or  the  triple  octave,  lVc.  In  like  man- 
ner, should  we  take  a  string  double  in  length  of  the  first,  it 
would  give  a  sound  octave  below  it,  that  again  doubled,  its 
double  octave  below,  and  so  its  triple  octave  below.  Sec. 
And  all  these  sounds,  given  by  strings  in  the  proportion  of 
8,  4,  2,  1,  J,  ;J,  J,  &c.  are  denoted  by  the  same  letter,  and 
are  considered  as  repetitions  of  eacff  other.  Hence,  when 
we  fill  up  one  octave  with  its  proper  intermediate  sounds, 
we  describe  the  whole  system  of  musical  intervals.  It  is 
plain  from  this  statement,  that  if  we  should  use  no  other 
proportions  than  that  of  equality,  and  those  obtained  by 
bisection,  we  could  have  no  other  musical  intervals  than  uni- 
sons, octaves,  double  octaves,  &c.  But  if  we  take  jf  of  the 
primary  string,  we  obtain  that  sound  which  is  fitlh  in  the 
scale,  and  if  we  take  |  of  the  primary  strinsr,  we  have  the 
sound  which  is  third  in  the  scale.  By  combining  these  ra- 
tios, the  whole  system  of  musical  relations  is  obtained. 

02.  Thus,  if  we  take  a  filth  to  the  fifth  of  the  scale,  we 
take  §  of  3,  that  is  *  of  the  primary  string.  As  |  is  less 
than  ^,  it  is  plain  that  this  sound  is  more  acute  than  the  oc- 
tave; but  by  doubling  it,  that  is,  taking  its  octave  below,  we 
have  I  of  the  primary  string,  and  as  this  is  greater  than  ^, 
it  is  an  intermediate  sound  between  that  of  the  primary 
string,  and  the  third  of  the  scale.  It  is  the  second  of  the 
scale.  If  we  take  a  string,  such  that  the  primary  string  siiall 
be  fifth  to  it,  its  length  will  be  exjjresscd  by  the  improper  frac- 
tion I,  and  taking  its  half  in  order  to  ha\e  its  octave,  we 
have  ij  of  the  luimary,  which  it  is  phiin  will  be  an  interme- 
diate sound  between  tlie  third  and  fifth  ;  it  is  the  fourth  of  the 
scale.  If  we  take  a  I'ourth  to  the  third  of  the  scale,  or  a  third 
to  the  fourth  of  the  scale,  it  «ill  be  Jj'x^=J^  =  f ;  this  is 
the  sixth  of  the  scale,  somewhat  more  acute  than  the  lii'iji. 
Lastly,  if  we  take  a  filth  to  the  third,  or  a  third  to  the  fifth,  it 
will  be  5X|  =  -j'j,  which  is  the  seventh  of  the  scale,  some- 
what graver  than  the  octavo.  See  Acoustics,  Apotojie, 
Comma,  (See.  &c.  Farev's  iNotation,  Interval,  A'ibratiox. 

C3.  Such  calculations  are  aj)]ilicable  to  many  pract'cal 


purposes  in  music.  They  enable  us  to  estimate  the  results 
of  any  series  of  the  intervals  taken  truly,  or  the  effect  of  such 
alterations  of  them,  as  may  be  necessary  in  tuning  some  in- 
struments. They  furnish  the  principles  on  which  musical 
instruments  must  be  formed,  or  by  which  the  imperfections 
of  instruments  may  be  remedied.  But  we  should  very  much 
mistake  the  matter,  should  we  suppose,  that  from  the  consi- 
deration of  these  proportions,  we  should  be  able  to  deduce 
the  rules  that  are  to  guide  the  musician  in  the  use  of  musical 
intervals.  Such  an  attempt  has  been  frequently  made,  but 
has  always  proved  abortive.  Speculative  inquu-ers  may 
please  themselves,  by  finding  a  physical  cause  of  the  plea- 
sure given  to  the  ear,  by  certain  combinations,  in  the  coin- 
cidences of  their  vibrations;  but  they  could  never  derive 
from  such  speculations,  one  practical  rule  to  guide  the  com- 
poser. If,  for  instance,  they  find  that  a  fifth  or  octave  is 
pleasing,  because  of  the  f'rcijuent  coincidence  of  the  vibra- 
tions, they  could  never  have  foretold  that  such  intervals 
taken  successively,  between  the  same  parts,  in  similar  mo- 
tion, would  be  offensive,  but  agreeable  in  contrary  motion. 
Nor  when  experience  has  found  the  rule,  can  they  assign  any 
reason  for  it.  The  truth  is,  our  knowledge  of  the  causes  of 
our  sensations  is  imperfect  and  uncertain ;  the  sensations 
themselves  are  immediately  subjected  to  our  observation  and 
reflection  :  the  direct  appeal  to  them  is,  therefore,  the  only 
rational  one.  The  rules  of  music,  like  the  common  law, 
are  to  be  sought  for  in  the  collected  decisions  of  competent 
judges,  who,  in  the  course  of  time,  have  successively  pointed 
out  what  combinations  and  progressions  are  good,  and  what 
displeasing,  and  have  thus  gradually  refined  and  im[)rovcd 
the  art.  Music  is  a  language;  and  there  is  a  striking  ana- 
logy between  this  science  and  grammar.  Whoever  would 
understand  any  language,  or  acquire  its  use,  must  apply  to 
the  rules  of  grammar,  fouiuled  on  the  practice  of  those  who 
speak  or  write  it : 


Qutm  penes  arbilrium  est,  cl  jus  el  norma  toijuendi, 

and  he  would  be  very  ill  advised,  who  should  forsake  these 
common  rules  for  the  metaphysical  speculations  of  Harris 
or  Home  Tookc. 

64.  M.  D'Alembert  has  very  successfully  exposed  the 
mistake  of  those  who  seek  the  foundations  of  musical  sci- 
ence in  geometrical,  arithmetical,  and  harmonical  progres- 
sions, or  in  nietapli\sical  sjieculations.  let  he  seems  to 
have  exposed  himself  to  a  similar  censure,  in  endeavouring 
after  Rameau,  to  ibund  it  on  one  experiment.  The  desire 
to  reduce  every  science,  or  biancli  of  human  knowledge,  to 
some  one  principle,  and  thenre  to  deduce  the  whole  theory, 
has  long  prevailed  among  philosophers.  This  we  cannot 
help  thinking  a  very  mistaken  aim.  It  seems  to  us  to  re- 
semble the  conduct  of  an  architect,  who,  to  show  his  art, 
should  prefer  placing  a  pyramid  on  its  small  end,  rather  than 
on  that  broad  basis  on  w  Inch  it  would  firmly  rest.  The  ex- 
periment ou  which  Rameau,  and  after  him  D"Alembert,  seik 
to  build  the  whole  science  of  nuisic,  is  this.  When  a  sono- 
rous body  is  struck  till  it  gives  a  sound,  the  ear,  besides  the 
principal  soimd  and  its  octave,  perceives  two  other  sounds, 
very  high,  of  which  one  is  the  twelfth  above  the  principal 
sound,  that  is  to  say,  the  octave  to  the  fifth  of  that  sound  ; 
and  the  other  the  seventeenth  major  above  the  same  sound, 
that  is  to  say,  the  double  octave  of  its  third  major.  This 
experiment  is  certaiidy  very  curious.  But  there  is  another 
experiment  which  M.  D'Alembert  has  not  noticed,  which, 
as  we  think,  involves  the  true  principle  of  the  science,  viz. 
that  these  sounds,  or  their  octaves,  heard  simultaneously  or 
successively,  are  extremely  agreeable  to  the  ear.  When  in- 
stead of  this  c.r2)€riinct!f,  he  tells  us,  that  these  sounds  please. 
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because  they  are  the  iinmcciiate  production  of  nature,  he 
ajipenrs  to  us  to  he  more  wide  of  the  mark  than  those  who 
incurred  his  censure,  in  seeking  to  account  for  the  pleasure 
given  by  consonances,  from  the  coincidence  of  the  vibrations. 
Yet  J\I.  D'Alcnibert  tells  us,  that  for  want  of  knowing  this 
experiment,  preceding  artists  had  been  obliged  to  grope  in 
the  dark:  as  if  major  thirds  and  perfect  fifths,  had  been  con- 
cealed from  the  musical  world,  till  this  experiment  discovered 
them;  or  as  if  this  experiment  had  thrown  any  light  what- 
ever on  the  fact,  that  these  are  agreeable  to  the  ear.  In 
truth.  J\I.  U'Aleml)i'rt,  with  all  his  ingenuity,  has  found  dif- 
ficulty to  tack  to  this  experiment  the  rules  of  composition  ; 
and  so  far  from  throwing  any  light  on  the  science,  the  en- 
deavour serves  only  to  render  dark  and  perplexed,  what  is 
very  plain  when  laid  down  as  a  practical  rule.  If  M.  Ra- 
meau  has  contributed  something  to  the  arrangement  of  the 
rules  of  harmony,  by  turning  tlie. attention  of  musicians  to 
the  method  of  fundamental  basses,  that  advantage  rises  out 
of  the  metliod  ilsf  ll,  and  not  in  tin-  most  distant  manner  from 
the  <'xperiment  with  which  he  endeavours  to  connect  it.* 

Go.  The  rules  of  harmony  may  be  regarded  in  various 
lights,  and  variously  arranged,  and  one  arrangement  may 
be  more  luminous  than  another,  or  lead  more  easily  to  a 
knowledge  of  the  doctrine  to  be  taught.  But  so  long  as  the 
doctrine  is  the  same  that  is  put  in  practice  by  tlie  best  mas- 


ters, one  system  caimot  be  said  to  be  more  true  than  another. 
The  doctrine  taught  in  the  systems,  as  they  are  called,  of 
Rameau,  Marpurg,  Kirnberger,  or  Kollman,  is  the  same  at 
bottom,  and  therefore  all  are  equally  true.  This  is  an  obser- 
vation that  writers  on  the  subject  of  music  have  overlooked, 
when  they  have  sought  to  establish  their  own  particular  sys- 
tem as  exclusively  true.  The  rules  of  Etymology  or  Syn- 
tax of  the  Greek  and  Latin  languages,  given  in  the  Eton 
Grammars,  differ  in  many  res|iects  I'rom  those  given  in  the 
grammars  of  the  same  languages,  tauglit  in  this  northern 
part  of  the  island.  Yet  it  never  occurred  to  the  gram- 
marians of  the  one  country,  to  confute  those  of  the  other. 
The  doctrine  of  both  is  the  same,  being  founded  on  the  real 
practice  of  those  who  wrote  the  languages,  which  the  gram- 
marians undertake  to  teach.  We  cannot  therefore  but  re- 
gard it  as  a  narrow  view  of  the  subject,  which  such  writers 
take,  and  cannot  but  think  that  the  pages  which  they  have 
devoted  to  the  exclusive  establishment  of  their  [larticular 
theories,  and  the  controverting  those  of  other  excellent  wri- 
ters, might  have  been  occupied  with  matter  more  profitable 
to  their  readers.  So  fjar,  therefore,  from  adopting  the  peculiar 
views  of  any  one  teacher,  or  from  seeking  to  advance  a  sifs- 
tcm  of  our  own,  we  think  we  shall  better  consult  the  advan- 
tage of  the  student,  by  sometimes  placing  the  same  subject 
in  different  points  of  view. 
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OP  SCALES,  INTERVALS,  AND  NOTATION. 

66.  Musical  sounds  are  arranged  in  order,  as  they  be- 
come gradually  more  and  more  acute  in  the  scale,  which  is 
usually  sung  to  the  syllables  do,  re,  mi,  fa,  sol,  la,  si;  or 
which  is  denoted  by  the  letters  C,  D,  E,  F,  G,  A,  B.  This 
scale  is  heard  when  the  long  or  white  linger-keys  of  the 
piano  forte  are  struck  successively,  beginning  with  C,  and 
proceeding  towards  the  right  hand.  The  scale  is  so  called 
from  the  Latin  or  Italian  word  scala,  which  signifies  a  lad- 
der or  stairs.  When  from  the  gravest  or  lowest  sound  we 
proceed  to  the  higher  or  sharper  sounds  in  their  order,  we 
are  said  to  go  up,  or  to  ascend  the  scale;  and  when  we  pro- 
ceed in  the  contrary  direction,  we  are  said  to  go  down,  or  to 
descend  the  scale. 

67.  The  steps,  or  degrees  of  this  ladder,  or  scale,  are  not 
all  equal.  The  first  step,  from  C  to  D,  is  called  a  tone ; 
the  next  step,  from  D  to  E,  is  similar,  and  is  also  called  a 
tone;  but  the  third  step,  from  E  to  F,  is  immediately  per- 
ceived by  the  ear  to  be  of  a  different  kind.  F  is  much  less 
removed  in  height  or  sharpness,  from  E,  than  E  is  from  D, 
or  D  from  C.  The  step  from  E  to  F  is  called  a  semitone. 
The  three  ne.xt  degrees  from  F  to  G,  from  G  to  A,  and  from 
A  to  B,  are  all  tones.  If  we  wish  to  extend  the  scale  still 
liigher,  the  ear  peremptorily  requires  that  the  next  step  from 
B  to  an  eight  sound  should  be  a  semitone;  and  we  feel  that 
this  eight  sound  is  necessary  to  make  the  ascending  scale 
completely  satisfactory  to  the  ear. 

When  we  compare  this  eighth  sound  with  C,  the  lowest 
sound  of  the  scale,  we  are  immediately  sensible  that  the  two 


sounds  have  a  very  great  resemblance  to  each  other;  and  if 
the  two  sounds  be  struck  at  the  same  time,  we  feel  that  they 
almost  entirely  unite  in  the  ear.  The  relation  of  these  two 
sounds  is  indeed  so  intimate,  that  they  are  considered  as  re- 
plications or  repetitions  of  each  other ;  insomuch  that  they 
have  both  the  same  name  C.  The  higher  note  is  called  an 
eighth,  or  octave,  above  the  lower,  as  this  is  called  an  oc- 
tave below  the  higher. 

G8.  Should  we  alscPtake  octaves  above  all  the  other 
sounds,  D,  E,  F,  G,  A,  B,  we  should  have  another  scale  of 
sounds  proceeding  from  the  second  C,  exactly  similar  to  the 
former  in  all  its  steps,  and  denoted  by  the  same  letters  or 
names,  c,  d,  C,  f,  g,  a,  b.  In  order  to  show  how  truly 
these  two  octaves  or  scales,  are  repetitions  of  each  other,  let 
a  male  and  a  female  voice  sing  the  scale  together;  those  who 
have  never  before  attended  to  the  observation,  will  believe 
that  the  two  voices  are  singing  the  same  sounds;  but,  on  a 
careful  attention,  it  will  be  found  that  the  female  voice  is  all 
along  singing  octaves  above  the  male  voice.  In  like  manner, 
should  we  take  octaves  below  all  the  sounds  of  the  first 
scale,  we  should  have  a  third  scale  exactly  similar  to  the  two 
former  in  all  the  degrees;  and  so  the  scale,  or  scales,  may 
be  carried  as  far  upwards  or  downwards  as  may  be  required. 
Keyed  instruments  generally  comprehend  five  or  six  oc- 
taves. 

69.  This  scale,  in  which  the  octave  is  divided  into  tones 
and  semitones,  as  its  elements,  or  smallest  jiarts,  is  such  as  is 
furnished  by  keyed  instruments  in  general.  It  is  proper, 
however,  to  observe,  that  it  is  imperfect  and  defective. 
When  the  series  of  sounds  is  taken  exactly  as  the  ear  desires 
them  to  be,  other  distinctions  are  found  among  them ;  with 


*  This  curious  experiment  was  first  made  and  discriljed  (as  far  as  we  know)  by  the  celebrated  Fattier  Mersenne,  in  his  Harmonia  Uni- 
versalis, publislied  in  1636.  He  endeavours  to  account  for  the  production  of  the  different  sounds,  Ijy  supposing  that  the  same  particle  ol  air 
which  had  been  put  in  motion  toward  one  side  of  tlie  string,  returns  witli  tlie  same  velocity,  and  is  again  repelled  with  double  velocity, 
which  produces  the  octave,  and  by  another  return  acquires  a  triple  velocity,  which  produces  the  twelfth,  iic. 

t  By  the  Theory  of  Music,  wc  mean  a  systematic  or  «ell  arranged  account  of  its  principles  and  rules.  The  knowledge  of  these  is  the 
science  of  music,  and  the  Theory  tcaclics  this  science.  It  is  necessary  to  give  this  explanation,  because  by  the  Theory  oi  music  is  generally 
meant,  either  an  inquiry  respecting  the  foundation  of  the  rules  of  the  art  in  the  nature  of  things,  which  speculations  we  hold  to  be  idle;  or 
the  doctrine  of  Acoustics,  which  is  a  separate  science,  altliough  music  derives  from  it  the  method  of  calculating  its  intervals. 
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liicse,  howt  vei.  \vc  will  not  perplex  the  student  at  present, 
reserving  an  account  of  thij  matter  to  the  sequel. 

70.  This  simplest  scale,  coniisling  chieflj'  of  degrees  of  a 
lone,  is  called  the  diatonic  scale,  to  distinguish  it  from  other 
scales,  in  which  the  octave  is  divided  into  other  elements, 
with  which  we  shall  afterwards  get  acquainted.  It  has  also 
the  c|)ithet  major,  to  distinguish  it  from  another  scale,  called 
the  minor  diatonic  scale — which  distinction  will  be  explained 
bye  and  bye. 

71.  Whether  the  analogy  which  we  conceive  between  the 
relative  qualities  of  sound,  which  we  denote  by  the  words 
grave  and  acute,  and  ihe  relative  (|ualities  of  space,  which 
we  denote  by  the  words  low  and  high,  be  really  founded  in 

Clef-note. 


nature,  or  whether  it  be  merely  imaginary,  and  lamiliar  to 
us  by  habit,  we  shall  not  stop  to  inquire;  but  on  this  ana- 
logy musical  language  and  notation  proceed.  Five  lines 
ruled  at  small  intermediate  distances,  are  called  the  staff. 
The  lines  and  spaces  represent  the  degrees  of  the  scale,  and 
furnish  a  convenient  method  of  denoting,  by  marks  or  notes 
placed  on  them,  the  relative  height  and  depth,  that  is,  the 
acuteness  and  gravity  of  the  sounds.  The  lines  and  spaces 
of  the  statT  are  numbered  from  the  lowest  in  the  page  up- 
wards, and  are  called  the  1st,  2d,  3d,  4th,  and  Tith  lines,  the 
1st,  2d,  3d,  and  4th  spaces.  If  we  agree  to  put  the  mark  or 
note  of  G  on  the  second  line  of  the  staff,  the  scale  will  be 
written  thus — 


I 


-ft_:t 


jl:^:^  = 


=;=^=g=g: 


3I± 


-m-p- 


«' ^  -^  -*l-  •  - 

GABCDEFGABC 

extending  through  three  octaves.     This  character  3t  at  the 

beginning  of  the  staff,  represents  the  letter  G,  and  it  signifies 
that  the  note  G  is  placed  on  the  second  line ;  and  as  this  de- 
termines the  place  of  all  the  other  notes,  the  character  at  the 
beginning  of  the  staff  is  called  the  G  clef,  from  the  French 
word  signifying  a  kej',  because  it  explains  this  notation. 
Ascending  the  scale,  from  G  on  the  2d  line,  A  will  be  on 
the  2d  space,  B  on  the  3d  line,  C  on  the  third  space,  and 
so  on;  descending  from  G,  F  will  be  on  the  1st  space,  E 
on  the  1st  line,  D  below  the  staff,  and  C  (octave  below  that 
on  the  3d  space)  on  a  short  line  called  a  ledger-line,  or 
added  line.  This  C,  on  the  ledger-line  below  the  staff  in 
the  G  clef,  is  that  about  the  middle  of  the  key-board  of  the 
piano-forte,  and  is  called  middle  C.  Thus  the  exact  pitch 
of  the  sounds  expressed  in  this  notation  is  determined.  De- 
scending from  this  middle  C,  B  vi-ill  be  under  one  ledger- 
line,  A  on  a  second  ledger-line,  aud  G  will  be  below  two 
ledger-lines.  In  like  manner  the  higher  octaves  are  written 
with  ledger-lines  above  the  staff.  But  as  it  is  difficult  for 
the  eye  to  catch  the  number  of  the  ledger-lines  and  spaces 
when  ihey  are  many,  it  is  usual  to  write  the  highest  notes  of 
the  scale  as  in  the  innnediately  lower  octavo,  and  to  signify 


DEFGAB     C     DE     F     G 

the  true  sounds  by  Svo,  with  a  dotted  line  running  along  the 
passage,  thus — 

Svo.  ------  —      loco. 
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The  Italian  word  loco  is  put  after  such  a  passage,  to  signily 
that  the  succeeding  passage  is  to  be  read  in  its  own  place  in 
the  scale,  as  wiitten.  Tlie  G  under  two  ledger-lines  below 
the  staff,  is  the  lowest  sound  of  the  violin;  and  music  for 
that  instrument,  for  the  flute,  oboe,  and  other  instruments 
whose  scale  extends  no  farther  downwards,  is  written  on  the 
G  clef;  as  is  also  in  this  country,  the  right  hand  ])art  for 
keyed  instruments,  and  vocal  music  for  female  or  treble 
voices.  This  is  also  frequently  called  the  treble  clef;  and 
the  upper  part  of  the  scale  is  called  the  treble. 

72.  But  it  is  obvious,  that  the  lower  part  of  the  scale 
could  not  be  written  on  this  clef.  Another,  therefore,  is 
used,  marked  thus  3:,  which  is  called  the  F  clef,  or  bass 
clef.  It  is  placed  on  the  fourth  line  of  the  staff,  and  signilies 
that  the  F  next  below  middle  C  is  written  on  the  4th  lino. 
In  this  ckf  the  lower  part  of  the  scale  is  written  thus — 


^ 


F     G     A     B     CDEF  GABCDEFGABC 
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Clef-note. 
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Music  for  bass  voices  and  instruments,  such  as  the  basso, 
violoncello,  bassoon,  and  the  left  hand  part  for  keyed  in- 
struments, is  wrhten  on  this  clef.  Middle  C,  it  may  be  ob- 
served, is  on  the  first  ledger  line  above  the  staff  in  the  F 
clef,  and  the  same  C  is  on  the  first  ledger  line  below  the  staff 
in  the  G  clef;  so  that  the  highest  line  of  the  bass  clef  cor- 
responds with  the  second  ledger  line  below  the  treble ;  and 
the  G,  A,  and  B,  here  written  on  the  4th  space,  the  ;,xh  line, 
and  above  the  staff,  are  the  same  notes  which,  in  the  G  clef, 
are  wrhten  by  means  of  ledger-lines  below  the  stall".  This 
circumstance  makes  it  extremely  convenient  to  use  these  two 
clefs  together  for  the  right  and" left  hand  parts  of  keyed  in- 
struments. The  F  clef  is  sometimes  nlaced  on  the  third 
Vol.  XIV.  Part.  I.  '  * 


line  instead  of  the  fourth,  in  old  music ;  but  this  practice  is 
now  obsolete,  except  in  music  for  the  church. 

73.  Though  those  two  clefs  comprehend  the  whole  extent 
of  musical  sounds,  yet  the  parts  for  instni.iients  and  voices 
which  are  called  tenor  and  counter-tenor,  whose  compass 
comprehends  the  upper  part  of  the  bass  and  lower  part 
01  the  treble,  could  not  conveniently  be  written  on  either 


of  them.     A  third  clef  is  therefore  used,  marked  thus 


which  represents  the  letter  C,  meaning  the  middle  C  of 
the  scale  of  the  piano-forte.     This  is  placed  on  the  fourtii 
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linr  of  (lie  siaiT,  the  two  cross  strokes  including  tlie  line, 
thus — 


i 


•ziijij?: 
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31^: 


C  D  E  F  G   A    B    C      C  D  A  G  F  E  D  C,  &c. 

When  thus  placoil  it  is  called  the  tenor  clef.  It  is  also 
]ilaced  on  the  third  line,  when  it  is  called  the  counter-tenor, 
thus — 


1^^ 


_^    ^-p--^&c. 
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^- 


C  D  E   F  G  A   C    C       C  B  A  G  F  E   D  C,  &c. 

For  treble  voices,  in  foreign  countries,  this  clef  is  usually 
put  on  the  first  line  of  the  staff,  and  is  called  the  Soprano 
clef;  thus — 


i 
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C  D  E  F  G  A  B  C  D  E   F    G    A 


^=^ 


C  B    A,&c. 


In  Ital}-  and  Germany,  no  other  clef  is  generally  used  for  the 
right  hand  part  of  keyed  instruments.  In  this  country, 
man}'  performers  on  keyed  instruments  are  disposed  to  be 
contented  with  the  knowledge  of  tlie  G  and  F  clefs  ;  but  the 
student  who  would  peruse  the  works  of  the  great  foreign 
masters,  must  not  yield  to  such  indolence. 

74.  In  music  for  keyed  instiuments,  a  stafi' being  wanted 
for  each  hand,  they  are  joined  together  by  a  brace,  thus — 


m 


the  upper  part  for  the  right  liand,  and  the  lower  for  the  left : 
and  in  the  same  manner  music  for  different  voices  and  instru- 
ments is  frequently  written,  which  is  called  a  .•score.  The 
score  brines  the  whole  composition  uniler  the  eje,  and  thus 
furnishes  the  most  profitable  lessons  to  the  student.  Let  us 
now  attend  somewhat  particularly  to  the  intervals  in  the 
scale. 

75.  The  word  interval,  means  the  difference  in  respect  of 
pitch  between  two  musical  sounds.  Thus,  the  first  degree 
of  the  scale,  from  C  to  D,  is  the  interval  of  a  tone;  from  C 
to  E,  it  is  plain,  is  a  greater  difli[^rence  in  respect  of  pitch, 
or  a  greater  interval;  from  C  to  F  is  an  interval  still  greater, 
and  so  on.  Intervals  are  named  according  to  the  number  of 
sounds  in  the  diatonic  scale  of  which  they  consist,  including 
both  the  lowest  and  highest  sounds ;  and  the  reckoning  is 
almost  always  from  the  lowest  note  upwards.  The  intervals 
so  reckoned  are  denoted  by  corresponding  figures.  Thus, 
the  interval  from  C  to  D  is  a  second,  and  is  denoted  by  the 
figure  2.  The  interval  CE  is  a  third,  figured  5,  because 
three  sounds  are  to  bo  named  in  reckoning  it,  viz.  CDE; 
and  if  the  tv.-o  notes  CE  be  sounded  together,  the  resulting 


compound  sound  is  called  a  third,  although  the  intermediate 
sound  D  be  omitted.  So  also  CF  is  a  fourth,  CG  a  fifth, 
CA  a  sixth,  CI)  a  seventh,  and  Cc  an  eighth  or  octave,  as 
before  observed;  denoted  by  the  figures  4,  ."i,  G,  7,  S;  and 
these  intervals  are  so  named,  whether  any  of  the  interme- 
diate sounds  be  heard  at  tjie  same  time  or  no.  The  interval 
from  C  to  (1  (the  second  note  in  the  octave  above)  is  a  ninth, 
figured  <).  But  it  is  to  be  observed,  that  musicians  use  the 
names  and  figures  second,  third,  fourth.  Sec.  even  when  the 
intervals  are  enlarged  by  octave,  or  by  two  or  more  octaves. 
Thus,  the  above  interval  C  d  is  called  also  a  second,  and 
figured  2.  C  c  is  called  a  third,  C  f  a  fourth,  C  n;  a  fifth, 
&:c.  Musicians  seldom  speak  of  tenths,  eleventiis,  twelfths, 
&c.  and  still  seldomer  figure  them,  but  as  3ds,  4ths,  5ths,  &c. 
Intervals  enlarged  b}'  one  or  more  octaves,  are  sometimes 
called  compound  intervals. 

7fi.  It  is  necessary  to  attend  particularly  to  the  number  of 
tones  and  semitones  of  which  these  intervals  respectively 
consist.  And  here  we  must  observe,  that  tiie  semitone  is 
reckoned,  as  the  name  implies,  one-half  of  the  tone,  and, 
consequently,  two  semitones  equal  to  a  tone.  This,  as  we 
shall  afterwards  learn,  is  by  no  means  accurate ;  but  it  is 
sufficient  for  our  present  purpose. 

The  second,  CD,  is  one  tone;  the  third,  CE,  includes 
the  intervals  of  two  tones ;  tiie  fourth,  CF,  consists  of  tlje 
intervals  of  two  tones  and  one  semitone ;  the  fifth,  CG,  is 
one  tone  larger  than  the  fourth,  or  it  includes  three  tones 
and  one  semitone;  the  sixth  is  one  tone  larger,  that  is,  it  in- 
cludes four  tones  and  one  semitone;  the  seventh,  one  tone 
more  than  tiie  sixth,  includes  five  tones  and  one  semitone; 
lastly,  the  octave,  one  semitone  larger,  consists  of  five  tones 
and  two  semitones. 

77-  But  if  we  reckon  seconds,  thirds,  fourths,  dc.  succes- 
sively, from  the  other  six  notes  of  the  scale,  we  shall  find 
that  the  intervals  of  these  names  do  not  always  consist  of 
the  same  number  of  tones  and  semitones  with  these  which 
we  have  just  reckoned  from  C.  Thus,  coimting  from  D,  the 
second  DE  is  a  tone  like  that  reckoned  from  C.  But  the 
third  DF  consists  only  of  a  tone  and  a  semitone;  whereas 
the  third,  counted  from  C,  consists  of  two  tones;  and  there 
is  a  verj'  striking  difl'crence  in  the  efiect  of  these  thirds.  A 
third,  consisting  of  two  tones,  is  called  a  major  tiiird;  and 
one  consisting  of  a  tone,  and  a  semitone,  a  minor  third.  The 
fourth,  reckoned  from  D,  is  of  the  same  kind  with  that 
counted  from  C ;  lor  though  the  degrees  of  tone  and  semi- 
tone do  not  occur  in  the  same  order  when  ^^•e  count  from  D 
to  G,  as  when  we  count  from  C  to  F,  yet  we  find  the  same 
number,  namely,  two  tones  and  one  semitone.  The  relation, 
therefore,  of  the  two  extreme  sounds,  D  and  G,  is  exactly 
the  same  as  that  of  C  and  F.  In  the  same  manner,  we  find 
the  fifth  DA,  and  the  sixth  DB,  to  be  of  the  same  kind  with 
those  intervals  counted  from  C.  But  the  seventh  DC  con- 
sists of  four  tones  and  two  semitones,  or,  calling  the  two 
semitones  one  tone,  of  five  tones.  It  is,  therefore,  a  semi- 
tone less  than  the  seventh  CB;  which  consists  of  five  tones 
and  a  semitone.  This  last,  then,  is  called  a  major  seventh, 
and  the  other,  DC,  a  minor  seventh. 

Counting  from  E,  the  first  step  to  F  is  only  a  semitone. 
This  is  therefore  called  a  minor  second ;  and  that  of  the  in- 
terval of  a  tone,  CD  or  CE,  is  a  major  second.  The  third, 
EG,  is  a  minor  like  DF,  the  fourth  EA,  anrl  fifth,  EB,  will 
be  found  to  be  of  the  same  nature  as  those  formerly  reckoned. 
But  the  sixth,  EC,  consists  of  three  tones  and  two  semitones, 
and  being  thus  reckoned  a  semitone  less  than  the  sixth  be- 
fore described,  it  is  called  a  minor  sixth,  and  the  former  a 
major  sixth.     The  scvcntli,  ED,  is  likewise  minor. 

if  we  reckon  tlie  intervals  from  F,  we  shall  find  them  all 
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of  the  same  kind  as  when  we  reckoned  iVom  C,  except  the 
fourth,  FB,  whicli  consists  of  three  tones;  and  bein^  thus 
a  semitone  larger  than  the  fovntli  of  our  former  reckoning,  is 
called  a  major  fourth,  and  the  other  a  minor  fourth.  The 
major  fourth  is  also  sometimes  called  the  tritone.  The  in- 
tervals, as  reckoned  from  G,  are  similar  to  those  counted 
from  C,  except  the  7th  GF,  which  is  minor. 

The  intervals  reckoned  from  A,  are  similar  to  those 
counted  from  D,  except  the  sixth,  which  is  minor. 

78.  Lastly,  reckoning  from  B,  we  find  all  tlie  intervals  like 
those  reckoned  I'rora  E,  except  the  (illh,  BF,  which  consists 


of  two  tones  and  two  semitones.  It  is  called  a  minor  fifth ; 
and  the  other  fifth  found  in  the  other  countings,  is  called  h 
major  fifth.  Thus  we  have  major  and  minor  seconds,  ma- 
jor and  minor  thirds,  major  and  minor  fourths,  major  and 
minor  filths,  major  and  minor  sixths,  major  and  minor  se- 
venths. All  these  intervals  have  remarkably  diftercnt  ef- 
fects ;  whether  the  extreme  sounds  be  played  or  sung  in  suc- 
cession, or  struck  together.  As  it  is  of  the  greatest  impor- 
tance that  the  student  should  understand  these  distinctions 
well,  and  where  the  major  and  minor  intervals  lie  within 
the  scale,  they  arc  exhibited  in  notes  in  the  Ibllowing  tables. 


1.  Intervals  reckoned  from  C- 

2.  Reckoned  from  D. 

3.  Reckoned  from  E. 
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Scale  of  G. 


Return  to  Scale  of  C. 


In  these  tables,  the  major  intervals  are  denoted  by  the 
Roman  numerals  II,  III,  IV,  &c.;  and  the  minor  intervals 
by  the  Arabic  figures  2,  3,  4,  &c.  But  the  reader  is  not  to 
understand  that  this  manner  of  figuring  is  used  in  denoting 
the  accompaniments  to  be  played  along  with  a  figured  bass. 
The  figure  1,  in  the  three  first  tables,  signifies  the  unison, 
which  is  not  properly  an  interval,  even  when  sounded  by 
diflerent  instruments.  In  the  fourth  and  succeeding  tables, 
the  bass  is  removed  an  octave  lower,  and  then  we  begin  with 
a  real  interval,  the  octave  denoted  by  Mil;  the  other  inter- 
vals, though  enlarged  by  octave,  are  still  called  seconds, 
thirds,  &c. ;  and  are  here  denoted  accordintdy,  as  if  reck- 
oned from  a  bass  note  octave  higher. 

79-  These  tables  fiunisli  some  important  remarks:  I. 
1'hey  show  what  is  called  the  inversion  of  all  the  intervals. 
'I'o  invert  an  interval,  is  to  place  the  lower  note  an  octave 
higher,  so  that  it  becomes  the  more  acute  of  the  two,  orivVe 
versa,  in  consequence  of  which  the  interval  between  the 
sounds  becomes  very  dilTerent.  Thus  the  interval  CD  is  a 
major  second;  but  if  we  invert  it,  by  making  D  the  bass, 
and  C  (in  the  octave  above)  the  higher,  we  have  a  minor 
seventh ;  and  it  is  plain,  that  any  interval  and  its  inversion 


complete  the  octave.  They  are,  therefore,  called  comple- 
ments to  each  other.  Hence,  the  smaller  any  interval  is,  the 
greater  is  the  inverted  interval,  and  vice  versa.     Thus 

(  a  minor  spcond,  by  inversion,  becomes  a  mtijor  seventh 

)  a  major  srvenlli a  minor  second 

S  a  major  second - a  minor  seventli 

)  a  minor  sevcnili a  major  ■srcoml 

S  a  minor  tliird  a  major  sixth 

a  major  sixlli  a  minor  ihird 

a  major  Ihird  a  minor  si.tth 

a  minor  si>,lh  a  major  tliinl 

a  minor  fomlli  a  major  fiftli 

a  major  fil'lli  a  minor  fouilli 

,  a  major  fomtli  a  minor  fildi 

^  a  minor  fifth  a  major  fourth. 

Hence,  to  rise  by  one  of  the  intervals  luiited  by  the  brackets, 
and  to  fall  with  the  other,  brings  us  to  a  note  of  the  same 
name,  but  distant  by  octave.  Thus,  to  rise  from  C,  a  ma- 
jor seventh,  brings  us  to  B;  and  to  descend  iVom  C,  a  minor 
second,  brines  us  to  B  octave  below  the  former.  The  reatler 
may  be  surprised  that  7  and  2  added,  should  make  S.  ami 
not  y.  The  reason  is,  that  in  reckoning  each  interval,  both 
sounds  are  included:  and  so  in  the  two  rcckojiings  one  of  liie 
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notes  is  twice  namcil,  v.liich  is  only  rcckoiii;i.l  once  when  tiie 
whole  aggregate  is  leckonetl.  Thus,  \ve  sa^'  CD  2,  DC  7, 
and  the  two  intervals  aikletl  make  8;  because  counting  from 
C  to  C,  D  is  only  once  named  among  the  eight  sounds;  and 
this  will  be  found  universally  the  case  in  adding  musical 
intervals  together,  as  we  shall  have  occasion  to  see  in  the 
sequel.  2ndly,  Within  the  diatonic  scale,  (extended  throusii 
two  octaves,)  we  have  five  major  seconds,  CI),  DE,  Ff>, 
GA,  AB,  which,  by  inversion,  become  five  minor  sevenths: 
two  minor  seconds,  EF,  BC,  which  give,  by  inversion,  two 
major  sevenths ;  three  major  thirds,  CE,  FA,  GB,  which, 
inverted,  become  three  minor  sixths;  four  minor  thirds,  I^I', 
EG,  AC,  BD,  by  inversion,  four  major  sixths;  six  minor 
fourths,  CF,  DG,  EA,  GC,  AD,  BE,' which,  inverted,  give 
six  major  fifths.  Lastly,  one  major  fouith,  FB,  by  inver- 
.sion,  a  minor  fifth.  These  ought  to  be  studied  till  they  be- 
come quite  familiar.  -Tdly,  We  observe  that  in  all  these 
successive  reckonings,  the  order  of  the  sounds  does  not  in 
tiny  one  exactly  correspond  with  the  scale  of  C;  nor  are 
any  two  of  them  exactly  similar.  The  order  of  sounds 
ascending  from  G,  and  that  from  F  bear  the  nearest  resem- 
blance to  the  scale  of  C,  each  dilfering  from  it  only  by  one 
interval. 

80.  When  an  octave  in  the  scale  is  performed  cither  up- 
wards or  downwards,  beginning  and  ending  with  C,  it  is  ex- 
tremely pleasing  and  satisfactoiy  to  the  ear ;  but  if  we  begin 
and  end  on  any  other  note  of  the  scale,  we  experience  a  sen- 
sible disappointment,  especially  in  ascending.  Experience 
has  indeed  proved  that  tiie  order  of  sounds  in  the  scale  of 
C,  is  the  best  adapted  for  furnishing  good  music,  of  which 
the  reader  will  be  more  able  to  judge,  when  he  becomes  ac- 
quainted with  the  nature  of  harmony.  But  if  we  could  find 
this  order  only  at  one  pitch,  music  would  necessarily  become 
monotonous.  It  is  therefore  very  desirable  to  have  the  same 
order  of  sounds  when  we  begin  v.ith  other  notes  besides  C. 
Now  when  we  compare  the  series  of  sounds  beginning  with 
'i,  as  shown  No.  0,  we  find  the  steps  exactly  similar  to  the 
^cale  of  C,  till  we  come  to  E  inclusive,  the  sixth  from  G  ; 
but  we  find  the  interval  of  minor  third  between  E  and  G, 
the  octave,  filled  up  in  a  different  manner.  In  the  scale  of 
C,  we  go  I'rom  A  to  B  by  the  degree  of  a  tone,  and  thence 
to  C  by  semitone;  whereas  from  E  we  go  to  F  by  semitone, 
and  thence  to  G  by  a  tone.  And  this  seemingly  slight  dif- 
ference would  make  a  wonderful  defect  in  the  scale  of  G. 
To  remedy  this  defect,  a  new  sound  is  introduced,  which  in 
the  piano-forte  is  given  by  the  short  black  finger-key  between 
F  and  G.  This  new  sound  is  only  semitone  below  G,  or 
major  seventh  to  the  octave  below,  and,  consequently,  a  tone 
above  E.  In  performing  the  scale  of  G,  therefore,  F  is  left 
out;  and  this  new  sound  played  instead  of  it,  and  then  the 
scale  of  G  is  exactly  like  that  of  C.  Instead  of  calling  this 
new  sound  by  an  additional  letter  to  the  seven  used  in  the 
scale  of  C,  we  call  it  F  sharp;  and  this  introduces  a  new 
character  into  our  notation,  viz.  >'■',  which,  being  placed  be- 
fore any  note,  signifies  that  such  note  is  to  be  taken  semi- 
tone higher  than  in  the  scale  of  C.  When  a  piece  of  music 
is  composed  in  the  scale  of  (i,  ihis  mark  ^  is  placed  at  the 
beginning  of  the  staff,  on  the  line  or  space  on  which  F  is 
placed,  immediately  after  the  del ;  and  this  mark  at  the  clef 
signifies  that  all  the  F's  throughout  the  piece  are  to  be  per- 
formed sharp,  unless  the  composer  directs  it  otherwise.  And 
this  calls  for  a  new  mark  to  enable  the  composer  to  do  so. 
This  character  is  called  a  natural,  and  is  written  thus,  (J. 
It  signifies  that  the  note  before  which  it  is  placed,  is  to  be 
played  as  in  the  scale  of  C. 

81.  As  the  scale  of  G  is,  by  means  of  FSJ',  made  similar 
to  that  of  C,  it  is  plain  that  in  making  a  new  scale  of  its 
iifth,  D,  we  shall  find  the  same  delect  in  its  seventh  note. 


C,  which  is  the  fourth  in  the  scale  of  G,  is  too  flat;  it  is  a 
minor  seventh  to  D,  or  a  whole  tone  below  the  octave  d ; 
whereas  it  ought  to  be  a  major  seventh  to  D,  or  a  semitone 
below  d.  The  same  character  *<  put  before  C,  raises  it  a 
semitone,  which  is  found  in  the  short  black  finger-key,  be- 
tween C  and  D.  And  music  written  on  the  scale  of  D,  has 
therefore  the  character  '^  placed  both  on  the  line  or  space 
of  F,  and  on  the  line  or  space  of  G. 

82.  It  is  plain  that  if  we  reverse  this  process,  and  go  from 
a  scale  with  one  or  more  sharps  at  the  clef  to  the  fifth  be- 
low, or,  which  is  the  same  thing,  to  its  fourth  upwards,  we 
shall  find  the  note  which  was  major  seventh  in  the  former, 
too  sharp  for  the  scale  of  the  latter;  it  is  major  fourth, 
« licreas  the  diatonic  series  requires  minor  fourth.  We  arc 
therefore  obliged  to  remove  the  sharp  from  the  seventh. 
Thus,  going  from  the  scale  of  D,  with  F*  and  C?*,  to  that 
of  G  its  fourth,  (or  fifth  counted  downwards.)  we  must  re- 
move the  sharp  from  C,  in  order  to  have  a  proper  minor 
fourth  in  the  scale  of  G.  After  the  same  manner,  going 
from  the  scale  of  G  with  Fi^  to  that  of  C,  its  fifth  counted 
downwards,  or  its  fourth  upwards,  we  must  remove  ihc 
sharp  from  F,  when  we  shall  have  our  original  scale  C. 
See  this  represented  in  notes  at  the  end  of  the  tables,  art.  78. 

83.  Now,  should  we  go  from  the  scale  of  C  to  that  of  F, 
its  fourth  (or  fifth  counted  downwards)  we  should  find  B, 
the  major  seventh  to  C,  too  sharp,  that  is  major  fourth  to 
F.  But  here  we  have  no  sharp  to  remove.  Another  cha- 
racter therefore  is  used,  called  a  flat,  and  written  thus  t) ; 
which,  being  put  before  a  note,  signifies  that  it  is  to  be  taken 
semitone  lower  than  in  the  scale  of  C.  This  mark  being 
set  before  B,  signifies  that  it  is  to  be  played  on  the  short 
black  finger-ke}-,  between  B  and  A,  which  being  semitone 
flatter  than  B,  is  thus  minor  fourth  to  F.  And  music  written 
in  the  key  of  F,  has  a  fiat  put  at  the  clef,  on  the  line  or 
space  of  the  note  B,  which  signifies  that  throughout  the 
piece  every  B  is  to  be  played  flat,  unless  otherwise  signified 
by  the  musician.  But  to  do  so,  he  has  no  need  of  a  new 
character;  the  tj  natural  set  before  a  flattened  note,  signifies 
that  it  is  to  be  played  as  in  the  key  of  C. 

84.  It  is  plain  that,  for  the  same  reasons,  if  we  go  from 
the  scale  of  F  to  that  of  B,  its  fourth  (or  fifth  downwards) 
it  will  be  necessary  to  flatten  the  E,  major  seventh  to  F, 
and  major  fourth  to  Bt) ,  in  order  to  have  a  minor  fourth  for 
the  new  scale.  And  it  is  equally  plain,  that  if  we  reverse 
this  process,  and  go  from  a  scale  with  two  or  more  flats,  to 
the  scale  of  its  fifth  above,  we  shall  be  obliged  to  remove 
the  t)  from  the  note  which  was  minor  fourth  in  the  former, 
and  which  is  now  to  be  major  seventh  in  the  latter ;  and  by 
repeating  this  process,  we  shall  at  last  come  to  C  again, 
which  has  neither  sharp  nor  flat  in  its  scale. 

85.  It  is  for  this  reason  that  music  written  in  the  scale  of 
C,  is  called  natural ;  not  that  it  is  more  nuturnl  to  have  the 
diatonic  series  of  souikIs  at  one  ))itch  than  at  another,  or  that 
nuisic  written  in  scales  with  many  flats  or  sharps,  is  more 
artijiciiil  than  the  other.  It  is  true,  indeed,  that  in  general 
nmsic  written  on  scales  requiring  many  sharps  or  flats,  is 
more  diflicult  of  execution ;  but  this  arises  solely  from  the 
construction  of  instruments,  and  is  altogether  unconnected 
with  the  nature  of  the  music  itself. 

86.  The  reader  is  now  ])ossessed  of  a  general  rule,  capa- 
ble of  very  easy  application,  by  which  he  may  find  the  num- 
ber of  flats  or  sharps  to  be  placed  at  the  clef  of  any  scale,  or 
of  any  key,  as  nmsicians  say ;  and  also  to  find  where  these 
sharps  or  flats  are  to  be  placed  in  the  major  mode.  We 
shall  therefore  here  exhibit  this  notation  in  the  G  and  F  clefs, 
with  a  remark  or  two,  in  which  the  reader  is  prepared  to  go 
along  with  us. 
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As  in  adding  sharps  to  the  clef,  we  follow  a  series  of 
ascending  fifths  or  descending  fourths,  and  as  the  sharp  is 
always  to  be  put  in  the  same  place  of  the  scale,  it  is  plain 
that  the  notes  to  be  sharpened  will  be  found  by  the  same 
rule,  tliat  is,  by  counting  five  degrees  upward,  or  four  down- 
ward, from  the  last  added  sharp ;  therefore  they  will  observe 
the  following  order,  F*,  C*,  G*,  D*,  A*,  E*.  After 
the  same  manner,  as  in  adding  flats  at  the  clef,  we  follow 
the  inverse  order,  tliat  is,  a  series  of  fourths  upward,  or  fifths 
downward,  the  order  of  flattened  notes  will  be  foimd  to  be 
Bb,Eb,Ab,Db.Gb,Cb. 

87.  It  may  now  be  natural  to  ask,  where  these  sounds  are 
to  be  found  in  keyed  instruments;  for  it  is  evident  we  have 
now  a  much  greater  number  of  notes,  than  there  are  finger- 
keys  ill  any  octave  of  the  instrument.  We  have  already 
noticed  the  two  short  finger-keys,  F*,  C*,  and  the  two  short 
finger-keys  Bb,  Eb-  Now  if  we  go  a  step  farther  in  the 
addition  of  sharps  and  flats,  we  shall  find  that  the  next  sharp 
and  the  next  flat  meet  on  the  same  finger-key.  For  in  the 
scale  of  A  we  must  have  G%  a  semitone  below  A ;  and  in 
the  scale. of  Eb  we  must  have  Ab,  also  a  semitone  below 
A.  On  kej-ed  instruments  in  general,  there  is  but  one 
sound  to  answer  for  both.  It  is  proper  here  to  apprise  the 
reader,  that  this  is  a  great  imperfection ;  and  on  instruments 
which  are  capable  of  being  played  perfectly  in  tune,  the  dif- 
ference between  these  two  sounds  is  very  considerable.  To 
give  the  reader  some  idea,  in  passing,  of  this  .matter,  which 
will  be  fully  explained  in  the  sequel,  let  the  major  third,  CE, 
be  tuned  quite  exact,  and  another  third,  EG-%,  be  also  tuned 
quite  exact,  then  the  G^  will  be  quite  true  as  major  seventh 
to  A,  the  major  sixth  in  the  scale  of  C.  Again,  if  A!)  be 
tuned  a  major  third  below  C,  it  will  then  be  true  as  fourtii 
in  the  scale  of  E  b,  the  minor  third  to  C.  if  now  these  two 
sounds,  G:i<<  and  Ab  be  compared,  they  will  be  found  to  dif- 
fer ver^'  sensibly.  The  difi'erence  is  about  the  fourth  part  of 
a  tone,  and  it  is  called  the  enharmonic  fourth  of  a  tone,  or 
the  enharmonic  diesis.  From  this  the  reader  will  be  sensi- 
ble, that  keyed  instruments,  in  general,  are  not  tuned  to  the 


most  perfect  intervals ;  but  this  matter  we  must  not  enter  on 
at  present.  In  the  mean  time  we  see  that  each  of  the  black 
finger-keys,  and  even  some  of  the  long  finger-kej's,  have 
two  names,  and  answer  for  two  sounds;  thus  D*  and  Eo 
belong  to  the  same  finger-key,  as  do  also  A*  and  Bb  ;  and 
in  the  scale  of  F*  we  have  E>&  semitone  sharper  than  E, 
which  therefore  comes  to  be  the  same  finger-key  with  F.  So 
also  following  the  additional  flats  after  A  t) ,  we  have  D  b  and 
C*,  Go  and  F*,  CO  and  B.  And  when  we  come  to  the 
last  of  each  series  here  set  down,  viz.  F-5<  with  six  sharps  at 
the  clef,  and  Gb  with  six  flats,  the  two  scales  are  exactly  tiie 
same  throughout ;  insomuch,  as  tar  as  regards  keyed  instru- 
ments, that  it  is  a  matter  of  indifl'erence  in  which  wavthe  music 
for  that  scale  be  written.  But  the  reader  will  easily  see  that 
it  is  of  much  importance  to  preserve  the  distinction  between 
A^  and  Bb  ,  &c.  even  in  composing  for  keyed  instraments. 
Inextricable  confusion  would  indeed  result  from  a  contrar}' 
practice.  These  remarks  are  the  more  necessary-,  that  some 
persons,  deceived  by  the  identity  of  the  sounds  on  keyed 
instruments,  have  concluded  that  there  is  no  such  distinction 
among  musical  sounds;  and  it  is  sometimes  very  dilRcult  to 
make  them  com|)rehend  that  there  is  such  a  thing.  We  shall 
afterwards  find  that  even  these  sharps  and  flats  are  not  suf- 
ficient for  all  the  purposes  of  the  musician,  insomuch  that 
double  flats  and  sharps  frequently  occiu',  thus  denoted  b  b 
and  X  •  So  X  put  before  the  note  F*,  signifies  that  it  is  to 
be  taken  a  semitone  stiU  higher,  which  on  keyed  instruments 
is  the  same  with  G.  bb  set  before  Bb  ,  makes  it  a  semitone 
lower,  played  by  the  finger-key  of  A. 

88.  That  we  may  give  the  whole  doctrine  of  the  flats  and 
sharps  to  be  placed  at  the  clef  at  once,  we  must  now  make 
the  reader  acquainted  with  another  scale  of  musical  sounds, 
called  the  minor  diatonic  scale.  If  in  the  natural  scale,  (that 
is,  the  scale  of  C)  we  take  an  octave  of  notes  tVom  A  up- 
wards, we  find  a  scale  of  a  verj'  difierent  character  from 
that  of  C.  If  this  scale  be  played  descending,  we  find  it 
not  only  ver}'  agreeable,  but  also  that  we  come  to  a  satis- 
factory conclusion  on  A.     B;.'  com])aring  the 
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descent  through  the  fifth  from  E  to  A,  with  the  descent 
through  the  fifth  I'rom  G  toC,  we  shall  be  sensible  of  a  very 
difierent  eficct.     The  former  is  awaiting  plaintive  song,  and 
Vol.  XIV.  P.\et  I. 


the  latter  more  cheerful,  and  we  may  say  more  bold  and 
masculine.  This  difi'erence  arises  not  from  the  pitch  of  the 
two  songs,  but  from  the  nature  of  the  last  thirds  of  either 
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descent;  from  C  to  A  being  a  niinpr  third,  and  from  E  to 
C  being  a  major  tiiird.  If  the  reader  wish  to  compare 
these  two  sonf;s  at  llic  same  pitcli,  he  has  only  to  play  C 
natural  and  C'rk^  allernalely  descending  from  E:  b\it  he  will 
find  the  transition  from  the  one  to  the  other,  especially  from 
the  series  with  minor  third  to  that  with  major  third,  more 
harsh  than  in  the  former  comparison.  It  is  from  these  thirds 
principally  that  the  two  scales  are  named,  and  that  music 
drawn  from  the  one  or  other  is  said  to  be  in  the  major  or 
minor  mode.  Cut  the  minor  sixth  AT  is  also  an  im]K)rtant 
interval  in  this  scale,  and  contributes  to  its  peculiar  cflect, 
of  which  the  reader  may  easily  satisfy  liimsell  by  comparing 
the  descent  through  an  octave  from  d  to  D,  with  that  from 
a.  to  A,  or  by  playing  F*  in  descending  through  the  octave 
of  A,  while  the  other  notes  remain  as  in  the  natural  scale. 

8y.  In  ascending  though  this  scale  of  A  minor,  we  lind 
the  progression  very  agreeable;  yet  we  are  sensible  that 
in  coming  to  the  octave  ;i  by  the  degree  of  tone  liom  C, 
there  is  the  same  defect  that  we  formerly  noticed  in  the  se- 
ries from  G  to  g  in  the  natural  scale:  The  conclusion  is  not 
so  complete  and  satisfactory  as  we  wish.  Hence  the  neces- 
sity of  having  C  S^  a  semitone  below  A,  to  bring  us  to  a 
conclusion  on  the  key-note,  as  musicians  speak.  The  reader, 
liowever,  will  be  still  more  satisfied  of  the  necessity  of  a  ma- 
jor seventh  in  the  minor  scale,  when  we  come  to  speak  of  the 
nature  of  harmony.  Now,  if  in  the  ascending  scale  of  A 
minor,  we  make  the  G  sharp,  we  find  in  the  step  from  F  to 
G*  a  species  of  interval  very  different  from  the  other  de- 
grees of  the  diatonic  scales.  Hence  arises  a  kind  of  neces- 
sity of  giving  the  minor  scale  a  major  sixth  F^  also  :  not 
that  the  interval  from  F  to  G*  is,  as  some  respectable  au- 


thors say,  a  falne  relation:  We  shall  afterwards  find  that  it 
is  a  true  musical  relation,  and  used  « ith  excellent  effect ;  but 
it  is  not  as  we  have  said,  a  (h'atoiiic  degree.  Hence  it  is 
that  the  minor  scale  is  usually  written  in  a  difl'erent  manner, 
ascendint; 


and  descending,  thus: 
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The  reader,  however,  is  not  to  suppose  that  the  sixth  and 
seventh  are  always  major  in  ascending,  and  always  minor  in 
descending. 

90.  The  minor  mode  of  A  is  called  the  relative  minor  to 
C  major;  and  the  latter  is  called  the  relative  major  to  the 
former.  And  thus  to  everj'  major  scale,  the  key-note  of  the 
relative  minor  is  the  major  sixth  above,  or  minor  third  be- 
low, and  vice  versa,  to  every  minor  scale  the  relative  major 
is  on  the  minor  third  above,  or  major  sixth  below.  Now 
these  two  relatives  have  always  the  same  number  of  sharps 
or  flats  at  the  clef,  or  the  name  signature,  as  it  is  called  : 
and  when  in  the  minor  mode  the  sixth  or  seventh  is  to  be 
sharpened,  this  is  signified  by  a  ^  placed  before  the  note 
in  the  course  of  the  piece.  Sharps  or  tlats  not  ]ilaced  at 
the  cief,  but  occurring  in  the  course  of  the  [liece,  are  called 
accidental  Jtuts  or  sliiirps. 

Thus  then  C  major  antl  A  minor  have  neither  sharp  nor 
flat  at  the  clef:  G  major  and  E  minor  have  F^;  D  major 
and  B  minor  have  F;^  and  C  •^,  &c.  But  this  will  be  more 
dearl}'  exhibited  in  the  following  table  :  in  which,  beginning 
with  six  flats,  and  jirocceding  by  fifths  upwards,  or  fourths 
dow nwards,  these  relatives  are  set  down  together. 


91.  From  this  table  the  reader  may  observe  that  the  dif- 
ference of  signature  between  the  major  and  minor  modes  of 
any  one  note  is  always  three  sharps  more,  or  three  flats 
fewer  in  the  major  mode  than  in  the  minor,  or  what  is  equi- 
valent to  the  difference  of  three  sharps  or  flats.  Thus  C 
major  is  natural;  C  minor  has  the  signature  of  three  flats; 
A  major  has  three  sharps;  A  minor,  natural;  D  major  has 
two  sharps ;  D  minor  has  one  flat,  equivalent  to  three  sharps 
more,  or  three  flats  fewer,  in  the  major  than  in  the  minor 
mode  of  D  :  G  major  has  one  sharp;  G  minor  has  two  flats, 
equivalent  to  the  diflerence  of  three  sliarps,  or  three  flats. 
So  that  (considering  the  table  as  one  continued  line)  the 


minor  mode  of  any  note  will  be  found  in  the  table  tl nee  steps 
toward  the  left  hand,  and  vice  versa. 

92.  It  is  proper  to  observe  that  in  old  music,  such  as  that 
of  Corelli,  and  even  not  unfrequently  of  Handel,  in  the 
signature  of  the  minor  mode  with  flats,  the  last  flat  is  omit- 
ted at  the  clef,  and  is  therefore  inserted  in  the  course  of  the 
music  as  an  accidental.  Thus  D  minor  is  found  whhout  a 
flat  at  the  clef;  G  minor  with  one  flat;  C  minor  with  two 
flats,  &c.  This  has  probably  arisen  from  the  major  sixth  of 
the  scale  being  occasionally  used  in  the  minor  mode,  as  al- 
ready observed.  But  it  is  more  difficult  to  account  for  the 
omission  of  the  last  sharp,  in  the  signature  of  the  major 
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mode,  of  which  Instances  occur,  as  two  sharps  in  the  key  of 
A  major,  three  sharps  in  that  of  E  major,  &c.  It  is  iiartll}' 
necessary  to  observe,  tliat  in  such  instances,  tiic  last  sharp 
must  appear  as  an  accidental  for  tiie  major-seventh  of  the  scale. 

93.  If  all  the  notes  thus  added  to  the  scale,  in  order  to 
obtain  a  diatonic  series  for  each  note  of  the  key-board,  be 
arranged  in  order  as  they  become  gradually  more  and  more 
aciitefrom  any  note,  C  for  instance,  they  produce  what  is 
called  the  chromatic  scale.  This  name  is  derived  from  a 
Greek  word  which  signifies  colour,  and  it  is  apjilicd  to  mu- 
sic in  a  metaphorical  sense,  meaning  that  the  most  finished 
and  ornamented  style  of  music  is  furnished  by  this  scale.  It 
is  a  terjn  borrowed  from  the  sister  art  of  painting.  Mere 
diatonic  music  may  be  not  unaptly  compared  to  design,  in 
which  light  and  shade,  without  colour,  are  employed;  and 
chromatic  music  to  painting,  properly  so  called,  in  which 
the  artist  adds  all  the  beauties  of  colours.  Without  seeking 
to  pursue  this  analogy  too  far,  it  is  quite  true  that  the  chro- 
matic scale  adds  as  much  to  the  resources  of  the  musician,  as 
colours  do  to  those  of  his  brother  artist.  Many  new  inter- 
vals, besides  those  which  have  already  been  described,  arise 
out  of  this  scale,  with  which  the  student  will  afterwards  be 
made  acquainted.  But  it  is  proper  we  should  now  proceed 
to  explain  tlie  use  of  those  arising  out  of  the  diatonic  scale: 
viz.  seconds,  thirds,  fourths,  fifths,  sixths,  and  sevenths,  ma- 
jor and  minor,  together  with  the  octave  and  unison.  For 
though  this  last  be  not  properly  an  interval,  the  use  of  it  is 
regidated  by  precepts  as  strict  as  that  of  any  interval  pro- 
perly so  called. 

CHAP.  II. 

OF  THE  MOVEMENT  OP  COXCORDS;  OF  COMMON'  CHORDS, 
THEIR  SPECIES,  POSITIONS,  AiND  PROGRESSIONS  ;  OP  THE 
DERIVATIVES  OF  COMMON  CHORDS,  AND  THEIR  PROCBES- 
SIONS. 

94.  A  succession  of  single  musical  sounds,  duly  ordered 
in  respect  of  the  intervals,  forms  melocly  or  song.  Two  or 
more  musical  sounds,  differing  bj'  proper  intervals,  heard  at 
the  same  time,  form  a  chord;  and  a  proper  succession  of 
chords  forms  harmony.  The  union  of  melody  and  harmony 
forms  the  best  music.  These  two  branches  of  the  musical 
art  iTiust  be  considered  separately,  to  a  certain  extent ;  but 
neither  can  be  thoroughly  understood  without  a  knov/ledge 
of  the  other.  Of  these  two  branches,  harmony  is  capable 
of  more  precise  rules  than  the  other.  We  shall  therefore 
endeavour  to  make  the  student  acquainted  with  the  most 
simple,  and  at  the  same  time  the  most  important  of  these, 
before  we  attempt  to  investigate  the  nature  of  melody. 

95.  Musical  intervals  are  either  concords  or  discords. 
The  octave,  the  major  fifth,  the  major  and  minor  thirds,  the 

Similar  Motion. 


major  and  minor  sixths,  are  concords,  and  are  pleasing  in 
themselves.  The  seconds,  major  and  minor,  the  sevenths, 
major  and  minor,  the  minor  fifth  and  major  fourth,  arc  di^- 
cprds;  they  are  not  so  pleasing  in  themselves,  but  they  are 
much  used  in  harmony,  and  greatly  heighten  its  effects.  It 
has  been  much  disputed  whether  the  minor  fourth  (the  in- 
version of  the  major  fifth)  ought  to  be  ranked  among  the 
concords  or  among  the  discords.  -  There  can  be  no  doubt 
that  in  many  combinations  it  is  truly  concordant.  On  the 
other  hand,  in  some  situations  and  combinations,  it  is  felt  !•> 
be  a  discord,  and  treated  accordingly:  but  this  the  studeni 
will  understand  better  bye  and  bje. 

The  unison  is  the  most  perfect  relation  that  subsists  among 
musical  sounds,  and  it  may,  without  impropriety,  be  called 
a  perfect  consonance  or  concord.  The  octave  is  next  after 
the  unison,  the  most  perfect  concord,  and  the  major  fifth  tin- 
next  in  point  of  perfection;  it  is  therefore  usually-  called  tin: 
perfect  fif til,  which  name,  as  being  familiar  with  musician-, 
we  shall  generally  use  hereafter.  The  minor  fifth,  in  con- 
tradistinction, is  usually  called  the  imperfect  Jifth,  or  disso- 
nant ffth,  or  false  ffth;  and  these  expressions  we  shall 
also  use  as  s_vnonymous. 

97.  The  unison,  the  octave,  and  the  perfect  fifth,  are 
called  perfect  concords.  Thirds  and  sixths,  major  and 
minor,  are  called  imperfect  concords.  It  is  necessary  to 
keep  this  distinction  in  mind,  in  order  to  imderstand  the 
niles  laid  down  for  the  succession  of  intervals  between  two 
parts. 

98.  These  general  rules  we  shall  give  immediately;  but 
it  is  necessary  first  to  explain  the  dilfeicnt  kinds  of  motion. 
When  two  parts  both  ascend,  or  both  descend  at  the  same 
time,  they  are  said  to  go  in  similar  motion.  When  one  part 
remains  at  the  same  pitch,  while  the  other  ascends  or  de- 
scends, the  motion  is  called  oblique.  When  one  part  ascends, 
and  the  other  descends,  the  motion  is  called  contrary. 

99.  The  first  rule  for  the  movement  of  concorils  is,  that 
there  must  not  be  two  perfect  concords  in  succession,  be- 
tween the  same  pans,  by  similar  motion.  These  are  tech- 
nically termed,  consecutive  octaves:  and  octaves  in  succes- 
sion are  forbidden,  because  they  jjroduce  no  good  elfect,  and 
filths,  because  they  produce  a  very  bad  one. 

N.  B.  This  rule  does  not  respect  two  or  more  instruments 
or  voices,  moving  together  in  unison  or  octaves,  in  the  same 
melody,  which  is  called  doubling  the  part,  and  is  univer- 
sally practised. 

The  second  rule  is,  that  jou  must  not  go  from  an  imper- 
fect concord,  to  a  perfect  concord,  by  similar-  motion.  These 
passages  are  said  to  contain  hidden  octaves  or  fifths,  which 
are  made  apparent  by  filling  up  the  diatonic  degrees  through 
which  one  of  the  ])arts  is  conceived  to  pass;  which  cannot 
take  place  when  the  parts  move  in  contrary-  directions,  as  is 
shown  by  these  examples. 

Contrary  Motion. 
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100.  These  rules  will  be  fully  illustrated  in  the  sequel. 
In  the  mean  time  we  shall  quote  "from  Mr.  Shield"s  excellent 
Introduction  to  Harmony,  his  directions  fer  the  management 
of  the  unison,  and  of  the  fifth.     "  When  both  parts  move, 


it  is  better  to  go  from  the  unison  to  the  third  minor,  than  to  go 
to  the  major.  To  the  minor  we  may  go  either  by  oblique,  or 
by  contrary  motion;  Ex.  1st.  Cut  to  the  major  we  must,  by 
oblique,  or  by  similar  motion:  the  first  is  the  best;  Ex  2d. 


60 


MUSIC. 


We  must  avoid  a  fifth,  after  a  unison,  by  similar  motion. 
It  is  good  in  oblique  motion,  and  is  allowed  in  contrary  mo- 
tion, one  part  moving  a  single  degree  ;  Ex.  3d.  From  the 
unison  we  may  go  to  the  sixth  minor,  by  contrary  motion. 
It  is  not  very  good  l)y  tiie  other  motions,  because  of  the  large 
leap  ;  Ex.  4th.  But  it  is  forbid  to  go  from  the  unison,  to  the 
kixth  major.  We  must  avoid  an  octave  after  the  unison,  ex- 
cept by  oblique  motion :  for  this,  as  in  two  unisons,  is  but 
as  the  division  of  a  large  note  into  smaller." 


From  the  fifth  to  either  sixth,  is  best  by  oblique  motion  ; 
it  is  also  allowed  l)y  similar  motion,  one  part  moving  a  sin- 
gle degree;  and  it  is  allowed  ascending,  but  not  descending, 
to  go  by  a  leap  from  the  fifth  to  the  sixth  minor,  but  not  to 
the  major.  In  passing  from  the  fifth,  through  the  sixth,  to 
the  octave,  the  sixth  must  be  major,  never  minor,  and  thai 
by  contrary  motion. 


Ex.  I.  Minor  Thirds. 


Ex.  2.  Major  Thirds. 
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Ex.  3.  Fifth. 
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Ex.  4.  Minor  Sixth. 
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These  rules  for  the  unison,  Mr.  Shield  gives  from  Dr.  Pe- 
pusch,  "  whose  treatise,"  he  observes,  "  is  dated  in  1731 ; 
consequently  contains  many  exploded  doctrines;  but  it  like- 
wise contains  principles  which  will  be  the  basis  of  theory  in 
1800,  or  any  other  century." 

The  following  law  respecting  fifths,  Mr.  Shield  says,  was 
laid  down  by  an  excellent  judge,  and  has  been  so  much  re- 
spected, as  to  be  generally  obeyed  by  correct  writers,  for 
more  than  half  a  century.  "  From  the  fifth  to  the  unison  is 
good,  by  oblique  motion ;  we  may  also  go  by  contrary  mo- 
lion,  one  part  moving  a  single  degree;  but  it  is  bad  by  si- 
milar motion. 
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From  a  fifth  we  may  go  to  either  third,  by  all  the  motions, 
but  best  by  the  oblique.  The  next  best  way  to  the  third 
minor,  is  by  contrary  motion,  and  to  the  third  major  is  by 
the  similar;  both  these  by  single  degrees. 

From  Fifth  to  Third  Minor. 
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To  Third  Major. 
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A  false  fifth  or  semidiapenfe,  may  immediately  follow  a 
perfect  fifth,  provided  it  be  also  immediatelj'  succeeded  by  a 
third  gradually,  and  by  contrary  motion. 
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We  must  avoid  an  octave  after  a  fifth  by  leap,  in  similar 
motion.  It  is  good  by  obliijue  and  contiaiy  motion,  and  may 
be  allowed  in  similar  motion,  one  part  moving  a  single 
degree." 


This  last  example,  we  may  add,  in  which  the  octave  fol- 
lows the  fifth  descending,  thi;  upper  part  fallii.g  a  tone,  is 
quite  classical,  and  universally  practised. 

101 .  We  now  proceed  to  consider  the  combinations  of  in- 
tervals in  chords,  and  the  manner  in  which  chords  may  suc- 
ceed each  other.  When  a  note  is  sounded  along  with  its 
third  and  fifth,  with  or  without  the  octave,  the  combination 
is  called  a  common  chord.  The  Germans  call  it  a  triad, 
V  liicli  name  is  adojjted  also  by  Dr.  Callcott,  in  his  Musical 
(jramniar.  Common  chords  are  distinguished  into  major 
and  minor,  according  as  the  third  is  major  or  minor.  The 
difference  in  the  effects  of  these  two  kinds  of  chords  is  very 
striking.  The  distinction  is  one  of  the  most  important  in 
music,  and  is  what  chiefly  constitutes  the  major  and  minor 
modes,  as  already  observed. 

102.  From  the  tables  of  the  major  and  minor  intervals  in 
the  diatonic  scale,  given  in  ait.  7S,  it  is  easy  to  see  what 
common  chords  are  major,  and  what  are  minor.  In  the  ma- 
jor mode,  the  common  chord  to  the  lowest  note  of  the  scale, 
which  is  called  the  key-note,  the  chord  of  the  fifth  of  the 
scale,  and  that  of  the  fourth  of  the  scale,  are  major.  The 
chords  of  the  second  of  the  scale,  of  the  third,  and  of  the 
sixth  of  the  scale,  are  minor.  The  chord  Ibrmed  by  the 
seventh  of  the  scale,  with  its  third  and  fifth,  difl'ers  fnmi 
all  these,  as  the  filth  is  imperfect,  which  is  a  discoid.  This 
is  tlierefore  called  the  impel  feet,  or  dissonant  common 
chord.  These  we  exhibit  in  the  major  mode  of  C,  leaving 
it  to  the  industry  of  the  student,  to  write  them  in  other  heya 
or  scales. 
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All  these  chords  are  occasionally  used  in  a  piece  of  har- 
mony in  the  major  mode,  but  they  are  by  no  means  all  of 
equal  importance,  or  of  equally  frequent  use. 

103.  The  most  important  of  all  these  chords  is  that  of 
ihe  ket/ ;  it  is  called  the  harmony  of  the  key,  or  the  tonic 
harmony ;  with  this  harmony,  every  regular  piece  of  music 
in  the  major  mode  begins  and  ends.  All  the  other  chords 
must  proceed  regularly  from  this,  and  return  to  it  in  such 
a  manner  as  to  heighten  its  effects. 

104.  The  next  chord  in  point  of  importance  and  fre- 
quency, is  that  of  the  fifth  of  the  scale.  These  two  chords 
succeed  each  other  in  a  very  agreeable  and  natural  manner, 
whether  we  go  from  the  chord  of  the  key  to  that  of  its  fifth, 
or  in  the  inverse  order;   Ex.  1. 


106.  The  next  chord  to  these  in  importance,  and  fre- 
quency of  use,  is  that  of  the  sixth  or  relative  minor,  and 
then  the  common  chord  of  the  second  of  the  scale,  which  is 
the  subdominant  of  the  relative  minor,  and  is  itself  minor. 
These  five  harmonies  are  exhibited  in  the  next  example. 
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The  last  of  these  two  progressions,  namely,  from  the  har- 
mony of  the  fifth  of  the  key  to  that  of  the  key  itself,  is  al- 
most always  the  concluding  progression  in  any  piece  of  mu- 
sic. It  is  called  the  perfect  cadence,  or  close,  and  is  the 
most  conclusive  and  satisfactory  progression  in  harmony; 
but  how  much  accent  and  rhythm  contribute  to  this  conclu- 
sive effect,  will  be  seen  afterwards. 

From  this  effect,  the  harmony  of  the  fifth  of  the  key  is 
called  the  leading  chord;  and  it  is  also  called  the  dominant 
chord,  because  it  governs  or  requires  the  tonic  harmony  to 
succeed  it. 

In  this  cadence,  the  major  third  of  the  leading  chord  (the 
major  seventh  of  the  scale)  must  ascend  by  semitone  to  the 
octave  of  the  key-note;  and  this  major  third  of  the  domi- 
nant is  called  the  sensible  note,  or  the  leading  note  to  the 
key. 

105.  The  next  chord  in  importance  after  these  two,  is  the 
chord  of  the  fourth  of  the  key.  This  harmony,  and  that  of 
the  tonic  also,  succeed  each  other  in  a  very  agreeable  man- 
ner, (see  Ex.  2.  above,  art.  104,)  and  the  progression  of  the 
chord  of  the  fourth  of  the  scale  to  that  of  the  key-note,  (as- 
sisted by  accent  and  rhythm,)  forms  another  kind  of  cadence 
or  close  of  a  satisfactory  nature,  tliough  not  so  conclusive  as 
the  perfect  cadence;  it  is  called  the  imperfect  cadence; 
hence  this  chord  is  called  the  subdominant  chord.  These 
three  chords  comprehend,  as  Dr.  Callcott  observes,  all  the 
notes  of  the  diatonic  scale.  In  the  tonic  harmony  are  found 
the  key-note,  3d  and  5th;  in  the  subdominant,  the  4th  and 
Cih;  and  in  the  dominant,  the  2d  and  7th.  "These  three 
principal  sounds,"  he  observes,  "  the  Tonic,  Dominant,  and 
Subdominant,  are  the  radical  parts  of  every  scale,  of  the 
minor  as  well  as  of  the  major.  All  melodies  whatever,  are 
derived  from  these  sounds,  and  are  wholly  dependent  on 
them."  He  adds,  in  another  place,  "  the  following  excel- 
lent observations  of  Dr.  Pepusch,  cannot  be  too  often  or  too 
strongly  impressed  upon  the  mind  of  the  student,  viz.  All  me- 
lodies have  the  perfect  concords  of  the  key  they  are  in,  (i.  e. 
the  tonic,  dominant,  and  subdoniinant,)/or  their  fundamental 
basses."  By  these  observations,  the  stu<lent  may  judge  of 
the  importance  of  these  three  harmonies  :  the  matter  is,  how- 
ever, too  broadly  stated ;  for,  as  we  have  alreaily  said,  every 
common  chord  in  the  scale  is  occasionally  e.nployed. 
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The  student  will  not  often  find  a  series  of  so  many  mere 
common  chords  in  modern  compositions;  but  he  will  find 
that  these  harmonies,  somewhat  differentlj'  arranged  or  in- 
verted, and  with  some  additions,  which  produce  discords, 
constitute  the  principal  part  of  harmonical  progressions  or 
modulations,  while  these  continue  within  the  key ;  and  when 
the  modulation  passes  into  another  kej',  he  will  find  the  hat- 
monies  similarly  related  to  that  new  key. 

107.  After  the  same  manner,  in  the  minor  mode,  the  most 
important  chord  is  that  of  the  ke}',  and  the  next  is  the  do- 
minant chord  on  the  fifth  of  the  ke}-.  The  student  must 
observe  that  this  chord  has  a  major  third,  which  is  essential 
to  its  character  of  dominant,  that  is  to  say,  to  its  making 
a  satisfactory  close  on  the  key.  Of  this,  the  reader  may 
soon  satisfy  himself,  by  comparing  Nos.  1st  and  2d  in  the 
next  example. 


No.  1. 
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One  often  hears  the  progression  No.  2d  in  the  psalmody 
of  country  churches.  This,  and  the  universal  practice  in 
the  earlj'  ages  of  music,  seems  to  countenance  the  theory 
that  the  minor  mode  is  a  secondary  key  to  its  relative  major, 
the  impression  of  whose  scale  is  never  entireh"  effaced  from 
the  ear.  However  this  may  be,  the  fifth  of  the  minor  mode 
may  bear  a  minor  chord,  but  then  it  loses  entirely  the  cha- 
racter of  a  dominant  chord.  The  next  chord  in  point  of 
importance  is  that  of  the  subdominant :  after  that  the  relative 
major,  and  its  subdominant  chord,  which  is  that  of  the  sixth 
in  the  minor  scale.  These  two  last  chords  seem  even  more 
welcome  in  a  modulation  in  the  minor  scale,  than  the  rela- 
tive minor  and  its  subdominant  in  a  modulation  in  the  major 
scale.     These  chords  are  exbibited  in  t!ie  next  esamule. 
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Tu  the  above  exniiiple,  the  subilominant  chord  is  minor; 
but  it  has  not  mi  frequently  a  major  third  given  it,  as  we 
shall  see  al'terivanls. 

108.  The  lowest  note  of  a  chord  is  called  its  bass,  and 
the  lowest  note  of  a  common  chord  is  called  ix?,  fundamental 
hnsa;  and  a  common  chord  itself  is  called  a  fundamental 
chord,  in  order  to  distinguish  it  from  the  chords  that  arise 
from  its /«t'f/-.s/o;is;  these  will  be  explained  bye  and  bye. 
In  the  mean  time,  we  shall  exhibit  the  common  chord  in  dif- 
ferent position.'!.  Cesides  the  bass,  a  common  chord  has  two 
sounds,  the  third  and  fifth  ;  and  if  the  octave  to  the  bass  be 
added,  there  are  three  sounds  in  the  upper  parts.  Now, 
these  three  upper  parts  may  be  arranged  in  \ano\\s jiositions, 
which  musicians  distinguish  into  three,  according  as  the  oc- 
tave, third,  or  fifth,  bold  the  uppermost  part.  Cut  of  the  four 
sounds,  the  bass  and  uppermost  parts  being  determined,  the 
two  remaining  sounds  may  be  varied  in  two  ways,  which  give 
two  forms  to  each  of  these  positions,  thus : 
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])lain  that  some  of  the  parts  must  be  douhled,  i.  c.  the  same 
note  given  to  two  or  more  parts,  either  in  unison  or  octave. 
The  general  rule  is,  that  the  fundamental  note  should  be 
lirst  doubled,  then  the  fifth,  and  last  the  third.  But  this  rule 
is  still  subservient  to  that  which  forbids  consecutive  perfect 
concords  between  the  same  parts,  and  to  the  jiropriety  of 
giving  as  good  a  melodj'  to  all  the  parts  as  possible. 

When  the  dominant  chord  is  to  make  a  cadence  on  the 
chord  of  the  key,  its  third  ought  not  to  be  doubled,  because 
as  that  third  must  rise  to  the  key-note,  two  parts  would  then 
be  obliged  to  move  in  octaves  or  unisons. 

In  compositions  of  fewer  parts  than  four,  the  octave  or 
fifth  are  to  be  omitted  rather  than  the  third,  because  this 
determines  the  species  of  the  chord  as  major  or  minor. 

110.  Common  chords  succeed  each  other  most  agreeably, 
when  the  two  chords  have  one  or  more  sounds  common  to 
both  ;  and  this  « ill  be  the  case  when  the  bass  rises  or  falls 
by  a  fourth  or  by  a  third,  as  in  the  following  examples: 

.    T-  11-       r.i         J    ■  •       4.1  -  2.  The  .fame  in  another  position, 

1.  Falling  Sths  and  ns.ng  Iths.  bepnning  with  the  bass  ascending: 


These  two  diflcrent  forms  of  each  position  make  the  dis- 
tinction between  close  and  dispersed  harmony.  Yet  on 
comparing  them,  the  student  will  find  that  the  eflect  of 
the  uppermost  sound  is  so  decided,  that  there  is  as  much 
propriety  in  calling  the  two  forms  of  each  the  same  posi- 
tion, as  there  is  in  calling  them  all  the  common  chord, 
because  the  fundamental  bass  remains.  And  this  remarkable 
effect  of  the  bass  and  highest  part  is  always  observable; 
therefore  the  right  ordering  of  these  two  ])arts  is  to  be  most 
carefully  attended  to.  The}'  are  called  the  extreme  parts, 
and  the  others  are  called  the  middle  parts,  or  inner  parts. 

The  position  in  which  the  octave  is  the  highest  sound,  is 
the  most  satisl'actory  of  the  three;  and  hence  this  position  is 
generally  preferred  at  the  close  of  a  strain  or  piece  of  music. 
That  in  which  the  thirtl  is  highest,  is  also  satisfactory,  anil 
therefore  may  be  the  concluding  form  of  the  chord.  But 
that  in  which  the  fifth  is  highest,  does  not  completely  satisfy 
the  ear;  it  rather  leads  to  the  expectation  of  something  to 
follow.  Hence  it  is  vei'y  proper  in  the  beginning,  or  in  the 
less  formal  doses  in  the  middle  of  a  strain,  or  at  the  end  of 
a  first  strain,  when  another  is  to  follow;  but  it  is  very  sel- 
dom found  at  the  final  close. 

109.  The  examples  which  we  have  hhherto  given,  are  in 
four  parts.     In  compositions  of  more  than  four  parts,  it  is 
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3.  The  same  in  Minor,  in  a 
third  position- 


4-  Rising-  5tlis  and  falling-  4thp. 
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S.  Ditto  Minor    hepinning  with        g    ^-^^^       4,,,^  ^„^  f^„;       3; 
the  descent.  ^ 
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7.  Same  in  the  Minor  Mode.                 8.   Itisinj  Gils  and  falling  4th«. 
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The  student  will  observe,  that  in  these  examples,  the  im- 
perfect chord  on  the  seventh  of  the  major  scale,  and  second 
of  the  minor,  is  treated  in  the  same  way  as  the  consonant 
common  chords.     On  this  account,  some  have  even  gone  so 


MUSIC. 


6S 


far  as  to  call  tliis  a  consonant  chord.  But  tliis  is  an  abuse 
of  language.  The  ear  is  recoiiciletl  to  this  free  use  of  the 
imperfi'ct  chord,  in  such  proj^ressions,  b}'  tlic  orderly  suc- 
cession of  the  chords.  But  the  chord  in  question  is  truly  a 
discord,  and  as  such,  generally  receives  that  particular  treat- 
ment which  will  be  explained  afterwards.  The  student  will 
find  a  profitable  exercise  in  writing  and  performing  these 
progressions  in  different  keys.  He  should  write  them  in 
diflerent  positions,  and  varying  the  manner  of  beginning  the 
progressions.  Let  him  be  very  careful  to  avoid  consecutive 
perfect  concords  in  similar  motion,  and  also  to  avoid  taking 
a  perfect  concord  after  an  imperfect,  in  similar  motion,  be- 
tween the  same  parts.  He  will  then  see  the  reason  why  we 
have  given  several  of  these  progressions  in  different  ways. 
No.  7,  is  taken  from  Kollmann's  New' Theory  ;  and  the  rea- 
der will  observe,  that  in  every  second  step,  the  third  pro- 
ceeds to  the  octave  by  similar  motion  between  the  bass  and 
third  part.  Here  the  procedure  is  so  covered  by  the  high- 
er parts,  as  to  give  no  offence.  Indeed,  when  the  upper  part 
rises  a  single  degree,  and  the  bass  rises  a  fourth,  as  in  this 
example,  the  progression  is  sanctioned  by  the  practice  of  the 
"best  authors.  But  in  his  first  exercises,  the  student  cannot 
be  too  strict  in  observing  these  rules.  In  No.  G,  this  is  avoid- 
ed by  doubling  the  fifth  of  the  chord  rather  than  taking  the 
octave. 

111.  The  student  must  also  be  careful  to  dispose  the  se- 
veral parts  in  an  orderly  and  melodious  manner.  This  is  so 
well  stated  and  exemplified  by  Mr.  Kollmann,  in  his  New 
Theory,  that  we  shall  copy  his  explanation  and  examples. 
"  To  connect  intervals  properlj',  it  is  required,  either  to  keep 
every  repetition  of  a  note  in  its  former  place,  or  to  change 


the  notes  of  the  diflerent  parts  in  sncli  a  manner,  that  the  ear 
may  easily  follow  the  progression  of  every  part. 
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No.  1.  is  a  progression  by  fundamental  concords,  where 
every  repeated  note  is  kept  in  its  Ibrmer  place,  and,  consc- 
quenth',  this  example  is  most  connected.  No.  2.  is  the  same 
progression ;  but  the  parts  changed  in  a  melodious  contrary 
motion.  No.  3.  is  the  same  progression,  but  the  parts  tum- 
bling about  in  an  unmelodious  manner,  which  is  therefore 
not  good." 

112.  One  common  chord  may  also  succeed  another  dia- 
tonically,  that  is,  by  one  degree  of  the  diatonic  scale ;  but 
then  the  parts  must  move  in  opposite  directions.  This  pro- 
gression often  takes  place  from  the  dominant  of  the  major 
mode  to  the  relative  minor,  or  from  the  dominant  of  the  mi- 
nor mode  to  the  chord  of  the  sixth  of  the  scale ;  and  these 
progressions  taking  place  in  the  proper  part  of  the  measure, 
lorm  what  are 'called  interrupted  cadences;  Nos.  1.  and  2. 
of  the  examples  following.  When  the  subdominant  chord 
rises  diatonically  to  the  dominant,  it  forms  what  Dr.  Call- 
cott  names  the  mixed  cadence;  Nos.  3.  and  4. 

4.  5.  Falling  4ths  and  risin<r  2d3. 
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6.  Falling  3ds  and  rising  2ds. 
J I ^ 


7.  Rising  4ths  and  falling  2ds.         8.  Rising  3ds  and  falling  2ds. 
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Nos.  5,  6,  7,  8,  are  different  progressions  produced  by 
the  rise  or  descent  of  the  bass  diatonically.  In  Nos.  5  and 
7,  we  have  allowed  a  third  to  be  followed  by  a  perfect  con- 
cord in  similar  motion  between  the  bass  and  third  part,  which 
can  hardly  give  offence,  being  so  well  covered  by  the  ujipcr 
parts.  Besides  a  third  followed  by  a  fifth  in  similar  motion, 
when  the  upper  falls  one  degree,  as  in  No.  5,  is  very  good, 
and  universally  practised  even  between  the  extreme  parts, 
or  in  two  parts. 

113.  I\I.  Ranieau,  and  after  him  Mr.  Kollmann,  lay  it 
down  absolutely  as  a  rule,  that  one  fundamental  concord 
cannot  follow  another  diatonically.  The  latter  gentleman 
accounts  for  such  progressions,  by  saying  that  one  or  other 
of  the  chords  is  a  discord  from  which  the  discord  is  re- 


moved. This  is  that  very  convenient  kind  of  reasoning 
which  logicians  call  begging  the  question,  by  which  any 
thing  may  be  made  of  any  thing:  of  which  he  is  so  fond, 
that  he  constantly  uses  it  throughout  his  book.  We  are  con- 
tent with  tea  ching  the  procedme  as  classical,  and  of  good 
efiect,  leaving  S3stem-makers  to  account  for  it  as  they  maj*. 
We  must  hov.ever  repeat,  that  chords  succeed  each  other 
best,  when  they  are  connected  by  some  common  sound.  On 
this  subject  we  may  quote  the  tbllowing  observations  from 
Dr.  Burney.  "  In  old  compositions  the  harmony  of  each 
note  in  the  scale  seems  detached  and  unconnected  by  rela- 
tive sounds ;  and  in  the  new,  two  chords  seldom  succeed  each 
other,  without  being  combined  bj'  some  sound,  in  common 
with  both.     The  follow ine  basse*,  with  no  other  harmonv 
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than  common  chords,  perpetually  occur  in  ancient  music: 
DC,  CE,  EG,  AGF.  Of  this  last  modulation  I  can  give 
no  better  illustration  than  the  following  beginning  of  a  chant 
of  Palestrina,  from  a  manuscript  chiefly  in  his  own  hand- 
writing. 
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'■  The  old  masters,"  lie  observes,  ''  often  accompanied 
six  of  the  seven  notes  in  every  key  with  common  chords. 
The  moderns,  on  the  contrary,  allow  them  only  to  the  key 
note,  and  its  fifth ;  to  all  the  rest  they  (generally)  give  a 
sixth  or  a  discord." 

We  shall  now,  therefore,  proceed  to  exhibit  the  inver- 
sions of  the  common  chords. 

114.  A  common  chord  has  only  three  real  parts,  for  the 
eighth  is  only  a  doubling  of  the  bass  note.  So  long  as  this 
fundamental  note  is  lowest,  however  the  upper  parts  may  be 
arranged,  the  common  chord  remains.  But  if  we  set  either 
of  the  two  remaining  real  parts  in  the  bass,  we  inveit  the 
chord;  and  thus  the  common  chord  has  two  inversions. 
From  what  we  have  said,  art.  79-  concerning  the  inversion 
of  any  interval,  the  reader  will  easily  understand  this  pro- 
ceeding.    Let  us  begin  with  the  major  chord.     If  instead  of 


Major  Chord  and 
its  derivatives. 


Minor  Chord  and 
its  derivatives. 
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;he  fundamental  note,  we  put  the  third  of  the  common  chord 
ibr  bass,  placing  the  fundamental  sound  an  octave  higher, 
that  is  inverting  the  interval,  we  shall  have  a  chord  consist- 
ing of  a  minor  third  and  minor  sixth.    This  is  called  a  chord 

of  the  sixth,  and  in  thorough  bass  is  figured  „,  or  simply  6, 

the  third  to  the  bass  being  understood.  If  again  we  put  the 
iifth  of  the  common  chord  for  bass,  we  have  a  chord  consist- 
ing of  the  perfect  (or  minor)  fourth  and  major  sixth ;  called 

the  chord  of  the  fourth  and  sixth,  and  figured  thus     .      Tliese 

two  chords  are  called  the  first  and  second  derivatives  of  the 
major  common  chord. 

After  the  same  manner,  by  inverting  the  minor  chord,  we 
obtain  its  two  derivatives.  Its  first  derivative  consists  of  a 
major  third  and  major  sixth,  and  in  thorough  bass  is  figured 

„,  or  simply  by  6,  the  third  being  understood.     The  second 

derivative  of  the  minor  chord  consists  of  a  perfect  fourth 

and  minor  sixth,  figured  also     .    Although  these  derivatives 

of  the  major  and  of  the  minor  chords  difl'er  so  very  essentially 
•n  their  component  parts,  and  in  their  efiects,  no  confusion 


arises  to  the  thorough  bass  pkiyer  iVom  their  being  ligured  in 
the  same  way  ;  because  he  is  to  take  the  intervals  indicated 
by  the  figures  as  they  are  found  in  the  scale  in  which  he  is 
playing  at  the  time  as  indicated  at  the  clef.  When  the  com- 
poser intends  any  other  interval,  as  when  he  changes  the  key, 
the  change  is  intimated  in  the  figures,  which  we  shall  explain 
more  particularly  afterwanls.  Common  chords  are  noi 
figured  at  all,  except  on  some  particular  occasions,  when 
it  becomes  necessary,  as  shall  afterwards  be  shown.  Tht 
imperfect  chord  on  the  seventh  of  the  major  and  second  ol 
the  minor  scale,  is  usually  figured  with  a  5,  and  generally 
with  some  additional  indication  that  the  lesser  fifth,  and  noi 
the  perfect,  is  intended,  as  t]  5,  b  5,  ^  or  5. 


Imperfect  chord. 


Its  derivatives. 


Mr.  KoUman  would  have  the  last  of  these  used  solely  to 
indicate  the  chord  of  the  lesser  fifth,  when  it  is  treated  after  the 
manner  of  a  consonant  common  chord,  and  the  other  signatures 
to  be  employed  to  indicate  the  use  of  it  as  a  discord,  as  will 
be  explained  in  the  sequel.  By  inverting  this  chord,  we  have 
two  cierivatives;  1st,  when  the  third  is  made  bass,  a  chord 
consisting  of  a  minor  third  and  a  major  sixth.    This  is  figured 

A  or  simply  by  a  6,  like  the  1st  derivatives  of  perfect  com- 
mon chords  major  and  minor.  To  prevent  ambiguity,  a  na- 
tural may  be  put  under  the  C,  thus  h  to  indicate  that  the 

third  is  to  be  taken  as  in  the  scale ;  but  this  is  not  usually 
done.  When  the  fifth  of  the  imperfect  chord  is  put  in  the 
bass,  we  have  a  chord  consisting  of  a  major  fourth  and  a 

major  sixth,  figured  thus      .    the  dash  or  cross  added  to  the 

4,  indicating  that  it  is  the  major  and  not  the  perfect  fourth. 
However,  we  shall  have  occasion  to  speak  of  these  chords, 
and  their  signatures  or  figures  again,  when  we  treat  ol'  the 
inversion  of  the  seventh. 

115.  A  chord  of  the  sixth,  like  the  common  chords  from 
which  it  is  derived,  has  only  three  real  parts.  In  composi- 
tions of  four  parts  it  is  more  usual  to  double  the  sixth  (which 
is  the  fundamental  sound)  or  the  third,  (the  fifth  of  the  origi- 
nal chord)  than  to  take  the  octave  to  the  bass.  This  rule, 
however,  is  by  no  means  absolute,  as  Dr.  Callcott  might  lead 
the  readers  of  his  Musical  Grammar  to  think,  except  in  a 
particular  case,  wliich  we  shall  notice  bye  and  bye.  In  par- 
ticular, it  must  yield  to  that  of  avoiding  consecutive  perfect 
concords  between  the  same  parts,  as  the  following  example 
from  ]Mr.  Shield  will  show. 
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The  last  chord  in  each  of  these  examples  is  a  discord, 
with  which  our  readers  have  not  yet  been  made  acquainted. 
In  the  second  example,  the  student  will  notice  the  fifths  be- 
tween the  second  and  third  parts,  which,  in  the  first  exam- 
ple are  avoided  by  taking  the  octave  to  the  bass  of  the  first 
chord,  instead  of  doubling  the  sixth.  Like  the  common 
chord,  the  chord  of  the  sixth  has  different  positions,  and  the 
harmony  may  be  close  or  dispersed,  as  in  the  next  examples. 


I.  Sixth  highest.  2.  Oclavc  highest.         S.  Third  highest, 
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Those  positions  are  the  best,  in  which  the  harmony  is 
most  equally  dispersed.  Those  in  which  it  is  very  une- 
qually separated,  as  those  marked  with  a  cross,  are  not  so 
agreeable,  though  cases  will  occur  in  which  they  may  be 
used. 

116.  The  chord  of  the  sixth  on  the  third  of  the  key,  or  the 
first  derivative  of  the  tonic  harmony,  alternates  very  agree- 
ably with  the  dominant  chord.     Ex.  1  and  2. 

The  chord  of  the  sixth  again  on  the  major  seventh  of  the 
scale  or  sensible  note,  which  is  the  first  inversion  of  the  do- 
minant chord,  alternates  very  naturally  with  the  common 
chord  of  the  key,  Nos.  3  and  4.  The  latter  of  these  pro- 
gressions, viz.  from  the  first  inversion  of  the  dominant  to  the 
chord  of  the  key,  when  it  takes  place  on  the  proper  part  of 
the  measure,  forms  an  inverted  cadence,  by  which  musical 
phrases  are  frequently  terminated  in  the  middle  of  a  strain. 
Tills  is  the  case  in  which  the  octave  to  the  bass  of  the  Gth 
ought  not  to  be  taken ;  because  the  sensible  note  must  rise 
diatonically  to  the  key,  and  therefore  must  not  be  doubled. 


Ex.  1. 
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The  chord  of  the  sixth  on  the  second  of  the  key  is  the 
first  inversion  of  the  imperfect  common  chord.  Tiiis  chord 
alternates  very  agreeably  either  with  tiie  chord  of  the  key, 
or  with  its  first  derivative,  Nos.  5,  G,  7-  In  the  progression 
of  this  chord  of  the  6th  to  the  harmony  of  the  key,  it  receives 
that  peculiar  treatment  which  is  called  the  resnhition  of  a 
discord.  The  dissonant  interval  is  the  lesser  fifth,  or  (as  it 
appears  in  these  examples  from  the  position  of  the  chord) 
the  greater  fourth  from  F  to  B.  Tlie  B  rises  to  C,  and  the 
F  falls  to  E :  hence  it  is,  tliat  in  Ex.  5  and  G,  the  second 
and  third  parts  meet  in  unison;  because  to  avoid  consecu- 
tive octaves  between  the  bass  and  third  part^  this  latter  also 
rises  to  E. 

The  Cth  in  this  chord  is  the  sensible  note,  and  the  liarmony 
of  the  key  follows  it  as  a  matter  of  course.  This  is  therefore 
really  a  flomituint  chord  as  decidedly  as  the  common  chord 
of  the  fifth  of  the  key.  We  shall  afterwards  find  these  two 
chords,  viz.  the  common  chord  of  the  fifth  of  the  key,  and 
the  imperfect  common  chord  of  the  major  seventh,  or  sensi- 
ble note,  united,  form  what  is  called  the  dominant  seventh. 
In  cxam])les  8  and  9,  the  progressions  of  this  chord  of  the 
sixth  are  exhibited  in  the  minor  mode,  where  the  student 
will  observe  that  the  sixth  is  accidenfalli/  sharpened  that  it 
may  be  major,  which  is  intimated  in  the  figuring  by  the  dash 
through  the  figure,  thus  ^ ;  and  thus  the  chord  of  the  sixth 
on  the  second  of  the  minor  scale  becomes  similar  to  that  of 
the  major  scale,  and  receives  exactly  the  same  treatment. 
This  major  sixth,  being  the  sensible  note,  ought  never  to  be 
doubled.  But  when  this  chord  of  the  sixth  is  treated  without 
regard  to  its  dissonant  nature,  as  in  some  of  the  following 
examples,  the  sixth  may  be  doubled. 

When  the  fourth  of  the  key  in  the  bass  rises  to  the  fifth  of 
the  key  as  leading  chord,  it  is  more  agieeable  and  more 
usual  to  give  the  former  a  chord  of  the  sixth,  than  a  common 
chord;  Ex.  10.  This  chord  of  the  sixth,  on  the  fourth  of 
the  key,  is  the  first  inversion  of  the  common  chord  of  the 
second  of  the  scale;  yet  the  harmony  in  this  progression  is 
felt  as  belonging  to  the  subdominant.  We  shall  afterwards 
see  that  the  subdominant  may  have  its  proper  fifth  along 
with  this  sixth,  and  that  the  whole  subdominant  chord  thus 
formed,  is  made  up  of  the  common  chords  of  the  fourth  and 
of  the  second  of  the  scale  united.  In  the  minor  mode  this 
chord  of  the  sixth  on  the  subdominant,  is  the  same  inversion 
of  the  imperfect  common  chord,  which,  in  the  major  mode 
belonging  to  the  seventh  of  the  scale,  governs  the  tonic  har- 
juony.  Here  it  belongs  to  the  second  or  to  the  fourth  of  the 
scale,  and  receives  a  different  treatment  accordingly ;  Ex. 
11.  We  shall  al'terwards  find  that  this  combination  may  be- 
long to  the  dominant  of  the  major,  or  to  the  subdominant  of 
its  relative  minor  ;  or,  lastly,  to  the  dominant  of  the  same  re- 
lative minor.  We  shall,  however,  find,  when  we  come  to 
speak  of  a  system  of  perfect  and  untempered  harmony,  that 
all  the  intervals  do  not  exactly  coincide  in  all  these  cases. 

The  chord  of  the  sixth  on  the  seventh  of  the  major  scale, 
may  descend  diatonically  on  the  common  chord  of  the  re- 
lative minor,  and  then  it  forms  an  inversion  of  the  inter- 


rupted cadence;  Ex.  12.  which  is  the  beginning  of  a  beau- 
tiful duet  of  Mozart,  only  transposed  into  the  key  of  C ;  in 
which  the  other  examples  are  written. 

When  a  common  chord  descends  a  third  to  a  chord  of 
the  sixth,  the  fundamental  progression  is  the  descent  of  a 
fifth  to  another  common  chord;  and  when  a  chord  of  a  sixth 
rises  one  degree  to  a  common  chord,  the  fundamental  pro- 
gression is  the  ascent  of  fourth  from  one  common  chord  to 
another.  Ex.  13.  is  therefore  the  same  fundamental  pro- 
gression as  Nos.  1,  2,  3.  in  art.  110;  which  is  pointed  out 
by  the  dots  under  each  chord  of  the  sixth.  Ex.14,  is  the 
same  fundamental  progression  as  Nos.  C,  and  /•  in  art.  110; 
as  shown  by  the  dots  under  each  chord.  Ex.  15.  is  the 
same  fundamental  progression,  consisting  entirely  of  chords 
of  the  sixth. 

The  common  chord  is  succeeded  by  a  chord  of  the  sixth, 
on  the  same  bass,  in  a  very  agreeable  manner;  and  when 
the  bass  of  this  second  chord  rises  diatonically  to  a  new 
common  chord,  which  is  again  succeeded  by  a  chord  of  the 
sixth  on  the  same  bass,  the  progression  forms  what  is  called 
a  sequence  of  fifths  and  sixths.  Ex.  16.  is  written  in  four 
parts;  by  leaving  ont  the  third  part  next  the  bass,  which 
consists  of  the  octave  and  doubled  sixth  alternately,  we  have 
the  secjuence  in  three  parts,  in  which  form  it  more  frequently 
apjiears.  This  is  a  very  beautiful  and  efifective  progression, 
much  in  use  by  the  first  masters. 

Chords  of  the  sixth  are  used  with  far  greater  freedom  than 
the  common  chords  from  which  they  are  derived.  A  series 
of  common  chords  ascending  or  descending  diatonically  in 
similar  motion  of  the  parts,  would  bequUe  intolerable.  Yet 
this  is  a  treatment  which  chords  of  the  sixth  frequently  re- 
ceive iVom  the  best  composers.  Nos.  17  and  18  are  exam- 
ples of  such  sequences  of  sixes  ascending  and  descending. 
The  reader  will  observe,  that  between  the  first  and  second 
parts  there  is  a  continual  succession  of  perfect  fourths ;  but 
the  bass  part  at  the  distance  of  a  third  from  the  lower,  so 
covers  the  fourths,  that  the  succession  gives  no  offence.  Yet 
the  same  succession  of  fourths  without  the  bass,  or  naked, 
would  be  as  offensive  as  so  many  perfect  fifths.  If  the  bass 
be  removed  an  octave  lower,  at  a  distance  of  tenth  from 
the  other  part,  the  effect  of  the  series  of  fourths  becomes 
more  observable,  insomuch  that  Mr.  Kollmann  absolutely 
prohibits  it.  However,  we  shall  find  examples  of  a  series 
of  sixes,  where  the  bass  is  at  the  distance  of  tenth  from  the 
second  part,  in  good  authors.  The  removal  of  the  second 
part  an  octave  higher,  to  alter  the  position  of  the  chords, 
would  produce  a  series  of  perfect  fifths.  The  form  here 
given  is  therefore  the  only  one  in  which  this  sequence  can 
take  place.  In  these  two  examples,  the  sixth  on  the  second 
of  the  major  scale,  in  which  the  fourth  is  major,  is  treated 
as  a  discord :  but  this  is  done  merely  for  the  sake  of  a  kind 
of  termination ;  for  this  sixth  is  in  such  sequences  used  as 
freely  as  the  others,  its  dissonant  nature  being,  from  the  re- 
gularity of  the  succession,  overlooked. 

The  bass  may  be  doubled  in  the  octave  below ;  or  four 
}-eal  parts  may  be  had  by  putting  the  bass  an  octave  lower, 
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arid  taking  to  it  an  8th  and  doubled  Cth  alternately,  as  in 
No.  19.  This  example  is  taken  from  Shield's  Introduction 
to  Harmony;  and  we  shall  quote  the  observations  with 
which  this  excellent  author  accompanies  it.  "  The  bitter 
cries  of  naked  fourths  are  so  sliockinj;  to  the  ears  of  a  feel- 
ing composer,  that  he  never  suffers  them  to  remain  long  in 
any  situation  without  clothing:  How  disagreeably  this  group 
(of  fourths  in  the  two  upper  parts)  howl  without  their  asso- 
ciate !  But  how  pleasantly  they  sing  in  four  parts,  when  he 
and  his  companion  the  eighth  join  them  !"'  that  is,  the  sixth 
and  eighth  reckoned  downwards  from  the  highest  note.  In 
this  example,  the  reader  will  observe  that  the  dissonant  sixth, 
on  the  fourth  of  the  minor  scale,  is  here  avoided  by  flattening 
the  E:  but  he  will  find  the  effect  still  very  good,  b)'  playing 
E  natural  instead  of  it.  The  student  may  also  observe  the 
manner  in  which  the  accidental  flat  and  sharp  are  signified 
in  the  figures  of  the  bass ;  by  the  D  G,  and  by  the  0 :  the  dash 
through  the  last  signilying  that  the  sixth  is  to  be  taken  semi- 
tone higher  than  the  minor  scale  of  D  would  give  it. 

No.  20.  is  a  series  of  alternate  common  chords  and  sixes, 
which  is  the  progression  in  No.  12.  carried  through  the  de- 
scending scale. 

We  shall  conclude  the  subject  of  sixes  for  the  present,  by 
another  example  from  Mr.  Shield,  No.  21.  which  he  says 
"  is  a  stream  of  harmony  produced  by  a  link  of  sixes,  which 
has  often  delighted  the  attentive  ear."'  The  passage  is  for 
two  violins,  tenor  and  bass :  but  the  player  on  keyed  instru- 
ments, b)'  taking  the  whole  chord  of  sixth  in  the  left  hand, 
and  playing  the  highest  part  with  the  right,  may  hear  the 
whole  harmonj',  except  when  the  highest  and  second  parts 

become  unisons. 

/-• 

117.  The  second  inversion  of  the  common  chord,  the 

' 
like  its  primary,  has  three  principal  positions,  as  exhibited 

example  1st.     This  chord  is  far  more  constrained  in  its  use 


than  either  tlie  common  chord  or  the  cliord  of  the  sixth.  As 
an  inversion  of  the  common  chord,  it  is  usually  considered 
by  writers  on  the  subject  of  masic  as  concordant.  Yet  the 
treatment  it  usually  receives  makes  it  almost  class  with  dis- 
cords. The  interval  of  4th  cannot  in  itself  be  called  disso- 
nant. A  discord,  properly  so  called,  is  felt  to  be  such,  how- 
ever its  position  may  be  changed,  or  however  it  may  be  in- 
verted. Thus  the  imperfect  common  chord  is  dissonant  in 
all  its  inversions.  The  imperfect  fifth  or  greater  fourth  will 
retain  their  dissonant  nature  in  every  combination,  and  in 
every  position.  But  the  interval  of  perfect  4th  enters  into 
the  most  perfect  of  all  concords,  as  between  the  fifth  and 
eighth  of  the  common  chord.  Yet  the  interval  of  perfect  4tli. 
reckoned  iVom  the  bass,  is  unsatisfactory  in  itself,  and  points 
as  strongly  to  a  succeeding  third  on  the  same  bass,  as  any 

discord  does  to  its  resolution :  and  in  this  the  chord  of  , 

4 

decidedly  participates.  We  do  not  wonder,  therefore,  that 
some  should  have  been  disjjosed  to  rank  it  among  tlie  dis- 
cords.* 

On  a  stationary  bass,  the  chord  of  the   .   is  struck   freely 

after  the  common  chord,  either  major  or  minor :  and  this 
alternation  frequently  takes  place  on  the  key-note,  or  on  the 

fifth  of  the  key,  Nos.  2,  3,  4,  5.    When  the     is  succeeded 

by  the  common  chord,  it  is  usual  to  figiu'e  the  latter  by  3  or 

5 

„  :  and  in  the  minor  mode,  the  accidental  sharp  in  the  domi- 
nant chord  is  figured  by  >^,  which  signifies  that  the  chord  is 
to  be  taken  a  semitone  higher  than  as  given  by  the  scale,  as 
in  No.  5.  The  reader  will  observe,  that  the  sixth  is  major 
in  the  major  mode,  and  minor  in  the  minor,  both  on  the 
key-note  and  on  the  dominant. 


Ex.  1. 
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*  Since  this  articlf  was  sent  to  press,  we  have  had  the  satisfaction  of  receiving  the  Elements  of  Composition  of  Albrecbtsbebger,  tii« 
friend  of  Haydn,  and  the  master  of  Beethoven;  and  we  are  happy  to  quote  so  high  an  authority  in  corroboration  of  the  view  we  have 
g:iven  of  this  chord.  "  Some  authors,"  says  he,  "  rank  among  the  consonances  the  perfect  fourth,  accompanied  by  the  major  sixtli  and 
perfect  octave,  because  it  arises  from  the  second  inversion  of  the  perfect  chord  ;  or,  according  to  others,  because  in  the  perfect  chord  itself  it 
occupies  ilie  highest  part  of  the  chord.  Whatever  name  may  be  given  it,  I  shall  always  reckon  it  a  dissonance,  and  I  shall  have  more  than 
one  reason  with  which  to  support  my  opinion."  ^ 
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The  chord  of  the      is  of  great  use  hi  connecting  chords, 

and  smoothing  the  passage  of  one  to  another.  Thus  it  en- 
tirely removes  the  harshness  in  the  passage  of  the  common 
chord  of  the  subdoniinant  to  that  of  the  dominant,  Nos.  6 
and  7-  This  progression  is  called  the  fourth  and  sixth  ca- 
dence, and  is  one  of  the  most  formal  and  effective  conclu- 
sions. 

In  general,  when  the  bass  moves,  the  4th  ought  to  be  pre- 
pared, that  is,  heard  in  the  chord,  which  is  succeeded  by  the 

..  We  do  not  recollect  to  have  seen  this  precept  so  for- 
mally laid  down  in  any  treatise  ;  but  we  are  sure  it  is  sanc- 
tioned by  the  practice  of  the  best  masters.  There  is,  how- 
ever, one  case  in  which  it  is  noil  unusual  for  the  ,  to  be  struck 
'  4 

freel}'  on  a  moving  bass,  namely,  when  the  subdominant  of 
the  principal  key,  or  even  of  a  key  well  established,  bearing 
II  chord  of  the  6th,  rises  to  the  leading  chord.  No.  8. 

As  this  chord  points  so  strongly  to  a  succeeding  common 
'hord  on  the  same  bass,  it  brings  on  very  naturally  a  transi- 
tion from  the  principal  key  to  the  related  ones  :  and,  though 
we  must  reserve  an  account  of  these  transitions  for  another 

place,  we  shall  here  illustrate  this  use  of  the  by  a  few  ex- 
amples of  them. 

The  chord  of  the  principal  key  is  the  subdominant  of  the 
fifth  of  the  key,  considered  as  a  new  tonic ;  and  by  a  pro- 
gression similar  to  No.  6,  a  transition  is  easily  effected  to  that 
new  key.  No.  9.  After  the  same  manner  we  may  pass  from 
the  key  to  its  4th,  No.  10.  A  similar  progression.  No.  11. 
leads  to  the  second  of  the  key,  minor  mode.  The  t)  under 
the  second  G  in  the  bass,  signifies  that  the  third  is  to  be  taken 
a  semitone  lower  than  in  the  original  scale. 

If  the  bass  of  a  chord  with  major  third  descend  a  semi- 
tone, the  4th  is  prepared;  and  tiuis  from  the  subdominant  of 
the  major  mode,  with  third  and  fifth,  or  third  and  sixth, 
we  may  easily  go  to  the  dominant  chord  of  the  relative  mi- 
nor, No.  12.  A  similar  progression,  No.  13,  carries  to  the 
third  of  the  key,  minor  mode.  If  the  bass  of  a  chord,  with 
minor  third,  descend  a  tone,  the  fourth  is  prepared;  and  thus 
we  may  go  from  the  minor  chord  to  the  dominant  of  the  re- 

lative  major,  No.  14.     In  all  these  cases  the  chord  of  the  ^ 

is  felt,  and  regarded  as  belonging  to  the  bass  note,  on  whose 


common  chord  it  resolves,  rather  than  to  that  of  whose  com- 
mon chord  it  is  an  inversion,  /.  e.  to  the  dominant  which  it 
retards,  rather  than  to  the  harmony  of  the  key,  to  which  it 
leads. 

These  examples  will  suffice  for  this  use  of  the  ..  We  may 

observe,  in  passing,  that  in  writing  all  such  passages  in  four 
parts,  in  which  the  bass  ascends  or  descends  by  a  single  de- 
gree of  the  diatonic  scale,  the  student  must  be  on  his  guard 
against  consecutive  octaves,  into  which  he  might  otherwise 
be  easily  betrayed. 

of  which  we  have 
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The  resolution  of  the  .  into  the  „, 
4  3' 


given  so  many  examples  above,  is  the  chief  use  that  is  made 
of  it.  It  is,  however,  sometimes  otherwise  treated,  in  a  gra- 
dual ascent  or  descent  from  the  chord  of  the  key  to  its  first 
inversion,  or  vice  versa,  Nos.  15.  and  16:  or  in  a  gradual 
descent  from  the  second  of  the  key  to  the  seventh,  bearing 
the  chord  of  the  imperfect  fifth.  No.  17;  and  in  other  similar 
ways  which  cannot  be  understood  without  a  knowledge  of 
chords  which  we  have  not  as  yet  explained. 

The  chords  of  the  fourth  and  sixth,  above  exemplified,  are 
the  inversions  of  the  major  and  minor  perfect  common 
chords.  The  second  derivative  of  the  imperfect  common 
chord  is  a  discord,  as  is  the  primary  chord  itself.  To  this 
subject  of  discords  wc  must  now  proceed  more  particularly 
to  direct  the  attention  of  the  student. 

CHAP.  III. 

OF  DISCORDS  BY  ADDITION  TO  THE  COMMON  CHOItD. 

Of  the  Dominant  chord  of  Seventh,  and  its  resolution  in 
the  perfect  cadence,  with  the  derived  progressions. 

118.  We  shall  begin  this  chapter  with  a  short  exposition 
of  a  rule  for  the  movement  of  concords,  which  we  have  not 
hitherto  noticed,  but  which  it  will  be  necessary  to  observe  in 
some  of  the  following  examples.  The  rule  is,  that  the  two 
parts  should  be  concordant  taken  crosswai/s.  This  rule 
M.  Choron  gives  under  the  head  of  Relations,  and  we  shall 
be  contented"  here  with  giving  his  explanation  and  examples, 
leaving  a  fuller  exposition  of  the  subject  till  a  future  oppor- 
tunity. 

"  By  the  terra  Relation,  which  has  not  been  as  yet  de- 
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lined,  is  understood  the  interval  which  exists  beHveen  the 
note  taken  by  one  part,  and  the  note  quitted  by  the  other. 
Thus  in  the  example  here  annexed,  the  first  note  of  the 


e^ 


lower  pait  is  in  relation  of  sixth  with  the  second  note  of  the 
uppermost,  and  the  first  note  of  this  last  part  is  in  relation 
of  tifth  with  the  second  note  of  the  lower  part. 

"  One  conceives  from  this,  ihat  there  are  as  many  rela- 
tions as  intervals:  but  all  relations  are  not  equally  admissible; 
those  of  the  superfluous  octave  (i.  e.  increased  by  a  chroma- 
tic semitone,)  and  of  the  diminished  octave  (by  chromatic 
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semitone,)  of  the  lesser  fifth  and  greater  fourth  are  prohi- 
bited; in  a  word,  the  relations  of  octave,  of  fifth,  and  of 
fourth  do  not  admit  of  any  alteration,  because,  being  altered, 
they  make  all  the  intervals  appear  out  of  tune;  it  is  for  this 
reason  that  they  are  called  false  relations,  or  bad  relations. 
To  be  convinced  of  their  bad  effect,  it  is  sufficient  to  repeat 
several  times  the  above  examples." 

Whenever  two  major  thirds  follow  in  diatonic  succession, 
there  is  the  false  relation  of  greater  fourth  taking  the  parts 
crosswise,  and  when  two  minor  sixths  follow  diatonically, 
there  is  the  cross  false  relation  of  lesser  fifth.  Yet  both 
these  are  allowed  in  natural  modulations  within  the  key,  of 
irhich  examples  will  be  found  in  every  page  almost  of  the 
best  masters;  as  in  the  diatonic  sequence  of  sixes,  in  which 
the  former  takes  place  between  the  fourth  and  fifth  of  the 
key,  and  the  latter  between  the  sixth  and  seventh  of  the  key, 
carrying  chords  of  the  sixth,  in  the  major  mode,  (see  Nos.  17, 
18.  Art.  116.)  The  cross  relation  of  greater  fourth,  or 
lesser  fifth,  is  also  generally  disregarded  in  going  from  the 
sub-dominant  to  the  dominant  harmony  of  the  principal  key 
or  related  secondary  keys.  But  when  the  false  relations  of 
octave  crossways  take  place  by  accidental  sharps  or  flats  in 
transitions  to  other  keys,  they  are  oflensive,  and  ought  care- 
fully to  be  avoided. 

119.  We  are  now  to  proceed  to  the  subject  of  Discords  ; 
and  we  cannot  introduce  it  better  than  by  the  follow  ing  quo- 
tation from  Dr.  Burney's  History  of  Music.  "  While  har- 
Kionj'  was  refining  and  receiving  new  combinations,  it  was 
found,  like  other  sweet  and  luscious  things,  to  want  qualifi- 
cation to  keep  ofT  languor  and  satiety,  when  some  bold  mu- 


sicians had  the  courage  and  address  to  render  it  piquant  and 
interesting,  by  a  mixture  of  discord,  in  order  to  stimulate 
attention ;  and  thus,  by  giving  the  ear  a  momentary  uneasi- 
ness, and  keeping  it  in  suspense,  its  delight  became  the  more 
exquisite  when  the  discordant  difficulty  was  solved;  and 
this  contrast  of  imperfection  seems  a  necessary  zest  to  all 
our  enjoyments.  In  painting,  a  tawdry  glare  of  vivid  colours 
without  shade,  would  but  dazzle  and  fatigue  the  sight.  Dis- 
cord, in  musical  composition,  does  not  consist  in  the  excess 
or  defect  of  intervals,  which,  when  false,  produce  jargon, 
not  music ;  but  in  the  warrantable  and  artful  use  of  such  com- 
binations, as  though  too  disagreeable  for  the  ear  to  dwell 
upon,  or  for  the  purpose  of  finishing  a  musical  period ;  yet 
so  necessary  are  they  to  modern  counterpoint,  and  modern 
ears,  that  harmony,  without  their  relief,  would  satiate,  and 
lose  many  of  its  most  beautiful  effects. " 

120.  Discords  are  introduced  into  musical  compositions  in 
difierent  ways,  and  they  may  be  conveniently  classed  under 
the  following  heads:  I.  Discords  by  addition  to  the  common 
chord.  II.  Discords  by  suspension  and  anticipation.  III. 
Discords  in  passing  notes  on  the  unaccented  part  of  the  mea- 
sure. IV.  Discords  produced  by  the  chromatic  aheration 
of  intervals.  The  first  of  these  classes  is  the  subject  of  this 
and  several  following  chapters.  The  others  must  be  de- 
ferred till  we  shall  have  given  an  account  of  the  doctrine  of 
Time  and  Accent,  without  which  they  cannot  be  fully  un- 
derstood. 

121.  Of  discords  by  addition,  the  most  important  arc  the 
dominant  seventh  and  its  derivatives.  This  chord  is  pro- 
duced by  adding  to  the  harmony  of  the  dominant,  or  com- 
mon major  chord  of  the  fifth  of  the  key,  its  minor  seventh, 
which  is  the  fouilh  of  the  scale;  Nos.  1.  and  2.  In  this 
combination,  the  most  remarkable  thing,  and  what  most  at- 
tracts the  attention  of  the  ear,  is  the  lesser  fifth  between  the 
third  and  seventh  of  the  chord,  that  is,  between  the  major 
seventh  and  perfect  fourth  of  the  scale.  The  resolution  of 
this  discord  is  by  the  movement  of  its  two  parts  towards 
each  other,  each  by  one  degree  of  the  diatonic  scale,  so  that 
they  meet  in  a  third  major  or  minor  according  to  the  mode, 
Nos.  3.  and  4.  Or  if  the  position  of  the  chord  invert  this 
lesser  filth  into  a  greater  fourth,  the  resolution  is  by  the 
movement  of  the  two  parts  which  form  this  inter\al  from 
each  other  to  a  sixtli  minor  or  major  according  to  the  mode, 
Nos.  5.  and  6. ;  and  when  the  bass  of  the  dominant,  at  the 
same  time,  falls  a  fit'th,  or  rises  a  fourth  to  the  key  note,  the 
whole  progression  is  of  the  most  satisfactory  and  conclusive 
nature.  This  is  called  the  perfect  cadence;  but,  as  we  ob- 
served. Art.  103.  accent  and  rhjnhm  contribute  essentially 
to  this  conclusive  effect,  which  we  shall  take  an  opportunity 
afterwards  of  illustrating  with  the  fulness  that  its  importance 
demands.  Kirnberger  and  his  followers  call  this  the  essen- 
tial discord ;  but  though  we  allow  that  the  addition  of  the 
seventi;  to  the  dominant  chord  greatly  heightens  its  effects, 
and  makes  it  indicate  still  more  expressly  the  succeeding  to- 
nic harmony,  we  cannot  allow  that  the  seventh  is  essential 
to  the  progression,  or  to  its  conclusive  nature,  and  therefore 
we  shall  not  adopt  this  phraseology.  That  our  readers  how- 
ever may  not  misunderstand  us,  and  suppose  that  we  mean 
to  say  that  this  discord  might  be  spared,  we  sliall  quote  a 
sentence  from  Mr.  Shield  to  show  its  importance.  "  The 
modern  elegant  Italian  masters  have  produced,  and  do  daily 
produce  many  charming  composhions,  without  the  assistance 
of  any  other  discord  than  this  minor  seventh  and  its  deriva- 
tives, when  judiciously  blended  with  concords." 
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This  chord  is  figured  s,  or  simply  wiih  "■     Bm  in  tlie 

minor  mode  the  major  third  to  the  bass  is  intimated  by  a 
*  placed  below  the  other  figure  or  figures  as  in  Nos.  2,  4,  G. 
AVhen  by  means  of  this  chord  the  modulation  is  carried  into 
another  key,  which  requires  an  accidental  sharp  to  make  the 
leading  chord  major,  this  accidental  is  indicated  by  a  ^  un- 
der a  7,  as  in  No.  7;  and  when  the  modulation  goes  to  a 
key  which  requires  an  accidental  flat  to  make  the  seventh 
minor,  this  is  signified  by  the  flat  character  before  the  figure, 
as  in  No.  8. 

As,  by  the  resolution,  the  third  and  seventh  have  a  deter- 
mined movement,  they  ought  not  to  be  doubled.  In  com- 
positions of  many  parts  the  third  may  be  doubled,  being  re- 
solved only  in  that  part  where  it  is  most  conspicuous.  We 
shall  even  sometimes  find  the  seventh  doubled  and  resolved 
only  in  one  part.*  The  bass  and  fifth  may  be  doubled  in 
the  octave  or  unison.  In  omitting  parts  of  the  chord,  the 
octave  to  the  bass,  and  the  fifth,  ought  to  be  left  out  rather 
than  the  third,  because  this  last  characterizes  the  chord  as 
the  ilominant.  Cases  however  will  occur  when  the  third 
may  fall  to  be  omitted.  If  the  seventh  be  left  out,  the  chord 
is  the  common  major  chord  of  the  fifth  of  the  key ;  but  as  we 
have  before  said,  it  is  still  tlic  dominant  or  leading  chord  in 
final  cadences. 

The  dominant  chord  'of  seventh  may  be  considered,  as 
we  have  observed.  Art.  116.  as  formed  by  the  union  of  the 
major  chord  of  the  fifth  of  the  key,  and  of  the  imperfect 
common  chord  of  the  major  seventh  of  the  scale.  This 
last  chord  of  itself  most  naturally  points  to  the  common 
chord  of  the  key,  No.  9 ;  and  all  its  inversions  lead  to  the 
same  harmony.     See  examples,  Art.  llG.  Nos.  5,  G,  7,  &c. 
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As  the  two  chords,  therefore,  point  to  the  same  succeeding 
harmony,  and  as  their  union  tbrms  a  chord  far  from  disa- 
greeable, though  requiring  resolution,  nothing  can  be  more 
pleasing  and  satisfactory  than  this  progression. 

The  chord  of  dominant  seventh  has  different  positions ; 
and  by  the  resolution  the  succeeding  tonic  harmony  is 
placed  in  difl'erent  positions.  We  shall  therefore  exhibit  the 
chief  of  these  with  the  resolutions,  in  four  parts. 

When  the  seventh  is  highest,  the  succeeding  chord,  by 
the  resolution,  has  the  third  uppermost.  No.  10,  a,  b,  c,  d. 
At  a,  the  fifth  of  the  leading  chord  may  either  rise,  which 
doubles  the  third  of  the  tonic,  or  it  may  fall  on  the  octave, 
which  is  better ;  or  in  compositions  for  several  voices  or  in- 
struments, the  fifth  of  the  leading  chord  may  fall  on  the  fifth 
of  the  tonic,  crossing  the  part  in  which  the  sensible  note  rises 
to  the  resolution  on  the  octave;  but  then  the  bass  and  fifth 
must  go  in  contrary  motion,  as  at  6;  and  this  manner  of 
taking  the  harmony  may  be  allowed  on  keyed  instruments. 
At  c,  the  octave  to  the  bass  is  taken,  and  the  fifth  omitted; 
and  in  this  form  the  progression  phrases  better  then  the 
others,  as  each  part  is  kept  in  its  own  place,  and  the  har- 
mony of  the  tonic  is  full.  At  d,  the  fifth  is  placed  an  octave 
lower  than  in  the  preceding  examples.  It  may  fall  on  the 
octave,  or  go  to  the  fifth  by  contrary  motion  to  the  bass. 
Mr.  Kolhmnn,  indeed,  positively  allows  two  fifths  in  simi- 
lar motion  in  the  progression  of  the  dominant  to  the  key, 
and  vice  versa. 

If  the  fifth  of  the  leading  chord  be  highest,  it  naturally  re- 
solves on  the  octave  position  of  the  tonic.  No.  11,  a,  h,  c,  d. 
At  a,  the  leading  note  and  fifth  meet  in  unison  on  the  keyj 
or  these  parts  may  cross  as  ati,  which,  however,  is  not  very 
good  here,  as  the  highest  part  ought  to  keep  its  place.     At 


^'  A  very  vemaikable  instance  of  tlii?;  tlmibliii^  of  tlic  discord  in  the  second  derivative  of 
the  dominant,   occurs  in  one  of  Mozart's  qnintetts ;  wliich  exanijtlc   is  here  annexed, 
movement  is  in  the  minor  mode  of  C :  at  the  end  of  tlte  bar,  F  the  discord  is  doubled  ; 
resolved  in  tlie  part  next  the  bass;  in   tlie  highest  part  it  rises  to  the  filili  of  the  key,  or 
third  to  the  bass,  and  the  imperfect  fifth  of  the  dominant  is  followed  in  similar  motion  by  a 
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c,  tlie  sensible  note  is  placed  an  octave  lower,  whicli  makes 
the  harmony  more  dispersed.  At  H,  tiie  octave  to  the  bass 
is  taken,  and  the  sensible  note  omitted,  which  makes  tlie 
conclusion  less  marked,  and  therefore  less  proper  for  the 
final  close  of  a  strain. 


When  the  third  of  the  dominant  is  highest,  it  necessarily 
resolves  on  the  octave  position  of  the  tonic,  iVo.  12,  o,  6,  c. 
(1.  The  two  last,  in  which  the  octave  is  taken  instead  of  the 
fifth  of  the  leading  chord,  phrase  better  than  the  others,  and 
give  the  tonic  hannony  full. 


When  the  octave  to  the  bass  is  highest,  it  naturally  makes 
the  tonic  harmony  in  the  position  of  fifth,  which  is  the  least 
conclusive,  and  therefore  seldom  found  as  a  final  close,  13, 
a,  h.  The  extreme  parts  in  full  harmony  may,  however, 
meet  on  the  octave  by  contrary  motion,  as  at  c. 

The  dominant  chord,  without  the  seventh,  leads  very  well 
to  the  first  derivative  of  the  chord  of  the  key,  as  No.  14,  a; 
but  when  the  seventh  is  added,  this  progression  cannot  very 
well  take  place,  because  the  resolution  of  the  seventh  on  the 
octave  to  the  note  taken  by  the  bass,  has  an  efi'ect  similar  to 
consecutive  octaves,  b.  This  progression,  however,  is  some- 
times practised  in  full  harmony,  which  is  a  license;  but  in 
that  case  the  resolution  being  taken  by  the  bass,  the  seventh 
descends  a  fourth  to  double  the  sixth  as  at  c,  or  ascends  to 
the  third  as  at  d. 


The  dominant  seventh  Is  frequently  resolved  on  the    . 

on  the  same  bass,  that  is,  the  second  derivative  of  the  tonic 
chord ;  and  the  two  chords  are  not  unfrequently  made  to  al- 
ternate on  a  continued  bass  several  times,  as  in  No.  15.  It 
is  scarcely  necessary  to  observe,  that  this  resolution  is  never 
the  final  close;  the  final  resolution  into  the  fundamental  har- 
mony of  the  key  generally  succeeds  as  in  this  example;  or 
some  other  cadence,  as  we  shall  see  afterwards. 

122.  As  the  dominant  seventh  consists  of  four  real  parts, 
it  has  three  inversions:  and  we  shall  treat  these  with  theii' 
resolutions,  both  in  the  major  and  minor  modes,  after  the 
manner  we  have  followed  with  the  fundamental  chord. 


The  first  derivative,  when  the  third  of  the  fundamental 
chord  is  put  in  the  bass,  consists  of  a  minor  third,  an  imper- 
fect fifth,  and  minor  sixth  ;  IVo.  1 .  This  is  called  the  chord 
of  the  false  fifth,  or  the  chord  of  the  imperfect  fifth  and  sixth. 

It  is  figured  ^,  to  which  the  minor  third  is  understood,  and  in 

a  more  abridged  manner  by  a  ^  with  a  stroke  through  it, 
both  third  and  sixth  being  understood. 

The  bass  being  the  sensible  note,  must  rise  a  semitone  to 
the  key-note,  and  the  5tli  being  the  discord,  must  descend 
liiatonically  on  the  third  major  or  minor;  and  neither  of 
these  notes  ought  to  be  doubled,  and  they  ought  to  be  the 
last  omitted.  The  third  and  sixth  have  no  determined  move- 
ment ;  and  they  may  be  doubled  or  omitted  as  most  conve- 
nient. 

All  the  positions  of  this  discord  phrase  well,  and  it  is  easy 


to  have  all  the  parts  of  the  succeeding  tonic  chord  both  in 
close  and  dispersed  harmony.  When  the  ^,  which  is  the 
discord,  is  highest,  it  resolves  on  the  tierce  position  of  the 
tonic.  No.  2.  At  a  and  b  we  have  all  the  parts  in  both 
chords;  at  c  the  3d  is  doubled,  and  the  Cth  omitted;  at  d 
the  6th  is  doubled  and  the  3d  omitted. 

When  the  third  is  highest,  it  may  either  resolve  on  the 
octave  position  of  the  tonic,  as  No.  3.  a,  or  on  the  tierce 
position,  as  at  b:  the  Ibrmer  is  better  and  more  conclusive, 
but  the  other  will  often  be  induced  by  the  melody.  At  r  the 
same  in  dispersed  harmony ;  at  d  the  third  is  doubled,  the 
one  rising  to  the  third,  in  order  to  avoid  octaves ;  or  the 
parts  may  cross  as  at  e,  and  this  resolution  of  the  chord 
may  even  be  allowed  in  accompaniments  on  keyed  instru- 
ments. 


72 


MUSIC. 


3.     a 


'=1 — C 


-a-^s 


i=4 


S!3 


* 


tt 


*i 


pJ^ffiE 


4.       « 


211 


d  5 


1^ 


5=1: 


^ 


^: 


-^ 


-^-r- 


li 


I      P 

Bad 


£± 


^=j=|:=^zjj^ 


r-    P  I 


-M 


^^=^ 


-^ 


^ 


$ 


If  the  6th  be  highest  it  will  naturally  keep  its  place,  which 
puts  the  succeeding  chord  in  the  position  of  fifth,  No.  4.  a, 
b;  or  it  may  descend  to  the  key-note  as  at  c ;  hut  it  would 
have  a  bad  effect  to  make  it  descend  to  the  third,  as  at  d, 
because  this  would  feel  like  octaves  between  the  Gth  and 
^th. 

M.  Choron  gives  the  irregular  resolution  of  the  ^,  No.  5, 

which  he  says  "  is  good,  (by  means  of  the  notes  of  passage, 
which  conduct  the  4th  [i.  e.  the  4th  of  the  key,  or  discord] 
to  the  key-note,)  in  order  to  avoid  the  octave.  This  succes- 
sion takes  place,  when  the  bass,  or  the  highest  part,  has 
necessarily  one  of  the  motions,  which  we  see  in  this  ex- 
ample, as  happens  in  a  given  subject." 

If  the  ^,  which  is  the  discord,  be  omitted,  the  chord  is 
Gth  on  the  sensible  note,  as  shown  Nos.  3  and  4.  Art. 
116. 

The  resolution  of  the  l,  taking  place  on  the  proper  part 


of  the  measure  and  rhythm,  forms  an  inverted  cadence, 
which  Dr.  Callcott  calls  the  cadence  of  the  leading  note. 

123.  The  second  derivative  of  the  dominant  seventh,  in 
which  the  5th  of  the  fundamental  chord  becomes  bass,  con- 
sists of  a  minor  third,  perfect  fourth,  and  major  sixth.     It  is 

figured  _,  the  major  sixth  being  understood  ;  No.  l,a,b.  Dr. 

Callcott  observes,  that  the  older  masters,  as  Handel,  Corelli, 
&c.  have  uniformly  omitted  the  4th,  (which  is  the  funda- 
mental sound,)  and  then  the  chord  is  the  first  inversion  of  the 
dissonant  5th,  and  is  figured  by  6,  as  in  Art.  116,  5,  6,  7,  8, 
9.  When  an  accidental  is  required  to  make  the  6tli  major, 
it  is  signified  by  a  dash  through  the  figure  thus  0,  or  by  a 
sharp  before  it  thus  *6. 

In  this  inversion  the  3d  is  the  discord,  and  the  6th  is  the 
sensible  note;  therefore  neither  of  these  ought  to  be  doubled, 
and  they  ought  to  be  the  last  omitted.  The  third  descends  dia- 
tonically  to  the  resolution,  and  the  sixth  rises  semitone.  The 
bass  and  4th  are  not  restrained  to  any  particular  motion. 
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When  the  3d,  which  is  the  discord,  is  highest,  it  resolves 
on  the  fundamental  tonic  chord  in  the  tierce  position,  as  No. 
'2,  a,  b.  If  instead  of  this  the  bass  rise  to  the  third  of  the 
key  with  chord  of  6th,  M.  Choron  forbids  the  resolution  of 
the  discord  on  the  octave,  and  directs  that  it  should  fall  to  the 
6lh,  as  at  c,  which  is  a  license  similar  to  that  in  Art.  121, 
No.  14,  c:  or  he  says  the  dissonance  may  ascend  in  thirds 
■with  the  bass.  Compare  the  example  from  Mozart,  Art. 
121,  note.     The  prohibition,  however,  to  resolve  the  discord 


on  the  octave,  must  be  restricted  to  this  case,  in  which  these 
are  the  extreme  parts ;  fur  otherwise  it  is  very  good,  and  will 
be  found  frequently  exemplified  in  the  best  writers.  At  d 
the  4th  is  doubled,  and  the  6th,  or  sensible  note,  omitted, 
one  4th  rising  to  the  octave,  and  the  other  remaining  as  fifth 
in  the  second  chord.  At  e  the  octave  to  the  bass  is  taken, 
and  the  4th  omitted,  when  the  chord  becomes  the  6tli  on  the 
second  of  the  key,  but  still  treated  as  a  dominant  resolving 
on  the  key. 
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When  the  6th  is  highest,  the  resolution  is  into  the  octave     the  key  resolved  on  the  common  chord.     At  c  and  rftliedis- 
P?r;?,^'"!':irT:^±!!::^Ar:,\:':;H  ut -S     -^^  is  omitted,  when  tl.  chord  appears  as  l  yet  treated 


of  the  6th,  as  at  c.  In  the  example  at  d  the  4th  is  omitted, 
and  the  octave  to  the  bass  taken,  wlien  we  have  the  chord  of 
major  6tli  on  the  second  of  the  key ;  the  middle  parts  may 
unite  on  the  third,  or  may  cross;  and  this  way  of  taking  the 
chord  may  be  allowed  on  keyed  instruments. 
;  When  tlie  4th  is  higliest,  it  will  keep  its  place,  and  the  re- 
solution will  be  into  the  common  chord  in  position  of  5th,  as 
No.  4.  a,  b;  or  the  bass  may  rise  to  the  third  of  the  key 
with  chord  of  6th;  or  the  4th  being  doubled,  the  highest 
may  fall  to  the  key-note,  the  bass  rising  to  the  third  of  the 
key  with  chord  of  Cth,  as  at  c. 

In  No.  5,  the  octave  to  the  bass  is  placed  highest.  At  a 
the  6th  is  omitted,  and  the  chord  resolved  on  the  chord  of 
Cdi.     At  b  the  4th  is  omitted,  and  tiie  6th  on  tiie  second  of 


like  the  dominant  chord.     Compare  what  is  said,  Art.  11". 
Nos.  15,  16. 

124.  The  third  inversion  of  the  dominant  seventh  is  that 
in  whicli  the  discord  is  put  in  the  bass.  It  consists  of  major 
second,  greater  fourth,  and  greater  sixth.     It  is  called  the 

cliord  of  the  sharp  fourth,  or  tritone:   it  is  figured  Z^  the 

sixth  being  understood. 

The  dash  after  the  4  signifies  that  it  is  major,  not  perfect. 
This  dash  is  not  necessary  in  the  major  mode  of  the  orioinal 
key,  but  is  essential  to  indicate  an  accidental  4<,  as  in  the 
minor  mode,  or  in  any  change  of  key  by  this  chord ;  No.  1 . 
a,  b. 
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The  bass  being  the  discord,  is  not  to  be  doubled,  nor  the 
A-\-  which  is  the  sensible  note.  These  two  intervals  are  re- 
solved, as  in  all  the  preceding  examples.  Tiie  regular  re- 
solution is  into  the  chord  of  sixth  on  the  third  of  the  key ; 
but  licences  are  sometimes  used  with  this  as  with  the  funda- 
mental and  with  the  other  inversions.  When  the  6th  is 
highest,  the  resolution  may  be  into  the  position  in  which  the 
key  note,  or  sixth  to  the  bass,  is  highest,  as  No.  2.  a,  or  the 
octave  to  tlie  bass,  as  at  i ;  this,  however,  I\I.  Choron  for- 
bids ;  or  the  6th  may  leap  a  4th  as  at  c.  At  d,  the  resolution 
is  the  same  as  at  «,  only  in  more  dispersed  harmony.  At  e 
the  4th  is  omitted,  and  the  6th  doubled. 

When  the  greater  fourth  is  highest,  it  necessarily  puts  the 
succeeding  harmony  in  the  position  at  No.  3. «,  b. 

When  the  second  is  uppermost,  it  will  keep  the  same  de- 
gree, as  No.  4.  a,  b  ;  or  it  may  descend  on  the  key-note,  as 
at  c;  but  it  ought  not  to  descend  on  the  octave  to  the  bass,  as 
at  d,  for  the  reasons  formerly  given. 

At  No.  5.  a,  6,  the  bass  by  license  descends  to  the  key- 
note, while  another  part  takes  the  note  on  wiiicli  the  bass 
ought  regularly  to  resolve.  At  c  is  a  license  much  more 
unusual,  which  RI.  Choron  says,  although  altogether  irregu- 
lar, is  employed  by  the  necessity  of  answering  to  some  sub- 
ject in  fugues.  If  the  dissonance  ascend  in  the  bass,  it 
ought  to  be  properly  resolved  in  another  part. 

Vol.  XIY.  P.^rt  I. 


There  are  other  forms  in  which  the  dominant  cliord  ap- 
pears both  in  the  major  and  minor  modes,  the  exhibition  of 
which  we  shall  at  present  delay.  In  the  mean  time  we  shall 
proceed,  in  the  next  chapter,  to  the  consideration  of  other 
chords  of  the  seventh. 

CHAP.  IV. 

OF  OTHER  CHORDS  OF  THE  SEVENTH  :  THEIR  PREPARATION 
AND  RESOLUTION  ANALOGOUS  TO  THE  PERFECT  C.V- 
DENCE. 

125.  If  to  the  minor  common  chord  of  the  second  of  the 
scale  major  mode,  we  add  the  key-note,  we  have  a  chord 
consisting  of  minor  third,  perfect  fifth,  and  minor  seventh, 
No.  1;  of  which  chord  l\lr.  Shield  observes,  that  it  is  a 
chord  less  agreeable  to  the  car  than  the  dominant  chord, 
more  restricted  in  practice,  but  not  less  essential  to  a  regular 
stream  of  harmony. 

The  seventh  in  this  chord  must  be  prepared  in  the  pre- 
ceding chord.  It  resolves  after  the  same  manner  as  the 
dominant  chord,  that  is,  by  the  diatonic  descent  of  the  7th 
on  the  major  third  of  the  dominant  chord,  and  the  ascent  of 
the  bass  by  fourth,  or  descent  by  lifih  ;  but  the  interval  be- 
tween the  third  and  seventh  being  perfect  fifth,  that  third  is 
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not  necessarily  consliained  to  rise  to  the  octave  like  the  lead- 
ing note  ill  the  doinin.iiit  seventh;  No.  2.  From  its  resolu- 
tion on  the  dominant,  it  may  very  well  be  called  the  sub- 
dominant  chord  of  seventh. 

Tliis  name  of  subdominant  chord,  however,  is  chiefly 
given  to  its  first  derivative,  when  the  third  of  the  chord,  that 
is,  the  fourth  of  the  key,  is  made  bass ;  No.  3.  This  chord 
consists  of  major  third,  perfect  fifth,  and  major  sixth  ;  or  of  a 
major  sixth  added  to  the  common  chord  of  the  fourth  of  the 
key.  I'ut  the  5th  of  the  chord  is  the  discord,  which  must  be 
prepared,  and  resolved  by  descending  semitone  on  the  major 
third  of  the  dominant  chord ;  No.  4.  This  chord  is  called  by 

some  the  great  sixth,  and  it  is  figured  ^. 


These  two  forms  of  the  chord,  viz.  the  Tth  on  tlie  second 

of  the  key,  and  the  ^  on  the  fourth,  are  those  chiefly  in  use, 

the  latter  even  more  frequently  than  the  former;  and  both 
the  progressions  to  the  dominant  are  used  as  cadences  to 
terminate  phrases.  It  has  been  much  disputed,  whether  the 
second  or  the  fourth  of  the  key  is  to  be  reckoned  the  funda- 
mental. The  question  is  of  very  little  importance,  as  the 
manner  of  employing  the  chords  is  no  way  iniJuenced  by  it. 
The  whole  combination,  as  we  formerly  observed,  is  made 
up  by  the  union  of  the  common  chords  of  the  second  and-  of 
the  fourth  of  the  key. 


4. 


C. 


i 


-^ 


:^t=# 


-s- 
-6- 


^^^^^m 


s 


£ 


l^^ai^fc 


6         7        5 
3 


6 
4 
3 


The  2d  derivative,  when  the  fifth  of  the  chord  of  "th  is 
put  in  the  bass,  consists  of  minor  third,  perfect  fourth,  and 
minor  sixth;  No.  5.  This  inversion  is  much  less  frequently 
used  than  the  preceding. 

The  third  derivative,  when  the  discord  is  in  the  bass,  is 
more  frequently  met  with  than  the  last,  though  much  less 

frequently  than  the  , .     It  consists  of  major  second,  perfect 


1th,  and  major  sixth,  and  is  figured  by  ^,  No.  6. 
126.  After  the  same  manner,  in  the  minor  mode  a  seventh,     the  dominant,  No.  3 


which  is  the  key-note,  is  added  to  the  imperfect  common 
chord  on  the  second  of  the  key,  No.  1 ;  and  it  consists  of 

minor  third,  false  fifth,  and  minor  seventh.     It  is  figured  1 

the  dash  through  the  5  intimating  that  it  is  imperfect. 

This  seventh  is  generally  prepared,  and  it  resolves  in  a 
similar  manner  on  the  dominant  chord.  No.  2. 

Its  first  derivative,  which  consists  of  minor  third,  perfect 


fifth,  and  major  sixth,  figured  r,  in  like  manner  resolves  on 
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In  all  these  cases,  both  in  the  major  and  minor  modes,  the 
dominant  on  which  the  subdominant  chord  thus  resolves, 
may  have  its  added  seventh,  though  omitted  in  these  exam- 
ples. 

Its  second  derivative,  when  the  5th  is  made  bass,  consists 
of  major  third,  major  fourth,  and  major  sixth,  No.  4.  Its 
ihird  derivative  consists  of  major  second,  perfect  fourth,  and 
minor  sixth,  No.  5. 

This  chord  and  its  derivatives,  we  shall  afterwards  find, 
are  often  treated  as  belonging  to  the  dominant  chord  of  the 
relative  major  motie.  The  chord  of  the  seventh  and  the 
first  derivative  are  treated  both  ways,  i.  e.  are  resolved 
either  into  the  dominant  of  the  minor  mode,  or  into  the  tonic 
of  the  relative  major;  the  second  derivative  is  used  chiefly  in 
thb  last  way ;  and  the  3d  derivative  chiefly  as  the  subdomi- 


nant of  the  minor,  resolving  on  the  first  inversion  of  the 
dominant,  No.  6. 

Though  these  two  last  described  chords  of  the  seventh, 
which  we  may  call  subdominant  sevenths,  with  their  deriva- 
tives, are  figured  in  the  same  way  as  are  the  dominant 
seventh  and  its  derivatives,  yet  the  performer  of  thorough 
bass  soon  learns  to  distinguish  what  precise  combinations  are 
meant.  There  are  other  chords  of  the  7th,  but  these  of  the 
dominant  and  subdominant  are  the  most  important ;  and  we 
shall  now  proceed  to  consider  the  manner  in  which  these 
and  the  tonic  harmony  are  interwoven  in  musical  phrases, 
which  indeed  constitute,  we  may  say,  the  substance  of  all 
modulations. 

In  our  examples,  hitherto,  we  have  confined  ourselves  to 
the  keys  of  C  major  and  A  minor,  leaving  it  to  the  industry 
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(il  the  student  to  write  and  perform  them  in  different  keys ; 
but  as  the  diligent  reader  must  now  be  familiar  with  the 
tonic  and  dominant  harmonies,  and  their  inversions  in  dif- 
ferent positions,  we  think  we  may,  without  the  risk  of  con- 
fusing him,  write  our  subsequent  examples  in  diflerent  keys. 
This  will  both  relieve  monotony,  and  assist  the  student  in 
the  exercise  of  transposition,  which,  indeed,  is  a  simple 
business  enough,  though  otherwise  accounted  of  by  many. 
We  shall,  at  least  for  some  time,  observe  a  progressive  order 
both  in  the  major  and  minor  modes. 

127.  The  seventh  of  the  dominant  may  be  struck  freely 
without  preparation,  or  it  may  be  prepared.  When  we 
proceed  directly  from  the  chord  of  the  key  to  liie  dominant, 
the  7th  is  of  course  unprepared.  This  progression,  with  tiie 
inversions  of  both  chords,  is  given  in  the  examples  following: 
No.  1 .  n,  both  the  chords  fundamental  in  the  key  of  C  major ; 
at  b,  the  same  in  the  relative  minor  A,  in  a  diflerent  posi- 
tion. No.  2.  a,  the  chord  of  the  key  followed  by  the  first  de- 
rivative of  the  dominant  in  G  major ;  b,  the  same  in  the  re- 
lative minor  E.  No.  3.  a,  the  chord  of  tiie  key  followed  by 
the  second  inversion  of  the  dominant,  in  D  major;  b,  the 
same  in  B,  the  relative  minor.  No.  4.  a,  the  chord  of  the 
key  followed  bj'  the  third  inversion  of  the  dominant  resolv- 
ing on  the  chord  of  6th,  in  the  key  of  A  major;  b,  the  same 
in  F^,  the  relative  minor;  here  we  require  E*  as  leading 
note,  which  on  keyed  instruments  is  struck  with  the  finger- 
key  of  FtJ. — N.  B.  This  direct  progression  from  the  key  to 

the    „       is  not  so  usual  as  some  others  which  follow,  and  is 

considered  by  some  as  a  license;  it  has  a  good  effect,  how- 
ever, in  the  course  of  a  strain.  No.  5.  a,  the  first  inversion 
of  the  tonic  harmony  followed  by  the  dominant  7th,  in  E 
major;  b,  the  same  in  C^,  the  relative  minor ;  here  we  must 
have  B*  for  the  sensible  note,  played  on  keyed  instruments 
by  the  finger-key  of  Cbj.  No.  G.  a,  the  first  inversion  of  the 
tonic  harmony  followed  by  the  first  invercion  of  the  domi- 
nant 7th  in  the  key  of  B  major;  b,  the  same  in  that  of 
G^,  the  relative  minor ;  here  we  require  F  double  sharp, 


signified  by  the  St.  Andrew's  cross,  and  played  by  the  finger- 
key  of  GQ.  No.  7.  n,  tiie  first  derivative  of  the  tonic  har- 
mony in  the  key  of  F  major,  followed  by  the  second  deriva- 
tive of  the  dominant.  The  reader  will  observe,  that  in  this 
example,  and  in  No.  5.  n,  a  perfect  fifth  between  the  highest 
and  second  parts  is  followed  by  an  imperfect  fifth  between 
the  same  parts  in  similar  motion  ;  but  as  the  imperfect  fifth  is 
regularly  resolved,  this  is  reckoned  quite  legitimate  by  the 
strictest  liarmonists.  At  b,  the  same  progression  in  the  mi- 
nor mode  of  D.  No.  8.  a,  the  first  inversion  of  the  chord  of 
the  key,  followed  by  the  third  derivative  of  the  dominant 
seventh  in  the  major  mode  of  Bb.  This  is  a  much  more 
usual  progression  than  that  in  No.  4 ;  b,  the  same  in  the  re- 
lative minor  G. 

The  second  inversion  of  the  tonic  harmony,  or  '  on  the 

fifth  of  the  key,  is  frequently  succeeded  by  the  '  on  the  same 

bass,  in  formal  closes  on  the  key ;   No.  9.  a,  b  in  the  major 

mode  of  E  b  5  and  minor  of  C,  its  relative.     The      does  not 

easily  allow  any  motion  of  the  bass,  except  by  gradual  ascent 
or  descent :  therefore  this  second  inversion  of  the  chord  of 
the  key  cannot  well  be  succeeded  by  any  other  derivative  of 
its  own  dominant  except  the  third,  which  progression  is  given 
in  the  major  of  Ao,  and  in  its  relative  minor  F,  No.  10.  a, 
b.  This  inversion  of  the  chord  of  the  key  might  proceed  to 
other  derivatives  of  dominant  chords  effecting  a  change  of 

key ;   or  the     on  the  key-note,  which  is  tlie  second  inversion 

of  the  common  chord  of  the  fourth  of  the  scale,  may  be  suc- 
ceeded by  the  first  derivative  of  the  dominant,  the  bass  de- 
scending semitone;  which  is  exhibited  in  the  major  mode  of 
Db,  and  the  minor  of  Bb,  its  relative,  No.  1 1,  a,  b.  With 
this  example  we  close  this  article,  and  in  the  next  proceed 
to  exhibit  examples  of  tiie  subdominant  with  the  tonic,  the 
dominant,  and  other  harmonies. 
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128.  We  have  already  shown  the  cliord  of  seventh  on  the 
second  of  the  key  prepared  in  the  first  inversion  of  tiie  tonic 
chord,  Art.  125.  2.  126.  2.  hot!)  in  tiie  major  and  minor 
mode.  Here  we  exhibit  the  chord  prepared  in  tlie  finida- 
inental  tonic  cliord,  No.  1,  a,  b,  and  resolved  on  the  domi- 
nant chord  of  seventh.  When  one  fundamental  chord  thus 
rises  diatonically  to  another  fundamental  chord,  one  is  very 
apt  to  be  betrayed  into  consecutive  fifths.  This  is  avoided 
in  these  examples,  by  the  motion  of  the  parts  in  the  opposite 
direction  to  that  of  the  bass,  and,  consequently,  the  fifth 
of  the  second  chord  is  omitted.  As  in  the  minor  mode  tlie 
fifth,  in  the  chord  of  the  second  of  the  scale,  is  imperfect,  the 
reader  might  suppose  that  liere  the  5th  of  the  first  chord 
niiglit  proceed  to  the  imperfect  fifth  of  the  second.  But 
when  the  imperfect  fifth  is  treated  like  a  consonant  interval, 
that  is  to  say,  not  resolved  as  in  the  dominant  chord,  such 
consecutive  fifths  ought  to  be  avoided  as  if  they  were  both 
perfect.  The  reader  will  observe,  that  the  7lh  in  the  domi- 
nant chord  is  here  also  prepared  in  the  third  of  the  subdomi- 
nant  scvcntJi.  When  one  chord  of  seventh  thus  succeeds 
another,  the  bass  rising  fourth  or  falling  fifth,  the  progres- 
sion is  called  a  sequence  of  sevenths ;  and  we  shall  after- 
wards find  such  sequences  going  tiirough  the  whole  scale,  in 
which  every  note  of  the  scale  bears  that  chord  of  seventh, 
which  arises  by  adding  its  seventh  to  its  common  chord. 
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By  interposing  the  chord  of  the  relative  minor  between  the 
tonic  chord  and  our  siibdominant  seventh,  we  may  have  the 
latter  full  in  all  its  parts.  The  7th  is  prepared  in  the  3d  of 
the  minor  chord;  No.  2.  a,  in  the  key  of  G  major.  After 
the  same  manner,  in  the  minor  mode,  the  chord  of  the  6th 
of  the  scale  prepares  the  subdominant  7th  on  the  second  of 
the  scale ;  and  here  the  motion  of  the  bass  is  greater  4th  up- 
wards, or  imperfect  5th  downwards,  b;  er  the  first  inversion 
of  this  harmony,  i.  e.  the  chord  of  sixth  on  the  key-note, 
may  prepare  the  seventh  on  the  second  of  tiie  scale  as  at  c. 

Our  subdominant  7th  cannot  proceed  to  tlie  first  inversion 
of  the  dominant,  because  the  resolution  of  the  7th  on  the 
octave,  would  have  a  bad  elfect;  and,  besides,  that  being 
the  sensible  note,  ought  not  to  be  doubled ;  but  the  common 
chord  on  the  second  of  the  scale,  may  take  the  first  inversion 
of  the  dominant  as  in  No.  3.  a,  b,  in  tiie  key  of  D  and  its  re- 
lative minor  B. 

The  subdominant  seventh  very  frequently  resolves  on  the 
second  inversion  of  the  dominant;  and  in  this  case  the  4th 

6 
of  the  chord  of  4  is  generally  (but  not  necessarily)  omitted, 

3 
and  the  dominant  is  a  simple  chord  of  the  Gth,  as  No.  4,  a. 
This  is  called  a  sequence  of  sevenths  and  sixths,  and  might 
be  carried,  as  we  shall  afterwards  see,  through  tlie  whole  tle- 
scending  scale.  At  b,  the  same  progression  is  exhibited  in 
F  minor,  the  relative  of  the  former;  and  here  the  second  in- 
version of  the  dominant  is  taken  in  all  its  parts. 

A  less  frequent  resolution  of  the  subdominant  seventh,  is 
into  the  third  inversion  of  the  dominant,  which  however  is 
of  good  effect.  No.  5,  a,  b.  In  sucii  a  progression,  it  is  more 
usual  to  give  the  second  of  the  key  a  dominant  chord,  i.  e. 
major  third  and  perfect  fifth,  with  the  minor  seventh;  and 
even  then,  the  movement  of  the  bass  third  upwards,  or  sixth 
downwards,  to  the  discord  of  the  succeeding  dominant,  in- 
stead of  fourth  upwards,  or  fifth  downwards,  to  its  funda- 
mental, is  to  be  reckoned  a  license;  a  happy  one,  indeed, 
and  productive  of  a  grateful  variety. 
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129.  The  first  inversion  of  the  subdominant  seventh,  the  - 

on  the  fourth  of  the  key,  is  a  chord  of  more  frequent  use  than 
even  the  fundamental  chord  of  which  we  have  been  treating. 
It  is  most  generally  prepared  in  the  common  chord  of  the 
key,  or  that  of  the  sixth  of  the  key,  or  their  fust  derivatives. 
It  resolves  directly  into  the  dominant  chord,  or  into  its  deri- 
vatives; its  resolution  into  the  fundamental  dominant  is  fre- 
quently interrupted  by  the  chord  of  on  the  dominant  bass. 
No.  1,  a,  the  .  of  the   subdominant  is  prepared  in   the 

tonic,  and  is  resolved  directly  into  the  dominant  7th.  At  6, 
the  same  progression  in  the  minor  mode,  only  that  the  chord 

of      on  the  dominant  bass,  interrupts  the  resolution  of  the 

4 

5th,  which  is  the  discord,  and  which  is  suspended  as  4th  to 
the  bass,  before  its  resolution  on  the  major  third.  In  con- 
sequence of  this  interruption,  the  fth  of  the  dominant  is 

struck  freely,  whereas  it  is  prepared  when  the  ,   proceeds 

directly  to  its  resolution.  On  the  otlier  hand,  the  imperfect 
fifth  of  the  subdominant  chord,  (between  the  6th  aud  3d,) 
is  regularly  resolved  on  a  major  third,  in  consequence  of  the 

interposing  of  the  .  before  its  resolution  into  the  dominant. 


The  subdominant  .  cannot  properly  proceed  to  the  first 

inversion  of  the  dominant,  because  of  the  resolution  of  the 
5th,  which  is  the  discord,  on  the  octave  to  the  bass,  which, 
besides,  is  the  sensible  note,  and  ought  not  to  be  doubled. 
But  if  we  omit  the  6th,  (which  is  what  makes  the  5th  a  dis- 
cord,) we  have  the  common  subdominant  chord  on  the  fourth 
of  the  key ;  and  this  common  chord  may  proceed  by  leap  of 
lesser  5th,  downward,  or  major  fourth  upwards,  to  the  first 
derivative  of  the  dominant;  No.  2,  a,  b. 

Our  subdominant  _  resolves  well  enough  on  the  second 

inversion  of  the  dominant,  No.  3,  a,  b.  By  leaving  out  the 
5th  in  the  subdominant  chord,  (which  is  the  discord,)  and 
the  4th  in  the  second  derivative  of  the  dominant,  (which  is 
the  fundamental  sound,)  this  progression  may  consist  entirely 
of  sixes,  as  at  c,  d. 

A  resolution  of  the  .,  still   more  agreeable,  and  more 

practised,  is  into  the  third  inversion  of  the  dominant ;  the 
bass  continuing  in  the  same  degree,  until  the  resolution  oi 

the  dominant^''    on  the  chord  of  si.xth,  No.  4,  a,  b. 
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130.  The  second  inversion  of  llie  subdoniinant  seventh 
on  the  second  of  the  scale  is  liardly  in  use.  Following  tlie 
analogy  of  the  chords  we  have  been  treating  of,  it  might  be 
prejiared  and  resolved  as  in  No.  1 .  The  eflect,  iiowever,  is 
not  very  attractive.  By  omitting  the  4th,  (which  is  the 
fundamental  sound  of  the  subdoniinant  seventh,)   the  chord 


becomes  the  first  inversion  of  the  subdominant  common 
chord  on  the  fourth  of  the  scale;  and  this  chord  of  sixth  pro- 
ceeds very  well  to  the  dominant  seventh,  as  in  No.  2,  a, 
b;  or  to  its  first  derivative,  as  at  c,  rf.  To  the  last  some 
would  object,  because  of  the  motion  in  the  bass,  by  reduH- 
dant  second  from  F  toG*.* 
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131.  The  third  inversion  of  the  subdominant  seventli  on 
f  6 

the  second  of  the  scale,  viz.  the  4  on  the  key  note  is  pretty 

2 
frequently  to  be  met  with.    The  discord,  which  is  the  bass, 
is  prepared  in  the  common  chord  of  the  key,  and  it  resolves 

oi)  the  dominant  ,,  No.  l,a,b. 

We  have  now  got  acquainted  with  three  species  of  chords 
of  the  seventh — the  dominant  on  the  fifth  of  the  scale,  much 
llie  most  important  of  all;  in  which  the  minor  7th  is  added 
to  the  major  common  chord — the  chord  of  seventh  on  tlie 
>iecond  of  the  scale  major  mode,  being  the  minor  7th  added 
to  the  minor  common  chord,  and  the  chord  of  seventh  on  the 
second  of  tlie  scale,  minor  mode,  being  the  minor  7th  added 
to  the  imperfect  common  chord.  These  two  last  we  have 
ventured  to  call  subdominant  sevenths ;  thougli  of  less  im- 
portance than  the  dominant  and  its  derivatives,  they  are  of 
much  value,  and  sometimes  produce  admirable  effects.  Of 
both,  the  first  derivative  is  more  frequently  to  be  met  with 
than  the  fundamental  chord  of  7th. 

The  dominant  seventh  is  to  be  found  only  on  one  part  of 
the  diatonic  scale,  viz.  the  fifth,  and  the  subdominant  seventh 
of  the  minor  mode  is  to  be  found  only  on  one  note,  the 
second ;  but  we  may  find  chords  of  the  seventh  exactly  re- 
sembling that  on  the  second  of  the  major  mode,  on  two  other 
notes  of  the  scale,  viz.  the  third  and  sixth  of  the  major  mode ; 
or  the  key-note  and  fifth  of  the  minor  mode.  No.  2,  a,  b. 
These  chords  are  used  chiefly  in  a  sequence  of  sevenths. 


132.  There  is  yet  another  species  of  chord  of  the  7th  to 
be  found  in  the  diatonic  scale,  viz.  the  major  seventh  added 
to  the  major  common  chord ;  which  chord  has  its  place  on 
the  key-note,  and  fourth  of  the  major  mode;  or  on  the  third 
and  sixth  of  the  minor;  No.  l,a.  b.  The  seventh  in  this 
chord  is  always  prepared,  and  it  is  resolved  by  the  diatonic 
descent  of  the  7th  on  the  third  of  the  succeeding  chord ;  the 
bass  falling  fifth,  or  rising  fourth. 

This  chord  of  major  seventh  has  also  its  inversions.  By 
putting  the  third  in  the  bass,  we  have  a  chord  consisting  of 
minor  third,  perfect  fifth,  and  minor  sixth.  No.  1,  c.  This 
chord  is  sometimes  to  be  met  with. 

By  putting  the  fifth  on  the  bass,  we  have  a  chord  consist- 
ing of  major  third,  perfect  fourth,  and  major  sixth ;  a  chord 
scarcely  used,  except  perhaps  as  a  passing  chord  on  the  un- 
accented part  of  the  bar;  No.  1,  d. 

By  putting  the  seventh  in  the  bass,  we  have  a  chord  con- 


*  Dr.  Callcott  has  quoted  an  instance  of  tlie  use  of  this  second 
inversion  of  the  suljdominant  seventh,  from  Handel's  Overture 
to  Esther.  H«re  is  another  from  a  symphony  of  Beethoven, 
in  which  all  the  three  inversions  are  taken  one  after  another. 
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sisting  of  minor  second,  perfect  foiirtli,  and  minor  sixth. 
This  last  cliord  is  of  better  eflect,  and  much  more  frequently 
used  tlian  the  others.     No.  1,  e. 

These  cliords  of  tlie  major  seventh  make  part  of  the  dia- 
tonic sequence  of  sevenths ;  which  we  shall  now  exhibit  both 
in  the  major  and  minor  scales,  with  a  few  remarks. 

No.  2,  a,  is  a  sequence  of  sevenths,  in  which  every  note 
in  the  major  scale  bears  the  chord  of  seventh  belonging  to  it. 
The  dominant  seventh  is  struck  freel}',  but  all  the  others  are 
prepared  in  the  third  of  the  preceding  chord ;  and  for  this 
purpose  the  third  of  the  dominant  remains  in  its  place,  in- 
stead of  rising  semitone  to  the  resolution,  as  in  a  final  close. 
At  6,  a  similar  sequence  in  the  minor  mode.  At  c,  is  the 
same  progression  in  five  parts;  and  here  is  an  instance  in 
which  the  sensible  note,  or  third  of  the  dominant,  may  be 
legitimately  doubled ;  it  is  resolved  regularly  in  one  part, 
and  in  the  other  prepares  the  major  seventh  of  the  succeed- 
ing chord.  The  octave  proceeding  to  the  third  of  the  next 
chord,  while  the  seventh  resolves  on  the  same  third,  is  allow- 
able in  harmony  so  full.  By  the  position  of  the  chord  of 
major  seventh  to  C,  in  the  example  a,  the  octave  struck  along 
with  the  seventh,  makes  an  interval  of  semitone,  which  is 
rather  a  harsh  combination,  though  musicians  make  no  scru- 
ple of  frequently  introducing  it  in  their  compositions.  The 
position  of  the  same  chord  to  F,  is  much  less  harsh.  In  the 
example  c,  both  the  chords  of  major  seventh  are  in  such  a 
position,  that  the  interval  of  minor  second  is  avoided.  The 
student  will  observe  that  the  first  chord  of  major  seventh 
proceeds  to  a  second  of  the  same  kind ;  and  this  latter,  by 
movement  of  the  bass,  lesser  5th,  proceeds  to  the  imperfect 
chord  of  seventh  on  the  sensible  note.  The  progression  of 
this  imperfect  chord  to  the  minor  seventh  with  niinor  third, 
is  not  so  agreeable,  as,  in  the  minor  mode,  the  progression  of 
the  same  imperfect  chord  (on  the  second  of  the  scale)  to  the 
dominant  chord,  as  at  b.  We  have  three  minor  chords  of 
the  minor  seventh  in  succession,  tiie  last  resolving  on  the 
dominant  of  the  major  scale.  Lastly,  the  reader  may  ob- 
serve how  much  superior  and  how  much  more  conclusive  is 
the  resolution  of  the  dominant  chord  than  that  of  any  other 


of  these  sevenths.  To  convince  himself  of  this,  the  reader 
has  only  to  resolve  the  third  of  any  one  of  them  upwards  in 
the  octave  to  the  bass,  as  if  to  make  a  conclusion,  (instead 
of  continuing  the  third  as  seventh  to  the  succeeding  chord,) 
and  he  will  feel  how  comparatively  unsatisfactory  such  con- 
clusion is.  If  he  make  the  trial  with  the  chord  of  major 
seventh,  let  him  then  substitute  a  minor  seventh,  and  com- 
pare the  eflect,  as  at  d,  e;  or  if  he  make  the  trial  with  the 
minor  chord  of  seventh,  let  him  then  substitute  a  major 
third,  as  atf,g. 

133.  This  diatonic  sequence  of  sevenths  is  frequently  mcl 
with  both  in  ancient  and  modern  authors;  of  which  a  good 
many  examples  are  quoted  by  Mr.  Shield,  in  his  Introduc- 
tion to  Harmony,  j).  79.  The  descending  sequence  of 
sevenths  and  sixths,  which  is  also  a  very  frequent  passage,  is 
derived  from  it;  which  the  reader  will  easily  see  by  com- 
paring the  example  of  it  in  No.  1,  in  this  article,  with  the 
example  No.  2,  c,  in  the  last:  for  the  sequence  of 7  and  6  is 
no  other  than  the  notes  in  the  upper  line  of  that  example  ;  the 
lowest  notes  being  removed  an  octave  lower.  It  ajjpears, 
therefore,  that  the  chord  of  the  sixth,  which  follows  on  the 

6 
same  bass,  is  the  4,  second  inversion  of  the  chord  of  seventh 

3 
to  the  fifth  below.  But  as  this  inversion  of  the  7th  is  not 
agreeable,  except  that  of  the  dominant  seventh,  the  1th  is 
omitted,  and  the  chord  appears  as  a  Gth.  Compare  what  is 
said  of  the  examples.  Art.  128,  4,  a,  h.  Hence  this  sequence 
is  usually  written  in  three  parts.  By  writing  the  part  next 
the  bass  in  Art.  132,  c,  over  the  bass  of  this  sequence,  we 

G 
have  four  parts,  and  the  4  complete  in  every  second  chord, 

3 
No.  2.  But  the  reader  will  hardly  think  this  an  improve- 
ment: No.  1.  is  pleasing  and  attractive;  No.  2.  barely  tolera- 
ble. Mr.  Kollmann,  in  his  thorouirli  bass,  gives  this  progres- 
sion as  in  No.  3 ;  the  effect  of  which  is  not  very  bad ;  though 
certainly  very  inferior  to  that  in  No.  1 . 


80 


3IUSIC. 


^^"lA. 


S 


^-^i^i^-^ 


f^ 


¥=5 


9  a3S 


Ife^fea: 


-^TT^ 


SI± 


134.  In  like  manner  it  is  not  unusual,  as  Dr.  Callcott 
observes,  to  follow  ihe  chord  of  the  fifth  and  sixth,  with  the 
common  chord.  Instead  of  the  chord  of  seventh:  the  example 
we  copy  from  his  Musical  Grammar. 
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1 35.  A  more  usual  inversion  of  the  sequence  of  seventh, 


is  the  alternation  of  the  first  and  third  derivatives  on  a  bass 
descending  by  degrees  of  the  scale,  as  in  No.  1.  This  exam- 
ple is  also  copied  from  Mr.  Kollmann's  thorough  bass:  but 
that  the  reader  may  not  be  misled  by  this  or  by  that  ill 
Article  133.  3,  he  must  be  told,  that  though  these  examples 
begin  with  the  discord,  yet  that  note  is  always  prepared  in 
the  preceding  chord.   In  this  progression  also,  the  fifth  in  the 

.G  ^ 

chord  ol  _  and  the  4th  in  the  4  are  frequently  omitted,   so 

^  2 

that  every  second  chord  becomes  a  chord  of  sixth,  as  No.  2. 

In  the  minor  mode,  this  ])rogression  goes  very  agreeably, 

on  account  of  the  resolution  of  the  subdominant  ,  into  the 

4  of  the  dominant.  No.  3. 
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We  shall  conclude  these  examples  by  observing,  that  all 
these  chords  of  the  seventh,  and  their  derivatives,  which  re- 
quire preparation  of  the  discord,  (that  is,  all  except  the  domi- 
nant seventh  and  its  derivatives,)  may  be  very  well  under- 
stood or  explained  as  suspensions,  which  the  reader  will 
easily  see  when  we  come  to  treat  of  that  subject.  It  is  as 
suspensions  that  these  chords  are  explained  by  Mon.  Choron, 
and  by  Mon.  Catel.  The  latter  considers  as  chords  properly 
so  called,  only  such  as  do  not  require  preparation.  These 
he  calls  natural  chords  ;  and  harmony,  consisting  of  such,  he 
calls  natural  harmony.  Artificial  harinony  is  drawn  from 
natural  by  the  suspension  of  one  or  more  parts  prolonged  on 
tjie  time  of  the  succeeiling  chords.  We  reckon  it,  however,  a 
very  great  advantage  to  our  readers  to  present  the  same  sub- 
ject in  diflerent  points  of  view.  And  these  chords  of  the 
seventh  with  their  derivatives,  follow  so  naturally  the  ana- 
loey  of  the  dominant  seventh,  (except  in  the  circumstance 
of  requiring  preparation,)  that  an  individual  acquaintance 
with  them  is  eaily  acquired,  and  well  repays  the  cost  of  the 
acquisition. 


CHAP.  V. 

OF   NATUR.VL   TRANSITIONS   BY   THESE    CHORD(i. 

136.  Having  exhibited  pretty  fully  the  mutual  connexions 
of  the  tonic,  dominant,  and  subdominant  harmonies  within 
the  key,  we  shall  now  proceed  to  give  some  specimens  pas- 
sing into  the  nearest  related  keys.  These  are  from  the  ma- 
jor principal  key,  to  the  fifth  and  to  the  fourth  of  the  key 
both  in  the  major  mode,  to  the  sixth  of  the  key  minor  mode, 
called  the  relative  minor,  to  the  second  of  the  key,  and 
to  the  third  of  the  key,  both  in  the  minor  mode:  From 
the  principal  minor  key,  again,  to  the  fifth  and  fourth 
both  in  the  minor,  to  the  third  of  the  key  major  mode,  or 
relative  major,  and  to  the  sixth  and  seventh  both  in  the 
major.  We  mean  not  here  to  treat  the  subject  of  changes 
in  modulation  fully, — which  requires  the  knowledge  of  some 
other  chords  not  yet  treated  of;  but  merely  to  show  how  we 
may  pass  agreeably  from  the  harmonies  of  one  key  to  those 
of  another  nearly  related  to  it. 
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137.  Tlie  most  natural  and  most  practised  of  all  changes 
of  key,  is  to  the  fifth :  and  from  the  tonic  harmony  to  the 
dominant  leading  to  that  new  key,  we  pass  in  the  most  na- 
tural manner;  No.  1,  a,h.  We  have  already  remarked, 
what  indeed  is  very  obvious,  that  in  this  change  the  tonic 
harmony  of  the  principal  key  is  the  subdominant  common 
chord  on  the  fourth  of  the  new  key.  All  the  examples, 
therefore,  which  we  have  given  of  the  passage  from  the  sub- 
dominant  harmony  to  the  dominant,  are  applicable  to  this 
change ;  we  shall  therefore  leave  this  application  to  the  in- 
dustry of  the  reader,  without  more  e.xamples,  which  would 
be  mere  repetition. 

We  might  pass  from  the  subdominant  harmony  of  the 
principal  to  the  dominant  of  this  new  key.  To  go  from  the 
common  chord  on  the  4th  of  the  key  to  this  new  dominant 
~th,  however,  as  in  No.  2,  is  not  very  good,  because  of  the 
false  relation  crossways,  between  the  note  quitted  by  the  bass 
and  the  major  third  of  the  dominant  chord.  In  general,  it  is 
to  be  observed,  that  when  a  note  is  first  heard  natural  in 
one  chord,  and  in  the  next  chord  the  same  note  is  sharpened 
or  flattened,  this  chromatic  change  ought  to  take  place  in  the 


same  part,  and  the  octave  of  the  natural  note  in  the  first 
chord  ought  not  to  be  heard  in  another  part,  because  of  the 
bad  eficct  of  the  cross  false  relation  of  octave.  If,  for  in- 
stance, we  follow  the  common  chord  of  F,  with  the  chord  of 
7th  to  D,  with  minor  third,  and  then  change  the  third  chro- 
matically as  at  b,  the  harshness  is  quite  removed.  Or  we 
may  take  the  subdominant  seventh  on  the  second  of  the  scale 
immediately,  and  then  change  tliat  chord  chromatically  to  a 
dominant,  as  at  c.  The  first  inversion  of  tliis  progression, 
changing  the  subdominant  5th  and  6th  into  the  dominant 
small  fifth  and  sixth,  goes  very  agreeably,  and  is  frequently 
met  with,  as  in  No.  3.  The  second  and  third  inversions,  Nos. 
4  and  5,  are  also  very  good.  No.  6,  in  which  the  bass  leaps 
to  the  dominant  7th,  is  less  agreeable  than  the  others. 

In  the  minor  mode,  two  parts  will  move  clu-omatically. 
No.  7,  a;  or  the  subdominant  harmony  may  be  taken  major, 
as  at  b. 

Here  we  may  remark,  in  passing,  that  a  stroke  after  a 
figure,  as  in  these  examples,  denotes  the  continuance  of  the 
same  note  in  the  upper  part,  even  when  the  movement  of 
the  bass  changes  the  interval. 
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158.  To  go  from  the  common  chord  of  the  pi-incipal  key 
to  the  dominant,  leading  to  the  fourth  of  the  key,  is  only 
adding  a  minor  seventh  to  that  common  chord.  The  octave 
succeeded  by  the  minor  seventh,  is  an  agreeable  and  much 
pTaciiseii  appoggiatura,  No.  I. 

In  the  major  mode,  all  the  derived  successions  are  good, 
Nos.  2 — 12.  INIonsieur  Choron  obser%'es,  that  the  second 
without  preparation,  Nos.  4,  8,  1 2,  is  considered  as  a  changed 
note,  that  is,  that  one  part  takes  the  place  of  another,  wliich 
is  always  allowed,  especially  when  it  is  necessary,  in  order 


to  satisfy  some  condition,  as  in  fugues,  canons,  arkl  condi- 
tional countei-points.     The  four  last  successions,  he  observes, 

are  surprises  in  harmony;  for  the  first  chord  carrying  .,  seems 

to  indicate  a  close,  (in  the  primaiy  key,]  as  in  No.  13;  but 
the  chord  of  seventh,  or  its  derivatives,  succeeding,  carries 
the  raoilulation  to  the  fourth  of  the  key.  Of  these  four  suc- 
cessions, No.  9  is  the  worst.  The  three  others  are  of  good 
efiect. 
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139.  In  the  minor  mode,  the  fundamental  progression  from 
tlie  tonic  common  chord  to  the  dominant  seventh,  on  the 
same  bass,  is  also  very  good :  but  as  the  third  on  the  tonic 
chord  is  minor,  care  must  be  taken  that  the  change  to  the 
major  third  take  place  in  the  same  part.  On  this  account, 
several  of  the  derived  successions  become  objectionable.  Nos. 
2,  5,  7?  8,  10,  the  false  relation  crossways,  in  a  manner 
imtunes  tiie  intervals.     Nos.  5,  7?  and  8,  however,  are  much 
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less  oflensive  than  Nos.  2  and  1 0 ;  which  is  attributable  in 
part,  at  least,  to  the  chromatic  movement  of  the  uppermost, 
whicii  prevents  the  effect  of  the  false  relation  crossways  from 
being  felt.  For  if  these  passages  be  written  as  in  Nos.  13,14, 
the  false  relation  becomes  more  offensive,  though  still  less  so 
than  2  and  10. 

It  is  plain,  that  all  these  examples  will,  after  a  modulation 
into  the  fifth  of  the  key,  conduct  back  again  to  the  principal. 


2.      Bad.  3. 


5.      Bad?  G. 


7.      Bad? 


S.      Bad? 


12. 


13.    Not  good.     14.     Notgood. 
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140.  To  go  from  tlie  fundamental  tonic  harmony,  major 
mode,  to  the  dominant  seventh,  leading  to  the  relative  minor, 
(sixth  of  the  key,)  is  not  very  good.  There  is  something  sud- 
den and  harsh  in  it.  But  many  of  the  derivative  successions 
are  excellent.  These  are  all  given  in  the  examples.  Nos.  2, 
6,  0,  11,  and  12,  are  to  be  rejected  on  account  of  the  false 
relations  of  octave,  taken  crossways.   Nos.  3,  4,  5,  8,  and  10, 


Bad. 


are  very  good,  and  much  in  use.  In  these  the  bass  is  stationary, 
or  moves  only  by  single  degrees.  No.  7,  like  No.  1 ,  is  harsli ; 
and  in  these  tlie  bass  leaps  several  degrees  to  .the  next  chord. 
The  diatonic  movement,  except  in  the  case  of  cadences,  says 
Monsieur  Choron,  suits  always  best  for  the  bass.  Tliis  obser- 
vation, however,  is  rather  too  broadly  stated. 


6.    Bad. 
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141.  From  the  minor  tonic  harmony,  we  pass  very  agreea- 
bly to  the  dominant  seventli,  leading  to  the  sixth  of  the  key 
major  mode;  especially  by  means  of  the  appoggiatura  of  the 
octave,  as  No.l.  The  inverted  progressions  also  are  in  ge- 
neral good,  and  in  use.    The  best  are  still  those  in  which  the 


bass  is  stationary,  or  moves  diatonically.  From  die  par- 
ticularly, the  leap  of  the  bass,  Nos.  9,  11,  12,  is  sudden  and 
rude.     No.  10  is  very  good. 
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142.  Tn  returning  from  the  relative  minor  to  the  relative 
major,  (3d  of  the  former  kej'.)  it  is  rather  sudden  logo  direct- 
ly from  the  minor  tonic  to  tne  domuiant ;  as  the  two  chords 
have  no  sound  in  common.  It  may,  however,  be  practised  by 
the  opposite  motion  of  tlie  parts.  We  shall  copy  Monsieur 
Choron's  examples,  with  his  observations.  "The  greater 
number  of  these  successions  are  good,  and  practised  in  three 
as  well  as  four  parts.  The  succession,  No.  1 ,  very  often  takes 
place  in  passing  from  the  minor  mode  to  the  third  of  the  key 
major.  The  succession.  No.  2,  is  employed  in  the  same  case. 
No.  3  is  good ;  No.  4  is  sudden,  and  little  used,  unless  we 
interpose  the  G  as  a  passing  note.  No.  5  does  not  phrase 
well.    No.  G  is  better.    No.  7  goes  well.     No.  8  is  harsh. 


The  next  four  examples  are  surprises,  since  the  E  carrjing 

announces,  in  general,  a  close  on  A,  as  is  seen  in  the  example 
No.  13.*  Nevertheless,  they  may  be  employed  advantage- 
ously; especially  Nos.  9,  11,  and  12." 

The  (jrocedure  from  the  tonic  minor  to  the  dominant  lead- 
ing to  the  relative  major,  may  be  rendered  less  sudden  by  the 

interposition  of  the   .,  as  in  No.  14;  which  is  in  cflect  taking 

the  chord  of  the  new  key,  and  thence  proceeduig  to  its  domi- 
nant, sufficiently  exemplified  in  former  articles.  Or  tlie  sub- 
dominant  of  the  relative  major  may  prepare  the  dominant 
chord,  as  No.  1 5 ;  the  inversions  of  which  have  already  been 
sufficiently  explained. 


*  As  we  have  not  as  yet  given  the  notation  of  time  or  the  use  of  bars,  we  have  in  our  examples  hitherto  confined  ourselves  chiefly  to 
one  form  of  notes,  and  have  used  no  bars;  but  we  copy  M.  Choron's  example  as  he  has  given  it  The  chord  of  ^  is  a  suspension,  which 
of  course  we  have  not  as  yet  explained. 
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143.  In  returning  from  tlie  sixth  major  mode  to  tlie  minor        This  procedure,  like  the  former,  may  be  softened  by  the 

principal,  tlie  direct  procedure  from  the  tonic  to  tlie  leading  6       »i     j      •       »   i\t     o         u    •  .«     «„•.,„  «i,/<  <.„u,i„.v,:.,„„» 

s      /.    '.„  f,  ,,  .•    11   .1      .1   .  •    .u  ^  on  the  dominant,  No.  8;  or  by  mterposmg  the  subdommanf, 

chord  IS  still  more  sudden  and  less  practicable  tlian  that  in  the  4  ?  }        j         r       a 


preceding  article.    We  shall  set  down  from  Monsieur  Choron     as  No.  9. 
only  such  inversions  as  have  a  tolerably  good  effect,  Nos.l — 7- 

1.  2.  •  3.  4. 
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144.  From  the  tonic  major  we  may  go  directly  to  the 
dominant,  leading  to  the  second  of  the  key  minor  mode.  The 
fundamental  progression,  and  several  ofthe  derivative  become 
objectionable,  on  account  of  the  false  relations  crossways.  Of 
the  rest,  Nos.  5  and  8  are  least  pleasing,  on  account  of  the 

leap  in  the  bass.    Nos.  10  and  11,  in  which  the  ^  leaps   to 

the  leading  chord,  are  still  more  disagieeable.    No.  12  is 
very  good. 
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9.     Not  good.        10.      Bad.  11.    Not  good.  12. 
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145.  The  procedure  from  the  minor  principal  tonic  to  the  the  second  inversion  of  the  tonic  harmony,  No.  10  alone  is 

dominant  leading  to  the  seventh  of  the  key  major  mode,  is  agreeable.     The  4th  to  the  bass,  we  must  repeat,  leads  so 

very  natural  and  agreeable.     Of  the  derived  successions,  the  strongly  to  the  expectation  of  a  succeeding  3d  on  the  same 

least  agreeable  are  those  in  which  the  bass  leaps  several  bass,  that  any  motion  in  that  part,  especially  a  leap,  is  apt  to 

degrees,  as  Nos.  4,  6,  7-     Of  the  four  last,  proceeding  from  create  disappointment  rather  than  agreeable  surjirise. 
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146.  It  is  not  very  good  to  go  from  the  major  principal  to 
the  (loininant,  leading  to  its  third  minor  mode.  It  is  the  same 
in  effect  as  the  procedure  described.  Art.  143.  But  we  may 
go  very  well  from  the  major  cluird  to  the  subdoniinant  7th 
on  the  second  of  the  new  key,  and  thence  to  that  dominant, 
by  sequence  of  sevenths,  No.  1.  Several  of  the  derived  suc- 
cessions are  also  very  good,  but  we  must  be  cai-eful  to  avoid 

Vol.  XIV.  Part.  I. 


6         4+      0 
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bad  relations  crossways  by  the  movement  of  difierent  parts. 
Thus,  No.  2  is  haish,  on  account  of  the  cross  relation  of 
greater  4th,  as  shown  by  the  stroke  between  the  bass  and 
t^liud  part.  By  comparing  No.  4,  in  which  the  upper  parts 
are  exactly  the  same,  and  which  goes  very  sweetly,  the 
student  will  feel  the  truth  of  the  remark. 
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We  have  wiittcn  all  these  examples  of  changes  to  the 
nearest  related  keys  iu  the  major  mode  C,  and  minor  mode 
of  A,  as  the  primary  keys;  leaving  it  to  the  industry  of  the 
student  to  write  and  perform  them  in  other  keys,  and  to  vary 


the  positions  of  the  harmony.  These  he  will  find  most  useful 
exercises,  by  means  of  which  the  principal  parts  of  harmony 
in  any  key  will  be  rendered  familiar  to  him. 
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1-17.  The  dominant  chord  of  seventh,  instead  of  resolving 
on  a  common  chord  major  or  minor,  or  on  a  chord  of  the 
seventh,  such  as  is  furnished  by  the  scale  of  the  key  we  are 
in,  as  in  the  diatonic  sequence  of  seventlis,  frequently  resolves 
on  another  dominant  seventh.  In  this  case,  the  major  tliird, 
or  leading  note,  instead  of  ascending  diatonic  semitone,  to  the 
resolution,  or  remaining  in  its  place  to  prepare  the  succeed- 
ing seventh,  descends  chromatic  semitone,  to  become  minor 
seventh  in  the  second  domuiant.  The  seventh  resolves  as 
usual  by  diatonic  semitone  on  the  third  of  the  new  domi- 
nant. 
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148.  Here  we  may  explain,  in  passing,  that  the  two  semi- 
tones in  the  diatonic  scale,  between  the  major  third  and  minor 
or  perfect  fourth,  and  between  the  major  seventh  and  octave, 
are  called  diatonic  semitones ;  whereas  the  diflerence  between 
a  majoranil  minor  interval,  as  between  major  and  mmor  third, 
major  and  minor  fifth,  major  and  minor  seventh,  &c.  are 
called  chromatic  semitones.  On  keyed  instniments  in  general, 
these  two  kinds  of  semitone  are  equal,  or  at  least  not  distin- 
guished ;  yet  it  is  of  great  importance  in  writing,  even  for 
keyed  insti"uments,  to  distinguish  them,  in  order  to  write  cor- 
rectly. The  reader,  in  the  mean  time,  may  distinguish  them 
by  this,  that  the  two  sounds,  diflering  by  diatonic  semitone, 


have  different  names,  as  EF,  BC,  F^G,  G^A,  &c.;  but  the 
two  sounds,  diflering  by  chromatic  semitone,  have  the  same 
name,  only  one  of  them  has  a  *,  b,  or  tf ;  as  BBb,  CC^, 
F*,  Fbi,&c. 

On  instnmients  capable  of  being  tuned  perfectly,  these  two 
kinds  of  semitone  differ  very  considerably.  Thus,  if  we  tune 
major  third  and  minor  third  to  C,  the  E  and  E[)  differ  by 
chromatic  semitone.  Now,  if  we  make  E  a  key-note,  and 
take  D*  as  major  third  to  B,  (perfect  fifth  to  E,)  this  D:^ 
will  be  diatonic  semitone  below  E,  and  will  be  found  to  be 
very  considerably  flatter  thanEb-  This  difference,  as  we 
have  elsewhere  said,  is  called  the  enharmonic  fourth  of  the 
tone,  or  the  enharmonic  diesis. 

We  shall  afterwards  find,  that  there  are  even' two  diflerent 
chromatic  semitones,  and  two  enharmonic  dieses;  but  we 
shall  not  perplex  the  student  with  these  at  present.  To  return 
to  the  sequence  of  dominants. 

149.  In  consequence  of  this  second  dominant,  a  change 
takes  place  in  the  modulation,  the  resolution  into  the  common 
chord  being  avoided.  The  French  call  this  succession  Evita- 
tion  de  la  cadence  parfaite.  We  call  it  a  sequence  of  domi- 
nants. This  sequence  is  very  often  practised  in  coming  to  a 
close  on  the  primary  key,  by  taking  a  dominant  chord  of  "th 
on  the  second  of  the  scale  instead  of  the  subdominant  chord 
of  seventh,  both  in  the  major  and  minor  modes,  No.  I,  a,b. 

If  there  be  only  two  dominants  in  the  sequence,  as  in  these 
two  examples,  the  passage  may  be  in  iawx  different  positions, 
according  as  the  first  dominant  may  be  written.  But  if  the 
sequence  consist  of  many  chords,  we  shall  find  that  they  come 
to  two  principal  positions  only,  viz.  the  fifth  and  octave  of 
the  chords  alternately  highest,  No.  2,  a;  or  the  minor  7th 
and  major  3d  alternately  highest,  6,  c.  This  last  position  is 
given  in  two  forms,  one  a  little  more  dispersed,  and  the  other 
closer.     The  octave  and  fifth  are  omitted  alternately. 
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The  last  example  c,  makes  what  is  called  the  Tour  of  the 
key-board,  Tour  du  clavier.  The  descent  by  fifth,  and  ascent 
by  fourth,  alternately  in  the  bass,  introduces  an  additional  flat 
each  step,  till  we  arrive  at  the  dominant  seventh  on  Gb,  viz. 
Gb,Bb,Db,Fb;  but  these  notes,  as  far  as  regards  keyed 
instruments,  being  the  same  with  F*,  A*,  C^^,  Et^jthe 
chord  is  written  both  ways,  (and  need  not  be  repealed  in  the 
performance.)  Thence  proceeding  as  before,  every  step  re- 
moves a  sharp  tUl  we  arrive  at  C,  whence  we  set  out.  Com- 
pare Art.  80 — 84. 

In  this  progression,  two  parts  descend  by  diatonic  and 
chromatic  semitones  alternately,  which  is  called  a  chromatic 
descent,  being  in  the  degrees  of  that  scaler  and  such  passages 
seem  to  be  exclusively  called  chromatic  by  Dr.  Burney.  "It 
is  only  a  regular  succession  of  two  or  more  semitones  ascend- 
ing or  descending,  that  constitutes  modern  chromatic." — 
Hist.  Mus.  vol.  i."p.  29.    Note. 

150.  From  the  number  of  real  parts  in  each  chord,  we 
might  easily  suppose  the  derived  progressions  to  be  very 
numerous.  Two  circumstances,  however,  tend  to  circum- 
scribe their  number.    1st.  The  chromatic  difference,  between 


the  sensible  note  ui  one  chord,  and  the  discord  in  the  neii, 
must  not  be  found  in  different  jjarts,  on  account  of  the  false 
cross  relation  of  octaves.  Thus  No.  6  is  bad,  because  of  the 
false  relation  between  the  bass  of  the  first  chord  and  the  7th 
in  the  second  chord.    The  chromatic  descent  must  be  in  the 

same  part,  therefore  the  chord  of  y.  can  only  be  followed  by 

that  of  't'^,  nor  can  this  last  be  brought  in  but  as  following 

f 

the  ?_     2dly.  The  resolution  of  the  discord  tends  to  limit 

the  number  of  admissible  successions.  Thus  No.  1  is  bad, 
because  the  resolution  of  the  7th  on  the  S  is  felt  like  consecu- 
tive octaves.  For  the  same  reason,  the  _  cannot  well  be 
followed  by  the  t,  except  by  license,  as  in  No.  8.  The  only- 
regular  successions  derived  from  the  sequence  of  dominants, 
seem  to  be  Nos.  2,  3,  4,  5.  Nos.  7,  8,  9,  are  hcenses  in 
the  resolution  of  the  discord,  eis  described  in  Art.  121, 
No.  14,  f,  d. 
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The  four  derived  successions  furnish  two  sequences  or  pro- 
gressions, which,  like  the  fundamental,  may  be  continued  at 

pleasure.  The  first  is  the  chord  of  ^"'"  and  that  of  ^  al- 
ternately. No.  10.  Mr.  Shield  observes,  that  without  the 
appoggiaturasj  the  highest  note  of  the  sharp  [major]  fourth, 


and  the  lowest  of  the  false  fifth,  would  fall,  conlraiy  to  the 
ceneral  i-ule,  and  render  the  progression  extremely  harsh. 
*rhe  second  is  the  dominant  seventh,  and  the  second  deriva- 

6 
tive  4  alternately,  No.  1 1  • 
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CHAP.  VI. 

OP   THE    RESOLUTION  OF  CHORDS  OF   THE  SEVENTH   BY  THE 

DIATONIC  ASCENT  OF    THE  BASS. 
OP  THE  SEVENTH    ON  THE  SENSIBLE   NOTE,  AND  THE  MAJOR 

NINTH  ADDED  TO  THE   DOMINANT   CHORD. 
GP    THE    CHORD  OF    DIMINISHED    SEVENTH,   AND    THE    MINOR 

NINTH  ADDED  TO  THE  DOMINANT  CHORD. 

151.  Hitherto  we  have  exhibited  the  resolution  of  chords 
of  the  seventh  only  in  one  way,  viz.  by  descent  of  the  bass  by 
fifth,  or  ascent  by  fourth,  to  the  fundamental  note  of  the  chord 
on  which  the  seventh  resolves.  We  are  now  to  show  resolu- 
tions of  these  chords  by  other  fundamental  progressions.  We 
begin  with  the  dominant  seventh. 

Wc  have  observed.  Art.  121,  that  in  the  chord  of  domi- 
nant 7th,  what  most  forcibly  attracts  the  ear,  is  theimperfect 


fifth,  between  the  major  third  and  minor  seventh  of  the  chord  - 
and  that  the  resolution  of  this  interval  is  by  the  rise  of  the 
lowest  note  semitone,  and  by  the  diatonic  descent  of  the 
highest,  the  parts  meeting  on  a  third  major  or  minor  accord- 
ing to  the  mode.  Now  if  in  the  dominant  of  the  major  princi- 
pal, this  small  fifth  be  resolved  on  a  major  third,  and  if  the 
bass  (instead  of  ascending  4th)  ascend  a  tone  to  the  sixth  of 
the  key,  the  interval  of  seventh  will  be  resolved  on  the  perfect 
fifth,  and  we  shall  have  the  chord  of  the  relative  minor 
instead  of  the  major  principle  tonic;  No.  1.  This  resolu- 
tion taking  place  on  the  proper  part  of  the  measure,  forms  a 
broken  cadence,  or  suspended  cadence ;  and  this  indeed  is 
the  way  in  which  this  progression  is  chiefly  used,  being  sub- 
stituted for  the  perfect  cadence,  where  the  strain  might  be 
expected  to  end,  but  is  thus  interrupted,  and  the  final  close 
takes  place  afterwards.  No.  2  exhibits  the  outline  of  such 
a  close,  first  interriijited  or  kept  in  suspense  by  the  resolu- 
tion on  the  chord  of  the  relative  minor,  and  then  closing  fully 
on  the  key. 
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This  progression  is  very  seldom  if  ever  inverted.  Mozart 
begins  a  much  admired  duet  with  the  first  inversion  of  the 
common  chord  of  the  fifth  of  the  key  going  to  the  relative 
minor.  No.  3,  a,  which  is  this  broken  cadence  without  the 
discord.  But  it  is  plain  that  here  the  discord  is  inadmissible 
from  the  motion  of  the  bass,  as  the  lesser  fifth  would  be  fol- 
lowed by  perfect  fifth,  as  at  6.     For  though  an  imperfect 
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fifth  may  sometimes  be  followed  by  a  perfect  fifth,  yet  here 
it  would  be  bad,  as  disappointing  the  resolution  of  the  7th. 
Monsieur  Choron  sa3's,  that  one  or  two  of  the  inversions, 
though  little  used,  because  they  do  not  phrase  well,  are  yet 
susceptible  of  being  so;  and  he  says  they  seem  to  indicate 
modulation  to  the  fifth  or  to  the  sixth  of  the  key.     We  shall 

give  only  one  of  these  inversions,  the    -   resolving  on  the 

chord  of  C,  with  the  way  in  which  he  makes  it  conduct  to 
these  two  keys,  Nos.  4,  5.  The  resolution  in  question  is  of 
the  first  chord  on  the  second  in  each  example. 

The  chord  on  which  the  dominant  lesolves  by  the  ascent 
of  tone,  may  be  a  dominant  chord  of  seventh,  thus  conducting 
the  modulation  to  the  second  of  the  key.  Nos.  6,  7,  8,  9, 
show  this  resolution  with  its  derivatives.  They  are  taken 
from  M.  Choron.  The  last  brings  the  modulation  back  to 
the  principal  key. 

Il  in  the  di)niinant  7th  of  the  minor  key  the  ^th  resolve 
on  a  minor  third,  and  the  bass  rise  semitone,  the  7th  will  re- 
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solve  on  the  major  chord  of  ihe  Gth  of  the  key,  No.  10;  and 
this  is  used  as  an  interrupted  cadence  in  the  same  way  as  the 
preceding  in  the  major  mode.  The  inversions  of  this  pro- 
gression are  not  in  use. 

152.  This  manner  of  resolving  the  chord  by  the  diatonfc 
rise  of  the  bass,  is  also  practised  in  the  other  chords  of  the 
seventh. 

The  minor  seventh,  with  minor  third  on  the  4th  of  the 
minor  key,  is  very  often  resolved  by  the  diatonic  ascent  of 
the  bass  on  the  leading  chord,  as  in  No.  1,  a.  If  the  7th  of 
the  chord  be  higher  than  the  third,  we  must  be  careful  to 
avoid  consecutive  fifths,  which  would  take  place  if  we  should 
take  the  C  an  octave  higher,  as  at  b.  In  such  a  case  the 
third  may  be  omitted,  and  the  octave  taken  in  its  stead,  as 
at  c. 

The  seventh  in  question,  then,  is  another  subdominant 
chord  in  the  minor  mode;  to  which  we  have  thus  two  sub- 
dominant  7ths,  that  on  the  second  of  the  key  with  imperfect 
fifth  resolving  by  descent  of  fifth  in  the  bass  on  the  dominant 
chord;  and  this  on  the  fourth  of  the  key  resolving  by  ascent 
of  major  second  on  tlie  same  dominant.  Now,  this  last  sub- 
dominant  7th  on  the  fourtli  of  the  minor,  is  the  very  same  of 


which  we  have  treated  as  subdominant'7th  on  the  second  of 
the  major  key.  Art.  127  and  128.  This  subdominant  chord, 
therefore,  is  one  link  of  connexion  between  these  two  rela- 
tives, and  may  easily  lead  from  the  one  to  the  other,  as  in 
No.  2,  a,  b.  In  the  former  of  these  examples,  we  have 
avoided  the  fifths  noticed  at  No.  1,  b,  by  making  the  minor 
third  of  the  subdominant  seventh  ascend  by  redmidant  second 
to  the  major  third  of  the  dominant  chord, — a  movement 
which  some  censure  as  licentious,  but  which  may  be  found 
frequently  exemplified  in  the  writings  of  the  best  maisters. 

This  resolution  of  the  minor  seventh  with  minor  third,  by 
the  diatonic  rise  of  the  bass  on  the  leading  chord,  is  hardly 

capable  oi  being  inverted.     The  first  derivative,  viz.  the  ° 

on  the  sixth  of  the  minor  scale,  cannot  resolve  on  the  funda- 
mental dominant  chord,  because  of  the  consecutive  fifths 
which  would  arise  from  the  resolution  of  the  discord,  No.  3. 
The  second  inversion  is  impracticable;  but  the  third  inver- 
sion, resolving  on  the  second  inversion  of  the  dominant,  No. 
4,  appears  to  us  to  go  well,  and  indeed  to  be  of  as  good  ef- 
fect as  the  fundamental  progression.  We  do  not  recollect 
to  have  seen  it  used. 
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153.  After  the  same  manner,  the  chord  of  major  seventh 
resolves  by  diatonic  ascent  of  the  bass  on  the  dominant  of  the 
major  key,  being  thus  another  kind  of  subdominant  seventli 
on  the  4th  of  the  key,  No.  1.  Here  again  we  must  guard  the 
student  against  consecutive  fifths,  into  which  the  resolution  of 
the  7th  on  the  5th  of  the  dominant  chord  might  betray  him. 
For  if  the  part  next  the  bass  in  the  example,  were  written  an 
octave  higlier,  there  would  be  fifths,  (which  are  here  fourths,) 
between  that  part  so  put  highest,  and  the  second  part.     See 


Dr.  Callcott  gives,  in  his  Musical  Grammar,  the  example, 
No.  2,  of  the  first  derivative  of  the  major  seventh  resolving 
on  the  first  derivative  of  the  dominant,  which  he  calls  a  par- 
tial sequence  of  two  similar  harmonies  (as  he  justly  observes) 
frequently  found  in  Handel.  The  third  inversion,  resolving 
on  the  second  inversion  of  the  dominant,  though  we  do  not 
recollect  to  have  met  with  it,  appears  to  US'  to  be  equally  prac- 
ticable with  either  of  the  preceding,  No.  3, 

Vol.  XIV.  Part  I. 


We  have  thus  in  either  mode,  two  fundamental  subdomi- 
nant chords  of  the  seventh,  resolving  on  the  dominant  chord. 
In  tlie  major  mode,  the  minor  seventh  on  the  second  of  the 

key,  of  which  the  first  derivative,  viz.  the  ^  on  the  fourth  of 
the  key,  is  most  frequently  practised ;  but  whose  third  deri- 
vative, resolving  on  the  ^  of  the  dominant,  is  also  of  very 

good  effect;  and  the  major  seventh  on  the  fourth  of  the  kej', 
of  which  two  derivatives  seem  also  practicable.  In  the  mi- 
nor mode  again,  the  minor  seventh,  with  imperfect  fifth  on 

the  second  of  the  scale,  of  which  also  the  ,  on  the  fourth  of 

.4 
the  scale  is  most  practised,  but  whose  third  derivative,  viz.  „ 

r 
on  the  key-note,  resolving  on  the  dominant  ^  on  the  sen- 
sible note,  is  also  in  use;  and  the  minor  seventh  on  the  fourth 
of  the  scale,  treated  of  Art.  152,  of  which  the  third  deriva- 
tive, resolving  on  the  second  inversion  of  the  dominant,  seems 
also  practicable. 

154.  The  minor  seventh,  with  minor  third  and  imperfect 
fifth,  may  also  resolve  by  the  diatonic  ascent  of  the  bass  on 
the  major  common  chord,  No.  1,  a.  b.  The  bass  then  is 
the  leading  note  wliich  ascends  to  the  key-note;  the  ^  is  the 
discord  of  the  dominant,  which  resolves  diatonically  down- 
wards on  the  third  of  tlie  key;  and  the  seventh  resolves 
diatonically  downwards  on  the  fifth  of  the  key.  Of  four 
parts,  then,  of  which  tlie  chord  consists,  three  have  a  deter- 
mined movement ;  and  when  the  chord  is  in  the  position  a, 
the  third  also  must  ascend  to  the  third  of  tlie  tonic;  tor,  if  it 
should  descend  to  the  key-note,  there  would  be  consecutive 
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perfect  fit'tlis.  Iltlic  chord  be  in  the  position  at  h,  then  the  3d 
may  descend  on  the  octave,  and  the  three  upper  parts  will 
proceed  like  n  descending  sequence  of  sixes.  The  third  of 
the  chord,  however,  is  generally  omitted,  to  diminish  the 
harshness. 

This  chord  of  minor  seventh  with  imperfect  fifth,  may  thus 
either  belong  to  the  minor  mode,  being  the  subdominant 
chord  on  the  second  of  the  scale,  or  itma^'  belong  to  the  ma- 
jor mode,  being  a  chord  of  seventh  on  the  seventh  of  the 
scale,  or  sensible  note.  When  it  is  to  be  thus  resolved,  there- 
fore, the  bass  note  ought  not  to  be  doubled,  nor  the  fifth,  which 
is  the  dominant  discord. 

This  chord,  in  proceeding  to  the  major  common  chord, 

frequently  resolves,  in  the  first  instance,  into  the  l  on  the 

same  bass,  that  is  to  say,  into  the  first  in^  ersion  of  the  domi- 
nant seventh  on  the  fifth  of  the  key,  as  at  c,  d. 

This  cliord  is  used  either  with  or  without  preparation.  In 
No.  2,  n,  it  is  prepared  in  the  subdominant  chord,  and  at  b 
it  follows  the  tonic  liarraony  without  preparation.  These 
examples  are  taken  from  Callcott's  Grammar. 

This  progression  may  be  inverted.  Mon.  Choron  lays  it 
down  as  a  rule,  that  the  original  bass,  and  the  seventh  of  the 
fundamental  chord,  be  still  kept  at  the  distance  of  seventh. 
]\os.  3  and  4  are  his  examples.  But  this  rule  must  be  re- 
stricted to  the  case  when  the  discord  (seventh  of  the  original 
chord)  is  not  jirepared.  For,  if  the  discord  be  prepared,  we 
do  not  sec  what  should  prevent  its  being  at  the  distance  of  a 
second  more  than  in  the  subdominant  of  the  relative  minor. 

Thus  the  subdoniinant  ,  of  the  minor  key,  No.  5,  a,  may  be 

made  to  resolve  into  the  second  derivative  of  the  dominant 


of  the  relative  major;  or  directly  into  the  first  derivative  of 
the  tonic  relative  major,  as  at  b.  On  the  other  hand,  the  rule 
which  he  gives  that  this  chord  of  seventh  must  be  prepared 
when  taken  on  the  second  of  the  minor  scale,  (which  we 
jiave  called  the  subdominant  seventh,)  may  be  disregarded 
when  the  discord  is  kept  at  this  distance  of  seventh.  Thus 
the  chord  of  seventh  on  the  leading  note  of  the  major  key, 
taken  without  preparation,  may  be  resolved  into  the  dominant 
o   the  relative  minor  or  its  second  inversion,  No.  6,  a,  h. 

]Mon.  Choron  also  says,  that  the  third  inversion  of  this 
chord,  w  hen  the  discord  is  put  in  the  bass,  is  inadmissible  in 
any  manner.  But  this  means  only  that  it  is  inadmissible 
without  preparation.  Li  No.  7,  o,  this  chord,  prepared  in 
the  key  of  A  minor, as  if  the  third  inversion  of  the  subdomi- 
nant seventh  on  the  second  of  the  scale,  is  resolved  into  the 

second  inversion  of  the  chord  of  the  relative  major,  or  ^  sus- 
pending its  dominant.  The  example  at  h  is  taken  from 
Shield's  Introduction  to  Harmony,  in  which  that  excellent 
master  treats  the  chord  in  both  ways :  it  is  first  resolved,  as 
a  subdominant  chord  on  the  dominant  of  A,  the  primary  key, 
and  then  it  is  resolved  on  the  second  inversion  of  the  chord 
of  C,  made  a  dominant  chord,  only  that  the  fourth  is  omitted, 
so  that  the  chord  appears  as  chord  of  sixth  on  the  second  of 
the  key  of  F.  Thus  the  modulation  passes  to  the  sixth  of  the 
primary  key. 

This  minor  seventh,  with  imperfect  fifth  may,  by  the  chro- 
matic descent  of  the  bass,  become  the  third  derivative  of  the 
chord  of  dominant  seventh,  No.  8 ;  which  is  analogous  to 
the  derivative  succession  of  the  sequence  of  dominants.  Art. 
150.  No.  3.  And  this  may  be  inverted  as  in  Nos.  9  and  10. 
These  three  examples  are  taken  from  Choron. 
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155.  The  two  dominant  chords  of  seventh,  viz.  that  on 
ilie  fifth  of  4he  key)  and  this  on  the  leading  note  of  which  we 
have  been  treating,  are  unhed  into  one  chord,  and  the  union 
orms  a  chord  of  minor  seventh  and  major  ninth  on  tiie  fifth 
of  the  scale,  or,  in  other  words,  a  major  nintli  added  to  the 
dominant  chord  of  seventh;  No.  1.  In  this  combination 
the  intervals  must  be  taken  in  a  regular  order ;  the  ninth 
must  be  at  the  real  distance  of  ninth,  and  not  of  second  from 
the  bass  or  its  octave,  and  of  seventh  from  the  third  of  the 
chord,  (sensible  note,)  at  least  if  used  without  preparation. 
The  ninth  resolves  on  the  fifth  of  the  succeeding  tonic,  and 
the  rest  of  the  chord  as  the  dominant  seventh,  only  that  the 
fifth,  if  under  the  nintli,  must  not  fall  on  the  octave  of  the 
tonic,  on  account  of  the  fifths,  as  shown  in  the  preceding  ar- 
ticle. The  fifth  of  the  chord  is  generally  omitted,  to  dimi- 
nish the  harshness  of  the  combination. 

It  is  easy  to  see  what  this  addition  of  the  major  ninth  to 
the  dominant  seventh  will  produce,  in  the  derivatives  of  tliat 
chord. 

To  the  first  derivative  of  the  dominant  seventh  it  adds  a 

7 

minor  seventh,  and  the  whole  chord  may  be  figured  ^  When 

the  new  discord  is  unprepared,  it  must  still  be  at  the  distance 
of  ninth  from  the  fundamental  note,  or  fifth  of  the  key. 
No.  2. 

To  the  second  derivative  of  the  dominant  seventh  it  adds 
a  fifth,  which,  if  unprepared,  must  be  at  the  distance  of  ninth 
from  the  fourth  or  fundamental  sound. 


The  whole  will  therefore  be  figured  4.    No.  3. 

3 
To  the  third  inversion  of  the  dominant  seventh  it  adds  a 
major  third,  and  this  third  ought  to  be  at  the  distance  of 
ninth  from  the  second  of  the  chord  or  its  octave,  at  least  if 

6 

unprepared.     The  chord  will  be  3+.    No.  4. 

2 
Lastly,  when  this  new  discord  is  in  the  bass,  all  the  inter- 
vals of  the  dominant  chord  appear  under  new  figures ;  the 
third  becomes  second  to  the  new  bass,  the  fifth  becomes 
fourth,  the  seventh  becomes   sixth,  and   the   fundamental 

7 
sound  seventh.     The  whole  chord  is  \.  This  chord  is  never 

2 
used  without  being  prepared  in  the  bass. 

As  the  reader  can  be  at  no  loss  to  understand  this  chord 

from  what  we  have  said  of  the  '   on  the  leading   note,   we 

shall  be  contented  with  giving  IMon.  Choron's  general  exam- 
ple of  it,  and  its  inversions,  as  following  the  tonic  harmony 
and  returning  to  it.     No.  6. 

The  only  one  of  the  derivatives  which  Mon.  Choron  has 
omitted,  is  that  in  which  the  discord  is  put  in  the  bass,  be- 
cause, needing  preparation,  it  does  not  come  under  his  de- 
finition of  a  simple  chord.  We  shall  therefore  give  one  ex- 
ample of  it,  as  leading  from  the  minor  mode  to  the  relative 
major,  No.  7. 
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156.  We  have  already  taken  notice  of  the  interval  from 
the  minor  sixth  of  the  scale,  minor  mode,  to  the  seventh  01 
that  scale,  made  major  by  the  accidental  sharp.  This  is 
called  an  extreme  sharp  second,  or  redundant  second.  It 
consists  of  a  tone  and  a  chromatic  semitone.  On  keyed  in- 
struments it  is  played  by  the  same  finger-keys  which  give 
a  minor  third,  but  the  latter  interval  consists  of  a  tone  and 
diatonic  semitone ;  and  therefore  tlie  redmidant  second  and 
minor  third  difler  by  the  diesis,  or  about  the  fourth  of  a  tone, 
the  minor  third  being  s.o  much  the  greater  interval  of  the 
two.     See  Art.  14S. 
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This  redundant  second,  inverted,  gives  a  species  of  seventii 
difTerent  iVom  those  we  have  hitherto  treated  of.  It  is  called 
the  diminished  seventh;  it  is  chromatic  semitone  flatter  than 
the  minor  seventh,  and  enharmonic  diesis  or  fourth  of  a  tone 
sharper  than  the  major  sixth. 

This  interval,  the  redundant  second,  and  its  inversion  the 
diminished  seventh,  are  of  very  great  importance  in  modern 
music. 

1 57.  If  to  the  imperfect  fifth  on  the  leading  note  of  the 
minor  liey,  (1.  e.  the  seventh  of  the  scale  accidentally  sharp- 
ened,) we  add  its  seventh  as  it  lies  in  tiie  scale ;  we  have  the 
chord  of  diminished  seventh.  It  consists,  therefore,  of  minor 
third,  imperfect  fifth,  and  diminished  seventh,  and  is  figured 


b^,  or  simply  b7,  or  without  the  character  of  flat,  where  the 

seventh  as  it  lies  in  the  scale  is  diminished  7th  to  the  bass, 

though  even  then  it  is  proper  to  signify  it  by  a  h\7.     All  the 

inversions  of  this   chord  are  used;   and  we  exhibit  these 

chords,  Nos.  1,2,  3,4. 

The  first  inversion  consists  of  minor  third,  imperfect  fifth 

0         ^  ' 

and  major  sixth.     It  is  figured  p,  or  "  the  third  being  un- 

derstood ;  and  it  is  proper  to  signify  the  nature  of  the  fiftir 
which  is  the  discord,  thus  ^,  even  though  the  imperfect  fifth 
to  the  bass  be  in  the  scale. 
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The  second  inversion  consists  of  minor  third,  major  fourth, 
6  6  6 

and  major  sixth  figured  4+  or  more  properly  4+  or4+ 

3  H  b 

the  natural  or  the  flat  signifying  the  minor  third  to  the  bass, 
which  third  is  the  discord. 

The  third  inversion  consists  of  redundant  second,  greater 

fourth,  and   great   sixth,  figured  „J^  or  ^5,        the   dash 

through  the  2  signifying  that  it  is  taken  sharp. 

These  chords  are  of  much  more  frequent  use,  of  much 
more  importance,  and  will  require  a  much  more  extensive 
examination  than  the  chord  of  seventh  on  the  leading  note  of 
■the  major  scale.  , 


In  the  chord  of  the  diminished  seventh  tl.e  bass  is  the  sen- 
sible note,  whicli  therefore  ascends  semitone  to  the  tonic ; 
the  fifth  is  the  discord  of  the  dominant  chord  on  the  fifth  of 
the  key,  which  therefore  descends  to  the  third  of  the  tonic ; 
the  diminished  seventh  in  like  manner  descends  on  the  fifth ; 
the  third  of  the  chord  is  the  fifth  in  the  dominant  chord,  and 
therefore  may  either  ascend  to  the  third,  or  descend  to  the 
tonic;  the  former  is  better  when  the  diminished  seventh  is 
higher  than  third  of  the  chord  on  account  of  the  fifths  in  the 
succession.  Yet  this  is  not  so  necessary  to  be  guarded  against 
ns  in  the  resolution  of  the  other  chords  of  the  seventh,  by  dia- 
tonic rise  of  the  bass,  as  the  first  fil'th  is  imperfect. 

The  diminished  seventh,  and  all  its  inversions,  are  used 
with  or  without  preparation. 
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Xo.  5,  a,  shows  iho 


chord  ol"  diinitiished  seventh  taken 
without  preparation  alter  the  minor  tonic  harmony,  and  re- 
turning to  the  same.     The  resolution  into  the  tonic  is  often 


retarded  by  the     on  the  tonic  bass,  as  at  b. 
^  6 


The  diminished 


seventh  also  frequently  resolves  on  the   ,  first  derivative  of 

the  dominant  chord,  as  at  c.  And  this  resolution  into  the 
proper  dominant  of  the  same  key,  frequently  takes  place  in 
ull  the  inversions  of  the  progression  ;  especially  with  the  third 
derivative  of  the  diminished  seventh.  These  inversions  are 
set  down,  Nos.  6 — 12,  inclusive.  Tliey  hardly  require  any 
observation.  No.  6,  a,  is  very  good,  notwithstanding  the 
two  fifths  between  the  bass  and  highest  part,  as  the  latter  is 
resolved  by  the  opposite  motion  of  these  parts  j  but  the  bass 
could  not  rightly  descend  to  the  tonic  note,  making  three 
fifths  in  succession,  otherwise  that  motion  of  the  bass  might 
be  permitted.  But  if  we  resolve  the  first  derivative  of  the 
diminished  seventh  into  the  second  derivative  of  the  domi- 
nant, as  at  6,  the  latter  chord  may  resolve  into  the  common 
chord  of  the  key.  In  No.  8,  the  third  inversion  of  the  chord 
of  diniinislied  7th  is  resolved  by  the  descent  of  the  bass  (the 
upper  parts  remaining  the  same)  into  the  dominant  chord. 


The  leap  in  the  bass,  from  the  key-note  to  the  unprepared 
discord,  is  not  so  good  as  No.  12,  which  proceeds  diatoni- 
cally. 

Nos.  13,  14,  15,  the  diminished  seventh,  or  its  inversions, 
are  prepared  in  the  subdominant  seventh  on  the  second  of 
the  scale,  and  its  inversions.  The  fifths  in  No.  13,  arc  good, 
as  shown  in  what  is  said  No.  G. 

158.  As  thf^  chord  of  diminished  seventh  difl'ers  from  the 
dominant  cliord  of  seventh  only  by  cliromatic  semitone  in 
the  bass,  the  one  very  easily  passes  to  the  other.  Thus  the 
dominant  chord  of  the  major  principal,  by  the  chromatic  rise 
of  the  bass,  becomes  the  diminished  7th  leading  to  the  rela- 
tive minor,  and  furnishes  a  very  agreeable  manner  of  making 
this  transition.  Nos.  1 — 4  show  this  succession  and  its  deri- 
vatives. The  reverse  of  the  process  brings  us  back  to  the 
principal,  Nos.  5 — 8.  And  so  in  general,  every  dominant 
may  conduct  either  to  its  own  key,  or  to  its  relative  minor, 
or  vice  versa.  Thus  by  means  of  the  dominant  which  leads 
to  the  fifth  of  the  key,  we  may  go  to  its  relative  minor,  that 
is,  the  third  of  the  principal  key.  No.  9;  or  from  the  domi- 
nant leading  to  the  4th  of  the  key,  to  its  relative  minor;  that 
is,  the  second  of  the  principal,  No.  10. 
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iGO.  The  diiiiini>licil  seventh  is  in  truth  a  minor  f)th  ad- 
ded to  the  dominant  ciiord  of  seventh  on  the  fifth  of  the  key. 
Tlie  whole  chord,  then,  consists  of  major  third,  perfect  fifth, 

9 

minor  7'h  and  minor  9th,  figured  .  witii  a  t^  or  b  before  the 

* 
9,  to  signify  its  nature,  No.  1.  The  ninth  ought  to  be  kept 
at  tiie  real  distance  of  nintli  trom  the  bass,  and  from  tliat 
note  in  all  the  inversions,  because  of  the  harshness  of  the 
minor  second.  It  is  easy,  as  we  observed  of  the  major  0th 
added  to  the  dominant  chord,  to  sec  what  addition  this  will 
make  to  all  the  derivatives  of  the  dominant  7th.  To  the  first 
inversion  it  will  add  a  diminished  seventh,  and  the  whole 

bi7    b7 
will  be  figured  6  or  6,  according  to  the  key,  No.  2.    To  the 

second  inversion  of  tiie  dominant  it  adds  a  lesser  fifth,  and 
the  nature  of  both  fifth  and  sixth  ought  to  be  signified  in  the 
*6 


figures  thus,  ^^, 


No. 


To  the  third  inversion  of  the  do- 


minant it  V  ill  add  a  minor  third,  which  will  be  signified  bv 

G 

a  ti  or  b  between  the  2  and  4+,  thus,   ^     ,  No.4.  Lastly, 

<7 


when  the  new  discord  is  put  in  the  bass,  the  dominant  chord 
being  in  the  upper  parts,  the  whole  combination  will  consist 
of  redundant  second,  greater  fourth,  major  sixth,  and  major 

7 

seventh,  which  will  be  figured     ,  ,  No.  5.  All  these  chords 

are  struck  freely,  or  with  preparation  of  the  discord  or  dis- 
cords. The  bass  of  the  last  chord.  No.  5,  is  generally  pre- 
pared. 

As  from  the  full  exhibition  we  have  made  of  the  dominant 
chord  of  seventh,  and  the  diminished  seventh,  the  reader  can 
be  at  no  loss  to  understand  the  use  of  this  chord,  we  shall 
only  give  M.  Choron's  general  example,  No.  6.  At  the  cross 
X,  JM.  Choron  has  written  A  where  we  have  preferred 
doubling  the  C,  on  account  of  the  three  fifths  in  succession. 
For  though  these  be  of  different  kinds,  it  is  certainly  better 
to  resolve  the  imperfect  fifth  as  we  have  done.  As  M.  Cho- 
ron has  not  exemplified  the  inversion  of  the  ninth,  when  that 
discord  is  put  in  the  bass,  we  have  added  one  example  of  it, 
No.  7,  conducting  the  modulation  from  C  to  A. 

But  the  great  use  made  of  this  chord  in  modern  composi- 
tions, is  as  the  instrument  of  sudden  and  distant  transitions 
in  the  modulation,  which  it  enables  the  musician  to  accom- 
plish by  means  of  its  Enharmonic  Relations.  This  will  be 
the  subject  of  the  next  chapter. 
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CHAP.  VII. 

OF  THE   ENHARMONIC  CHANGES  IN   THE    CHORD   OP  TIIE   DI- 
JIINISHED    SEVENTH. 

l6l.  As  the  means  of  conducting  the  reader  to  a  complete 
knowledge  of  this  matter,  we  shall  introduce  it  by  exhibiting 


a  Chromatic  and  Enharmonic  scale  of  twenty-four  notes. 
The  upper  line  is  the  ascending  scale.  The  pairs  united  by 
brackets  are  the  two  sounds  of  the  enharmonic  diesis,  which 
are  both  played  by  the  same  finger-key  on  the  piano-forte, 
but  which,  on  perfect  instruments,  differ  hy  a  considerable 
interval.  In  the  second  line,  one  note,  C,  is  continually  re- 
peated ;  and  over  each  is  a  figure  expressing  the  exact  na- 
ture of  the  interval.  Major  intervals  are  figured  in  the  Ro- 
man numerals,  11,  III,  IV,  &c.,  and  minor  intervals  by  the 
Arabic  figures,  2,  3,  4,  &c.  A  Roman  numeral  with  ^  be- 
fore it,  expresses  the  redundant  intervals,  greater  than  the 
major  by  chromatic  semitone,  as  ^11,  redundant  second, 
&c.  A  b  betbre  an  Arabian  figure  means  the  diminished 
intervals  less  than  the  minor  of  the  same  name  by  chromatic 
semitone,  as  \y  7,  diminished  seventh.  There  are  here  seve- 
ral intervals  which  are  never  used,  as  CF  x ;  these  are  not 
figured.  The  three  first  are  figured  as  the  real  distance : 
the  others  as  if  the  bass  were  an  octave  higher. 
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If  we  should  put  successively  in  the  bass  every  other  note 
of  the  twentj-four,  we  should  find  a  great  many  intervals 
which  have  never  been  used,  and  which  have  no  name. 
We  shall  therefore  exhibit,  in  the  next  page,  a  Table  of  ail 
the  intervals  used  in  harmony,  to  every  one  of  the  notes  of 
the  scale  as  far  as  these  intervals  are  furnished.  The  low- 
est horizontal  line  contains  the  names  of  the  notes,  to  which 
those  in  the  perpendicular  column  are  the  intervals,  as  writ- 
ten in  the  side  columns.  The  lower  line  of  notes  is  united 
in  pairs  by  brackets  as  before,  according  to  the  enharmonic 


relations;  and  the  figures  in  the  perpendicular  columns  af- 
ter the  same  manner. 

This  Table  will  be  generally  useful  to  young  students, 
who  find  any  difliculty  in  transposing  from  one  key  to 
another,  especially  in  transposing  the  chords  of  the  dimin- 
ished seventh,  which  some  have  found  perplexing.  \\  e  must 
beg  the  student  to  banish  from  his  mind,  for  some  time  at 
least,  all  consideration  of  the  key-board  of  the  piano-forte, 
and  to  consider  every  one  of  the  twenty-four  sounds  in  the 
above  scale  as  sensibly  distinct.  For  it  is  from  this  refe- 
rence to  the  key-board,  that  the  confusion  and  perplexity 
arise,  into  which  musicians,  otherwise  respectable,  fall  in  this 
matter. 

l62.  In  a  scale  of  twenty-four  notes  within  the  octave, 
there  are  fifteen  chords  of  the  diminished  seventh,  which  br- 
ing arranged  according  to  their  enharmonic  relations,  are  di- 
vided into  three  sets  or  series  of  five  each,  descending  h\ 
minor  thirds,  No.  1,  a,  b,  c,  &c.  No.  2,  a,  b,  c,  &c.  No.  3. 
a,  b,  c,  &c. 


f-A     K^ 


2. 


-+P5 
^ 


±S 


Sa 


^s- 


m 


-W 


i^E 


=5i- 


i 


^ 


-j*s- 


^ 


i 


^s: 


I 


W 


tS 


-Ss- 


m 


3 


£: 


:^ 


"S?^ 


1 


lG3.  Now,  the  chords  of  diminished  seventh  of  each  set, 
may  pass  into  each  other  by  enharmonic  changes,  and  in  con- 
sequence carry  the  modulation  into  a  different  kej'  from  what 
was  expected.  In  order  to  bring  under  the  eye  of  the  stu- 
dent all  the  transitions  that  may  be  made  bj-  means  of  these 
chords,  we  put  down  belore  the  enharmonic  changes  the  two 
progressions  of  the  diminished  seventh  alrcadj'  described. 
In  No.  1,  the  diminished  seventh  on  C,  by  the  chromatic  de- 
scent of  the  bass  to  C\).  becomes  the  dominant  seventh  lead- 
ing to  the  key  of  F  [)  major ;  as  shown  Art.  1  ."JS,  No.  5.  Our 
scale  of  24  notes  does  not  furnish  a  minor  third  to  F[).  In 
No.  2,  the  same  chord  of  diminished  7th  by  the  diatonic  reso- 
lution of  the  \) \)7,  becomes  the  first  derivati\e  of  the  domi- 


m 


nant  chord  to  the  key  of  Db  minor  or  major,  as  shown  in 
Art.  157,  No.  5,  c.  The  following  progressions,  Nos.  3 — 6. 
are  effected  by  successive  enharmonic  ciianges.  In  No.  5, 
B\)[f  IS  changed  eiiliarnionicallj-  downwards  to  A  t^ ,  the  other 
parts  remaining ;  and  the  chord  is  tlius  changed  into  the  first 
derivative  of  the  diminished  seventh  of  A^,  leading  to  tlie 
key  of  B|)  minor  or  major.  In  No.  4,  this  first  derivative  of 
the  diminished  7th  to  Afc|,  becomes,  by  the  enharmonic 
ciianges  of  the  [j  5th  to  the  4-|-,  the  second  derivative  of  the 
chord  of  diminished  7th  to  F^,  which  leads  to  G  minor  or 
major.  No.  5  changes  this  second  derivative  of  the  dimi- 
nished seventh  of  F^,  by  the  enharmonic  descent  of  the  3d  to 
the  ^2,  into  the  third  derivative  of  the  diminished  7th  on 
J)^,  which  resolves  on  t!ie  dominant  leading  to  E  minor  or 
major.  Lastly,  in  No.  6  this  third  derivative  of  the  dimi- 
nished seventh  to  D*,  by  the  enharmonic  descent  of  the  bass 
to  B*,  becomes  the  chord  of  diminished  "ih  to  that  note, 
which  resolves  on  the  dominant  leading  to  C>^  major  or 
minor. 

Now  when  we  examine  this  series  of  key-notes  to  wliich 
our  chord  has  conducted  us,  we  find  them  descending  in  mi- 
nor thirds  thus,  F\),  D[„  B^,  G,  E,  C*;  and  these  are  the 
nijtes  belojiging  to  our  second  sol  of  chords  of  diminished 
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seventh.  There  arc  two  remaining  sounds  of  that  set,  viz. 
A*  and  F  x :  but  to  these  we  cannot  make  a  modulation,  as 
our  scale  of  24  sounds  does  not  furnish  their  leading  notes, 
which  would  be  G  X  and  E  x . 

Of  these  six  keys,  the  1st  and  5th,  z.  e.  Fband  Ebj,as  also 
the  2d  and  6th,  D  b,  and  C*,  are  played  by  the  same  finger- 
keys  on  the  piano-forte.  But  it  is  not  on  that  account  less 
important  to  distinguish  them.     In  very  distant  modulations. 


it  may  be  of  no  great  consequence  which  we  should  take. 
As,  for  instance,  from  the  principal  key  of  C,  it  is  a  matter 
of  little  consequence  whether  we  go  to  C*  or  D  b ;  but  in 
many  cases  it  is  essential  to  make  the  distinction.  Thus, 
from  the  principal  key  of  A  b  major,  or  of  F  minor,  we  must 
go  to  Db,  and  not  to  C*,  which  is  no  way  related  to  the 
primary  key.  From  the  key  of  A  or  of  E  major,  again  we 
must  go  to  C'^,  and  not  to  Db. 
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l64.  The  enharmonic  change  of  one  part  of  the  chord,  as 
in  these  examples,  has  a  very  agreeable  effect  when  performed 
on  instruments  capable  of  making  the  change  real.  Two  or 
more  parts,  and  eventlie  whole  chord,  may  be  changed  all  at 
once ;  at  least,  we  shall  often  meet  with  such  in  the  composi- 
tions of  the  best  musicians.  The  effect,  however,  becomes  less 
and  less  pleasing,  according  to  the  number  of  parts  changed. 
The  change  of  the  whole  chord,  in  our  judgment,  has  not 
a  good  effect.  We  are  able  to  speak  of  these  changes, 
from  having  had  an  opportunity  of  hearing  them  on  an  in- 
strument which  gave  them  with  the  most  perfect  truth  ;  but 
we  shall  recur  to  this  subject  when  we  come  to  treat  of  a  sys- 
tem of  perfect  intonation. 

In  the  mean  time,  we  observe,  that  it  can  very  seldom  be 
necessary  to  change  more  than  two  parts  of  the  chord  enliar- 
monically ;  and  this  may  be  done  successively,  or  at  once. 
Of  the  successive  changes,  the  examples  in  the  last  article  are 
sufficient.  In  these  also,  the  enliarnionic  change  is  first  made, 
and  then  tlie  resolution  into  the  dominant  chord  leading  to  the 
new  key ;  but  the  enharmonic  change  and  resolution  into 
the  dominant  chord,  may  take  place  at  the  same  time.  These 
we  shall  exhibit  in  the  second  set  of  chords  of  diminished 
seventh,  Nos.  1 — G.  The  two  first  examples  are  set  down, 
as  in  the  preceding  article,  for  the  sake  of  sliowing  all  the 
keys  to  which  this  set  of  chords  conduct  the  modulation.  In 
No.  3,  the  diminished  7th  to  G  is  changed  enharmonically  to 
the  major  sixth;  and  at  the  same  time  the  ^th  resolves  dia- 
tonically  on  the  perlect  fourth,  so  that  the  chord  has  become 
the  second  inversion  of  the  dominant  leading  to  F  major  or 


minor.  These  changes  at  No.  3,  in  the  preceding  article, 
are  made  successively.  In  No.  4,  the  chord  of  diminished 
seventh  by  the  charmonic  changes  of  the  bTth  and  flth,  be- 
comes the  second  inversion  of  the  chord  of  diminished  7th  on 
C*,  and  then  this  is  resolved  into  the  third  inversion  of  the 
dominant  of  the  key  of  D  major  or  minor.  The  resolution 
might  take  place  at  the  same  time  with  the  enharmonic 
changes,  which  is  only  omitting  the  second  chord,  and  play- 
ing the  third  at  once  in  its  stead,  and  then  the  changes  effec- 
ted in  Art.  163,  Nos.  2  and  3,  by  tliree  successive  steps, 
would  be  effected  at  once.  In  No.  5,  the  first  inversion  oi' 
the  diminished  seventh,  by  the  enharmonic  changes  of  the 
b5  and  minor  third,  and  at  tlie  same  time  by  the  diatonic 
resolution  of  the  bass,  becomes  the  dominant  chord  of  seventli 
leading  to  B  major  or  minor;  thus  eflecting  at  once  what  in 
Art.  l63,  Nos.  4  and  5,  is  brought  about  by  three  successive 
steps.  In  No.  6,  the  second  inversion  of  the  chord  of  dimi- 
nished seventli  by  the  enharmonic  changes  of  the  3d  and  of 
tlic  bass,  and  at  the  same  time  by  llie  diatonic  resolution  of 
the  6th,  becomes  the  first  derivative  of  the  dominant  leading 
to  G^  major  or  minor ;  the  whole  changes  which  in  Nos.  j 
and  6,  Art.  l63,  are  brought  about  by  tliree  successive  steps, 
being  accomplished  at  once. 

The  keys,  then,  to  \\liich  this  second  set  of  chonis  of  di- 
minished seventh,  lead  the  modulation,  are  C  b-  -^^  b,  F,  D,  B, 
and  G*,  descending  by  minor  thirds,  being  all  the  sounds  in 
the  third  set  of  diminished  sevenths  e.xcept  E'^  and  Cx,'^ 
which  we  hav--  no  leadin?  note. 
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iG.'i.  Ilitlu'ito  we  have  shown  only  one  kind  of  enharmo- 
nic than'TC,  namely,  downwards.  But  the  changes  may  be 
made  hi  the  opposite  direction,  reversinq;  the  foimer  proeess. 
These  we  shall  exhibit  in  the  third  setot'diminislied  sevenths, 
beginning  therefore  with  the  lowest. 

No.  1  shows  the  chord  of  diminished  7th  on  Cx,  resolving 
diatonically  on  the  dominant  of  DS=,  the  key  to  which  it  be- 
longs. No.  2,  a,  shows  the  same  chord  of  diminished  7th, 
by  the  enharmonic  change  of  the  bass  upwards  to  D  t^,  be- 
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coming  the  tliird  inversion  of  the  chord  of  diminished  7th  on 
Esi<,  which  resolves  diatonically  on  the  dominant  leading  to 
F8S<  minor  or  major.  At  b,  the  second  chord  is  omitted,  and 
then  we  have  the  chromatic  descent  of  Cx  to  C^,  can'yin» 
dominant  chord  of  7th  to  the  same  key.  In  No.  3,  the  same 
chord  of  diminished  seventh  by  enharmonic  changes  upwards 
of  the  bass  and  third,  becomes  the  second  hiversion  of  tlie 
diminished  7th  to  G^,  which  resolves  diatonically  on  the 
dominant  leading  to  A  major  or  minor.  If  the  second  chord 
were  omitted,  the  passage  to  the  dominant  of  A  would  be  by 
tiie  enharmonic  change  upwards  of  the  bass,  and  the  chro- 
matic descent  of  the  third  E^  to  Et].  What  is  equivalent 
to  this,  is  done  in  No.  4,  where  the  third  inversion  of  the  di- 
minished seventh  to  E^  becomes,  by  the  enharmonic  change 
of  the  redundant  second  to  minor  third,  and  the  chromatic 
descent  of  the  major  fourth  to  ])erfect  fourth,  the  second  de- 
rivative of  the  ilominant  of  the  key  of  C  major  or  minor. 
After  the  same  manner,  in  No.  5,  we  come  to  iEb  major  or 
minor;  and  in  No.  6,  to  Gb  major  or  minor. 

Now  these  keys  are  an  ascentling  series  of  minor  thirds, 
D*,  F*,  A,  C,  E\),  Gb,  being  the  notes  of  the  first  set  of 
chords  of  diminished  seventh,  except  B^  and  Bbb. 
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The  reader  sees  how  much  these  enharmonic  changes  put 
it  in  tiie  power  of  the  composer  to  effect  very  sudden  and  dis- 
tant transitions  in  the  modulation.  Hence  it  is  that  the  chord 
of  diminished  seventh  has  been  called  the  equivocal  chord,  an 
appellation  to  which  it  is  very  well  entitled. 


IGG.  The  keys  to  which  these  three  sets  of  chords  con- 
duct, amount  to  eighteen  out  of  the  twenty-four.  It  is  plain 
that  there  remainsbut  one  question  to  be  solved,  in  order  to 
our  being  able  to  make  a  transition  from  any  key  to  any 
other,  however  little  related  to  it;  namely,  how  we  may  get  to 
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any  onn  of  these  sets'of  chords.  Thi^  is  no  difficult  matter. 
We  iiave  shown.  Art.  158,  how  easily  we  go  from  a  domi- 
nant cliord  to  a  chord  of  the  diminished  seventh  ;  and  this, 
by  the  transformations  aheady  ex])lained,  takes  us  easily  to 
any  one  of  the  six  keys  of  that  series.  Now,  in  every  case, 
the  dominant  to  the  fifth  of  tlie  key  belongs  to  one  of  the  two 
remaining  sets;  and  the  dominant  of  the  fourth  of  the  key,  to 
the  other.  It  is  thus  the  simplest  matter  imaginable  to  get  to 
a  chord  of  the  diminished  seventh,  which  will  either  immedi- 
ately, or  by  enharmonic  changes,  bring  to  the  key  we  would 
go  to.  The  following  examples  contain  transitions  from  C 
major  to  eleven  keys,  becoming  more  and  more  distant ;  and 
the  return  from  each  to  C.  The  reader  will  observe,  that 
when  the  modulation  has  proceeded  from  the  dominant  lead- 
ing to  the  fifth  of  the  principal,  the  return  is  made  by  means 
of  the  dominant  leading  to  the  fourtii  of  the  key  from  which 
we  are  to  return.     Thus  we  go  to  E  through  (he  dominant 


conducting  to  G,  and  we  return  througii  the  dominant  of  A. 
When  again  the  modulation  goes  from  the  dominant  leading 
to  the  fourth  of  the  principal  key,  we  return  through  the  domi- 
nant leading  to  the  fifth  of  the  key  whence  we  are  returning; 
and  when  we  go  by  means  of  the  dominant  of  the  principal, 
we  rettirn  through  the  dominant  of  key  whence  we  are  re- 
turning. In  this  last  case,  the  chords  may  be  the  same  by 
which  we  came,  taken  in  reverse  order.  For  example,  going 
and  returning  to  and  from  A,  as  also  to  and  from  E(),  the 
chords  are  the  very  same  even  in  position.  In  performing 
these  examples,  each  chord  ought  to  be  repeated  several 
times,  by  which  means  the  efiect  will  be  brought  out.  Thus 
the  first  example  may  be  performed  as  at  A,  terminating  with 
a  formal  close,  which  completely  establishes  the  new  kej . 
With  these  remarks  we  leave  these  transitions  to  the  consi- 
deration of  the  student. 
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B  minor  to  C. 


C  to  F:^  minor. 
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CHAP.  VIII. 

OF   THE   RESOLUTION   OP    THE    SEVENTH,   THE    FUNDAMEN- 
TAL   BASS    DESCENDING    BY    THIRD. 
OP    OTHER   CHORDS    NOT    HITHERTO    NOTICED. 

167.  Besides  the  two  resolutions  of  chords  of  the  seventh, 
which  we  have  already  noticed,  viz.  as  in  the  greater  ca- 
dence, the  bass  descending  fifth,  and  as  in  the  broken  ca- 
dence, the  bass  ascending  one  degree  of  the  diatonic  scale, 
there  is  yet  a  third,  viz.  into  a  chord,  the  bass  of  wliich  is 
thiid  below,  or  sixth  above  the  fundamental  bass  of  the  chord 
of  seventh.  This,  however,  is  not  practised  with  the  fun- 
damental chord  of  seventh,  for  a  reason  which  will  imme- 
diately be  seen ;  but  several  of  the  derived  successions  are 
very  good. 

If  the  discord,  that  is,  the  seventh,  resolve  by  diatonic 
semitone,  and  the  sensible  note,  instead  of  resolving  up- 
wards, remain  stationary,  and  if  the  bass  at  the  same  time 
descend  by  minor  third,  or  rise  major  sixth,  we  shall  have  a 
minor  common  chord,  No.  1.  But  tlie  descent  of  bass  by 
third  is  bad,  because  of  the  resolution  of  the  7th  on  the  oc- 
tave, which  feels  like  octaves,  as  before  observed ;  and  the 


b        -q-  b 

leap  by  sixth,  in  contrary  motion,  is  no  better.  If,  at  tlif 
same  time,  the  octave  in  the  first  chord  rise  chromatically, 
as  in  No.  2,  there  is,  besides  the  former  fault,  the  additional 
harshness  of  false  relation  of  octave  crossways.  Yet  this 
last  succession  gives  several  very  good  derived  ones. 

Rameau  called  this  progression  the  interrupted  cadence; 
and  even  M.  Choron,  who  affects  to  despise  Rameau,  calls  it 
so ;— but  certainly  with  no  great  propriety ;  for  though  the 
derivative  successions  be  good  in  a  stream  of  harmony,  yet 
the  want  of  the  resolution  of  the  imperfect  fifth  makes  it  so 
little  satisfactory,  that  it  is  not  very  fit  to  terminate  a  har- 
monical  phrase.  "  Of  this  progression  at  a  rhythmic  close," 
says  Dr.  Callcott,  "  there  are  (ew,  if  any,  practical  exam- 
ples." We  shall,  however,  afterwards  take  an  opportunity 
of  quoting  from  the  best  masters,  instances,  in  which  both 
the  direct  chord  and  its  derivatives  are  used  in  cadences  to 
terminate  musical  phrases.    Here  they  would  be  out  of  place. 

The  chord  on  which  this  resolution  takes  place,  is  gene- 
rally another  dominant,  direct  or  inverted.  Thus  Nos.  3 — 6 
are  examples  of  such  progressions  carrying  to  the  relative 
minor.  The  reader  will  easily  see,  that  this  progression 
does  the  same  in  effect  as  the  diminished  seventh,  succeeding 
the  dominant  by  tlie  chromatic  ascent  of  the  bass.  Thus, 
No.  3  is  the  same  progression  with  No.  7 ;  only  omitting 
the  second  chord,  which  is  the  diminished  seventh. 
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168.  In  other  sevenths,  a  similar  resolution,  at  least  of 
the  third  derivative,  is  practised.  Thus  the  „,  third  de- 
rivative of  the  major  seventh,  resolves  on  the  subdominant 


chord  of  seventh  on  the  second  of  the  scale,  as  in  No.  1, 
Or  it  may  resolve  on  the  dominant  chord  leading  to  the  fifth 
of  the  key,  as  in  No.  2.  So  after  the  same  manner  in  the 
minor  mode,  as  in  Nos.  3  and  4. 
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one  called  the  diminished  third,  being  chromatic  semitone 
less  than  the  minor  third.  It  is  equal  to  two  diatonic  semi- 
tones. Thus,  supposing  the  scale  truly  tuned,  E  b  minor 
thud  to  C,  D  diatonic  semitone  below  Eb,  and  C*  diatonic 
semitone  below  D,  the  interval  D;^  Eb  is  plainly  equal  to 
two  diatonic  semitones,  and  chromatic  semitone  less  than  the 
minor  third  CEb- 

On  keyed  instruments  this  interval  is  confounded  with  the 
major  second,  from  which  it  diflers  by  the  enharmonic  diesis, 
being  so  much  sharper.  By  inversion  it  becomes  a  redun- 
dant sixth,  being  enharmonic  diesis  flatter  than  the  minor 
seventh,  which  is  played  by  the  same  finger  keys. 

There  is  a  wonderful  diflerence  in  the  effect  of  these  inter- 
vals, which  we  confounded  on  keyed  instmments.  Both 
the  major  second  and  minor  seventh  are  decidedly  dissonant. 
But  the  effect  of  tiie  diminished  third  and  redundant  sixth,  is 
so  rich  and  agreeable  to  the  ear,  that  they  seem  hardly  to  re- 
quire resolution,  insomuch  that  we  are  at  a  loss  almost  to  say 
whether  we  should  call  these  intervals  discords,  or  a  peculiar 
kind  of  concords.  Yet  the  rules  which  are  laid  down  for 
the  use  of  their  intervals,  proceed  on  the  extreme  harshness 
of  the  diminished  third ;  a  character  which  we  can  assure  our 
readers  does  not  belong  to  if.  This  mistaken  notion  has 
arisen  from  musicians  not  having  had  any  opjiortunity  of 
hearing  these  intervals  truly  tuned.  For  though  the  violin 
tribe  of  instruments  be  capable  of  producing  every  interval 
perfect,  performers  never  having  heard  the  intervals  in  ques- 
tion, have  not  made  the  distinction,  or  at  le;ist  the  accurate 
compai-ison  which  we  have  had  frequent  o])portunities  of 
making  on  an  instrument  which  gave  all  intcr\ als  with  per- 
fect truth.  But  though  we  have  made  these  remarks,  we 
shall  give  the  usual  rules  for  the  treatment  of  these  intervals, 
leaving  it  to  future  legislators  to  abrogate  such  as  they  may 
deem  unnecessary. 

170.  The  imperfect  fifth  contains  the  intervals  of  major 
third  and  diminished  third.  We  may  thus  have  two  chords 
of  the  imperfect  fifth  different  from  that  which  we  have  hi- 
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tlici  lu  jitrtrii,  ciLCDi'diiii^  CIS  we  put  ihc  iiiHJur  third  or  diminished 
third  next  the  bass. 

The  former  of  these  chords  belongs  exclusively  to  the  se- 
cond of  the  minor  scale,  the  third  of  the  chord,  (fourth  of  the 
scale)  being  raised  chromatic  semitone  in  passing  to  the  chord 
of  the  filth  of  the  key,  No.  1.  JMr.  KoUmann,  from  whom 
this  example  is  taken,  sa3S  "  that  the  chord  is  good  in  tliis 
position,  jet  it  would  be  bad  in  the  positions,  No.  2,  a,  6, 
because  they  contain  the  disagreeable  combination  of  a  di- 
minished third  from  D*  to  F,  besides  the  imperfection  of  the 
harmony  itself.  Yet  at  the  distance  of  a  tenth,  and  covered 
with  a  middle  part,  which  stands  in  good  relation  with  the 
higher  as  well  as  lower  notes,  such  as  at  c,  even  that  diminished 
third  may  be  used."  The  szuue  observations  are  to  be  made 
with  regard  to  the  inversions  of  the  chord,  as  Nos.  3  and  4. 

To  this  chord  the  minor  seventh  is  added;  and  in  tliis 
form  Monsieur  Choron  calls  it  the  diminished  chord  of  the 
tonic  dominant.  By  the  word  dimi7)ished,  is  meant  the  les- 
ser or  imperfect  fifth,  an  improper  application  of  the  word, 
which  many  excellent  writers  have  used,  especially  in  Ger- 
raanv.     This  chord,  then,  consists  of  major  third,  imperfect 

7 
fifth,  and  minor  rth,  figured  t^S.  The  distance  from  the  thhd 

to  the  fifth  must  be  at  least  the  redundant  sixth.  No.  5. 
The  first  derivative  consbts  of  diminished  third,  minor 

6 
fifth,  and  minor  sixth,  and  is  figured  5.     The  third   ought 

ti 
to  he  at  the  distance  of  tenth  at  least.  No.  6. 

The  second  derivative  consists  of  major  third,  major  fourth, 
and  ledundant  or  sujyerjluous  sixth,  for  these  two  words  are 

*6 
used  as  synonymous,  figured  4-{-,  No.  7- 

3 
The  third  derivative  consists  of  major  second,   major 

tourth,  and  minor  sixth,  figured  4+,  No.  8. 
Y  2 
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171.  We  shall  copy  M.  Choron's  examples  and  remarks 
on  the  use  of  this  chord. 

"  This  oho,  (i,  which  belongs  to  the  second  note  of  the  mi- 
nor key,  become  dominant  with  regard  to  the  fifth,  has  all 
the  characters  and  properties  of  a  tonic  dominant  chord,"  (/.  e. 
which  closes  on  the  tonic.)  "  It  may,  like  it,  be  used  with- 
out preparation,  havir.g  respect  nevertheless  to  the  laws  of 
modulation.  It  has,  like  that  chord,  the  three  resolutions  of 
fourth  and  second  ascending,  and  of  third  descending.  It 
also  may  proceed  by  descending  a  second.  We  shall  examine 
these  diflercnt  resolutions,  confining  ourselves  to  tlie  most  or- 
dinary cases. 

"  1st.  Procedure  by  fourth  ascending,  or  perfect  cadence. 
— Dh-ect  or  fundamental  chord.  This  harmony,  that  it  may 
be  characterized,  must  be  used  in  four  parts ;  for  if  we  sup- 
press the  fifth,  we  cannot  know  exactly  the  nature  of  tlie 
chord,  as  the  fifth  might  be  either  perfect  or  minor.     We 

must  recollect,    that  the  mnjol    third    Qncl    ininot     iitth,    -nrhioh 

form  diminished  third,  must  be  at  the  distance  of  superfluous 
sixth,  No.  1. — First  derivative.  This  chord  can  hardly  be 
used  without  preparation,  because  of  the  diminished  third, 
which  is  very  harsh  without  that  precaution,  No.  2. — Second 


derivative.  This  chord  is  employed  without  any  kind  of  pre- 
paration. It  is  very  much  used.  We  shall  observe,  how- 
ever, that  the  superfluous  sixth  is  better  by  suppressing  the 
fundamental  note,  which  is  here  the  fourth  to  the  bass.  No.  3. 
— Third  derivative.  This  chord  is  used  witliout  preparation, 
though  it  is  prepared  in  this  example.  The  major  fourth 
ami  lesser  sixth,  which  form  diminished  third,  must  be  at  the 
distance  of  redundant  sixth.  No.  4. 

"  2d.  Procedure  by  second  ascending,  or  broken  cadence. 
This  procedure,  which  has  never  been  examined  in  any  di- 
dactic work,  is  nevertheless  of  very  fine  eflect.  We  shall 
only  examine  the  fundamental  procedure,  the  others  being 
hardly  susceptible  of  being  employed,  No.  5. 

"  3d.  Procedure  by  third  descending,  or  interrupted  ca- 
dence. Tliis  procedure,  which,  like  the  former,  has  never 
been  examined,  is  also  of  very  fine  eflect,  at  least  in  one  of 
its  derivatives;  that  is  to  say,  in  the  passage  of  the  first  chord 

A»«Utiiiii-iitttl    tw     tilt    /list    U^iiTiAiirc     xjC    the    accuild     chord 

No.  6.  ' 

"  4th.  Procedure  by  descending  second.  This  procedure 
not  hitherto  observed,  produces  also  a  succession  of  very 
good  eflfect,  as  may  be  seen  in  the  example,  No.  7" 
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172.  If  we  accompany  the  imperfect  fifth  with  the  di- 
minished third,  we  must,  according  to  the  rules  above  ob- 
served, keep  the  third  at  the  distance  of  tenth  from  the  bass. 
It  belongs  to  the  fourth  of  the  scale,  minor  mode,  accidentally 

sharpened  in  passing  to  the  fifth  of  key.     It  is  figured  . 

or  L ,  according  to  the  signature  at  the  clef,  No.  1. 

The  first  inversion  consists  of  major  third  and  redimdant 


*6 
3' 


or 


"  ,  if  there  be  ma- 


or  superfluous  sixth,  figured 
ny  flats  at  the  clef,  No.  2. 

The  second  inversion  consists  of  major  fourtli  and  minor 

sixth,  figured     .,>  or  ^  ,  ,  according  to  the  nimiber  of 

flats  at  the  clef.  The  distance  between  the  4+  and  bj6th, 
ought  to  be  not  less  than  redundant  sixth. 

Of  these  three  chords,  the  first  derivative,  No.  2,  which 
Dr.  Callcott  calls  the  Italian  sixth,  is  by  much  the  most  in 
use.  It  may  be  struck  freely  immediately  after  the  minor 
tonic,  as  No.  4,  a,  or  after  its  first  inversion,  as  at  b,  which 
is  better,  as  avoiding  the  cross  relation  of  greater  fourth  be- 
tween the  bass  of  the  first  chord  and  the  redundant  sixth. 
The  resolution  into  the  leading  chord  of  the  key,  is  often  re- 
tarded by  the    ,  as  at  b.     This  chord  leads  very  agreeably 

from  the  major  key  to  the  relative  minor,  by  the  subdominant 
sixth,  rising  chromatically  to  the  redundant  sixth,  as  at  r. 
But  this  goes  still  better  in  four  parts,  when  the  redundant 
sixth  is  accompanied  with  major  third  and  perfect  fifth,  as 
we  shall  see  bye  and  bye. 
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The  direct  chord,  and  the  second  inversion,  do  not  admit 
of  so  free  an  employment.  We  shall  gi-e  M.  Choron's  ex- 
amples and  observations,  Nos.  5 — 8  inclusive. 

"This  chord,  as  we  have  already  observed,  belongs  exclu- 
sively to  the  fourth  of  the  minor  scale,  chromatically  sharp- 
ened, and  rising  to  the  filth.  Tliis  chord  is  truly  appella- 
tive," (tiiat  is,  calls  for  or  raises  the  expectation  of  the  suc- 
ceeding harmony):  "  the  fundamental  note  and  its  third 
must  pass  to  the  fifth  of  the  key;  the  lesser  fifth  ought  to  de- 
scend on  the  third  of  the  following  chord.  In  four  parts  this 
note  may  be  doubled,  and  rise  to  the  fifth  ;  but  this  in  one  of 
the  middle  parts,  and  in  the  first  or  second  derivative.  It 
ought  to  be  remarked,  also,  that  the  fundamental  chord  is 
hardly  employed  without  preparation,  on  account  of  the  di- 
minished third,  which  is  very  harsh  of  itself.  Tliis  prepa- 
ration consists  in  retarding  the  fundamental  note,  No.  5 ;  or 


^6      ^ 


t^d  6 

4+ 


in  employing  it  by  chromatic  alteration  as  a  passing  note,  by 
striking  first  the  other  sounds  of  the  chord,  No.  6." 

173.  To  this  chord  of  imperfect  fiftli  and  diminished  thirdj 

k7,    br 

the  diminished  seventh  is  added,  which  is  figured  $,  or  (;, 

N  b 
No.  1,  according  to  the  signature  at  the  clef.  It  is  unneces- 
sary to  repeat  the  rule  about  the  interval  of  diminished  third. 
The  first  derivative  consists  of  major  third,  perlVct  filth,  and 

redundant  sixth,  figured    ^.     Dr.  Callcott  calls   this  the 

German  sixth.  No.  2. 

The  second  derivative  consists  of  minor  third,  major 

fourth,  and  minor  sixth,  figured  *4,  No.  3. 
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The  third  inversion  consists  of  redundant  second,  perfect 
fourth,  and  major  sixth,  No.  4. 

For  tlie  employment  of  these  chords,  we  shall  begin  with 
M.  Choron's  examples  and  rules ;  and  then  subjoin  some 
observations  on  tlie  first  derivative,  which  is  the  most  impor- 
tant, and  most  practised. 

"  Direct  chord.  We  have  already  seen,  that  this  chord 
can  hardly  be  employed  without  [neparation,  on  account  of 
the  diminished  third,  and  we  have  explained  what  kind  of 
preparation  is  suitable.  We  retrace  here  the  example,  (with 
the  addition  of  diminished  7th,)  No.  5. 

"  First  derivative.  This  chord,  wliich  is  the  best,  is  used 
without  preparation  ;  but  the  note,  which  is  fifth  to  the  bass, 


must,  previously  to  the  resolution  of  the  other  parts,  descend 
on  the  major  fourth  to  the  bass,  in  order  to  avoid  the  two 
fifths.  By  this  movement  we  pass  into  the  chord  of  dominant 
with  imperfect  fifth,  (described  Art.  170, 171,)  No.  6. 

"  Second  derivative.  This  derivative  is  employed  with- 
out preparation.  The  major  fouith  and  minor  sixth  must  be 
at  the  distance  of  superfluous  sixth ;  the  third  ought  to  de- 
scend one  degree  before  the  resolution,  in  order  to  avoid  the 
two  fifths  between  the  parts.  No.  7. 

"  Third  derivative.  This  chord  is  employed  without 
preparation.  We  must  avoid  the  interval  of  diminished 
third,  as  in  the  preceding  examples,"  No.  8. 
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174.  M.  Choron,  in  the  last  article.  No.  6,  in  order  to 
dvoid  consecutive  fifths,  makes  the  fifth  accompanying  the 
redundant  sixth,  descend  on  the  greater  fourth.  But  this  is 
not  the  most  usual  manner  of  treating  the  chord.  It  is  first 
resolved  on  the  fouith  and  sixth  by  the  parts,  which  form 
redundant  sixth,  moving  from  each  other  to  the  octave, 
wliile  the  other  parts  remain,  and  then  resolve  into  third  and 
fifth,  as  in  No.  1.     In  this  example  it  follows  the  subdomi- 

nant  .  by  chromatic  rise  of  the  sixth.    It  may  follow  the 

tliord  of  lesser  sixth  by  the  chromatic  movement  of  the 
parts  in  opposite  directions,  as  in  No.  2.  It  frequently  fol- 
lows the  chord  of  major  seventh  on  the  same  bass,  as  in  No. 
3,  which  is  taken  from  a  sanctus  of  Graun,  as  quoted  by 
Mr.  Shield:  and  this  is  the  conclusion  of  a  strain.  Hadyn 
also  concludes  the  first  strain  of  a  symphony  by  this  reso- 
lution of  the  redundant  sixth  on  the  dominant  major  common 
chord:  the  passage  we  may  quote  in  a  subsequent  part  of 
our  work. 

As  the  chord  of  redundant  sixth  only  differs  from  the  do- 
minant chord  of  minor  seventh  by  the  enharmonic  difileience 
between  the  sixth  and  seventh,  the  latter  easily  passes  into 


the  former  by  enharmonic  change.  No.  4  is  taken  from 
Callcott's  Grammar,  where  it  is  quoted  from  a  chorus  of  Han- 
del. This  enharmonic  change  has  a  delightful  eflect  when 
all  die  intervals  are  taken  quite  true.  This  change,  as  M. 
Choron  justly  observes,  may  be  practised  on  all  dominants, 
however  related  to  the  principal  key,  and  thus  we  may  open 
new  routes  of  modulation.  The  redundant  sixth  resolves  on 
a  dominant  third,  leading  to  a  key  diatonic  semitone  below 
that  of  the  dominant,  from  which  it  is  thus  taken. 

It  differs  also  from  the  first  derivative  of  the  diminished 
seventh,  by  chromatic  semitone  in  the  bass,  and  these  two 
chords  may  easily  ])ass  into  each  other,  Nos.  5  and  6.  Haydn 
has  changed  the  direct  chord  of  diminished  seventh,  by  chro- 
matic descent  of  the  bass,  and  enharmonic  change  of  the 
seventh  into  the  chord  of  redundant  sixth.  No.  7. 

This  chord  strongly  indicates  the  mmor  mode,  yet  Haydn 
introduces  it  into  the  modulation  of  the  major  mode,  and 
resolves  it  on  the  fourth  and  major  sixth,  as  in  No.  8.     By 

which  example  also  it  may  be  seen,  that  the     ,    on  which 

the  redimdant  sixth  resolves,  need  not  be  followed  imme- 
diately by  the  third  and  fifth. 
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175.  M.  Choron  gives  two  waj's  of  using  the  dominant 
seventh,  which  lie  calls  irregular  procedures  [marches 
irregulieres)  of  that  chord.  We  shall  give  them  in  his 
words. 

"  Besides  the  movements  which  we  have  been  examining, 
which  are  the  most  usual  of  the  chord  of  dominant  seventh, 
there  are  two  others  which  have  not  been  well  examined, 
and  which  we  shall  describe. 

"  1.  The  first  is  the  descent  of  the  bass  one  degree,  or  by 
second,  which  is  not  employed  fundamentally,  but  which 
gives  a  derivative  succession  of  very  good  effect.  It  is  when 
the  fifth  of  the  key  carrying  minor  seventh  rises  to  the  sixth, 
carrying  chord  of  sixth,  and  passes  thence  to  the  seventh  of 
the  scale,  which  bears  the  chord  of  lesser  fifth,  and  resolves 
on  the  key-note.  The  third  of  the  key  becomes  the  final 
resolution  of  the  seventh  of  the  dominant,  which  has  been 
holding  note  during  this  succession  of  chords,  in  which  it  has 
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been  heard  alternately  as  a  dissonance  and  as  a  consonance,-' 
No.  1. 

"  2d.  The  second  irregular  procedure  is  the  descent  of  the 
fundamental  by  fourth,  when  the  dissonance,  in  place  of  re- 
solving by  descending  diatonically,  rises  by  (chromatic)  semi- 
tone, and  thence  goes  to  make  a  close  on  the  key.  This  pro- 
cedure is  shown  by  Padre  Sabbalini,  in  his  treatise  Delia 
vera  idea  delle  musicali  numerkhe  segnature.  I  give  here 
his  examples,  such  as  they  are  in  his  work.  They  are  of 
good  effect,"  Nos.  2 — 5. 

The  last  four  examples,  however,  appear  to  us  not  to  be- 
long to  the  dominant  seventh,  but  to  the  redundant  sixth,  as 
we  have  written  it  in  No.  6.  Since  the  succeeding  chord  is 
the  dominant,  the  bass  leaps  upwards  by  fifth,  instead  of  re- 
solving by  semitone,  in  order  to  avoid  doubling  the  sensible 
note.  So  also  in  the  derivative  successions  we  would  substi- 
tute A^  for  Bb. 
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176.  Thus  we  have  endeavoured  to  make  the  reader  ac- 
quainted with  the  principal  combinations  used  in  harmony, 
consisting  of  concords,  and  of  such  discords  as  arise  by  addi- 
tions to  the  common  chord.  There  aro  other  discords  arising 
from  suspensions  and  anticipations  of  the  precedhig  or  fol- 
lowing chord,  or  admitted  as  passing  notes  on  the  unaccented 
part  of  the  measure ;  and  uiuler  these  names  we  shall  again 
meet  with  many  of  the  chords  of  which  we  have  tieated. 
Perhaps  we  migiit,  without  any  great  dilficulty,  bring  all  dis- 
cords whatever,  not  even  excludmg  the  dominant  seventh; 
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under  these  heads.  But  we  have  no  desire  to  erect  a  system. 
The  makers  of  systems  contend  pertinaciously  for  their  pecu- 
liar ways  of  exiiibiting  tlie  progressions  of  harmony  as  exclu- 
sively right.  Our  object  is  to  bring  the  student,  as  easily  as 
we  can,  to  a  clear  and  practical  knowledge  of  the  subject. 


CHAP.  IX. 

OF  MELODY — NOTATION  OP   TIME — AIR  AND  RECITATIVE — 
MEASURES    AND    THEIR    DIVISIONS. 

177.  Hitherto  we  have  spoken  of  musical  sounds,  of  difle- 
rent  degrees  of  acuteness  or  gravity,  combined  in  chords,  and 
heard  successively ;  but  we  have  paid  little  or  no  regard  to 
the  relative  duration  of  the  successive  sounds. 

Either  harmony  or  melody  may,  to  a  certain  degree,  exist 
without  any  determined  order  in  the  successive  durations  of 
the  constituent  soimds ;  as  for  instance  in  the  jEoliaii  harp  ; 
and  sucli  music  will,  for  a  certain  time,  please  the  ear.  It 
has  some  of  the  constituents  of  good  music.    The  soimds  are 

A  semibreve 


in  good  relation  in  respect  of  tune;  but  the  music  is  devoid 
of  another  essential,  rhythm,  or  order,  in  the  successive  dura- 
tions of  the  notes. 

The  power  of  mere  rhythmic  arrangement,  to  excite  and 
keep  up  the  attention ;  to  please,  and  even  to  interest  and 
arouse  the  affections ;  to  exhilirate  or  to  affect  with  sadness 
in  some  degree,  or  at  least  to  accord  with  that  feeling,  is  most 
happily  illustrated  by  the  effects  of  the  drum ;  an  instrument 
which  has  but  one  note,  and  that  devoid  of  some  of  the  most 
pleasing  qualities  of  musical  sounds.  "  Rhythm,"  says 
Rousseau,  "  is  an  essential  part  of  music,  especially  of  the 
imitative.  Without  it  melody  is  nothing,  and  of  itself  rhythm 
is  something,  as  we  feel  in  the  effect  of  drums.  Certain  pas- 
sions," he  adds,  "  have  a  rhythmic  as  well  as  a  melodious 
character,  absolute  and  independent  of  language;  such  as 
sadness,  which  is  expressed  by  slow  and  equal  steps,  as  well 
as  by  languid  and  low  sounds ;  joy,  by  springing  and  quick 
steps,  as  well  as  by  sharp  and  brisk  tones." 

178.  The  relative  duration  of  musical  notes  is  signified  by 
their  form,  as  in  this  Table. 


Equal  to  two  minims 


Or  to  four  crotchets 


Or  to  eight  quavers 


ppJJ 


rrrr 


J^ 


Or  to  sixteen  semiquavers 


GjI  nH 

•  «  «  ««««  m«v«  •••• 

^^   h«    N   hai 

Ni   K   Ni   N 

r^  r  '*'  r 

Or  to  thirtv-two  demisemiquavers     »   •   •   •      A***   i«iO««   ««««   «'•'•'•'   Wo'Se 

LLU     LLU     I  I  li 


tivm»  "■"■' 


•>»»» 


fn  music  for  the  church,  there  is  even  a  note  double  the 


rn  music   lor   me  ciiurcn,  mere  is  even  a  iiuie  uuuuiu   tiic  —    j— 

semibreve,  called  a  breve,  written  thus  1=1 ;  and  in  modern     be  made  up  of  a  dotted  quaver  and  a  semiquaver  |  -j  ,  or  01 


music,  in  very  slow  movements,  a  note  half  the  demisemi- 

N 
quaver    n. 

A  dot  put  after  any  note  makes  it  Jialf  as  long  again. 
Thus,    r     is  equal  to  I    T  or  to  T  r  T;  ••    is  equal  to 

I    I    or  r  I    I   ,  &c.     Frequently,  instead  of  the  dot,  it  is 

wTitten  thus,  )    I      1    r)  *''e  tie  ''"^  signifying  that  the  note 

IS  held  out  during  the  time  of  minim  and  crotchet,  &c.  with- 
sut  the  second  note  being  stiiick.  In  modern  music,  a  note 
;s  fre(iuently  doubly  dotted,  which  gives  it  also  the  half  of  the 

i;ext  shorter  note.     Thus  the  time  of  two  quavers  T    T  may 


«■■• 


a  doubly  dotted  quaver  and  demisemiquaver  I  H 

Sometimes  three  notes  are  to  be  performed  in  the  time  ci' 
two,  which  is  signified  by  the  figure  3  written  over  or  under 


are  to  be  performed  in  the  time  of  tw"© 


them  :  thus,  M  \ 

'11 
quavers  or  one  crotchet.     These  are  called  triplets.     In  *.i 

similar  manner  the  figure  6  is  sometimes  put  over  six  notes, 

which  are  to  be  performed  as  two  triplets,  that  is,  in  the  time 


of  four;  thus 


JJjJjareto 

__6 y 


be  performed  in  the  lin:e  cf 


four  o.uavers  or  two  crotchefs. 
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By  means  of  these  characters,  musicians  are  able 
press  every  relation  in  the  length  of  the  notes.  To 
notes  there  are  corresponding  rests  thus, 

Notes. 


to  ex- 
these 


i 


Rests. 


&c. 


1 


179-  Melody  is  of  two  kinds,  Air  and  Recitative. 

Air  is  cliaracterized,  Jst.  By  rhythm  disposed  in  regu- 
larly returning  periods,  marked  by  cadences.  2d.  By  its 
modulations  belonging  to  a  principal  key,  from  which  transi- 
tions are  made  into  other  keys,  to  which  they  return,  and  in 
which  they  conclude.  3d.  By  subject,  that  is,  the  same  or 
similar  turns  or  pluases  in  the  melody,  returning  more  or 
less  frequently. 

Recitative  is  measured,  but  it  has  no  regularly  disposed 
rhythm ;  nor  does  it  admit  the  same  variety  in  kind  of  mea- 
sure, or  in  tiie  division  of  its  measure,  which  belongs  to  air. 
It  has  no  principal  key,  and  it  admits  more  frequent  and 
more  sudden  changes  than  would  be  consistent  with  the  uni- 
ty of  air.  Lastly,  it  has  no  subject,  though  it  has  melody. 
It  observes  the  internals  of  music,  and  proceeds  from  note 
to  note  by  these  intervals;  and  it  is  this  which  distinguishes 
it  as  music  from  ordinary  declamation.  In  speaking,  or  de- 
clamation, no  note  is  ln'Id  for  any  time;  the  voice  slides 
from  grave  to  acute,  or  the  contrary ;  and  the  terminating 
sounds  of  these  slides  do  not  form  musical  intervals,  at  least 
not  necessarily.  Recitative,  on  the  conti-ary,  consists  of  mu- 
sical intervals,  and  its  notes  belong  to  musical  chords,  which 
proceed  according  to  the  rules  of  harmony;  but  it  is  justly 
called  the  prose  of  music.    Air  is  the  verse  or  poetry  of  music. 

180.  Every  regular  piece  of  music  is  divided  into  equal 
portions  of  lime,  called  measures:  these  are  shown  by  per- 
pendicular lines  drawn  througli  the  statT,  called  bars,  tlius, 


Hence  the  measures 


are  vulgarly  called  bars.  These  measures  correspond  to 
feet  in  poetry.  The  rhythm  of  the  ancients  frequently  con- 
sisted of  feet  of  unequal  quantities;  and  in  the  earlier  times 
of  modern  music,  and  among  the  French  long  after  they  had 
been  abandoned  by  others,  feet  or  measures  of  unequal  di- 
mensions were  used.  But  now,  universally,  the  rhythm  of 
music  is  constituted  of  equal  measures.  The  time  of  the 
measure  may  be  filled  up  with  all  the  variety  of  notes ;  but 
the  sums  must  in  all  the  measures  be  equal. 

181.  All  the  measures  used  in  music,  may  be  referred  to 
one  or  other  of  two  principal  species,  which  constitute  what 
are  usually  called  common  time  and  triple  time. 

In  the  former,  the  measure  consists  of  two  or  of  four  equal 
portions,  which  we  shall  with  Mr.  KoUraann  call  principal 
Times,  though  we  do  not  mean  to  follow  his  doctrine  on  this 
subject,  which  appears  to  us  both  to  contain  imnecessary 
distinctions  and  incorrect  representations. 

In  the  latter  or  triple  time,  the  measure  consists  of  three 
principal  Times. 

182.  Before  we  proceed  to  the  more  full  developement  of 
measures,  we  must  explain  the  nature  of  accent. 

"  In  the  performance  of  music,"  says  Mr.  Holden,  "  there 
is  a  certain  emphasis  or  accent  laid  on  the  beginning  of  every 
measure,  which  plainly  distinguishes  one  species  of  time 
from  another ;  so  that  a  hearer  is  naturally  led  to  distribute 
a  tune  into  its  proper  measures,  though  he  should  take  no 
notice  of  the  manner  of  beating  time,  nay  though  he  should 
know  nothing  at  all  of  the  rules  relating  to  the  time  of  mu- 
sic. We  are  naturally  pleased  with  equal-timed  measures, 
divided  and  subdivided  in  certain  eligible  manners;  but 
it  is  a  work  of  time  and  speculation  to  ascertain  what  those 
divisions  are  which  give  us  pleasure."  "  There  is  no  occa- 
sion," he  adds,  '•  to  make  the  beginning  or  emphatical  part 
of  the  measure  always  stronger  or  louder  than  the  rest, 
though  it  is  sometimes  beat  to  do  so;  for  it  is  not  so  muck 
the  superior  loudness  of  the  sound  as  the  superior  regard 
which  the  hearer  is  led  to  bestow  upon  it,  that  distinguishes 
one  part  of  the  measure  from  another." 

Dr.  Callcott  very  happily  illustrates  the  eflect  of  accent 
by  the  following  examples,  which,  though  consisting  of  the 
very  same  notes,  produce  two  different  effects  from  ciianging 
the  place  of  the  bar,  so  that  the  accent  falls  on  different 
notes. 


S 


Corn  Riogs,  original  Melody 

— ir 


5 
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183.  To  retm-n  to  the  subject  of  common  time,  the  two 
kinds  of  it,  viz.  that  of  two  principal  Times  in  the  measure, 
and  that  of  four  principal  Times,  are  distinguished  by  the 
accent.  In  that  of  two  Times,  the  first  time  of  the  measure 
is  accented,  and  the  second  is  unaccented. 

The  measure  of  two  Times  consists  of  two  minims  or  of 
two  crotchets.  That  of  tAvo  minims  is  signified  by  a  large 
C  immediately  after  the  sharps  or  flats  at  the  clef,  as  No.  1. 

That  of  two  crotchets  is  signified  by  this  fraction  ~.,  which 

4' 
shows  that  the  measure  contains  two  fourth  parts  of  the  se- 
mibrcve,  i.  e.  two  crotchets,  as  in  No.  2.  This  is  t.he  man- 
ner in  which  this  species  o'!  measure  is  most  frequently  writ- 
ten now  a  days.  It  is  plain,  that  the  air  in  No.  1,  miglit  be 
just  as  well  V.  ritten  with  two  crotchets  in  the  measure,  as  we 


The  same  diflerently  barred. 


ip 


-y« 


PN^-pt 


^ 


•*-* 


have  often  seen  it,  and  would  produce  exactly  the  same  ef- 
fect. ]Mr.  Kollmann,  indeed,  IcUs  us,  that  when  the  mea- 
sure consists  of  quick  minims,  they  are  to  be  pertbrmed 
more  heavily  than  slow  crotchets  of  the  same  length.  This, 
we  take  it,  is  an  imaginary  distinction. 

Common  time  of  lour  principal  Times  in  the  measure,  is 
accented  on  the  first  and  third  Times,  and  unaccented  on 
the  second  and  fourth  Times.  It  therefore  contains  two  prin- 
cipal accents,  and.  in  consequence  of  this,  aihtiits  of  a  formal 
close  on  the  third  Time  of  the  measure,  ;is  well  as  on  the 
fii-st.  Tliis,  therefore,  may  be  regarded  as  co!l^isting  of  two 
measures  of  two  Times,  and  may  be  called  a  compound  com- 
mon time  measure.  This  name,  however,  w >:-  sliall  find  used 
diflerently,  though  in  our  apprehension  improperly.  How- 
ever that  mav  be,  this  distinction  of  common  tir.ie  into  thp«e 
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two  kinds,  is  not  iimcii  regarded  by  some.  "  The  Germans, 
and  also  the  Frencli,"  says  Dr.  Callcott,  "  consider  the  mea- 
sure of  fonr  crotchets  as  a  species,  difFerent  not  only 
from  that  of  three,  but  even  from  tliat  of  two  crotchets ;  a 
distinction  which  arises  from  the  nature  of  accent,  and 
which  is  thought  of  importance  by  these  authors.  It  is  con- 
sidered b>'  some  of  theni  as  a  simple  measure ;  but  it  really 
seems  merely  to  difl'er  from  that  of  two  crotchets  by  the 
omission  of  the  alternate  bar. 

This  measure  is  also  signified  by  C  inmiediateh'  after  the 
signature  at  the  clef.  An  example  of  this  measure  is  given, 
No.  3.     In  this  example  there  is  a  bar  through  the  mark  of 

I 
common  time  Jj,    which  is  generallj'  explained  to  mean 

I 
a  brisker  movement  than  the  C  without  a  bar.     But  Mr. 


KoUmann  says  that  the  barred  fl*  denotes  the  measure  of  two 

principal  Times,  when  the  Times  are  minims,  as  in  No.  1 ; 
and  the  other,  the  measure  of  four  principal  Times,  be- 
ing crotchets,  as  in  No.  3.  Whether  or  no  that  distinction, 
in  the  use  of  these  signs,  be  generally  observed  on  the  Con- 
tinent, we  presume  not  to  say;  but  they  are  certainly  not  so 
understood  in  this  country.  The  example,  No.  3,  is  the  be- 
ginning of  a  sonata  of  Beethoven,  which  seems  to  contra- 
dict Mr.  Kollmann's  assertion  ;  but  as  the  copy  from  which 
we  take  it  is  printed  in  this  country,  it  may  be  the  mistake 
of  the  engraver.  In  justice  to  Mr.  KoUmann,  we  must  add, 
that  in  the  score  of  Haydn's  symphonies,  which  now  lies  be- 
fore us,  this  distinction  seems  to  be  observed. 
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184.  In  the  subdivisions  of  the  measure  into  smaller 
notes,  the  principal  Times  are  still  preserved  distinct ;  and 
the  quavers  and  semiquavers  are  grouped  in  such  a  manner, 
as  to  show  these  principal  Times.  Thus  the  two  principal 
Times  of  the  measure  are,  in  No.  1,  divided  into  two  qua- 
vers each.  In  No.  2,  the  principal  Times  are  divided  into 
four  semiquavers  each.  In  No.  3,  the  time  of  two  semiqua- 
vers is  in  triplets,  two  of  which  make  a  principal  Time, 
which,  in  the  third  and  fourth  bar,  are  written  in  groups  of 
double  triplets,  or  sextuples,  signified  by  the  6  written  over 
the  first  group ;  nor  do  these  two  ways  of  writing  make  any 
difierence  in  the  performance.  In  No.  4,  the  same  air,  in 
tlie  minor  mode^  is  varied  by  divisions  into  demisemiquavcrs 


and  semiquavers,  the  principal  Times  still  distinctly  appear- 
ing- 

These  subdivisions  of  the  measure  give  occasion  to  an  in- 
ferior sort  of  accent  at  the  beginning  of  each  group,  to  mark 
distinctly  the  principal  Times,  or  even  the  half  Times. 
"  These  inferior  accents,"  Dr.  Callcott  justly  observes, 
"  which  belong  to  the  Times  of  the  measure,  do  not  by  any 
means  destroy  that  great  and  predominant  accent  that  be- 
longs to  the  fust  note  that  follows  the  bar,  and  which  is  ac- 
companied by  the  thesis  or  depression  of  the  hand  in  beat- 
ing time.  The  arsis,  or  elevation  of  the  hand,  always 
follows  on  the  weak  part  of  the  measure." 
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1 85.  Sometimes  the  composer  wishes  to  give  force  to  the 
unaccented  part  of  the  measure,  whicli  Dr.  Callcott  happily 
distinguishes  under  the  name  of  emphasis.  We  cannot  ilhis- 
trate  it  better  than  by  adopting  his  explanation  and  ex- 
amples. 

"  In  passages  like  the  following,  the  quavers  are  often 
grouped  together  according  to  the  emphasis,  and  not  (as  in 
general)  according  to  the  accent,  No.  1.  In  the  two  first 
measures  of  this  example,  the  quavers  are  grouped  accord- 
ing to  the  accent ;  in  the  third,  according  to  the  emphasis, 
contrary  to  the  accent ;  and  in  the  fourth  the  accent  again 
resumes  its  importance. 

"  The  Italian  words  Rinforzando,  Sforzato, or  their  con- 
tractions, Rinf.  Rf.  Sforz.  Sf.  are  often  used  to  mark  the 
emphasis,  and  sometimes  are  placed  over  accented  notes." 
Mr.  Shield  explains  the  difierence  of  these  terms  thus,  Rin- 
forzando is  the  general  director  to  strengthen  the  tones  of  a 
passage ;  but  Sforzato  is  the  term  when  only  one  note  is  to 
be  placed  louder  than  the  rest. 

"  As  ever}'  species  of  measure  may  be  subdivided  by  ac- 
cents, according  to  the  degree  of  quickness  in  which  it  is 
performed  ;  so  also  the  weak  parts  of  e\ery  measure  may  be 


occasionally  made  emphatic  at  the  pleasure  of  the  com- 
poser. 

"  To  this  species  of  effect  may  be  referred  all  syncopated* 
or  driving  notes,  which  begin  on  the  weak  and  end  on  the 
strong  parts  of  the  measure.  No.  2.  In  this  example  the 
emphasis  is  on  the  syncopated  minims,  which  begin  on  the 
second  and  end  on  the  third  part  [Time]  of  the  measure. 
No.  3.  In  this  example  the  emphasis  is  on  the  syncopated 
crotchets,  which  begin  on  the  second  and  sixth,  (or  the 
weak,)  and  end  on  the  third  and  seventh  (or  the  strong') 
parts  of  the  measure." 

Sometimes  these  driving  passages  are  continued  during 
several  measures  in  one  part,  while  another  part  expresses 
distinctly  the  Times  of  the  measure,  as  in  No.  4,  where, 
during  the  first  measure,  the  first  and  second  violins  are  in 
unison.  In  the  third  and  fourtii  measures,  the  first  violin 
expresses  the  Times,  while  the  second  vioUn  executes  a. 
driving  passage,  beginning  on  the  second  quaver  of  the  se- 
cond measure,  andending  on  the  seventh  quaver  of  the  third. 
In  tlie  fourth  and  fifth  measures,  the  second  violin  expresses 
the  Times,  and  the  first  has  the  driving  passage.  In  the 
sixth  measure,  both  resume  the  principal  Times. 
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18G.  Measures  of  three  principal  Times  are  accented  on 
the  first  Time.  The  other  two  Times  are  unaccented. 
Some  authors  indeed  say,  that  the  third  Time  is  also  accent- 
ed ;  and  Dr.  Callcott  says,  that  the  last  is  rather  strong  in 
comparison  of  the  middle  Time.  The  first  Time  of  the 
measure,  however,  is  certainly  the  place  of  the  principal 
accent. 


Triple  Time  is  of  three  min'mis,  or  three  crotchets,  or  of 
three  quavers,  whicli  are  all  denoted  by  fractions,  of  wliicli 
the  numerator  is  3,  and  the  denominator  the  part  of  the  se- 
mibreve,  as  |,  f,  f,  Nos.  i,  2,  3.  Sometimes  the  triple 
measure  is  simply  denoted  by  the  figure  3,  as  m  No.  4.  The 
subdivision  of  the  principal  Times  of  triple  measures  is  ge- 
nerally by  continual  bisection,  as  hi  measures  of  Common 


This  word  will  be  explained  in  the  next  chapter. 
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time ;  see  No.  3,  in  wliich  the  quavers  are  subdivided  into 
two  semiquavers,  or  four  demisemiquavers,  the  groups  show- 
ing the  principal  Times.  The  principal  Times  are  also  fre- 
quently in  triplets,  as  in  No.  4.  In  No.  5,  the  principal 
Times  of  the  two  last  measures  are  in  se.xtuples,  or  triplets 


for  each  half  Time.  In  No.  6,  the  fourth  and  sixth  mea- 
sures are  driving  passages,  beginning  on  the  second  half  of 
the  first  principal  Time,  and  ending  on  the  first  half  of  the 
third  principal  Time,  while  the  bass  expresses  the  principal 
Times  distinctly. 
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187-  Two  measures  of  three  principal  Times  united, 
form  what  is  usually  called  Compound  common  time.  Com- 
mon, sa3's  Dr.  Callcott,  because  every  measure  is  equally  di- 
vided ;  and  compound,  because  each  half  is  a  single  measure 
of  triple  time.  Though  we  are  not  fond  of  disputing  about 
words,  we  cannot  help  remarking,  that  this  name  of  com- 
pound common  time  is  not  justified  by  the  circumstance,  that 
the  compound  or  double  measure  is  equally  divisible.  This 
measure,  in  our  opinion,  ought  not  to  be  confounded  with  the 


triplet,  into  which  the  principal  Times  of  two  or  four  in  a 
measure  are  sometimes  divided.  These  triplets  are  felt  as 
single  Times  of  the  measure,  and  the  impression  of  equal 
time  remains ;  but  in  the  compound  time  of  which  we  are 
speaking,  the  principal  Times  of  each  half  measure  are  the 
same  as  in  triple  time,  and  are  themselves  susceptible  of  all 
the  subdivisions  of  that  measure ;  and  the  impression  of  tri- 
ple time  is  never  lost. 

In  this  compound  measure  there  are  two  principal  accents, 
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one  at  the  beginning  and  one  at  the  middle  of  the  measure ; 
therefore  it  admits  of  a  full  close  in  the  middle  of  the  measure. 

This  compound  measure  is  written  either  in  crotchets  or 
quavers,  denoted  by  |  or  |,  being,  as  before,  fractions  of  the 
semibreve,  Nos.  1  and  2.  Sometimes,  by  the  omission  of  a 
bar,  the  latter  becomes  a  measure  of  twelve  quavers,  or  four 
simple  measures  of  three  quavers,  denoted  by  '^,  No.  3. 

"  The  omission  of  the  bars,"  says  Dr.  Callcott,  "  makes 
some  difterence  in  the  appearance  of  the  music,  and  influ- 
ences the  counting  according  to  the  degree  of  quickness  in 
which  the  piece  is  performed.  But  in  other  respects,  the  di- 
vision of  the  measure  has  no  power  of  altering  the  real  na- 
ture of  the  time  or  tune  [air]  ;  nor  can  the  auditor  perceive 
whether  the  triple  time  performed  be  expressed  by  the  figures 
12  6  3  „ 
8  '    8'        8 

The  principal  Times  in  these  compound  measures  are 
susceptible,  as  we  have  said  above,  of  all  the  subdivisions  of 
triple  measures.  Thus  in  No.  4,  the  quavers  are  divided  into 
two  semiquavers,  or  triplets  of  semiquavers,  or  into  four  de- 
misemiquavers. 

These  subdivisions  of  the  Times  decidedly  distinguish  tliis 

measure  from  the  triplets  which  occasionally  occur  in  com- 
mon time.  When  triplets  are  continued  throughout  a  move- 
ment of  considerable  length,  the  impression  of  common  time 
will  be  in  a  great  measure  lost.  No.  5  is  the  subject  of  the 
finale  of  one  of  Haydn's  symphonies,  in  which  the  first  vio- 
lin, and  most  of  the  accompaniments  throughout,  move  in 
triplets,  with  hardly  any  exception,  which  wjU  be  felt  by  the 

auditors  as  „  compound  time.    The  crotchets  in  the  se- 


cond violin  part  may  easily  be  understood  as  pointed;  nor  is 
the  division  of  the  third  and  seventh  measures  sufficient  to 
maintain  the  impression  of  common  time.  The  conclusion 
of  the  first  strain  is  given  at  6,  where  the  two  last  measures 
will  be  felt  as  consisting  of  pointed  crotchets  equivalent  to 

one  half  of  the  compound  measure  of  „  time.     Mr.    Shield 

2  6 

observes,  that   .   denotes  the  simple,  and  „  the  compound 

time,  which  are  frequently  played  together ;  and  he  gives  tlie 

example,  No.  6,  in  which  the  upper  part  is  marked  „,  and 

2 
the  bass    .     With  all  our  respect  for  that  excellent  master. 

we  cannot  approve  of  this  confounding  of  these  differ- 
ent species  of  measure.  If  the  principal  part  continue  to 
move  in  compound  time,  it  is  easy  to  write  the  accom- 
paniment in  a  corresponding  manner,  without  any  alter- 
ation of  the  effect,  as  at  b.  If  by  the  division  of  the  princi- 
pal Times  the  impression  of  common  time  be  established. 

2 
then  ought  the  upper  part  to  be  marked   .,  and  the  triplets 

denoted  by  3,  or  left  to  the  sagacity  of  the  performer  to  un- 
derstand from  the  grouping. 

B}'  means  of  such  examples,  some  endeavour  to  sho\\ 
that  all  measures  whatever  are  only  modifications  of  common 
time.  But  the  distinction  of  common  and  triple  measitfes  is 
one  of  the  most  important  and  characteristic  circumstances 
in  melody;  so  that  we  cannot  help  tiiinking  the  ingenuity 
which  is  exerted  to  make  these  the  same,  very  unprofitablv 
directed. 
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188.  There  is  yet  another  species  of  compound  time,  con- 
sisting of  tiiree  simple  measures  of  thrno  principal  times, 
which  is,  however,  seldom  met  with  ii  nmrlern  compositions. 
It  is  not  unfrequent  in  the  national  airs  of  Scotland  and  Ire- 
land, as  No.  1.  In  this  measure  there  are  three  principal 
accents,  namel}',  one  at  the  betjinninf  of  eacli  of  the  three 
simple  measures.  It  is  denoted  by  a  fraction  of  the  semi- 
breve,  as  g  or   jg,  No.  2. 
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CHAP.  X. 

OP    DISCORDS    BY     SUSPENSION    AND      ANTICIPATION PASS- 

IxNG    NOTES,    DIATONIC    AND    CHROMATIC. 

ISO.  Ilavine;  explained  the  different  measures  used  in 
music,  and  the  nature  of  accent,  we  shall  defer  the  farther 
investigation  of  melody,  and  in  the  present  chapter  endea- 
vour to  exhibit  specimens  of  those  chords,  which,  by  Kirn- 
berger  and  his  followers,  are  called  accidental  chords,  and  in 
the  French  school  artificial  chords.  Under  the  latter  name, 
indeed,  the  French  (Messrs.  Catet,  Choron,  &c.)  compre- 
hend all  discords  which  require  prejjaration  ;  consequently 
many  chords  of  the  seventh,  which  Kirnberger,  Kollmann, 
&c.  call  essential,  and  which  we  have  treated  of  under  the 
name  of  the  subdominant  seventli.  These,  we  have  already 
observed,  inight  be  very  well  explained  as  susjMiisions.  It 
is  to  this  subject  tliat  we  are  now  to  direct  tlie  student's  at- 
tention. 


190.  When  in  the  succession  of  one  chord  to  another,  one 
or  more  notes  of  the  preceding  chord  are  continued  for  some 
part  of  the  time  of  the  succeeding  chord,  and  then  proceed 
diatonically  to  the  notes  of  the  second  chord,  whose  place 
they  have  occupied,  this  is  called  a  suspension  or  prolonga- 
tion; and  if  the  suspended  note  be  dissonant  to  the  bass,  its 
falling  or  rising  diatonically  to  the  concord  is  called  its  reso- 
lution. 

Thus,  if  in  going  from  the  tonic  harmony  to  that  of  the 
dominant,  instead  of  striking  all  the  notes  of  the  latter  innne- 
diately,  as  No.  1,  a,  we  continue  the  octave  of  the  first  chord 
as  4th  to  the  bass,  as  at  6,  this  nole  suspends  or  retardsthe  3d, 
which  is  the  proper  note  in  the  dominant  chord ;  and  if  at 
the  same  time  the  third  of  the  tonic  chord  be  continued,  as 
at  r,  we  have  a  double  suspension,  the  4th  retarding  the  3d, 
and  the  6th  retarding  the  5th.  These  are  suspensions,  be- 
cause they  are  foreign  to  the  dominant  chord,  and  they  are 
treated  as  dissonant.  But  the  fifth  of  the  tonic,  continued  as 
octave  in  the  dominant  chord,  is  not  properly  a  suspension, 
because  it  belongs  to  the  harmony.  Yet  even  this  may  be 
treated  as  a  suspension  of  the  7th,  as  at  d. 
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The  general  rule  for  discords  of  suspension  is,  that  they 
must  be  prepared  on  the  unaccented  part  of  the  measure, 
struck  on  the  accented,  and  resolved  diatonically  on  the  un- 
accented. 

The  prolonging  of  a  note  commenced  on  the  unaccented 
into  the  accented  part  of  the  measure,  is  also  called  a  synco- 
pation. This  word  is  therefore  synonymous,  or  nearly  so, 
with  suspension.  "  The  discords  of  syncopation  only  difler 
from  those  of  suspension,"  says  Dr.  Callcott,  "  by  constitut- 
ing part  of  the  radical  harmony,  and  by  not  being  merely 
appoggiaturas. 

"  The  diatonic  sequence  of  sevenths  is  one  of  the  princi- 
pal passages  in  which  these  discords  are  used."  Though  we 
do  not  think  the  distinction  of  much  importance,  it  seemed 
necessary  to  explain  a  term  so  frequently  used  by  musicians. 
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191.  The  discords  of  suspension  are  in  the  upper  parts 
the  seventh,  the  ninth,  the  fourth  or  eleventh,  the  sixth  or 
thirteenth;  and  in  the  bass,  die  second.  We  shall  follow  M. 
Clioron,  in  giving  a  sunnnary  view  of  the  most  ordinary 


ways  of  preparing,  accompanying,  and  resolving  these  dis- 
cords, and  afterwards  we  shall  consider  these  suspensions  as 
taking  place  in  the  principal  progression  of  harmony,  both 
fundamental  and  inverted,  which  will  present  the  same  dis- 
cords in  different  liglits,  and  variously  combined  with  each 
other. 

192.  The  seventh  is  prepared  with  all  the  consonances, 
that  is  to  say,  with  the  octave,  the  third,  the  fiftii,  and  the 
sixth.  It  is  resolved  on  the  sixth,  the  bass  continuing  in  the 
same  degree,  or  on  the  third  when  the  bass  rises  fourth,  or 
descends  fifth. 

It  is  prepared  in  the  octave  when  the  bass  rises  one  degree, 
as  from  the  key  to  the  second.  No.  1,  c.  It  is  prepared  in 
the  third  when  the  bass  rises  fourth,  as  No.  1,  6,  and  No.  3. 
It  is  prepared  in  the  fifth  when  the  bass  descends  third,  as 
No.  1 ,  c.  No.  2,  a,  b.  Lastly,  it  is  prepared  in  the  6th  when 
the  bass  descends  diatonically,  as  No.  1,  d. 

In  three  parts,  the  seventh  is  accompanied  with  the  third, 
as  in  the  aliove  examples.  In  four  parts,  the  third  may  be 
doubled,  as  No.  4 ;  or  the  octave  may  be  added,  as  No.  5 ;  or 
the  fifth,  as  No.  1,  c. 

It  is  plain,  thiit  these  chords  are  the  same  of  which  we 
have  treated  in  Chap.  IV.  Those  in  No.  1,  a,  b,  c,  d,  arc 
the  subdominant  seventh  on  the  second  of  the  major  scale. 
No.  2,  a,  is  an  inverted  sequence  from  the  sequence  of 
sevenths,  as  shown  at  6.  No.  3  is  the  major  seventh,  and  may 
be  part  of  the  sequence  of  7tli  and  6th,  already  explained, 
Art.  132—135. 

After  the  same  manner,  all  other  chords  of  the  seventh,  not 
excepting  the  dominant  seventh,  when  prepared  at  least,  may 
be  considered  as  suspensions,  as  in  No.  G,  a,  b. 

The  major  seventh  is  frequently  resolved  by  ascending 
diatonically,  as  we  shall  see  in  the  suspensions  of  the  domi- 
nant chord. 
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193.  The  ninth  is  prepared  by  the  third  or  by  the  fit'tli. 
Mr.  Shield  tells  us,  that  when  any  of  Corelli's  pupils  pre- 
pared it  by  an  eighth,  he  used  to  cry  out  catlivo,  which  signi- 
fies bad. 

The  ninth  is  resolved  by  diatonic  descent  of  one  degree. 
If  the  bass  be  stationary,  it  will  resolve  on  the  octave ;  if  the 
bass  rise  a  third,  the  resolution  will  be  on  the  sixth  in  the  first 
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inversion  of  the  same  chord ;  if  the  bass  descend  third,  the 
resolution  will  be  on  the  tiiird  of  a  new  chord ;  if  the  bass 
rise  (burth,  it  will  be  on  the  fifth  of  a  new  chord. 

In  three  parts  it  is  accompanied  with  third  or  tenth,  and 
in  four  parts  witli  third  and  fifth.  The  examples  reqviire  no 
illustration,  1 — 5. 
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The  ninth  added  to  the  dominant  chord  we  considered 
I'ornierly  as  a  fundamental  chord  ;  and  ninths  added  to  the 
other  connnon  chords  of  tlie  scale,  might  he  considered  as 
such  with  as  much  reason  as  the  sevenths.  In  No.  6  we 
give  a  sequence  of  ninths  and  sevenths  alternatel}' ;  and  the 
student  may  take  both  as  suspensions,  or  as  essential  and  fun- 
damental chords,  as  he  chooses.  No.  7  is  a  sequence  of 
nintlis  and  common  chords  alternately,  which  is  derived  from 
the  other. 

Wlven  the  ninth  is  the  fifth  of  the  dominant  chord  sus- 
pended, it  may  resolve  upwards  on  the  third  of  the  key.  In 
this  ease  it  is  often  figured  liy  2.  But  the  characteristic 
distinctions  of  the  second  and  ninth  will  be  explained  by 
and  b}-. 

The  seventli  and  ninth  are  frequently  used  as  double  sus- 
pensions, as  will  be  seen  afterwards. 

194.  We  shall  copy  literally  M.  Choron's  examples  and 
observations  res]iecting  the  discord  of  fourth  or  eleventh. — 
"  The  fourth  is  prepared  « itli  all  the  consonances,  that  is  to 
say.  the  octave,  the  third,  the  fifth,  and  the  sixth.  The  foiirtii 
wUl  be  prepared  by  the  octave  when  the  bass  falls  by  foiu-th 
or  rises  by  fifth,  as  from  the  key-note  to  the  filth.  No.  1 .  It 
u  ill  be  prepared  by  the  third,  the  bass  descending  one  de- 
gree, as  from  the  sixth  to  the  fifth  of  the  key.  No.  2.  It  will 
be  prepared  by  the  fifth  when  the  bass  rises  one  degree,  as 


from  tlie  fourth  to  the  fifth  of  the  scale,  No.  3.  Lastly,  it 
will  be  prepared  by  the  sixth,  the  bass  rising  third,  as  from 
the  third  to  the  fifth  of  the  key.  No.  4. 

"  The  fourth  may  also  be  prepared  by  the  minor  seventli 
and  by  the  muior  fifth  :  the  former  takes  place  when  the  fifth 
rises  or  falls  to  the  key-note.  No.  5  ;  the  second  takes  place 
when  the  seventh  (or  leading  note)  rises  to  the  key,  No.  6. 

"  That  the  fourth  may  be  dissonant,  it  must  be  accompa- 
nied with  the  fifth.  It  is  the  shock  of  these  two  notes  which 
really  occasions  the  dissonance ;  for  the  fourth  alone,  or  ac- 
companied by  the  sixth,  is  not  dissonant." 

We  must,  however,  here  repeat  what  we  have  formerly- 
observed,  that  the  fourth  to  the  bass  is  of  itself  felt  to  be  dis- 
sonant, so  far  at  least  as  to  raise  the  expectation  of  a  succeed- 
ing third  on  the  same  bass ;  and  the  fourth  and  sixth  as  much 
raises  the  e.xpectation  of  third  and  fiftli  as  the  dominant 
seventh  does  of  the  succeeding  tonic  harmony.  We  mean  not 
to  dispute  about  words ;  but  we  consider  it  an  observation  of 
importance  to  the  student,  that  the  chord  of  fourth  and  sixth 
does  not  admit  of  so  free  a  use  as  the  first  derivative  of  the 
common  chord.     But  to  return  to  M.  Choron. 

"  The  natural  resolution  of  the  fourth  is  on  the  third,  as 
we  have  seen  in  the  preceding  examples ;  yet  it  may  also  re- 
solve on  the  greater  fourth.  No.  7-  or  on  the  minor  seventh. 
No.  8. 
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"  One  conceives  from  these  examples,  that  there  may  be  a 
great  many  ways  of  varyuig  these  resohitions.  Tlie  disso- 
nance of  fourth  may  in  general  be  placed  at  the  distance  of 
fourth.  But  when  it  is  accompanied  with  the  note  of  its  re- 
solution, that  is  to  say,  by  the  third  brought  in  by  contrary 
motion,  then  it  must  be  at  the  distance  of  eleventh,  that  it 
inaj'  be  ninth  to  that  third."     See  No.  9. 

To  these  quotations  we  shall  add  the  following  from  Mr. 
Shield.  "  The  fourth  accompanied  with  the  fifth,  is  a  dis- 
cord that  was  as  much  used  by  the  best  harmonists  of  the  last 
century,  as  it  has  been  by  every  class  of  comjjosers  in  this. 
When  it  is  introduced  on  a  resting  bass,  it  resolves  into  the 
tliird.  Its  eflects  so  much  resemble  the  ninth  followed  by 
the  eighth,  that  they  are  frequent!}'  introduced  alternately  in 
uniform  strains,"  No.  10. 

The  7th,  9th,  and  4th  or  11th,  arc  often  used  together  as 
triple  suspensions,  as  we  shall  afterwards  see. 

195.  "  The  dissonance  of  the  thirteen,"  says  M.  Choron, 
'•'  is  little  known,  because  it  is  little  used,  not  being  suitable 
either  for  the  severe  style,  or  tlie  free  style  of  music.  For 
tliis  reason  its  theory  is  still  in  its  infancy  :  the  ancients  have 
not  so  much  as  spoken  of  it,  and  the  moderns  seem  to  have 
treated  it  but  superficially.  This  discord  is  practised  usually 
on  the  fifth  of  the  key.  It  is  prepared  by  the  octave,  by  the 
third,  and  by  the  fifth. 

"  To  prepare  tlie  thirteenth  by  the  octave,  tiie  bass  must 
jise  by  third,  as  from  the  third  to  the  fifth  of  the  key.  No.  1 . 
To  prepare  it  by  the  third,  the  bass  will  rise  by  fifth,  No.  2. 
Lastly,  to  prepare  it  by  the  fifth,  the  bass  will  descend  one 
degree,  as  from  the  s"ixth  of  the  scale  to  the  fifth,  No.  3, 
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"  This  discord  ought  to  be  accompanied  by  the  fifth 
brought  in  by  contrary  motion  ;  and  this  obliges  us  to  have 
recourse  to  an  accompaniment  in  dispersed  harnionj-.  It  is 
necessary  also  to  add  the  third,  otherwise  the  harmony  would 
be  too  meagre,  so  that  this  discord  is  not  used  except  in  four 
parts.  These  two  circumstances  concur  to  render  the  em- 
plo\'mcnt  of  this  discord  still  more  rare. 

'•  Tlie  most  ordinary  resolution  is  on  the  fifth ;  yet  it  may 
also  take  place  on  the  third,  the  bass  ri>ine  tliurd  as  in  the 
former  cases." 

So  far  M.  Choron.  The  name,  however,  of  the  cliord  of 
the  thirteentli,  is  given  to  a  chord  of  a  very  different  nature, 
viz.  to  the  chord  of  seventh  on  the  sensible  note  taJcen  over  the 
tonic  bass,  as  we  shall  afterwards  see.    AVe  have  also  seen 
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two  chords  of  the  thirteenth,  being  tlie  last  derivatives  of  the 
dominant  chords  of  7lh  and  9th  major  and  minor.  Art.  155, 
No.  7— HiO,  No.  7- 

196.  ''  The  second  is  a  discord  which  belongs  cxckisively 
to  the  bass.  It  differs  from  the  9th,  1st.  In  being  prepared 
and  resolved  in  the  bass.  2dly,  Tiiat  it  may  be  practised  at 
the  real  distance  of  second,  whereas  the  9tli  niust  be  at  the 
real  distance  of  9th.  In  three  parts  the  second  is  placed  at 
the  distance  of  9th,  in  order  that  the  two  notes  which  form 
the  shock  may  be  in  the  extreme  parts.  The  third  part  is 
intermediary. 

"  The  second  is  prepared  in  all  the  consonances ;  but 
the  best  preparation  is  by  the  octave,  or  the  third,  because 


the  upper  part  proceeds  diatonicaily,  i\os.  1,2.  The  most 
ordinary  resolution  is  on  the  third,  as  in  these  examples  ;  but 
it  may  be  also  made  on  the  sixth,  No.  3,  or  any  other  conso- 
nance. In  three  parts  the  second  is  accompanied  with  the 
perfect  fourth,  or  greater  fourth,  according  to  circumstances. 
Nos.  4,  5. 

"  In  four  parts  the  sixth  is  generally  added,  and  this  sixth 
descends  diatonicaily  at  the  same  time  with  the  bass.  Nos. 
6,  7." 

The  student  will  easily  recognize  Nos.  1,  2,  3,  4,  and  6, 
as  the  third  derivative  of  the  subdominant  chord  of  seventh 
proceeding  to  the  dominant ;  and  Nos.  5  and  7  as  the  third 
derivative  of  a  dominant  leatUng  to  the  fifth  of  the  key. 
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We  shall  now  exhibit  specimens  of  the  suspensions  prac- 
'ised  in  the  principal  harmonical  progressions. 

197.  We  have  already.  Art.  190,  b,  c,  d,  exhibited  the 
suspensions  which  may  be  practised  in  passing  from  the  to- 
nic to  the  dominant  common  chord.  When  the  7th  is  added 
!o  the  dominant  chord,  other  chords  arise  out  of  these  sus- 
pensions. Thus,  if  instead  of  going  at  once  to  the  domi- 
nant chord  of  7th,  as  No.  1 ,  a,  the  key-note  be  continued  on 
the  accented  part  of  the  measure,  we  have  the  chord  of  fourth, 
tifth  and  seventh,  retarding  the  true  dominant,  as  at  b.  If  the 
ihird  of  the  tonic  be  continued,  we  have  a  chord  of  third, 
ihirteentli  or  sixth,  and  seventh,  as  at  c  ;  and  if  both  be  con- 
.inued,  we  have  fourth  or  eleventh,  sixth  or  thirteenth,  and 
.-eventh  retarding  the  third,  fifth,  and  seventh,  as  at  d.  In 
the  minor  mode,  this  chord  of  the  thirteenth  is  less  harsh,  as 
I  he  interval  from  the  7th  to  the  13th  is  minor  7th,  as  at  e. 

No  suspension  can  well  be  practised  in  going  from  the 
ronic  harmony  to  the  first  inversion  of  the  dominant  chord 
of  seventh,  except  that  of  the  bass,  which  produces  the  chord 

of  4,  as  at  No.  2,  6;  or  of  t,  as  in  Art.  196,  No.  6.     We 

shall  have  occasion  to  notice  the  dominant  harmony  taken 
over  the  key-note  more  particularly  by  and  by. 

In  passing  from  the  tonic  harmony  to  the  second  deriva- 
tive of  tlie  dominant  seventh,  as  No.  3,  a,  tlie  suspension  of 
the  key-note  produces  a  chord,  consisting  of  third  minor, 


perfect  fourth,  and  minor  seventii,  which  last  resolves  on  tiie 
major  sixth,  as  at  b.  In  the  same  progression,  the  bass  of  the 
first  derivative  of  the  tonic  is  often  suspended,  wiiich,  in  the 
major  mode,  produces  a  chord  consisting  of  minor  second, 
minor  third,  and  perfect  fifth,  as  at  c.  In  the  minor  mode 
the  second  and  third  are  major,  and  the  fifth  redundant,  as 
at  d.  Notwithstanding  of  the  harshness  of  this  last  interval, 
the  whole  combination  is  less  harsh  than  in  the  major  mode. 

In  passing  from  the  tonic  harmony  to  the  third  inversion 
of  the  dominant,  the  key-note  may  be  suspended  as  a  fifth 
retarding  the  greater  fourth,  as  No.  4,  b. 

In  preparing  the  dominant  by  the  subdominant  chord,  by 
prolonging  the  sixth   of  the  scale,  we  have  the  dominant 

;_,  formerly  explained,  as  at  No.  5,  a  and  c ;  and  if  at  the 

same  time  the  key-note  be  prolonged,  as  at  b,  d,  we  have  the 

chord  of  7.     After  the  same  manner,  in  preparing  the  first 

4 
derivative  of  the  dominant  by  the  subdominant  chord,  we 
have,  by  suspending  the  sixth  of  the  key,  the  diord  of  minor 
7th  on  the  sensible  "note  in  the  major  mode,  and  the  chord  of 

diminished  seventh  in  the  minor,   retarding  the  ^,  No.  6, 

a,  b.  In  going  from  the  subdominant  to  the  other  derivatives 
of  the  dominant,  we  cannot  have  any  suspensions,  because 
the  bass  note  then  belongs  to  both  the  chords. 
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19S.  Any  part,  or  tlie  whole  of  the  dominant  chord  of  se- 
venth, may  be  suspended  on  the  key-note  before  the  resolu- 
tion. The  third  of  the  dominant  suspended  gives  a  chord  of 
major  seventh,  and  theZth  being  the  sensible  note,  must  rise 
to  the  resolution,  as  at  No.  1,  b.  The  fifth  suspended  gives 
on  the  tonic  a  chord  of  9th,  and  this  generally  resolves  down- 
ward on  the  octave,  as  at  c ;  but  it  sometimes  rises  to  the 
lOth,  and,  as  on  a  resting  bass  it  is  often  taken  at  the  dis- 
tance of  a  second,  it  is  very  usual  to  figure  it  bv  2.     The  do- 

Voi..  XIV.  Pakt.  I. 


minant  7th  suspended,  gives  a  chord  of  4th  and  5th  on  the 
tonic,  as  at  </.     These  suspensions  may  be  taken  in  pairs, 

as  ,    _,  e,  /;  or  all  three  togetlier,  as  at  g,  h.     The  whole 

chord  is  sometimes  struck  on  the  tonic,  although  only  part  of 
it  was  heard  in  the  preceding  chord,  as  in  the  example  from 
Mozart,  at  j,  where  also  the  bass  takes  the  dommant  again 
before  the  final  resolution. 

The  resolution  of  the  dominant  chord  on  the  chord  of 
sixth,  also  gives  suspensions  wortii  the  attention  of  tlie  stu- 
dent. The  suspension  of  the  sensible  note  gives  a  5th,  re- 
tarding the  6th,  as  in  No.  2,  6;  and  in  the  minor  mode  this 
fifth  is  redundant,  as  at  c.  The  suspension  of  the  fifth  of  the 
dominant  chord  of  seventh,  gives  a  seventh,  retarding  tlie 
sixlh,  as  at  d.  In  the  minor  mode  this  seventh  is  major,  as 
at  e.  If  the  discord  be  suspended,  while  the  rest  of  die  do- 
minant is  resolved,  we  have  a  chord  of  sixth  with  a  ninth  re- 
tarding the  octave.  In  the  major  mode  the  9th  is  minor,  as 
at/y  in  the  minor  mode  it  is  major,  as  at  g.  These  suspen- 
sions may  be  Taken  in  (lairs,  as  at  //,  f,  k,  I ;  or  all  at  once, 
as  at  m,  n, 
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199.  The  resolution  of  the  dominant  chord  of  seventh  and 
jiinth  major  and  minor;  or  of  the  chord  of  lesser  fifth  and 
seventh  on  the  sensible  note  in  the  major  mode,  and  dimi- 
nished seventh  in  the  minor  mode,  furnish  chords  by  suspen- 
sion worthy  of  particular  notice.  The  seventh,  ninth,  and 
«ensible  note  suspended  on  the  tonic,  give  a  chord  of  4thj  6th, 


and  major  7th,  retarding  the  3d,  5th,  and  8th.  The  fiftii, 
seventh,  and  ninth,  give  a  chord  of  second,  fourtii,  and  sixth. 
M.  Choron  says,  tiie  fifth  of  the  dominant  ought  not  to  be 
suspended  along  with  the  ninth,  because  they  would  form 
9th  and  13th,  which  would  make  fifths  by  the  resolution. 
But  the  fifth  of  the  dominant  may  rise  (as  in  this  suspension 
it  generally  does)  to  the  third  of  the  key,  as  in  our  exainple.? 
c  and  d,  for  which  reason  it  is  better  to  figure  it  by  2  ;  or  the 
thirteenth  may  be  resolved  before  the  9th  or  2d,  as  in  the  ex- 
ample at  g.  The  suspension  of  the  whole  chord  of  seventh 
on  the  sensible  note,  gives  a  chord  consisting  of  second 
or  ninth,  fourth  or  eleventh,  sixth  or  thirteenth,  and  major 
seventh.  This  is  usually  called  the  chord  of  the  thirteenth, 
and  is  frequently  introduced  on  a  resting  bass,  as  in  tlie  ex- 
ample at  g ;  as  we  shall  see  by  and  by,  under  the  name  of 
Organ  Points.  These  chords,  resolving  on  the  chord  of  sixth 
of  the  tonic  harmony,  also  afibrd  by  their  suspensions  two 
chords  of  4tii,  6th,  and  9th,  No.  2,  o,  &,  retarding  the  3d, 
6th,  and  8th. 
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200.  We  have  said,  Art.  112,  that  one  common  chord  may 
rise  diatonically  to  another  common  chord  by  the  opposite 
motion  of  the  parts ;  and  we  there  gave  an  example  of  a 
regular  progression  of  the  bass  faUing  4th  and  rising  2d.  In 
such  a  progression  at  the  diatonic  rise  of  the  bass,  the  third 
and  eight  are  often  retarded  by  the  fourth  and  ninth,  as  in  the 
following  beautiful  example  from  Mozart's  first  quintetto, 
Pleyel's  edition.  The  greater  fourth,  the  reader  will  observe, 
is  used  to  retard  the  third  in  the  same  manner  as  the  perfect 
fourth.  The  eft'ect  of  these  suspensions  in  softening  down 
the  diatonic  progressions  of  one  common  chord  to  another,  is 
very  striking  and  agreeable.  Compare  the  example.  Art.  112. 

Before  quitting  the  subject  of  suspension,  we  may  observe 


that  suspensions  in  the  bass,  such  as  Art.  197,  No.  3,  c,  d; 
Art.  199,  No.  1,  g,  are  what  Rameau  called  chords  of  sup- 
position. Rousseau  having  explained  the  preparation  and 
resolution  of  chords  of  supposition  by  syncopation,  adds, 
that  these  chords  of  supposition,  well  examined,  may  all  pass 
for  mere  suspensions  ;  so  that  the  system  of  Kirnberger  and 
his  followers  is  not  so  original  as  they  would  have  us  believe. 
The  chords  of  suspension  are  so  numerous,  that  it  is  im- 
possible to  enumerate  them  all.  The  specimens  we  have 
given,  are  sufficient  to  enable  the  student  to  understand  them 
when  he  meets  with  them.  We  recommend  those  which, we 
have  exhil)ited  to  his  particular  study,  as  being  the  most  usual 
and  most  miportant. 
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201.  Anticijaation,  or,  as  Mr.  Kollmann  calls  it,  inter- 
ruption,  takes  place  when  in  a  natural  progression,  as,  for 
instance,  the  resolution  of  the  dominant  on  the  tonic,  as  at  a, 
one  or  more  notes  of  the  second  chord  are  taken  in  the  time 
of  the  preceding  one,  as  at  6,  where  the  upper  parts,  resolved 

by  anticipation,  give  ^  on  the  dominant  bass  followed  by 
„  on  the  key ;  at  c,  where  the  resolution  of  the  sensible  note 
produces  ^  on  the  dominant  bass,  the  resolution  of  tlie  rest 


of  the  chord  taking  place  regularly ;  or  at  d,  where  the  anti- 

7 

cipation  of  the  tonic  bass  gives  to  it  the  chord  of  4,  followed 

by  i. 

Discords  of  anticipation  are  prepared  on  the  accented 
part  of  the  measure,  struck  on  the  unaccented,  and  resolved 
on  the  accented.  It  is  unnecessai-y  to  enter  into  so  particu- 
lar^^an  examination  of  these  as  we  have  done  of  chords  of 
suspension. 

Suspensions  and  anticipations  are  sometimes  intermixed, 
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on  wliicli  subject  we  sliall  be  contented  with  quoting  a  short 
paragraph  from  jMr.  Kollmann,  whh  his  examples. 

"  The  suspensions  and  interraptions  may  be  intermixed, 
either  so  tliat  tliey  succeed  one  another  in  tlie  same  2)art  of 
the  harmony ;  or  in  different  parts  at  the  same  time  and  at 
diliercnt  times.     Tiiis  creates  a  great  number  of  accidental 


combinations,  to  which  I  endeavour  to  show  the  way  in  the 
following  examples.  At  No.  2,  see  a  scries  of  essential 
chords.  At  No.  3,  see  the  same  harmony,  but  suspensions 
in  the  first  part,  and  interruptions  in  the  third  part  from 
above.  At  No.  4,  see  the  interruptions  in  the  first,  and  the 
suspension  in  the  third  part." 
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202.  To  the  class  of  suspensions  or  anticipations,  may  b6 
referred  what  are  called  pedal  harmonies,  or  organ  points. 
An  organ  point  consists  of  several  harmonies  taken  over  a 
continued  bass  note,  which  note  is  foreign  to  some  of  the  har- 
monies, and  forms  with  them  tlie  same  or  similar  combina- 
tions with  those  which  we  have  seen  arising  from  suspen- 
sions. One  example  we  have  already  given,  Art.  199,  No. 
1,^,  where  the  chord  of  the  thirteentli,  that  is,  the  chord  of 
minor  seventh  whh  minor  fifth  on  the  sensible  note,  is  taken 
over  the  key-note,  and  the  chord  of  the  eleventh,  or  dominant 
chord  of  seventh  over  the  key-note,  both  occur.  This  is 
called  a  tonic  pedal,  or  organ  point.  Other  harmonies  are 
frequently  taken  in  succession,  sucli  as  that  of  the  fourth  of 
the  key,  or  its  dominant,  or  the  diminished  seventh  on  the 
sensible  note,  even  when  the  key  is  major.  These  all  occur 
in  No.  1,  which  is  taken  from  a  figured  bass  of  EniRniipl 
Bach,  given  by  Mr.  Shield  in  his  Introduction.  Tiie  bass 
note  belongs  to  all  the  chords  except  the  second  and  fifth 
chords.  The  next  example,  No.  2,  is  also  taken  from  Mr. 
Shield,  whose  excellent  observations  we  copy.  "  It  is  rather 
extraordinary,  that  the  most  fertile  composers  have  uniformly 
])referred  the  following  progression  to  the  charms  of  novelty 
in  their  regular  crescendos  ;  for  although  it  must  be  acknow- 
ledged, that  the  effect  of  such  passages  is  generally  pleasing 
when  they  are  gradually  increased  from  piano  to  forte  by  a 
multifarious  band,  yet  others  might  be  sought  for  and  found 
by  men  of  genius." 

When  similar  harmonies  are  taken  on  the  fifth  of  the  key 
us  holding-note,  the  passage  is  called  a  dominant  organ  point. 
No.  3  contains  a  short  tonic  organ  point,  and  a  dominant 
pedal  point,  which,  for  the  great  variety  of  modulations  taken 
over  tliat  holding  note,  is  worthy  of  the  student's  careful  con- 
sideration. After  the  tonic  pedal  in  the  five  first  measures, 
there  is  the  appearance  of  a  formal  conclusion  in  the  key, 
which  however  is  prevented  by  the  key-note  being  made  7th 
in  the  dominant  leading  to  the  fifth  of  tlie  key  at  J.  Here 
coramencoi  the  pedal  or  organ  point  on  the  dominant  note. 


First,  this  dominant  has  its  chord  of  minor  Tth,  resolving  on 

..     At »,  we  have  the  chord   of  redundant  sixth  leading 

to  E,  second  of  the  key,  as  the  dominant  of  the  dominant; 
or,  if  you  please,  as  the  bass  belongs  to  the  chord  of  re- 
dundant sixth,  it  is  tlie  first  inversion  of  that  chord,  major 
4th,  and  minor  Gt'o.  At  c  we  have  E,  the  second  of  the 
key  as  dominant  chord,  leading  to  A  the  fifth  of  the  primary 
key,  producing  over  the  bass  the  chord  of  eleventh.  At  d, 
this  chord  resolves  on  the  fifth  with  dominant  7th  and  minor 

9,  which  last  resolves  on  the  . .     At  e  we  have  the  second 

inversion  of  the  diminished  7th  leading  to  E,  the  bass  be- 
longing to  the  chord.     At  f  we  have  the  dominant  to  our 

bass  resolving  at  o  as  before  into  the  ^_.     At  //,  we  have 

the  chord  of  thirteenth  or  dimhiished  7th,  taken  over  the 
bass  ;  which  at  i  resolves  on  the  fourth  and  major  sixth,  the 
minor  sixth  to  the  bass  (which  is  the  diminished  7th  of  the 
chord)  rising  chromatically.  This  example  is  from  the 
minuet  in  Haydn's  celebrated  symphony  in  D. 

In  the  above  given  examples,  all  the  chords  over  the  bass 
holding-note  take  their  natural  progressions  without  any  sus- 
pensions. No.  4,  as  a  dominant  organ  point  in  the  key  of 
C  minor,  in  which,  besides  the  holding  bass  note,  there  are 
suspensions  in  the  upper  parts.  The  holding  bass  note  be- 
longs to  all  the  chords,  except  the  chord  of  thirteenth  or  di- 
minished seventh,  leading  to  the  dominant,  at  the  end  of  the 
third  measure :  and  the  eleventh  and  thirteenth  being  sus- 
pended in  the  two  highest  parts,  while  the  4th  is  resolved  on 
the  major  third,  next  the  bass,  makes  a  combination  of  major 
third,  perfect  fifth,  eleventh,  and  thirteenth  minor,  retarding 
the  fifth  and  seventh  of  the  dominant  chord.  At  the  reso- 
lution into  the  key,  the  major  third  and  fifth  proceed  to  tlie 
tonic  harmony  next  the  bass,  while  the  fifth  and  seventh  of 
the  dominant  are  suspended,  making  a  chord  of  minor  third, 
perfect  fourth,  and  ninth,  retarding  the  third  and  octave. 
This  example  is  taken  from  an  instrumental  quintetto  of 
Mozart. 

Sometimes  a  holding  note  is  set  in  the  upper  parts,  while 
it  is  foreign  to  some  of  the  chords  in  the  harmony,  as  in  No 
5,  where  E  fifth  of  the  key  is  held  on,  and  in  the  beginning 
of  the  third  bar  makes  to  F*,  the  relative  minor,  a  seventh, 
which  is  not  resolved,  but  continues  as  minor  sixth  to  tlie 
sensible  note.  This  may  be  considered  as  an  inverted  do- 
minant pedal. 
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No.  6  is  an  organ  point  in  the  bass,  though  at  first  siglit  it 
has  not  that  appearance  from  the  motion  of  the  bass.  Tlie 
continual  repetition  of  the  D  lias  the  effect  of  making  it  a 
holding  note.  It  is  foreign  to  tlie  chord  of  the  second  bar; 
but  it  is  the  proper  fundamental  bass  of  the  third.  We  re- 
gret that  the  whole  passage  is  too  long  for  quotation,  as  it  is 
well  worthy  the  reader's  study.  It  is  from  the  prelude  to 
Sebastian  IJaclvs  fugue  in  D  minor. 

203.  Discords  are  introduced  freely  by  diatonic  degrees, 
ascending  or  descending,  and  are  all  called  transient  or^jos- 
sing  notes,  and  by  the  French,  notes  of  siqiposilioii.     We 


cannot  explain  this  more  shortly,  or  more  clearly,  than  in  the 
words  of  Rousseau. 

"  When  several  notes  ascend  or  descend  diatonically  in 
one  i)art,  on  one  continued  note  in  another  part,  then  these 
diatonic  notes  cannot  all  be  harmony,  or  enter  at  once  into 
the  same  chord  ;  there  are  therefore  some  of  them  which 
count  for  nothing :  and  these  notes,  foreign  to  the  harmony, 
are  called  notes  by  supposition. 

"  The  general  rule  is,  when  the  notes  are  equal,  that  all 
those  which  are  struck  on  the  strong  (or  accented)  times, 
bear  harmony  :  those  which  press  on  the  weak  (or  unaccent- 
ed) times,  are  notes  of  sujyjmsition,  which  are  only  intro- 
duced for  the  sake  of  the  melody,  and  to  form  conjoint  de- 
grees. Observe,  that  by  strong  and  weak  times,  I  under- 
stand here,  less  the  principal  times  of  the  measure,  than  the 
subdivisions  of  each  time.  Thus,  if  there  are  two  equal  notes 
in  one  time,  it  is  the  first  which  carries  harmony ;  the  second 
is  a  note  of  supposition.  If  the  time  is  composed  of  four 
equal  notes,  the  first  and  the  third  carry  harmony,  the  second 
and  the  fourth  are  notes  of  supposition,  &c. 

"  Sometimes  this  order  is  reversed :  we  pass  the  first  note 
by  supposition,  and  make  the  second  time  bear  harmony; 
but  then  the  value  of  the  second  note  is  generally  augmented 
by  a  point,  at  the  expense  of  the  first. 
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'•  All  tliis  supposes  always  a  movemcutby  conjoint  diato- 
nic degrees  ;  for  when  tlie  degrees  are  disjoined,  there  is  no 
supposition,  and  all  the  notes  ought  to  belong  to  the  chord." 

To  this  we  must  add,  that  when  between  the  parts  of  the 
chord  there  is  interval  of  fourth,  it  is  frequently  filled  up  with 
two  passing  notes,  one  of  which  will  be  on  the  accented,  and 
the  other  on  the  unaccented  part  of  the  Time.  One  or  two 
examples  are  sufficient.  No.  1,  a,  the  notes  are  the  common 
chord  of  C,  varied  with  passing  notes  at  b  and  c,  on  the  weak 
parts  of  the  times.  No.  2,  a,  is  a  cadence  in  the  key  of  F. 
At  b,  the  same,  varied  with  transient  notes;  the  interval  of 
fourth,  from  C  to  F,  in  the  first  chord,  is  filled  up  with  two 
passing  notes  :  in  the  second  choid  the  passing  notes  are  on 
the  strong  parts,  viz.  the   1st  and  3d  of  the  time  :  in  the 

third  chord,  .  to  C,  the  transient  notes  are  again  regular, 

and  in  the  last  chord,  that  of  dominant  7th  to  C,  there  is 
only  one  passing  note,  viz.  A,  the  rest  belonging  to  the 
chord ;  but  the  octave  is  used  as  an  a]3poggiatura  to  the  7th. 
When  the  transient  notes  ajjpear  on  the  strong  parts  of  the 
time,  or  measure,  Mr.  Kollmann  calls  them  unprepared  sus- 
pensions.     We  shall  call  them  unprepared  Appoggiaturas. 


These  passin;,'  notes  between  the  parts  of  a  chord  are  not 
noticed  in  the  figuring  of  thorough  bass.  But  when  the  pciss- 
ing  note  occupies  a  whole  principal  time  of  the  measure,  in 
going  from  one  chord  to  another,  they  are  frequently  figured 
Oy  the  diatonic  progression,  the  necessity  of  preparation  is 
superseded,  and  discords  are  gradually  brought  in,  which,  ac- 
cording to  tiie  general  rules,  ought  to  be  prepared.  Thus 
No.  3,  the  major  7th,  is  taken  after  the  octave,  and  regularly 
resolved  as  a  chord  of  seventh.  In  No.  4,  the  same  chord, 
similarly  brought  in,  is  resolved  by  the  diatonic  rise  of  the 
bass  on  the  minor  chord  of  the  second  of  the  key.  No.  5  is 
the  same  7th  resolving  on  the  chord  of  sixth  to  the  bass. 
The  first  of  these  progressions.  No.  3,  is  frequently  inverted 
in  the  unprepared  iifth,  made  a  discord  by  the  sixth,  as  No. 
G  ;  or  by  an  unprepared  second  in  the  bass,  as  No.  J.  This 
unprepared  second  is  frequently  resolved  on  the  common 
chord,  as  No.  8  ;  which  is  an  inversion  of  that  in  No.  5.  No. 
9  is  a  passage  in  which  Bach,  by  repeating  this  progression, 
conducts  the  modulation  from  the  key  successively  to  the 
common  chords  of  the  sixth,  the  fourth,  and  the  second,  and 
thence,  by  resolving  the  chord  of  unprepared  2d,  as  in  No. 
7,  on  the  first  inversion  of  the  dominant,  makes  a  close  on 
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che  key.     In  No.  10,  IMozavt  takes  the  unprepared  ,-,  on  the 

unaccented  part  of  the  first  measure,  and  resolves  it  on  the 
■chord  of  sixth,  as  No.  /•  Tlie  major  seventh,  in  tlie  be- 
ginning of  the  third  measure,  is  an  unprepared  appoggiatura, 
and  is  a  grace  not  to  be  considered  in  tlie  harmony.  We 
quote  the  whole  period,  in  order  to  avoid  repetition,  as  we 
shall  have  again  occasion  to  refer  to  it  on  the  subject  of 
rhythm. 

Discords,  introduced  by  passing  notes,  are  frequently  not 
resolved  according  to  the  analogy  of  the  chords,  and  become 
perplexing  to  those  who  are  beginning  the  study  of  harmony. 
Thus,  in  No.  11,  the  seventh  in  the  second  chord  of  each 
jneasure  is  not  resolved  at  all.     It  may  be  explained  as  a 


transient  note,  in  the  bass ;  or  the  7th  may  be  considered  as 
a  holding  or  pedal  note ;  or  it  may  be  taken  as  elliptical  for 
No.  12,  tlie  resolution  being  omitted.  In  No.  13,  by  two 
passing  notes  in  the  bass  and  part  next  it,  we  have  the  chord 

7  ... 

of  4  as  a  transient  chord.     No.  14  is  an  elegant  minuet  in 

one  of  Haydn's  symphonies,  in  which  those  passing  discords 
occur.  In  the  end  of  the  first  measure,  the  unprepared  second 
and  fourth  brings  us  to  the  chord  of  the  relative  minor,  as  in 
No.  8.  At  the  end  of  the  third  measure  we  have  the  7th  on 
the  third  of  the  key,  passing  to  the  minor  common  chord  on 
the  second  of  the  key  :  in  the  corresponding  measure  of  the 
second  strain,  the  same  progression  in  the  bass  makes  a  real 
inverted  cadence  on  the  second  of  the  key,  which  may  illus- 


MUSIC. 


125 


ttate  the  explanation  of  the  former  as  elliptical.  In  the  fifth 
measure  of  the  first  strain,  and  in  the  first  measure  of  the 

second  strain,  we  have  the  „  third  inversion  of  the  domi- 
nant brought  in  after  the  same  manner,  but  resolved  regu- 
larly on  the  first  inversion  of  the  key.  The  uniform  pro- 
gression of  the  bass  contributes  greatly  to  the  elegant  sim- 
plicity of  the  effect,  while  the  variety  of  the  harmony  pre- 
vents any  thing  like  monotony. 

204.  The  last  head,  under  which  we  classed  discords,  in 
Chap.  Ill,  was  those  produced  by  the  chromatic  alterations 
of  the  intervals.  Major  intervals,  by  being  chromatically 
enlarged,  become  redundant ;  and  minor  intervals,  by  being 
chromatically  lessened,  become  diminished  intervals.  We 
have  already  treated  so  fully  of  the  redundant  second  and 
diminished  seventh,  of  the  diminished  third  and  redundant 
sixth,  that  we  have  no  occasion  to  recur  to  these  under  this 
head.  We  have  also  seen  a  specimen  or  two  of  the  redundant 
fifth,  as  arising  from  suspension.  In  No.  1,  this  interval 
is  introduced  by  the  chromatic  ascent  of  the  fifth  of  the  chord. 
This  example  is  from  Monsieur  Choron,  who  also  gives  the 
inversions  of  the  passage  in  Nos.  2  and  3.  The  combina- 
tion of  major  third  and  lesser  sixth,  as  in  No.  2,  Dr.  Burney 
observes,  was  exceedingly  frequent  about  the  end  of  the  17th 
and  beginning  of  the  18th  century ;  and  he  very  justly  calls 
it  a  Aa<e/«/ combination.  The  dominant  chord,  M.  Choron 
observes,  is  susceptible  of  the  same  modification  of  the  fifth, 
of  which  he  gives  the  examples  in  Nos.  4,  5,  6,  and  J. 


3. 


4. 


Modern  composers,  in  their  instrumental  pieces,  introduce 
transient  chromatics  with  great  frt-edom,  and  frequently  so 
as  to  produce  combinations  altogether  unaccountable  as  har- 
mony. They  either  divide  the  interval  of  tone  into  semi- 
tones, or  are  substituted  in  place  of  the  proper  notes  of  the 
scale,  for  the  sake  of  the  melody;  as  in  No.  8,  where  the  F>5< 
is  taken  instead  of  Fb(,and  the  Bt^  divides  the  tone  between 
the  B  b  and  C.  Both  these  notes  are  foreign  to  the  common 
chord  of  C.  The  Acciaccatura  is  a  passing  chromatic,  the 
semitone  below  the  note  being  struck  almost  at  the  same  time 
with  the  note  itself,  and  quitted  immediately,  as  if  it  were 
red  hot,  says  Dr.  Burney.     No.  9. 

Such  passing  chromatics  are  not  difficult  to  understand  ; 
but  when  they  are  taken  over  a  pedal  bass,  they  produce 
combinations  very  puzzling  to  the  student  who  endeavours 
to  unravel  them.  No.  10,  a,  is  such  a  passage,  from  aquin- 
tetto  of  Mozart.  The  progression  of  the  harmony  is  shown 
at  b,  stript  of  the  passing  notes,  and  of  the  pedal  bass.  In 
the  second  violin  the  redundant  second,  from  G  b  to  Ala,  is 
divided  into  semitones  by  G  t^  and  A  b ;  and  at  the  same 
time  the  tenor  divides  the  tone  from  B  b  to  C  by  B  t) ,  which 
produces  on  the  holding  bass  Bb  a  redundant  octave  and  mi- 
nor sixth.  These  passing  notes  are  not  to  be  regarded  as 
belonging  to  the  harmony ;  they  are  introduced  for  the  sake 
of  the  melody  of  the  particular  part  where  they  appear. 
The  use  of  them  is  to  be  directed  by  taste  rather  than  rule ; 
and  this  taste  is  only  to  be  acquired  and  cultivated  by  listen- 
ing often  and  attentively  to  the  works  of  the  best  masters. 
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CHAP.  XL 

OP    RHItTIlM,    CADENCES,   MODULATION,    SUBJECT. 

205.  We  are  now  to  explain  more  particularly  the  distin- 
guishing characteristics  of  Air,  mentioned  in  Art.  179,  viz. 
Kliyilim;  regularly  disposed  Cadences;  Modulation, belong- 
ing to  a  principal  key,  or  passing  into  otlier  keys  more  or 
less  related  to  the  principal  one;  and  lastly,  Subject;  which 
last  is  of  such  importance,  that,  according  to  tlie  observa- 
tion of  Zarlino,  without  it  there  can  be  no  composition.  In 
ogni  huon  contrapimnto,  ovvero  in  ogni  ultra  cnmposizione, 
si  ricvrcdno  molie  cose — la  prima  e  il  soggetfo,  scnza  il 
quale  si  farrebbe  nulla.  (Zarlino,  htit.  Armon.  p.  3.  cap.  26. 

206.  The  rliythm  of  modern  compositions,  we  have  al- 
ready observed,  (Art.  180,)  is  constituted  of  equal  measures; 
and  we  have,  in  the  subsequent  articles  of  the  ninth  chapter, 
fully  explained  and  exemplified  the  different  species  of  mea- 
sure. But  it  would  not  be  sufficient  to  give  the  character  of 
rhythm  to  a  composition,  that  it  were  divisible  into  equal- 
timed  measures.  An  indefinite  series  of  measures,  no  way 
distinguished  from  each  other,  would  l)e  mere  prose.  Seve- 
ral measures  must  be  grouped  together,  by  means  of  the 
phrases  of  the  melody  and  cadences  in  the  harmony  forming 
distinct  portions,  several  of  which,  properly  united,  form  the 
Air.  These  subdivisions  of  air  are  so  plainly  analogous  to 
verses  in  poetry,  and  indeed  the  prosody  of  music  is  so  truly 
the  same  doctrine  with  that  of  poetry,  that  we  shall  adopt  the 
terms  of  tiie  latter  as  equally  applicable  to  that  of  which  we 
are  treating.  The  constituent  parts  of  rhytlmi,  therefore,  we 
define  as  follows: 

A  Foot  is  the  quantity  of  one  measure.  If  the  sub|ect 
\vere  always  to  begin  on  the  first  note  of  the  measure,  the 
foot  and  the  measure  would  coincide,  and  there  would  be  no 
occasion  to  distinguish  them.  But  as  the  bars  are  placed  in 
such  a  way  as  to  mark  the  places  of  the  principal  accents, 
and  as  the  subject  very  often  begins  on  the  unaccented  part 
of  the  measure,  the  distinction  is  of  importance. 

From  this  definition  of  the  musical  Foot,  it  is  plain  that 
there  are  as  many  kinds  of  feet  as  there  are  of  measures. 

Two  or  more  Feet  constitute  a  Verse.  Hence  it  is  plain 
that  there  is  still  greater  variety  in  the  kind  of  verses,  than  in 
those  of  measures  or  feet. 

Two  or  more  verses  constitute  a  Strain  or  Stanza.  We 
would,  however,  make  a  distinction  in  the  use  of  these  two 
words.  The  word  strain  we  would  apply  to  what  are  usually 
called  the  first  and  second  parts  of  national  tunes,  or  airs 
formed  on  that  model.  The  word  stanza  we  would  use  to 
denote  those  portions  into  which  longer  pieces  of  music,  such 
as  sonatas,  concertos,  symphonies,  &c.  are  divided  by  formal 
closes,  yet  not  marked  by  double  bars.  The  distinction  per- 
haps is  not  of  great  importance,  but  it  cannot  occasion  any 
perplexity  or  confusion. 

207.  These  consthuent  parts  of  rhythm  will  be  best  ex- 
emplified by  being  exhibited,  not  separately,  but  united  in 
the  whole  of  which  they  are  portions. 


The  air  No.  1,  consists  of  two  strains.  Each  strain  is  by 
the  phrases  of  the  melody,  as  well  as  by  the  cadences  in  the 
harmony,  divided  into  four  portions  of  two  feet  each,  which 

we  have  marked  thus,  (l),(2),(3),  (4),  which  we  call  verses 
of  two  (eet,  or  dimeters.  If  the  student  attend  to  his  own 
feehngs  in  performing  or  listening  to  this  air,  he  will  find 

that  the  conclusion  of  the  verses  marked  (2)  and  (4),  is  more 
remarkable  and  striking  than  those  at  (l)and  (3);  insomuch 
that  each  pair  of  verses  is  a  kind  of  whole,  and  might  very 
well  be  considered  as  one  verse.  It  is  for  this  reason  that  we 
have  marked  them  with  asterisms:  and  we  may  consider  the 
strain  as  consisting  either  of  four  dimeters,  or  of  two  verses  of 
four  feet  each,  which  we  may  call  tetrameters.  In  our  sub- 
sequent examples  we  shall  have  occasion  to  notice  both  di- 
meters not  thus  united  in  pairs,  and  tetrameters  not  distinctly 
divided  in  two,  either  by  the  turn  of  the  melody,  or  a  cadence 
in  the  harmony.  Hence  the  propriety  of  our  noticing  both 
kinds  of  verse. 

The  example  No.  1,  is  in  common  time  of  two  principal 
times  in  the  measure,  where  each  foot  includes  one  principal 
accent.  Our  next  example.  No.  2,  is  in  common  time  of  four 
principal  times  in  the  measure.     It  is  plain  that  the  portions 

#  # 

of  melody  marked  (l),  (2),  (3),  (4),  bear  exactly  the  same 
relation  to  this  air  that  the  portions  similarly  marked  do  to 
the  air  No.  1.  But  the  feet  are  compound  or  double,  including 
two  principal  accents.  Here,  then,  we  have  dimeters,  and, 
if  you  please  to  take  the  first  and  second  pairs  as  making  one 
verse  each,  tetrameters  of  a  different  kind  from  the  former. 
And  this  shows  the  reality  of  the  distinction  between  these 
two  kinds  of  common-time  measures.  If  any  one  should  be 
disposed  to  contend  that  these  double  measures,  or  feet,  may 
be  divided  into  simple  ones,  by  inserting  a  bar  in  the  middle 
of  each,  we  shall  not  dispute  it:  but  we  must  still  maintain 
the  diflerence  in  the  kinds  of  rhythm.  The  constituent  verses 
of  the  strain  would  still  be  the  four  marked  in  the  example; 
and  the  only  diflerence  would  be  in  the  number  of  feet  as- 
signed to  each.  It  is  of  little  importance  in  itself  whether  we 
call  each  of  these  verses  a  dimeter  of  double  feet,  or  a  tetra- 
meter of  simple  feet;  just  <is  the  Greeks  called  the  same  verse 
an  iambic  dimeter,  which  the  Latins  called  a  quaternary. 
But  the  practice  of  musicians  establishes  these  double  or  com- 
pound feet.  We,  however,  find  in  the  older  masters  this 
double  measure  used,  where  the  simple  measure  would  be 
more  appropriate,  as  in  No.  3.  Here  each  verse  consists  only 
of  one  double  foot.  This  is  plainly  the  same  kind  of  rhythm 

2 
with  No.  1,  and  might  be  better  written  in      as  that  exam- 
ple.   (In  this  example  Handel  sets  only  two  flats  at  the  clef, 
in  the  key  of  C  minor,  and  marks  the  A  b  as  it  occurs,  as  an 
accidental.) 

On  the  other  hand,  we  sometimes  find  the  same  kind  of 

2 
rhythm  with  No.  2,  written  in    measures;  so  tljat  the  verses 

are  tetrameters,  as  in  No.  4. 
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208.  After  the  same  manner,  in  triple  time,  we  have  di- 
meters, or  tetrameters.  In  No.  1,  the  first  strain  consists  of 
four  dimeters,  tlie  2d  and  4th  being  still  the  emphatic  or 
chief  conclusions :  The  second  strain  consists  of  eight  verses, 
those  marked  with  the  even  numbers  being  still  the  most  im- 
portant. Tiie  seventh  verse  is  by  the  pause  divided  distinctly 
into  two  feet. 


So  in  double  measure  of  triple  time,  as  in  No.  2,  this 
example,  if  considered  as  one  strain,  consists  of  seven  verses 
of  two  feet,  in  consequence  of  the  broken  cadence  at  the 
sixth  verse,  which  occasions  a  seventh  verse,  in  order  to  come 
to  a  full  conclusion.  And  this  is  one  means  of  breaking  the 
formality  and  uniformity  of  an  even  number  of  verses  in  the 
strain. 
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209.  As  one  very  desirable  object  in  music  is  variety,  men 
of  genius  contrive  to  attain  this  object  in  their  rhythm,  even 
in  the  arrangement  of  verses  of  the  same  length,  which  at 
first  sight  might  seem  an  impossibility.  This  is  attained  by 
variously  uniting  them  in  the  strain,  or  its  subdivisions.  In 
the  preceding  examples  they  are  united  in  pairs,  which,  as 
we  have  observed,  form  tetrameters ;  and  this  is  by  far  the 
most  usual  form  of  musical  stiains;  insomuch  that  some 
writers  call  the  phrases  of  melody  so  arranged,  regular,  and 
all  other  phrases  irregular.  In  No.  1,  the  first  strain  consists 
of  six  verses  ;  which  are  not  united  in  pairs  of  dimeters,  (that 
is,  in  tetrameters,)  but  in  two  portions  of  three  dimeters  each ; 
■which  we  may  call  hexanietcrs ;  as  |)ointed  out  by  the  aste- 
risms  over  the  third  and  sixth  verses.  If  the  second  and  fifth 
verses  were  left  out,  (as  shown  by  the  double  strokes  sepa- 


rating them,)  the  strain  would  be  of  regular  tetrameters,  as 
in  our  former  examples,  and  as  in  the  second  strain  of  this 
same  air. 

A  similar  example  in  triple  time  may  be  seen  in  the  first 
strain  of  the  minuet,  Art.  21 6,  where  we  have  put  it,  that  we 
might  not  separate  it  from  the  second  strain,  which  furnishes 
examples  of  rhythm  of  a  different  kind. 

In  the  next  example,  No.  2,  we  have  marked  not  the  single 
but  the  compound  verses,  which  are  all  tetrameters,  except 
the  second  verse  of  the  second  strain,  which  is  an  hexameter. 
The  tetrameters  are  distinctly  divided  by  the  air  into  their 
constituent  dimeters;  but  the  constituent  parts  of  the  hexa- 
meter verse  so  nm  into  eacli  other,  that  it  is  hardly  subdi- 
vided, except  into  feet,  which  are  all  marked  with  equal  dis- 
tinctness, both  in  the  melody  and  in  the  harmony. 
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210.  Besides  these  verses  consisting  of  two  feet,  or  the 
multiples  of  2,  musicians  frequently  use  verses  of  three  feet, 
or  Trimeters;  aiv\  these,  in  all  the  kinds  of  measures  common 
and  triple,  simple  and  compound.  As  we  do  not  recollect  to 
have  met  with  any  airs  consisting  entirely  of  trimeters,  in 
common  time,  we  shall  begin  with  one  or  more  examples  of 
them  in  triple  time :  and  we  cannot  give  a  more  favourable 
specimen  of  this  kind  of  rhythm  than  in  the  Scottish  air, 
Twecdside.  Thousands  have  sung  or  listened  to  this  air, 
without  ever  remarking  any  thing  uncommon  in  the  rhythm, 
which  is  indeed  as  agreeable  and  satisfying  to  the  ear  as  any 
other.  Another  example  of  the  same  rliythm  is,  Sae  merry 
as  we  hae  been.    As  these  are  in  every  body's  hands,  we  set 


down  only  the  first  strain  of  each,  Nos.  1  and  2.  If  we  con- 
sider these  trimeters  in  pairs,  they  give  us  hexameter  verses 
of  a  different  kind  from  those  noted  in  Art.  209.  Mr.  Koll- 
mann  says,  that  periods  (verses)  of  three  measures,  are  not 
good,  except  when  two  of  them  come  one  after  another,  so  as 
to  make  a  compound  period  of  six  measures.  This  opinion, 
however,  we  shall  afterwards  see  to  be  incorrect.  Dr.  Arne 
frequently  writes  his  niral  songs  in  this  rhythm,  as  My  fond 
shepherds,  No.  3.  In  the  second  strain,  the  third  verse  is  a 
tetrameter,  which  makes  it  more  emphatic  than  the  corres- 
ponding verse  in  the  first  strain;  and  in  consequence  of  this 
the  last  couplet  consists  of  seven  feet.  This  union  of  tetra- 
meters and  trimeters  we  shall  notice  more  fully  by  and  by. 
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211.  It  would  not  be  difficult  to  find  many  examples  of  di  Figaro,  There  is  another  strain  of  the  same  kind,  which, 

airs  in  this  rhythm  of  simple  triple  time ;  but  the  next  exam-  with  the  remainder  of  the  air  in  a  different  rhythm,  we  shall 

pie  of  an  air,  in  trimeters  of  compound  time,  is  much  more  omit, 
uncommon.     It  is  from  Mozart's  celebrated  opera,  Le  nozze 
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2.  The  Finale  of  Haydn's  celebrated  symphony  in  D, 

gins  with  two  trimeters  of  double  measures  in  common 

We  quote  the  first  stanza.     The  second  half  of  the 

stanza,  though  consisting  of  the  same  number  of  measures  or 

feet,  contains  three  vorses  of  two  feet.     It  this  were  written 

1—     in      measures,  dividing  each  by  a  bar,  the  stanza  would  coA- 

sist  of  two  hexameters,  and  three  tetrameters. 
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213.  Our  last  example  shows  the  mixture  of  dimeters  and 
trimeters  in  the  same  stanza,  which  is  a  source  of  great  va- 
riety in  the  rhythm  or  versification  of  music.  This  is  anala- 
gous  to  lyric  versification  in  poetry.  There  is  not,  however, 
any  prescribed  order,  according  to  which  the  different  verses 
recur,  as  in  the  lyrics  of  the  ancients,  or  as  in  the  Italian  or 
English  stanzas.  In  this  respect,  the  rhythm  of  longer  pieces 
of  music  resembles  the  freedom  of  the  English  lyric  poem, 
such  as  Alexander's  Feast,  in  which  the  poet  varies  his  ver- 
ification so  as  to  suit  his  subject;  a  freedom  which  some 
critics  have  blamed,  rather  from  a  blind  attachment  to  the 


practice  of  antiquity,  than  from  any  good  reason  in  the  nature 
of  the  thing.  Yet  there  are  some  arrangements  into  which 
musicians  have  fallen,  unconsciously  perhaps,  so  frequently, 
that  we  may  notice  them  as  acknowledged  stanzas.  Of  this 
kind  are  four  dimeters  (or  two  tetrameters)  followed  by  two 
trimeters.  The  vocal  melody  in  the  example  (disregarding 
the  symphonies)  is  an  example  in  common  time  of  simple 
measures.  A  similar  example  in  common  time  of  double 
measures,  may  be  seen  in  the  same  opera,  (Figaro,)  Non  so 
piu  cosa  son,  which  our  limits  prevent  us  from  quoting. 
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214.  Two  dimeters  (or  one  tetrameter)  and  one  trimeter 
alternately,  make  a  very  agreeable  stanza ;  contrary  to  ]Mr. 
Kollmann's  opinion  cited  above.  This  is  finite  analogous  to 
our  Knglish  verses  of  eight  and  six  syllables  alternately.  Of 
this  kind  is  the  first  half  of  the  stanza  in  the  example.  In  the 
second  half  of  the  stanza,  lione%'er,  the  sixth  verse  is  length- 
ened out  into  a  tetrameter;  for  the  lengthening  of  the  phrase 
on  the  word  dm/,  we  consider  as  not  to  be  reckoned  in  the 
versification  of  the  passage.  It  may,  however,  l)e  counted  a 
trimeter;  and  tlion  the  whole  stanza  will  consist  of  eight 
verses  instead  of  seven,  as  we  have  marked  it. 

This  example  shows  that  the  versification  of  the  music  is 
not  always  stricdy  determined  by  that  of  the  poitry  to  which 
it  is  set.  We  consider  it  a  fault  in  the  last  verse,  that  the  word 
tlie  is  set  to  the  first  notes  of  the  measiu'e,  by  which  it  becomes 
emphatic.     This,  however,  is  not  our  present  subject. 
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215.  The  union  of  a  trimeter  and  dimeter  forms  a  penta- 
meter, a  species  of  rhythm  which  is  sometimes  used  with  very 
agi'eeable  cftcct;    contrary  to  what  is  laid  down  by  most 


writers.  Tims  Mr.  Kollniann ;  "  Periods  oijive,  seven,  nine, 
or  still  more  measures  of  an  odd  number,  are  not  allowable  at 
all,  except  at  the  end  of  a  section,  where  the  odd  bar  may  be 
considered  as  the  beginning  of  another  period ;  or  in  modula- 
tions calculated  on  purpose  to  make  the  ear  for  a  short  time 
lose  the  rhythmical  order."  Ko.  1  is  the  beginning  of  a 
beautiful  little  song,  where  this  kind  of  versification  is  happily 
employed.  No.  2  is  a  strain  consisting  of  four  verses,  trime- 
ters and  dimeters  alternately,  or  of  pentameters.  Indeed 
such  is  the  union  of  the  phrases,  that,  if  we  regard  the  melody 
onlv,  the  strain  is  hardlj-  divided  farther  than  into  two  pen- 
tameters. Mr.  Shield,  who  quotes  this  strain,  observes  that 
they  must  be  ven,-  fastidious  who  are  not  delighted  with  it  and 
other  similar  examples  of  the  same  great  master  (Haydn.) 
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Say,     little    foolish    flutt'ring    thing,     little        foolish    flutt'ring     thing,     &c. 
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2lG.  The  following  minuctto  is  a  remarkable  example  of 
great  variety  of  vcrsilication.  The  first  strain  we  have  al- 
ready alludcil  to.  Art.  20!).  It  consists  of  twelve  measures, 
which,  however,  do  not  Ibrm  tluee  tetrameters,  as  usual  in 
minuettos :  but  six  dimeters  dilVercntly  tn'ouped.  The  two 
fast  make  a  tetrameter;  then  we  have  a  dimeter;  when  the 
subject  of  the  melody  begins  a<rain,  and  the  six  hist  measures 
of  the  strain  make  an  hexameter,  or.  if  you  please,  a  dimeter 
and  tetrameter.  The  second  strain  is  still  more  Pindaric,  if 
we  may  be  allowed  the  cxi)res*;ion.     .Vs  we  have  reckoned 


them,  it  consists  of  nine  verses.  We  have  first  a  tetrameler 
with  a  pause  of  nearly  two  nn:asures ;  then  pentameters  and 
tetrameters  alternately.  At  the  fifth  verse  the  fii-st  strain  is 
auain  taken  up.  but  with  considerable  variation  in  the  rhythm  : 
for  the  seventh  verse  (answering  to  the  fourtJi  dimeter  in  tin- 
first  strain)  is  lengthened  out  into  a  trimeter,  where  it  is  also 
remarkable  that  the  cadence  takes  jilace  on  the  unaccented 
time  of  the  measure.  A  pentamrt'-r  and  tetramei'T  concuiJ'' 
the  strain. 
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217.  The  use  of  the  hard  words  dimeters,  trimeters,  &c. 
will  not,  it  is  hoped,  be  imputed  to  pedantry.  We  did  make 
the  attempt  to  avoid  them,  but  we  found  the  continual  cir- 
cumlocution of  I'erse  of  two  feet,  &c.  productive  not  only  of 
disgust,  but  frequently  of  obscurity.  We  trust  no  farther 
apology  is  necessary  for  borrowing  these  terms  of  art  from 
that  language,  which,  by  common  consent,  furnishes  the  tech- 
nical vocabulary  of  all  arts  and  sciences. 

We  found,  on  the  subject  of  rhythm,  the  technical  terms 
used  by  different  writers  so  different;  the  same  terms  used  in 
such  diflerent  senses;  and  almost  all  drawn  by  an  imperfect 
or  false  aiialogj'  from  the  grammar  of  language,  that  we  lelt 
ourselves  warranted  m  attempting  the  reformation  of  it.  In 
applying  the  terms  of  the  prosody  of  language  to  that  of  music, 
we  tnist  we  have  done  a  real  service  to  this  iiranch  of  its 
doctrine;  that  it  cannot  be  justly-  said  of  our  attempt,  as  the 
satirical  poet  has  said  of  the  rhetorician's  rules,  that  they 
serve  only  to  name  his  tools;  but  that  we  have  really  set  the 
prosodv'  of  music  in  a  clearer  light.  That,  however,  our 
readers  may  not  be  ignorant  of  the  technical  language  of  other 
writers  on  this  subject,  we  shall  set  down,  as  succinctlj-  as  we 
can,  the  doctrine  of  Riepel  and  Kocii,  on  the  subject  of  rh^nhm, 
as  given  by  Dr.  Callcott  in  his  Musical  Grammar. 

Dr.  Callcott  defines  the  musical  foot  as  we  do,  'a small 


portion  of  melody,  with  one  principal  accent,  including  the 
value  of  a  measure.'  Two  feet  form  a  regular  phrase,  and 
two  regular  phrases,  terminated  by  a  cadence,  form  a  regular 
section.  Three  feet  not  terminated  by  a  cadence,  form  an 
extended  phrase.  The  contracted  section  differs  from  the 
extended  phrase  by  its  terminating  with  a  cadence.  The  ex- 
tended section  may  consist  of  five,  six,  seven,  or  more  feet. 
A  short  phrase,  or  any  other  passage  which  does  not  consti- 
tute part  of  a  regular  section,  but  serves  to  connect  one  period 
or  section  to  another.  Dr.  Callcott  calls  a  codetta.  A  period 
consists  of  one  or  more  sections,  occasionally  interspersed 
with  indejjendent  feet,  phrases,  or  codettas. 

In  these  definitions,  we  consider  it  as  tending  to  produce 
confusion,  that  the  same  number  of  feet  should  be  differently 
denominated  on  account  of  the  form  of  the  harmony.  The 
words  regular  and  irregular,  we  think,  improperly  applied; 
for  a  phrase  (or  verse)  of  three  feet,  as  we  have  seen,  properly 
used,  is  just  as  smooth  and  agreeable  as  one  of  two.  In  short, 
this  nomenclature  appears  to  us  to  have  been  formed  on  too 
contracted  a  view  of  musical  rhjthm. 

The  word  phrase  we  continue  to  use,  but  in  a  more  re- 
stricted sense ;  its  proper  one,  as  appears  to  us,  namely,  to 
signify  the  turn  of  the  melody.  An  example  will  show  clearly 
our  meaning.     These  two  portions  of  melody 


u:^ 


-i»^ 


^ 


^ 


s 


are  exactly  the  same  in  respect  of  rhythm;  in  respect  of 
phraseology  also  they  begin  in  the  same  manner,  but  conclude 
very  diflerently,  so  that  on  the  whole  the  two  phrases  are 
very  different. 

218.  IMusical  verses  are  generally  marked  by  cadences 
in  the  harmony.  A  cadence  may  be  defined  a  change  in  the 
harmony  at  the  termination  of  a  verse;  as  from  the  dominant 
harmony  to  the  tonic,  or  the  contrary.  A  cadence  generally 
takes  place  on  the  accented  Time  of  the  measure;  but  to  this 
there  are  occasional  exceptions,  and,  therefore,  we  have  not 
included  this  circumstance  in  the  definition. 

The  most  conclusive  of  all  cadences,  is  the  progression  of 
the  domidant  to  the  tonic  harmony,  both  cliords  being  funda- 
mental. See  Art.  104.  With  this  cadence,  almost  every 
composition  concludes;  and  it  is  unnecessary  to  bring  exam- 
ples. The  concluding  harmony  is  generally  in  the  position 
of  the  octave  highest:  sometimes  the  third  is  highest;  but 
the  position  of  fifth  highest,  as  being  the  least  conclusive, 
is  very  seldom  found  in  the  last  chordof  a  composition. 

The  discord  of  seventh,  in  the  leading  chord,  contributes 
by  its  resolution,  to  make  the  cadence  more  conclusive;  but 
it  is  not  essential  to  tlie  conclusive  effect.  The  founh  and 
sixth  cadence  for  instance,  described  Art.  117,  is  one  of  tlie 
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most  conclusive  cadences,  though  it  consists  of  common 
chords  only,  with  the  suspension  of  fourth  and  sixth. 

The  leading  harmony  in  the  cadence,  is  generally  on  the 
unaccented  Time  of  the  measure,  and  the  change  or  cadence, 
takes  place  on  the  accented  Time. 

A  seeming  exception  to  this  rule,  is  the  suspension  of  the 
resolution,  as  in  Art.  199,  No.  l,j.  We  shall  repeat  it  here, 
JN'o.  1. 

A  real  exception  frequently  takes  place  in  musical  verses 
set  to  words  of  double  rhymes,  as  in  tlic  first  verse  of  Haydirs 
hymn  for  the  Emperor  Francis,  No.  2.  Here  there  is  a"  kind 
of  double  cadence,  first,  in  the  progression  from  the  tonic  to 
the  dominant  on  the  accented  Time,  and  secondly,  fiom  the 
dominant  to  the  tonic  on  the  unaccented  Time.  No.  3  is  « 
similar  example,  only  that  the  first  cadence,  ajul  the  second 
on  the  unaccented  Time,  is  the  imperfect  cadence  from  the 
tonic  to  the  dominant  chord. 

We  shall  set  down  from  ^I.  Catel  the  most  usual  jirogres- 
sions  in  the  bass  for  introducing  the  perfect  cadence,  No.  4. 
The  same  exami)les  may  be  applied  to  the  minor  mode. 

The  ijiversions  of  this  progression  are  also  used  as  ca- 
dences to  terminate  verses.  The  first  inversion  is  what  Dr. 
Callcott  calls  the  cadence  of  the  leadina  note.     This  cadencf 
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is  used  in  the  third  verse  of  the  example,  No.  2,  Art.  220;  The  second  inversion,  Dr.  Callcott  calls  the  cadence  of  the 

where  the  reader  will  observe  that  the  cadence  takes  place  sharp  (major)  sixth.     With  this  cadence,  both  the  strains 

at  the  beginning  of  the  measure,  and  the  same  harmony  is  of  the  minuet,  Art.  203,  No.  14,  are  concluded, 
continued  to  the  end  of  the  verse,  or  phrase  in  the  raeloUy. 


2.    God  preserve  the  emp'ror  Francis.        3. 
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219.  The  tonic  chord  followed  by  that  of  the  dominant  at 
the  end  of  a  verse,  forms  the  imperfect  cadence.  Dr.  Call- 
cott  says,  that  tiie  dominant  chord  to  which  the  cadence  is 
made,  has  not  its  added  seventh.  But  in  the  middle  of  a 
strain,  the  seventh  is  often  given  to  the  dominant,  which 
serves,  by  making  the  cadence  less  conclusive,  to  keep  up 
the  hearer's  attention.  Thus  in  the  example,  which  is  the 
first  strain  of  Away  with  melancholy,  the  first  verse  is  ter- 
minated by  this  cadence  to  the  dominant  with  its  seventh. 

The  progression  of  the  common  subdominant  chord  on  tlie 


fourth  of  the  key  to  the  tonic,  is  this  imperfect  cadence  in 
another  part  of  the  scale.  This  is  frequently  practised  in 
church  music,  especially  in  fugues,  and  is  called  the  plagal 
cadence,  as  the  perfect  cadence  is  called  the  authentic.  This 
plagal  cadence,  is  sometimes  in  the  cjiurch  style  used  as  a 
final  cadence,  as  in  the  Hallelujah  chorus.  When  this  is 
used  in  the  minor  mode,  the  tonic  harmony,  to  which  the  ca- 
dence is  made,  is  always  major,  by  an  accidental  sharp  or 
natural. 
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220.  The  subdominant  chord  proceeding  to  the  dominant, 
forms  what  Dr.  C'allcott  calls  the  mixt  cadence.  Under  this, 
we  include  the  common  chord:  the  chord  of  sixth,  or  of  fifth 
and  sixth  on  the  fourth  of  the  key ;  or  the  chord  of  the  second 
of  the  key,  with  or  without  its  seventh,  proceeding  to  the  domi- 


nant.   An  example  of  the  last,  is  in  the  chorus  the  Heavens 
are  telling,  at  the  close  of  the  second  verse.    This  example 
we  shall  set  down,  PSo.  1 ;  but  our  limits  will  not  allow  us  ta. 
exemplify  all  the  variety  of  cadences.     The  preceding  ex- 
amples in  this  chapter,  render  this  less  necessary.    The  ver- 
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sification  being  marked,  every  reader  may  easily  study  the 
cadences  by  which  eacli  verse  is  terminated.  We  shall, 
therefore,  only  adil  to  what  we  have  said,  that  sometimes  the 
verse  is  not  concluded  by  any  cadence  in  the  harmony. 


Thus  in  No.  2,  the  first  verse  consists  entirely  of  the  tonic 
harmony,  and  the  second  verse  entirely  of  the  dominant  har- 
mony; or,  in  other  words,  neither  of  these  verses  is  concluded 
by  a  cadence. 
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221.  We  have  formerly  more  than  once  observed,  that  it 
is  the  combined  eflect  of  rhylinn,  and  of  tiie  change  in  the  har- 
mony, which  forms  a  cadence;  an  observation  which  we  do 
not  recollect  to  have  met  in  any  writers  on  the  subject  of  music. 
We  can  easily  show  the  ti-uth  of  the  observation,  by  referring 
to  one  or  two  of  the  preceding  examples  in  this  chapter.  In 
No.  1,  Art.  207,  the  first  dimeter  is  terminated  by  the  cadence 
of  the  dominant  chord  of  seventh  on  the  tonic,  which  is  un- 
questionably, in  itself,  the  most  conclusive  of  all.  The  second 
dimeter  again,  or  the  first  tetrameter,  is  terminated  by  the 
cadence  of  the  subdominant  common  chord  on  the  dominant ; 
yet  the  eflect  of  rhythm  is  such,  that  this  conclusion  more  for- 
cibly arrests  the  attention  tiian  the  former.  The  change 
from  the  dominant  to  the  tonic,  or  the  contrary,  at  the  begin- 
ning, or  in  the  middle  of  a  verse,  is  not  noticed  by  the  ear  as 
a  cadence  at  all.  Thus  in  No.  2,  Art  220,  the  change  from 
the  tonic  to  the  dominant,  at  the  beginning  of  the  second  verse, 
though  it  entertains  the  ear  by  its  variety,  is  not  felt  as  a  ca- 
dence. The  expectation  is  alive,  and  the  ear  feels  more  of  a 
conclusion  at  the  end  of  the  second  verse,  where  there  is  no 
change  of  harmony. 

222.  Air  is  distinguished  from  recitative,  as  we  have  ob- 
served. Art.  179,  by  the  nature  of  its  jiodulations.  In  air 
(here  is  a  principal  key,  in  which  it  begins  and  ends,  and  to 
the  harmonies  of  which  the  notes  of  the  greater  part  of  the 
melody,  (except  passing  notes,)  belong.  The  harmonies  em- 
ployed, and  the  mannner  in  which  they  succeed  each  other, 
constitute  the  modulation. 

A  composition  generally  begins  in  the  tonic  harmony ; 
sometimes,  however,  the  dominant  chord  begins.  In  one 
sj-mphony,  in  the  key  of  C,  Beethoven  begins  with  the  chord 
of  minor  seventh  to  that  note,  making  it  a  dominant,  and 
the  first  cadence  is  made  in  the  key  of  F. 

Modulations  are  cither  entirely  within  one  key,  or  they 
pass  into  other  keys  more  or  less  related  to  the  principal  one. 
The  reader  already  knows  the  chords  belonging  to  each  key. 
The  most  important  are  the  tonic  and  the  dominant  chords, 
and  of  these,  modulations  within  the  key,  chiefly  consist. 


The  next  are  the  subdominant,  and  the  chord  of  the  relative 
minor  to  the  major  principal,  and  the  relative  major  to  the 
minor  principal.  After  these,  the  other  chords  found  within 
the  scale,  not  excepting  the  imperfect  chord  on  the  seventh 
of  the  major  scale,  or  on  the  second  of  the  minor  scale;  and 
the  reader  knows  the  discords  that  may  be  taken  along  with 
these  chords.  It  is  evident,  that  by  the  ways  in  which  these 
chords  may  be  intermixed,  there  may  be  very  considerable 
variety  in  modulations,  strictly  confined  to  one  key.  The 
strain  in  Art  219,  is  an  example  of  the  most  simple  modula- 
tion within  the  key.  The  first  measure  consists  entirely  of 
the  tonic  harmon}-,  which,  at  the  begiiuiing  of  the  second 
measure,  makes  an  imperfect  cadence  on  the  dominant  chord 
of  seventh.  This  harmony  is  continued  throughout  the  se- 
cond and  third  measures,  and  at  the  fourth,  makes  a  perfect 
cadence  on  the  tonic,  concludmg  the  first  distich.  The  to- 
nic harmony  is  continued  through  the  fifth  measure,  and  then 
makes  a  cadence  on  the  fourth  of  the  key,  with  chord  of  fifth 
and  sixth.  This  harmony  is  followed  in  the  seventh  measure 
by  the  dominant  with  fourth  and  sixth,  and  third  and  seventh; 
and  this  in  the  eight  measure  makes  a  final  close  on  the  key. 
The  example.  No.  2,  Art.  220,  consists  of  the  same  harmo- 
nies, yet  the  modulation  is  somewhat  diflerent.  The  two 
first  measures,  overlooking  the  passing  notes,  consist  entirely 
of  the  tonic  harmony,  and  the  third  and  fourth  measures  of 
the  dominant;  and  there  are  no  cadences.  The  second  verse, 
concluding  with  the  dominant  chord  in  the  position  of  fifth, 
keeps  up  the  attention ;  and  this  is  more  usual  in  the  middle  of 
a  strain  than  a  cadence  on  the  tonic,  as  in  the  former  example. 
The  modulation  in  the  two  last  verses  is  the  same  as  in  the 
corresponding  verses  of  the  preceding  example,  only  that  the 
dominant  harmony  is  inverted  in  the  beginning  of  the  fifth 
measure. 

The  modulation  of  the  example.  No.  10,  Art.  203,  is  con- 
siderably ditTerent  from  these,  though  still  entirely  within  the 
principal  key.  The  chord  of  the  tonic  becomes  by  the  dia- 
tonic dissent  of  the  bass,  the  discord  of  second,  conducting  to 
the  relative  minor  in  tlie  beginning  of  the  second  measure: 
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this  harmony  is  in  the  latter  part  of  the  measure,  succeeded 
by  ihe  first  inversion  of  the  tonic.  In  the  third  measure,  we 
have  the  chord  of  the  second  of  the  key,  which,  in  the  fourth 
measure,  makes  a  cadence  on  tlie  dominant  chord.  The 
same  passage  is  repeated,  and  then  the  strain  concludes  with 
a  verse  of  three  feet,  making  the  4th  and  Gth  cadence  on  the 
key.  The  strain  thus  consists  of  two  tetrameters  and  a  tri- 
meter, comprehending  eleven  measures. 

The  modiJation  in  the  first  strain  of  the  niinuetto,  No.  2, 
Art.  209,  is  chiefly  remarkable  by  tlie  cadence  at  the  end  of 
the  first  tetrameter,  (or  second  dimeter,)  being  on  the  subdo- 
minant  harmony.  This  place  is  much  more  usually  occupied 
with  the  dominant  chord.  The  examples  in  Art.  207  to  214 
mclusive,  are  chiefly  within  the  principal  key;  and  we  shall 
leave  them  to  the  reader's  study. 

223.  The  same  air  may,  by  the  disposition  of  the  harmony, 
be  made  to  belong  to  different  modulations.     The  example 


is  a  chorus  in  Haydn's  Oratorio  of  the  Creation,  where,  in 
the  several  repetitions,  he  varies  the  harmony,  or  modulations. 
In  the  first  instance,  the  modulation  is  the  same,  with  the 
exception  of  some  inversions,  as  in  No.  2,  Art.  220.  In  the 
first  repetition,  tlie  first  verse  ends  with  an  interrupted  ca- 
dence, (see  Art.  lG7,)  of  the  tonic  on  the  relative  minor. 
Thence  the  modulation  goes  by  diatonic  sequence  of  descen- 
ding fifths  and  ascending  fourths  in  the  bass  to  a  cadence  on 
the  dominant  chord  of  seventh  at  the  end  of  the  second  verse. 
Thence,  by  the  chromatic  rise  in  the  bass,  the  modulation 
passes  for  a  moment  into  the  relative  minor,  but  immediately 
returns  by  the  subdominant  of  the  principal.  Though  in 
these  two  instances  the  melody  in  the  highest  part  is  the  same, 
the  change  in  the  modulation  makes  a  very  considerable  dif- 
ference in  the  effects.  In  the  next  repetition,  not  only  the 
modulations  are  different,  but  the  air  is  altered  in  the  two 
last  verses. 
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224.  Transitions  from  the  principal  key  into  other  keys, 
arc  made  by  means  of  the  dominant  of  the  new  key  resolving 
on  its  tonic.  They  are  either  transient,  as  in  the  last  exam- 
ple, the  principal  key  being  immediately  resumed,  or  the 
new  key  is  more  or  less  formally  established,  and  the  modu- 
lation proceeds  in  it  for  some  time.  A  new  key  is  formally 
cstabhshed  when  it  is  first  announced  by  the  accidental  sharp, 
which  is  its  sensible  note,  or  by  that  accidental  flat  which  is 
minor  seventh  in  its  dominant  chord,  and  afterwards  a  per- 
fect cadence  or  close  in  that  key  tiikes  place. 

Changes  of  key  are  either  natural  or  extraneous.  Natu- 
ral transitions  or  modulations,  as  they  are  usually  called, 
are  to  such  keys,  whose  scale  differs  from  that  of  the  princj- 
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pal,  by  no  more  than  one  sharp  or  flat :  and  to  every  key 
there  are  live  keys  thus  related,  viz.  the  relative  minor  or 
major,  the  fiuh  with  its  relative,  and  the  fwirth  with  its  re- 
lative, each  in  that  mode  which  the  primary  scale  gives  it. 
To  a  major  principal  key  and  its  relative  minor,  the  related 
secondary  keys  are  the  same.  Thus,  to  C  and  its  relative 
minor  A,  the  related  keys  are  G  major,  F  major,  with  tlieir 
relatives  E  and  D  minor. 

From  the  major  principal,  the  first  transition  is  usually  to 
the  fifth  of  the  key,  and  in  a  piece  of  considerable  length, 
the  last  before  returning  to  the  principal  key  ;s  generally  tlte 
fourth.  But  there  is  not  any  ])rescribcd  order.  AlbrecliLs- 
bergex  lays  down  '.ho  foUowLne  as  the  most  general  order: 
li   " 


li 


.v-> 
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"  From  the  major  piincipal  we  pass  to  iiie  fifth  of  ihe  scale 
major  mode,  tlicncc  to  the  sixtli  mhior  mode,  then  to  tlie 
fourth  major  mode;  whicli  briiiss  to  the  second  minor  mode; 
lastly,  we  pass  to  the  minor  mode  of  the  third  of  the  scale. 
When  we  have  fmishedthis  course  ihrouL'h  (he  related  modes, 
we  ni'.ist  endeavour  to  return  to  the  princip;il  mode,  in  which 
we  ought  always  'o  terminate  after  every  modulation,  what- 
ever he  its  length. 

"  This  formula  of  modulation  will  he  better  understood 
bj'  an  example.  From  C  major  we  should  pass  to  G  major, 
tiience  to  A  minor,  then  to  F  major,  to  1)  minor:  andlastlj', 
to  F  minor,  in  order  to  conclude  in  C  major  with  which  we 
commenced. 

••  iNIodulalion  in  the  minor  mode  follows  a  difftrent  order. 
From  the  principal  mode  we  prefer  passing  to  the  relative 
major,  for  example,  from  A  minor  to  C  major;  from  this  to 
the  seventh  of  the  principal  scale,  major  mode,  that  is  to  G 
major;  thence  to  the  filth  F  minor,  thence  to  the  fourth  D 
minor,  tlience  to  the  sixth  F  major,  whence  we  return  to  the 
princifial  key  A  minor. 

"  The  order,  however,  which  we  have  prescribed,  is  not 
obligatory,  and  every  one  may  follow  that  uhich  pleases 
himself."' 

'•  It  is  difficult,"  says  M.  Catel,  "  to  prescribe  rules  for 
the  course  of  modulation.  The  onlj-  one,  from  which  we 
ought  never  to  depart,  is  to  satisfy  the  ear.  This  is  the  es- 
sential object  of  music,  and  rules  are  created  only  for  attain- 
ing it."' 

225.  Eeyond  the  circle  of  five  related  kej-s,  all  transitions 
are  extraneous,  and  were  tbrbidden  by  the  older  masters. 
The  modern  masters,  however,  have  produced  the  most  de- 
lightful efl'ects  by  setting  aside  these  rules.  Distant  keys 
may  be  brought  in  gradually,  as  by  a  sequence  of  dominants, 
or  by  first  going  to  a  related  key,  and  then  passing  to  new 
keys  related  to  this,  but  more  distant  from  the  principal. 
Thus,  by  going  t'roni  C  major  to  G,  we  may  thence  pass  to 
D  major,  or  to  B  minor,  or  by  going  from  C  major  to  F,  we 
may  thence  pass  to  B  b  major  or  G  minor. 

From  the  rule  which  estimates  the  distance  of  one  key 
from  another  bj-  the  dilierence  of  sharps  or  flats  at  the  clef, 
there  is  one  remarkable  exception,  namely,  a  transition  from 
the  major  mode  of  any  note  to  the  minor  mode  of  the  same, 
or  conversely.  The  key-note  and  dominant  chord  remaining 
unchanged,  these  two  modes  are  nearly  related,  and  the  tran- 
sition cannot  be  called  extraneous.  Now,  by  this  change, 
a  great  variety  of  secondary  keys  are  brought  as  it  were  into 
relation  with  the  principal  key.  Thus  to  the  key  of  C  ma- 
jor besides  its  own  five  related  keys,  by  passing  to  C  minor 
we  have  immediately  another  circle  of  five  keys,  Eb  major, 
Bb  major,  G  minor,  F  minor,  and  Ab  major.  Nor  is  it  ab- 
solutely necessary  first  to  pass  to  the  minor  of  the  tonic. 
Thus,  in  a  Finale  in  the  principal  key  of  Bb  major,  Ilaj'dn 
closes  the  first  strain,  or  first  part  in  F  the  fifth  of  the  key. 
The  second  strain  begins  on  Db  major,  (as  if  the  primary 
key  had  been  Bb  minor,)  and  thence  he  goes  to  Eb  minor. 
After  a  close  on  this  key,  by  a  chromatic  change  of  Gb  to 
Glq,  the  chord  of  Eb  major  brings  him  home  again.  So  in 
Jiis  Canzoncttc  recollection,  the  principal  key  of  which  is 
F  major,  having  brought  in  the  chord  of  G  major,  as  if  go- 
ing to  C  major  th(!  fifth  of  the  ke}-,  he  gives  the  happiest 
surprise  by  carryiiig  the  modulation  to  C  minor. 

Distant  changes  of  key  are  immediately  elTected  by  means 
of  the  enharmonic  changes  of  the  chord  of  diminished  seventh, 
which  we  have  I'uUy  explained  in  Chap.  \  tl.  We  did  intend 
to  have  illustrated  this  subject  more  fully,  and  we  had 
marked  apjjropriate  examples  for  quotation  from  the  works 
of  the  best  masters.    But  our  limits  exclude  these,  and  oblige 


us  to  be  contented  with  having  given  these  hints,  and  with 
referring  the  reader  to  the  scores  of  Ilaydn,  Mozart,  Beetho- 
ven, il'c.  We  shall  conclude  this  part  of  our  subject  by 
quoting  a  ver3-  just  remark  of  M.  Gretry,  which  furnishes  an 
important  hint  on  the  subject  of  distant  modulation. 

''  'f'he  music  of  Haychi  may  be  regarded  as  a  model  in 
the  instrumental  style,  on  account  of  the  fecundity,  both  of 
his  subjects  of  melody  and  that  of  his  morlulatioiis.  The 
abundance  of  the  means  would  perhaps  render  him  dry, 
{(tJjstrait)  if  he  did  not,  as  seems  to  me,  observe  a  kind  of 
rule,  which  consists  in  preserving  long  the  same  trait  of  song 
when  he  makes  man)'  clianges  of  modulatio/i;  but  he  is  rich 
in  melod}'  when  his  changes  are  few." 

2Z6.  The  last  characteristic  of  air  which  we  mentioned. 
Art.  179,  was  Subject,  which  we  explained  to  be  the  same, 
or  similar  turns  or  phrases  of  the  melody  returning  more  or 
less  frequently.  It  is  suhjeet  which  gives  individuality,  wc 
had  almost  said  existence  to  air.  Without  it  there  may  be 
melody;  a  song  disposed  in  good  modulation,  with  good  har- 
mony, and  in  rhythmic  order,  may  be  pleasing  for  a  time; 
but  if  there  be  no  subject,  such  melody  will  be  vague  and 
uninteresting,  and  will  soon  cease  to  please.  It  is  the  sub- 
ject which  most  effectually  shows  design  or  method  in  the 
disposition  of  the  melody,  and  gives  it  meaning.  When  an 
unpractised  hearer  listens  to  a  new  piece  of  music,  he  is  at 
first  perplexed ;  but  when  he  begins  to  recognize  the  phrases, 
and  mark  their  returns,  he  says  he  now  begins  to  understand 
the  time. 

'•  All  the  other  branclics  of  music,"  says  Rousseau,  "  re- 
quire only  art  and  labour ;  this  alone  depends  on  genius, 
and  it  is  in  this  that  invention  consists."  This  most  impor- 
tant part  of  the  art,  therefore,  is  least  of  all  capable  of  being 
taught  by  rule.  Accordingly,  no  writer  that  we  are  ac- 
quainted with,  has  made  any  such  attempt.  We  shall  there- 
fore be  contented  with  analyzing  the  subjects  of  one  or  two 
of  the  airs  in  this  chapter. 

The  first  strain  of  the  air.  No.  2,  Art.  20",  is  divided  into 
two  dlstichs,  as  shown  by  the  asterisk  over  the  (2,)  and  in 
each  of  these,  the  first  verses,  (the  (l)  and  (3)  of  the  strain) 
are  exactly  the  same.  The  conclusion  of  the  first  half  is  in 
the  harmony  of  the  dominant,  keeping  up  the  attention;  that 
of  the  second,  by  a  variation  of  the  4th  verse,  conducts  to  a 
close  in  the  key.  The  first  half  of  the  seconil  strain  is  a 
new  phrase  repeated  with  a  slight  variation  in  the  last  mea- 
sure of  the  second  verse ;  the  second  half  is  the  same  with 
that  of  the  first  strain.  Here  all  the  phrases  are  clear  and 
easily  taken  up  by  the  ear;  they  are  congruous,  and  run 
sweetly  into  each  other;  and  the  union  of  the  whole  forms  a 
pleasing  and  attractive  air. 

The  subject  of  No.  2,  Art.  20S,  though  extremely  different 
in  its  key,  measure,  and  phraseology,  lesembles  the  last 
mentioned  air  very  much  in  the  disposition  of  the  subject  as 
well  as  in  the  modulations.  The  first  half  of  the  first  strain 
consists  of  two  phrases,  the  second  ending  in  the  harmony 
of  the  dominant.  The  second  half  begins  with  the  same 
phrase  \\  ith  the  first,  and  by  a  slight  variation  in  the  fourth 
verse,  closes  in  the  key.  The  disposition  of  the  second  part 
of  the  air,  does  not  so  nuich  resemble  that  of  the  former. 
The  fifth  verse  consists  of  the  same  phrase  (or  semiphrase) 
repeated.  The  sixth  and  seventh  verses  are  varied  a  little 
in  the  conclusicn  of  the  phrase,  and  in  the  cadence  of  the 
harmony  ;  the  former  being  a  broken  cadence  on  the  sixth, 
and  the  latter  a  full  close  on  the  key.  It  would  be  easy  to 
quote  many  examples  of  a  similar  disposition  of  the  subject, 
especially  In  the  national  airs  of  Scotland  and  Ireland.  But 
the  disposition  of  the  subject  may  be  varied  ad  injinitum. 
Nor  does  adherence  to  the  sHbject  require  an  exact  repetition 
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or  transposition  into  another  pail  of  the  scale  where  the 
same  iiiienals  ma}'  be  found  in  the  same  order.  Imitation 
of  the  phrase  in  another  part  of  the  scale,  v.here  major  inter- 
vals take  the  place  of  minor,  and  the  contrary,  gives  variety, 
and  at  the  same  time  keeps  the  subject  in  the  mind  of  the 
hearer.  Thus,  in  Example  1,  Art.  207,  the  third  verse  is 
not  a  repetition  of  the  first,  but  an  imitation  in  a  diflerent 
part  of  tiie  scale.  In  the  second  strain,  a  resemblance  in 
the  melody  to  the  first  strain  is  perceived,  thoug^h  the  move- 
ment is  by  diflerent  intervals.  This  air,  with  variations,  is 
in  Havdn"s  Symphony  in  D;  the  study  of  it  we  earnestly 
recommend  to  the  reader.  Of  this,  and  other  airs  similarly 
treated  by  this  srreat  master,  we  may  say  that  the  subject  is 
gold,  and  the  workmansiiip  exquisite. 

Li  longer  f)ieces  of  music,  such  as  sonatas,  concertos, 
symphonies,  &c.  different  subjects  are  introduced  and  vari- 
ously treated.  These  must  be  cong^ruous  with  the  subject, 
admit  of  an  easy  coalescence  with  it,  and  must  be  kept  sub- 
ordinate to  it,  rather  to  heighten  its  effects,  and  make  its  re- 
turn more  welcome,  than  to  occupy  its  place.  As  our  limits 
preclude  the  possibility  of  exemplification,  we  must  refer  the 
student  to  the  scores  of  the  masters  in  the  art. 


CHAP.  XII. 

OF    THE    SYSTEM    OF    PERFECT    INTONATION;     AND   THE   EC- 

IIARMONIC  ORGAN OF  THE  TEMPERAMENT  OF  THE  SC.VLE 

IN    INSTKUJIENTS    WITH    FIXED    SCALES. 

227.  Musical  instruments  of  the  violin  kind  have  no  fixed 
scale:  the  pitch  of  the  sounds  drawn  from  tliem  is  entirely 
at  the  command  of  llie  performer.  They  are,  therefore, 
perfect  instruments  in  respect  of  tune.  Keyed  instruments, 
on  the  contrary,  having  a  fixed  scale,  limited  to  a  much 
smaller  number  of  notes  than  the  musician  requires,  are  im- 
perfect. The  performer  is  obliged  to  substhute  one  sound 
for  another,  difl'ering  from  it  by  a  small  interval :  and,  in  or- 
der to  make  the  substitution  tolerable,  the  whole  scale  is 
tuned  in  an  imperfect  manner.  This  is  called  the  tempera- 
ment of  the  scale ;  of  which  we  shall  give  an  account  by 
and  by. 

Many  attempts  have  been  made  to  improve  the  scale  of 
keyed  instruments,  by  furnishing  a  greater  number  of  sounds 
within  the  octave,  so  as  to  bring  them  nearer  to  the  perfec- 
tion of  the  violin  tribe.  It  is  onl}'  within  these  few  years 
that  tlie  scale  of  the  organ  has  been  brought  to  absolute  per- 
fection.* 

228.  Keyed  instruments,  in  general,  have  only  twelve 
sounds  within  the  octave,  while  musicians  universally  ac- 
knowledge at  least  twenty-four,  as  the  reader  has  seen  in  the 
course  of  this  treatise.  Hence  the  necessity  of  the  same 
sound  serving  for  C*  and  Db,  G^i:^  and  Ab',  D*  and  Eb, 
&c.  &c.  as  explained  Arts.  87  and  161.  The  learned  Dr. 
Smith,  Master  of  Trinhy  College,  Cambridge,  about  the 
middle  of  last  centurj-,  proposed  in  his  Harmonics  to  remedy 
this  defect  by  supplying  twelve  additional  sounds;  so  that  at 
the  will  of  the  performer,  each  finger-key  might  give  either 
of  the  two  sounds  of  the  enharmonic  diesis,  as  shown  in  the 
table,  Art.  161. 

Let  the  twelve  finger-kevs  give  the  sounds,  C,  C^',D,Eb, 
E,  F,  F*,  G,  G>k,  A,  Bb",  B,  which  may  be  called  the  ori- 
ginal scale.  It  comprehends,  therefore,  three  sharps  and 
two  flats.    All  the  sharps  beyond  these  three,  viz.  D^,  A*, 


E*,  B^,  F  X ,  C  X ,  Dr.  Smith  called  extreme  s'laips ;  ann 
all  the  flats  beyond  these  two,  \\i.  Ab,  Db,  Gb,  Cb,  Fb- 
Ebb,  he  called  extreme  flats.  Now,  he  proposed  to  intro- 
duce these  extreme  shai-ps  by  pairs.  If,  for  uistance,  a  piece 
of  music  were  to  be  performed  in  E  major,  the  Eb  of  tlu 
original  scale  would  be  too  acute,  as  major  third  to  B,  or  as 
the  sensible  note  of  the  key ;  we  must  have  D*  very  con- 
siderably (latter  than  Eb.  But  when  we  bring  D^  hito  the 
scale,  we  may,  without  any  inconv>'nience,  at  the  same  time 
bring  in  A'^  in  place  of  Bb,  because  this  last  sound  can 
never  be  required  along  willi  D-^%  One  pe(!;J  may  there- 
fore make  this  substitution  of  D  x<  and  A?-:  which  pedal  be- 
ing released,  the  two  original  sounds,  Eb,  Bb,  will  return. 
It  is  plain,  also,  that  by  means  of  this  pedal,  the  enharmonic 
change  of  Eb  to  D?5,  and  of  Bb  to  A<?,  or  the  reverse,  may 
be  made  in  such  transformations  of  the  chord  of  diminished 
seventh,  as  have  been  explained  .\rts.  l62,  IG6.  After  the 
same  manner,  a  second  pedal  may  substitute  the  next  pair  ot 
extreme  sharps,  E*,  B*,  for  their  corresponding  souncls  it, 
the  original  scale,  F  and  C  ;  and  when  this  pedal  is  pressed, 
it  may  ahvays  take  with  it  the  first  extreme  sharp  pedal,  be- 
cause we  can  never  require  Eb  and  Bb  along  with  E^  and 
B!^.  Yet  we  could  not  make  one  jiedal  serve  for  both,  by 
introducing  the  four  sounds,  A  *,  D;*,  E*,  B  *,  at  once : 
because  «e  may  require  C  and  A^,  or  C  and  D^<,  or  A^ 
and  F  to  be  struck  in  chord,  which  would  then  be  hnpossiblc. 
So  also  a  third  pedal  may  introduce  the  next  pair  of  extreme 
shaqi<:,  F  X ,  C  X ,  for  G,  D ;  and  this  third  implies  the 
other  two,  though  one  pedal  could  not  serve  for  all,  for  simi- 
lar reasons  to  those  stated. 

After  the  same  manner,  the  six  extreme  flats  may  be  in- 
troduced into  the  scale  by  pairs.  The  first  extreme  flat  pe- 
dal substitutes  Ab.  Db,  ior  G*,  C^;  the  second  substitutes 
Gb,  Cb,  for  F«,'  B;  and  the  third,  Fb,  Bbb,  for  E,  A. 
The  observations  made  above,  are  equally  applicable  to 
these  substitutions. 

As  these  substitutions  proceed  in  an  order  familiar  to  mu- 
sicians, being  the  same  in  which  the  sharps  or  llats  occur  at 
the  clef  in  a  series  of  kej's])roceedinT  by  fifths,  (Arts.  80,90,"! 
they  cannot  occasion  embarrassment  to  perl'ormcrs  of  any 
intelligence. 

229.  The  scale  of  keyed  instruments  thus  lumished  with 
twenty-four  sounds  within  the  octave,  is  still  far  from  being 
perfect.  We  have  observed,  Art.  ()9.that  the  diatonic  scale, 
as  tuned  on  keyed  instruments,  is  imperfect,  and  that,  when 
the  series  of  sounds  is  taken  exactly  as  the  ear  desires  them 
to  be,  other  distinctions  besides  those  of  tone  and  semitone 
are  found  among  the  elements  of  that  simplest  scale  of  music, 
and  this  matter  we  are  now  to  explain. 

If  to  any  note  C  we  tune  G  perlVctly  true  as  fifth;  and  to 
G  tune  (J  perfectly  true  as  fifth,  and  then  take  D  peifectly 
true  as  octave  below  f].  we  have  the  second  note  of  the  dia- 
tonic scale;  and  the  interval  C  D  is  major  tone ;  the  reason 
of  the  epithet  major  will  appear  immediately.  Now,  suppose 
we  should,  in  the  same  manner,  ])roceed  from  D,  and  tune 
A  perfect  fifth ;  and  to  A  tune  c  perfect  fifth,  and  from  r 
take  E  octave  downwards,  it  is  manifest  that  this  E  would 
be  major  tone  above  D,  and  the  whole  interval  C  E  would 
consist  of  two  major  tones.  But,  on  trying  this  intenal  as 
major  third,  it  L-;  found  extremely  bad;  the  E  is  considerably 
too  sharp.  Let  E  then  be  tuned  major  third  to  C,  so  as 
perlectly  to  satisfy  the  ear,  it  is  plain  that  the  interval  D  E 
is  smaller  than  D  £  or  C  D,  the  major  tone  ;  it  is  therefore 
called  the  minor  tone,  and  the  excess  of  C  D  or  D  £,  above 


*  The  instrument  here  alluded  to,  and  called  hy  Mr.  Lislon,  the  iaveutor,  the  EcHiEMO.sic  OrgaS,  hfts  alrca'iiy  been  aolictd  bv  JVfv 
Farey,  senior,  in  our  article  EenAiuio.Mc  OBG.1N. — Editor 
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D  E,  or  the  difllicnco  betweeu  llie  nuijor  lune  and  minor 
Tone,  is  called  comma. 

li now  we  take  F  peiTect  fmiitli  to C,  or  perfect  fil'tli  below 
the  octave  c,  we  fdl  up  the  fifth  with  the  sounds  of  the  dia- 
tonic scale;  and  the  interval  EF  is  what,  in  the  preceding 
pages,  we  have  called  the  diatonic  semitone,  though  it  is  really 
very  considerably  greater  than  half  of  the  major  tone. 

It  remains  to  fill  up  the  interval  of  fourth  from  G  to  C. 
On  comparing  A  tuned  jieifect  fifth  lo  D,  it  is  found  consi- 
derably too  sharp  as  sixth  of  the  scale;  but  if  we  take  a  per- 
fect major  third  to  F,  we  find  this  perfectly  satisfactory  as 
sixth  to  C. 

Lastly,  by  tuning  I?  major  third  to  O,  we  have  the  seventh 
of  the  scale;  and  it  is  plain  that  the  interval  15c,  being  the 
difitrence  between  the  major  third  and  perfect  fourth,  is  a 
diatonic  semitone,  like  that  between  E  and  F. 

230.  The  elements,  or  smallest  parts,  then,  of  the  diatonic 
scale,  when  truly  tuned,  are  three,  tone  major,  tone  mmor, 
and  semitone,  to  which  we  add  the  epithet  diatonic,  to  dis- 
tinguish it  from  others  found  in  the  Chromatic  scale.  These 
elements  are  arranged  in  the  following  order:  C  to  D,  tone 
major;  D  to  E,  tone  minor;  E  to  F,  semitone;  F  to  G,  tone 
major;  G  to  A,  tone  minor;  A  to  B,  tone  major;  B  to  C, 
semitone.  The  whole  octave,  then,  contains  three  major 
tones,  two  minor  tones,  and  two  diatonic  semitones. 

231.  Besides  the  distinctions,  then,  of  seconds,  ninths, 
and  sevenflis  into  major  and  minor,  formerly  described.  Art. 
77,  we  have,  in  this  perfect  scale,  new  ones  arising  from 


the  difierence  of  major  and  minor  tones.  The  greater  lone 
forms  major  second  or  major  ninth,  which  in  the  subsequent 
examples  we  shall  figure  II.  and  IX.;  and  this  second  in- 
verted gives  minor  seventh,  which  we  shall  figure  7,  No.  1, 
n,  6.  The  minor  tone  again  gives  another  species  of  second 
or  ninth,  to  which  the  epithet  major  is  still  continued,  (be- 
cause the  name  minor  second  belongs  to  the  diatonic  semi- 
tone,) but  the  difference  is  denoted  by  the  addition  of  grave  ; 
the  grave  major  second,  and  grave  major  ninth,  which  we 
figure  ir.  and  IX\  This  second  inverted  gives  another 
species  of  minor  seventh,  more  acute  than  the  former  by 
comma,  which  we  figure  7',  No.  2,  «,  b.  These  seconds, 
sevenths,  and  ninths,  belong  to  different  combinations,  as  we 
sh;dl  see  immediately.  The  diatonic  semitone  is  the  minor 
second  or  ninth,  figured  by  the  Arabic  numerals  2  and  9. 
The  inversion  of  this  second  is  the  major  seventh,  figured 
VH.,  No.  3,  a,  b. 

The  major  third  consists  of  the  greater  and  lesser  tones, 
which  we  figure  III.  By  inversion,  it  is  the  lesser  sixth, 
figured  6.  A  third,  consisting  of  two  greater  tones,  or  of 
two  lesser  tones,  is  intolerably  harsh,  and  inadmissible  in  any 
combination. 

The  perfect  fifth  consists  of  major  third  and  minor  third. 
This  minor  third  consists  of  the  greater  tone  and  diatonic 
semitone,  figured  3.  Its  inversion  is  the  major  sixth,  figured 
\T.  The  common  chords,  major  and  minor,  with  their  in- 
versions, arc  such  as  are  figured  in  Nos.  4  and  5. 
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232.  The  true  interval  of  fifth,  therefore,  consists  of  two 
major  tones,  one  minor  tone,  and  semitone;  and  in  the  dia- 
ronic  scale,  tuned  perfectly  as  above  directed,  all  the  major 
fifths  are  of  this  quantity,  except  that  from  D  to  A,  which 
will  be  found  to  contain  one  greater  tone,  two  lesser  tones, 
and  semitone.  It  is  flatter  than  the  true  fifth  by  the  difier- 
mce  between  the  greater  and  lesser  tones,  that  is,  by  comma. 
The  effect  of  it  is  altogether  intolerable  in  any  chord. 

The  chord  to  D  then  consists  of  a  species  of  minor  third 
DF,  made  up  of  lesser  tone  and  semitone,  and  of  major  third 
FA.  This  species  of  minor  third,  though  altogether  inad- 
missible as  part  of  the  perfect  or  major  fifth,  is  yet  a  true 
musical  interval,  and  makes  part  of  many  chords  ;  it  is  called 
the  grave  minor  third,  figured  Z\  Inverted  it  makes  acute 
major  sixth,  figured  VI'. 

233.  The  second  of  the  scale,  major  tone  above  the  key- 
note, or  its  octave,  harmonizes  perfectly  in  the  dominant 
common  chord ;  but,  it  appears  that  it  cannot  harmonize 
with  the  perfect  fourth,  and  perfect  major  sixth,  of  the  scale. 
We  oueht,  therefore,  to  have  another  second  in  the  scale, 
perfect  fifth  below  A,  consequently  comma  flatter  than  D. 
This  is  called  the  grave  second,  and  is  marked  with  the  grave 
accent  D';  and  this  new  sound  is  perfect  minor  third,  (con- 
sisting of  greater  tone  and  diatonic  semitone,)  below  F. 


Thus,  we  have  a  true  minor  common  chord  on  the  second  of 
the  scale,  or  a  true  chord  of  major  third  and  major  sixth  t» 
the  subdominant. 

As  the  finger-board  has  its  established  number  of  finger- 
keys,  the  D  is  given  by  the  same  finger-key  which  gives  D, 
and  the  change  of  pitch  is  effected  by  a  pedal,  called  a  grave 
pedal;  and  marked  with  an  arrow,  pointing  downward^, 
thus,  I. 

234.  Let  us  now  see  what  takes  place  when  the  subdomi- 
nant harmony  is  succeeded  by  the  dominant,  as  in  No.  1,  a. 
The  performance  is  quite  simple.  The  grave  pedal  is  pressed 
when  the  subdominant  chord  is  struck,  and  is  released  when 
the  dominant  comes,  signified  thus,  J — o.  In  consequence 
of  this,  the  D  at  the  top  of  the  chord  rises  by  comma,  and 
the  bass  leaps  downwards  by  major  fifth,  too  small  by  comma, 
or  upwards  by  minor  fourth,  too  great  by  comma,  to  the  true 
fifth  of  the  key.  These  movements,  so  far  from  being  dis- 
agreeable, are  exceedingly  welcome  and  gratifying  to  the  ear. 
The  same  change  in  the  pitch  of  the  D  takes  place,  however 
the  progression  be  inverted,  as  at  b  and  c. 

Let  us  now  add  the  minor  seventh  to  this  common  chord 
on  D':  it  is  the  key-note  perfect  fifth  to  the  third  of  the 
chord;  and  as  D'  is  grave  major  second  above  C,  this  inter- 
val inverted  is  acute  minor  seventli.     The  chord,  then,  and 
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its  derivatives,  are  such  as  arc  set  down,  No.  2,  «.  The  in- 
troduction of  the  discord  makes  no  alteration  on  the  above 
mentioned  circumstances,  b,  c,  d. 


When  the  fourth  of  the  key  has  a  common  chord  as  in 
the  fourth  and  sixth  cadence,  no  change  takes  place,  and  no 
pedal  is  required.  No.  3. 
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235.  The  minor  or  imperfect  fifth  between  the  major 
seventh  of  the  scale,  and  the  octave  to  the  fourth,  consists  of 
minor  third  BD,  and  grave  minor  third  DF.  The  dissonant 
common  chord,  then,  with  its  inversions,  are  such  as  are 
figured  in  No.  1,  a.  If  the  second  of  the  key  be  made  grave, 
we  have  the  lesser  fifth  accompanied  by  grave  minor  third. 
This  chord,  with  its  derivatives,  will  be  such  as  aie  figured 
at  b.  These  two  forms  of  the  chord  are  both  used.  Tliey 
belong  to  diSerent  combinations.  Cy  comparing  their  inver- 
sions, it  will  be  seen  lliat  when  the  major  sixth  is  accompa- 
nied with  minor  third,  either  the  third  will  be  grave,  or  the 
sixth  will  be  acute.  Experiment  has  proved  that  these  aie 
the  best  forms  of  the  imperfect  fiftii  and  its  inversions;  a 
lesser  fifth,  consisting  of  two  minor  thirds,  both  consisting  of 
major  tone  and  semitone,  is  a  much  less  agreeable  combina- 
tion, and  hardly  admissible  in  music.  The  greater  fourth, 
it  appears,  may  accompany  either  the  major  sixth  or  the 
acute  major  sixth. 

It  is  the  lesser  fifth,  accompanied  by  minor  third,  as  at  a, 
which  makes  part  of  tlie  dominant  diord ;  for  the  dominant 
must  have  the  second  of  the  key,  not  the  grave  second  for  its 
fit'th.  And  as  the  fourth  of  the  key  is  greater  tone  below  the 
fifth,  the  inversion  of  that  major  second  gives  minor  seventh, 
(not  acute  minor  seventh,  as  we  had  in  tlie  subdorainant,) 
The  whole  chord,  with  its  derivatives,  then,  will  be  as  at  c. 


On  the  other  hand,  if  we  add  minor  seventh  to  the  disso- 
nant fifth,  it  must  be  accompanied  with  grave  minor  third: 
because  such  seventh  being  major  third  above  the  lesser  fifth, 
can  admit  of  no  alteration,  and  the  third  of  the  chord  musi 
be  perfect  major  fifth  below  that  seventh.  The  chord  and 
its  derivatives  are  set  down  at  d. 

The  major  seventh  is  of  one  kind  only,  being  the  lesser 
second  or  diatonic  semitone  inverted.  The  chord  consists 
of  major  third,  perfect  filth,  and  major  seventh;  and  this 
seventh  is  major  third  above  the  fil'th  of  the  chord,  and  per- 
fect fifth  above  the  third. 

Let  us  now  see  a  diatonic  sequence  of  sevenths  within  the 
major  scale.  No.  2.  In  the  third  chord  we  must  have  the 
grave  second  of  the  scale  as  grave  minor  third  in  the  chord 
of  seventh  on  the  sensible  note ;  and  this  grave  minor  third 
must,  in  the  next  chord,  rise  comma,  that  it  may  be  acute 
seventh  in  the  next  chord;  that  is,  perlect  fifth  to  the  fifth  of 
the  key.  Here,  then,  the  minor  seventh,  accompanied  with 
minor  third  and  perfect  fifth,  is  not  truly  prepared  in  the 
third  of  the  preceding  chord.  Yet  this  procedure  is  not  found 
in  the  least  degree  otlensive.  The  two  following  chords  are 
of  the  same  kind,  and  both  perfectly  prepared ;  but  the  se- 
cond of  the  scale  must  be  grave,  bearmg  its  own  chord  of 
seventh. 
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23(1.  W'c  have  observed,  Art.  15.},  that  tlio  dominant  chord 
on  the  fifth  of  tho  scale,  and  that  on  tlie  sensil)le  note  united, 
form  a  chord  of  minor  seventh  and  major  ninth  on  the  fifth 
of  tlic  key.  But  this  whole  combination  is  inadmissible  in 
perfect  harmony.  A  ninth,  accompanied  by  perl'ect  fifth, 
Consists  of  one  major  fifth  written  over  another,  as  at  a,  and 
tiierefore  can  be  no  other  than  major  ninth  greater  tone  above 
tlie  octave.  But  this  ninth  is  false  as  major  third  above  the 
seventh;  and  the  interval  of  tiftli  between  the  fifth  of  the 
chord  and  the  ninth  is  filled  up  with  ejrave  minor  tliird,  and 
this  false  major  tiiird  of  two  creafer  tones,  of  wliicli  the  cfiect 
is  extremely  bad.  By  making  the  seventli  acute,  this  inter- 
val of  fifth  is  truly  filleil  up  as  a  minor  common  chord ;  but 
then  the  lesser  fifth  from  B  to  F  becomes  too  large,  consist- 
ing of  two  perfect  minor  thirds;  and  the  whole  elicct  is  not 
good.  This  is  almost  the  only  incongruous  combination  into 
which  musicians  have  been  betrayed  by  the  temperament  of 
the  scale. 

If  the  minor  seventh  be  omitted,  then  we  iiave  a  dominant 
ciiord  of  major  nintli,  the  eflect  of  which  is  excellent,  c.  Or, 
by  omitting  the  filth  of  the  dominant,  (which  is  usually  done,) 
we  may  add,  the  ninth  true  major  third  above  the  seventh; 
we  have  thus  a  dominant  chord  of  major  third,  minor  seventh, 
and  grave  major  ninth,  which  is  also  very  good;  d. 
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237.  In  the  scale  of  the  relative  minor,  the  fourth  is  the 
grave  major  second  of  the  major  mode;  and  this  fourth, 
added  to  the  major  common  chord  on  the  fifth  of  the  key, 
gives  a  dominant  chord  of  seventh  exactly  similar  to  that 
already  described.  The  subdominant  chord  also  is  the  very 
same  which  we  have  described  as  the  chord  of  seventh  on 
the  sensible  note  of  the  relative  major.  Tlie  grave  minor 
third  to  the  bass  of  the  fundamental  chord  well  prepares  that 
between  the  fifth  and  minor  seventh  of  the  dominant,  in  all 
the  inversions  of  the  progression,  a,  b,  c ;  and  no  change  is 
requisite  here,  as  in  the  progression  of  the  subdominant  tO 
the  dominant  harmony  in  the  major  mode. 
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238.  When  to  the  chord  of  lesser  fifth  on  the  sensible  note 
of  the  minor  mode,  the  diminished  seventh,  which  is  the 
minor  sixth  of  the  scale,  is  added,  the  chord  consists  of  tliree 
minor  thirds,  that  in  the  middle  being  grave.  This  is  the  only 
order  in  which  these  thirds  can  be  arranged  without  pro- 
ducing a  lesser  fifth  too  large  by  comma.  The  lesser  fifth  to 
the  bass  consists  of  minor  third  and  grave  minor  third;  and 
the  lesser  fifth  above  the  third  of  the  chord  consists  of  grave 
minor  third  and  perfect  minor  third.  The  whole  chord  of 
diminished  seventh  thus,  is  composed  of  the  two  chords  of 
imperfect  fifth,  described  Art.  235,  a,  b.  This  situation  of 
the  grave  third  in  the  middle  of  the  chord,  we  shall  find  an 
important  matter  in  reviewing  the  enharmonic  changes  of 
this  chord.  The  chord,  with  its  derivatives,  is  figured  in  the 
example.  In  all  the  figures  in  this  chapter,  tiie  flats  or  sharps 
have  no  reference  to  those  at  the  clef,  (as  in  figuring  thorough 
bass,)  but  are  intended  to  express  the  exact  intervals  as  reck- 
oned from  the  bass.  Thus  the  b7  means  diminished  seventh, 
and  >^  II,  redundant  second. 

The  union  of  the  chord  of  diminished  seventh  with  the 
dominant  chord  on  the  fifth  of  the  key,  makes  the  chord  of 
minor  seventh  and  minor  ninth.  This  union  implies  no  in- 
congruity, as  in  the  major  ninth.  The  whole  combination, 
when  perl'ectly  tuned,  has  a  very  good  eflect.  The  use  of 
these  two  chords  implies  no  change  in  the  pilch  of  any  note 
on  the  scale.  Nor  do  the  other  chords  peculiar  to  the  minor 
mode,  described  Art.  171 — 174,  imply  the  use  of  any  pedal. 
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239.  Thus  we  have  perfect  harmony  within  the  major 
and  minor  relative  modes,  by  the  addition  of  one  note  to  the 
scale,  the  grave  second  of  the  major  mode,  which  is  the  true 
fourth  of  the  minor  scale.  But  when  the  modulation  passes 
into  other  keys,  we  shall  find  other  changes  requisite.  In 
order  to  explain  this,  we  must  first  give  the  rules  for  tuning 
the  whole  chromatic  scale  perfectly  true  to  one  note,  C ;  and 
then  consider  the  imperfections  which  exist  among  the  inter- 
vals of  that  scale. 

240.  The  rules  for  tuning  the  remaining  sounds  of  the 
scale,  laid  down  in  the  Essay  on  Perfect  Intonation,  are  these : 

To  B,  (already  tuned,)  tune  F*,  and  to  this  C*. 

To  E,  (major  third  to  C,)  tune  major  third,  G*,  and  from 
this  last  by  series  of  perfect  fifths,  D*,  A*,  E-*. 

To  G*  tune  major  third  B*,  and  from  the  latter,  by  scries 
of  fifths,  Fx,  Cx. 


The  pedal  iadlcated  by  this  mark  J  is  eiplained  below,  Art.  241 
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To  F,  (already  tuned,)  make  Bb  perfect  fifth  downwards. 

To  C,  tunc  downwards  A bj  major  third;  and  to  the  latter 
upwards,  Eb,  perfect  fifth. 

From  A  b,  by  series  of  downward  fifths,  tune  D  b,  Gb,  C  b. 

To  Ab  tune  downwards  major  third  Fb,  and  to  the  last 
fifth  downwards,  Bbb- 

In  all  these  tunings,  the  major  thirds,  fifths,  and  octaves, 
are  to  be  taken  c|uite  perfect,  without  the  least  temperament. 

All  these  sounds  thus  tuned,  stand  in  true  musical  relation 
to  tiio  key-note  C.  But  within  tliis  scale  there  are  a  great 
many  intervals  false,  by  the  whole  error  of  comma. 

241.  Let  us  now  see  the  exact  quantity  of  the  intervals 
used  in  harmony,  by  the  numbers  they  contain  of  tones  ma- 
jor, tones  minor,  and  semitones,  which  we  shall  denote  T,  t,  S. 

The  octave  contains 3  T,  2  t,  2  S 

^  The  minor  second IS 

)  Tlie  majoi-  seventh 3  T,  2  t,  1  S 

\  Grave  major  second It  ... 

I  Acute  minor  seventh 3  T,  1  t,  2  S 

J  Major  second IT 

I  Minor  seventh 2  T,  2  t,  2  S 

Diminished  third 2  S 

;  Redundant  Sixth 3  T,  2  t  .  .  . 

Redundant  Second,  .  .  .  from  1  T,  and  1  t,  take  1  S 

Diminished  seventh 2  T,  1  t,  3  S 

i  Grave  minor  third 1  t,  1  S 

Acute  major  sixth 3  T,  1  t,  1  S 

J  Minor  third IT IS 

\  Major  sixth 2  T,  2  t,  1  S 

J  Major  tliird 1  T,  1  t  .  .  . 

(  Minor  sixth 2  T,  1  t,  2  S 

S  Diminished  fourth 1  T  .  .  .  2  S 

\  Redundant  filth 2  T,  2  t  .  .  . 


<  Minor  or  perfect  fourth 1  T,  1  f,  1  3 

)  Major  or  perfect  fifth 2  T,  1  t,  1  S 

(  Major  foiirlli 2  T,  1  t .  .  . 

I  Mijior  fifth 1  T,  1  t,  2  S 

242.  The  smallest  interval  used  in  the  above  table  is  the 
diatonic  semitone;  but  there  are  smaller  intervals  found  in 
comi)aring  tiie  different  intervals  with  each  other.  A  chro- 
matic semitone  is  the  diflerence  between  a  major  and  minor 
interval  of  the  same  name,  or  between  a  major  and  redundant 
interval  of  the  same  name,  or  between  a  minor  and  diminished 
interval  of  the  same  name.  A  chromatic  semitone  is  hardly 
used  in  chord,  except  as  a  passing  chromatic  at  the  distance 
of  octave.  But  it  frctjuently  occurs  in  movement  from  major 
to  minor,  or  the  reverse;  and  is  expressed  in  musical  nota- 
tion by  the  cliaracter  ^  or  b.  But  the  musical  world  are  not 
generally  aware  that,  among  the  intervals  truly  tuned,  thero 
are  really  two  kinds  of  chromatic  semitone,  differing  by  com- 
ma. Tiius  the  minor  third  subtracted  from  the  major  third, 
leaves  a  small  interval,  which  is  the  excess  of  the  minor  tone 
above  the  diatonic  semitone;  it  is  called  the  grave  chromatic 
semitone.  It  is  very  little  more  than  the  third  of  the  greater 
tone.  The  lesser  fifth,  again,  subtracted  from  the  perfect 
fifth,  leaves  an  interval  which  is  the  excess  of  the  major  tone 
above  the  diatonic  semitone;  called  the  chromatic  semitone. 
It  is  nearly  about  the  half  of  the  lesser  tone.  These  thing.s 
are  stated  rather  by  way  of  curiosity  than  as  of  great  im- 
portance to  the  practical  musician,  because  no  confusion 
arises  from  denoting  these  chromatic  changes  differing  by 
comma  by  the  same  characters.  By  the  examples  1 — 6,  i: 
will  be  seen  in  \\  hat  clianges  each  takes  place. 
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243.  The  enharmonic  diesis,  as  we  have  already  observed, 
is  also  of  two  kinds,  difiering  by  comma.  Thus  the  excess 
of  the  diminished  third,  (or  two  diatonic  semitones,)  above 
the  major  second,  (or  greater  tone,)  is  one  species  of  diesis; 
called  the  grave  diesis.  It  is  about  a  tenth  of  the  greater 
tone.  It  is  rather  smaller  than  comma.  The  difference  be- 
tween the  redundant  second  and  the  perfect  minor  third,  is 


the  excess  of  two  semitones  above  the  minor  tone ;  conse- 
quently comma  greater  than  the  former ;  called  simply  the 
diesis.  By  the  examples  No.  1 — 3,  it  will  be  seen  in  w^ha' 
enharmonic  changes  each  diesis  takes  place. 

Let  us  now  see  what  takes  place  when  the  moduiatioH 
passes  into  other  keys. 
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244.  We  have  seen  that  the  sixth  of  tiie  major  scale  is 
lesser  tone  above  the  filth  of  tlie  key.  Hence  it  is  easy  to 
see  what  change  will  be  required  in  effecting  a  modulation 
from  the  principal  major  to  its  fifth.  The  sixth  of  the  pri- 
mary key  is  grave  second,  and  makes  part  of  the  subdomi- 
nant  harmony  of  the  new  key ;  but  when  the  dominant  of 


that  new  key  comes,  the  grave  second  must  rise  comnja  a3 
fifdi  in  the  dominant  chord.  Thus  in  the  example  a,  the  A 
which  is  major  sixth  to  C,  nuist  rise  comma  to  be  peiltct  fifth 
to  D.  This  is  effected  by  another  pedal  called  an  acute  pedal, 
antl  denoted  by  the  arrow  pointing  iq)wards,  J.  We  call  this 
new  sound  acute,  and  mark  it  with  the  acute  accent,  A'.     It 
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is  plain  that  by  this  change  the  dominant  seventh  on  D,  is  in 
all  respects  similar  to  that  on  G,  already  described.  At  b, 
we  have  the  seventh  on  F:X<  the  sensible  note.  Here  we  have 
A  grave  minor  third  to  F.^,  as  it  ought  to  be;  and  wlien  this 
chord  is  resolved  as  in  the  example  on  the  first  derivative  of 
the  dominant,  we  must  have  A'  to  be  minor  third  in  that  chord. 
As  the  grave  second  of  the  major  key  is  true  tburth  in  the 
relative  minor,  when  we  go  from  G  to  E,  its  relative  minor, 
the  acute  pedal  must  be  released.  Thus,  in  the  example  at 
r,  which  modulates  from  C  first  to  G,  and  then  to  E,  the 
acute  pedal  necessary  for  the  dominant  to  G,  is  released  when 
the  dominant  to  E  is  struck.     Here  also  we  must  have  D*, 


not  E  b  of  the  original  scale,  (Art.  228,)  for  which  the  first 

sharp  pedal  is  put  down  at  the  beginning,  denoted  thus,  ^ 

It  does  not  seem,  however,  very  essential  to  mark  the  use  of 
the  extreme  sharp  or  extreme  flat  pedals,  as  an  intelligent 
performer  may  easily  know  what  are  required.  If  we  pass 
from  the  key  of  C  directly  to  that  of  E,  no  acute  pedal  is 
requisite  at  all.  At  d,  we  have  conducted  the  modulation  by 
the  third  derivative  of  the  diminished  seventh,  resolving  on 
the  dominant ;  and  at  e,  by  the  chord  of  superfluous  sixth, 
to  show  that  these  modulations  require  no  acute  pedal. 
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245.  Tf  we  consider  the  scale  of  F,  fourth  to  C,  we  find 
that  it  is  the  grave  second  of  the  latter,  D",  that  is  perfect 
major  sixth  to  the  former.  But  if  the  modulation  require 
ilie  giave  second  of  the  new  key,  we  must  have  G^  also,  com- 
ma flatter,  then  as  tuned  true  fifth  to  C.  This  new  sound  is 
given  by  means  of  another  grave  pedal;  and  these  two  grave 
1  2 

pedals  are  denoted  thus  -.  j.     See  the  example  a,  b.  The 

first  grave  pedal  may  be  pressed  or  released  without  affecting 
the  second;  but  the  second  always  takes  down  the  first  along 
with  it,  if  not  fixed  down  before :  when  the  first  is  fixed  down, 
the  second  is  pressed  or  released  whhout  allecting  it.  The 
reasons  of  this  arrangement  will  be  easily  seen  in  the  subse- 
quent examples.  When  we  modulate  into  the  second  of  the 
key  minor  mode,  it  is  to  the  grave  second,  or  relative  minor 


to  the  fourth  of  the  key,  having  that  fourth,  and  the  sixth  of 
the  principal  key  tor  its  third  and  fifth.  The  major  seventh 
of  this  key,  or  major  third  in  its  leading  chord,  is  conmiQ 
graver  than  the  C^  tuned  perfect  fourth  below  V'^;  and  this 
C^^  may,  without  inconvenience,  be  brought  in  by  the  first 
grave  pedal.  The  second  grave  pedal,  then,  which  brings 
in  the  grave  second  of  the  key  of  F,  makes  the  scale  of  its 
relative  minor,  D\  correct  also.     See  example  at  e. 

Thus,  by  these  few  additions,  viz.  D',  G\  C^',  and  A', 
we  have  the  whole  circle  of  the  most  related  keys  or  most 
natural  modulation  to  the  key  of  C  major;  and  also  that  to 
the  key  of  A  minor;  for  the  natural  circle  of  keys  is  the  same 
to  both.  Let  us  now  suppose  C  the  key  note  of  the  minor 
mode,  and  see  what  additions  are  requisite  to  give  us  a  simi- 
lar circle  of  related  keys  to  it. 
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246.  Now,  if  we  would  have  the  scale  of  C  minor  exactly 
similar  to  that  of  A,  we  shall  find  all  the  intervals  tuned  by 
the  rule  given,  (Art.  240.)  true,  except  Bb,  which  to  C  is 
minor  seventh,  wliereas  in  the  scale  of  A  minor,  G  is  acute 
minor  seventh,  being  the  fifth  of  the  relative  major.  We 
must  therefore  have  Bb'  comma  sharper  thanBb;  which 
last  is  too  grave  as  fifth  to  Eb.  This  Bb'  is  brought  in  by 
the  same  pedal  which  brings  in  A'.  In  the  relative  major 
Eb,  F,  fourth  of  the  key  of  C  minor,  is  of  course  grave  se- 
cond: We  must  therefore  have  F',  major  second  of  the  scale, 
■and  perfect  fifth  to  Bb'  its  dominant.  This  F',  is  added  to 
the  same  pedal  which  brings  in  A'  and  Bb'-  For  these  two 
keys,  we  must  have  A  b  instead  of  G*,  which  is  effected  by 


ample.  The  chord  of  diminished  seventh  on  the  sensible  note, 
or  that  of  redundant  sixth,  on  the  minor  sixth  of  the  minor 
scale,  require  no  pedal  to  be  used. 

® 


the  first  flat  pedal  marked 


©. 


The  chords  of  these  two 


Yelative  keys  are  shown,  with  the  use  of  the  pedal,  in  the  ex- 
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247.  In  the  scale  of  G  minor,  fifth  to  C  minor,  Bb'  is  third, 
A'  is  second,  and  F'  is  acute  minor  seventh,  all  which  sounds 
are  brought  into  the  scale  by  one  pedaL  In  the  scale  of  the 
relative  major  Bb',  (acute  minor  seventh  to  C  minor,)  the 
grave  second  is  C ;  we  must  therefore  have  C  comma  sharper, 
for  the  second  of  the  scale,  and  fifth  in  the  dominant  chord. 
This  is  effected  by  a  second  acute  pedal,  and  the  two  are  num- 


bered thus, 


I 'A.     In  the  example,  the  chords  of  these  two 

relative  keys  are  set  down.  The  first  acute  pedal  is  fixed 
down  at  the  beginning;  signified  by  the  cross  put  after  the 
arrow.  The  second  is  pnssed,  when  the  dominant  of  Bb' 
comes,  for  C',  and  it  is  released  when  the  subdominant  chord 
is  played,  for  C  the  grave  second  of  the  scale,  sixth  in  that 
chord. 


248.  In  the  scale  of  F  minor,  we  must  have  Db  for  the 
minor  sixth,  and  this  is  introduced  into  the  scale  by  the  first 
flat  pedal.  Li  the  relative  major  A  b,  minor  sixth  of  C  minor, 
Bb  is  the  grave  second,  and  Bb'  the  second  of  the  key,  fifth 
in  the  dominant  harmony.  Hence  the  use  of  the  first  acute 
pedal  is  shown  in  the  example. 
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249.  Thus,  in  the  circle  of  secondary  keys  belonging  to 
the  relatives  C  major,  and  A  minor,  and  C  minor,  and  Eb 
major,  we  have  perfect  harmony  by  the  addition  of  seven 
sounds  to  the  scale,  tuned  Art.  240,  three  grave,  viz.  D',  C^^ 
belonging  to  the  first  pedal,  and  G'  belonging  to  the  second ; 
and  four  acute  A',  Bp',  F',  belonging  to  the  first  pedal,  and 
C'  belonging  to  the  second.  Now,  from  the  key  of  C,  this 
circle  of  modulation  is  the  most  important.  If  we  go  beyond 
that,  it  seems  of  small  moment  whether  we  take,  for  instance 
Db,  or  C*,  or  C*',  or  whether  we  go  to  F*  or  Gb-  If, 
then,  w(!  consider  successively  each  principal  key  with  a 
similar  circle  of  modulation,  we  shall  easily  ascertain  how 
many  more  grave  or  acute  sounds  must  be  added,  in  order  to 
furnish  perlect  harmony  in  every  modulation ;  and  we  shall, 
at  the  same  time,  see  to  what  pedals  they  belong. 

250.  In  the  circle  of  keys  belonging  to  G  major  and  E 
minor,  we  have  already  seen  the  scale  of  the  princijials  and 
all  their  secondary  keys,  except  D  major  and  B  its  relative 
minor.  D  major  requires,  in  addition  to  the  acute  sounds,  E', 
as  its  proper  second  belonging  to  the  dominant  chord,  which 
is  added  to  the  first  acute  pedal.  B  minor  requires  no  addi- 
tion; but  its  leading  note  is  A*,  which  is  substituted  for  Bb 
by  the  first  sharp  pedal  along  with  D *. 

We  have  considered  the  relative  principals  G  minor,  and 
Vol.  XIV.  Part  I. 


Bb'  major,  and  all  the  secondary  ke3's  but  D  minor,  and  F' 
its  relative  major.  The  former  requires  no  addition:  in  the 
key  of  F'.the  grave  second  is  G,  and  we  require  G'  as  second, 
which  is  added  to  the  second  acute  pedal. 

251.  In  the  circle  belonging  to  D  major  and  B  minor  we 
have  seen  the  principals,  and  all  the  secondary  keys  except 
A'  major  and  F*  its  relative  minor.  The  grave  second  to  A' 
is  B,  and  we  require  B'  as  second  of  the  scale,  which  is  added 
to  the  second  acute  pedal.  We  require  also  G^'  as  leading 
note;  this  is  added  to  the  first  acute  pedal.  F*  requires  no 
addition :  its  leading  note  is  E^<,  substituted  for  F  by  the 
second  sharp  pedal. 

In  the  circle  of  D  minor  and  F'  major,  we  have  considered 

the  principal  and  all  the  secondary  keys  but  A'  minor,  and 

C  its  rektive  major.     The  former  requires  no  addition.     In 

the  key  of  C'  the  grave  second  is  D,  and  we  require  D'  as 

second  of  the  scale.     This  belongs  to  a  third  acute  pedal 

t 
marked  -. 
3 

252.  The  key  of  A  major  requires,  in  addition  to  the 
grave  sounds,  F^^  as  its  relative  minor :  this  sound  is  added 
to  the  first  grave  pedal.  This  minor  key  requires  as  leading 
note  E;^",  which  is  added  to  the  first  grave  pedal,  and  B'  as 
fourth  of  the  scale,  which  is  added  to  the  second  grave  pedal. 
Of  the  secondary  keys  belonging  to  these  two  principals,  E 
major  and  its  relative  minor  C^',  require  no  addition.     D" 

major  requires  E^  as  its  grave  major  second,  which  belongs 

3 
to  a  third  grave  pedal  denoted   j.    B'  minor  requires  A^'  as 

its  leading  note. 

The  relative  keys  of  A  minor  and  C  major,  with  all  their 
secondary  keys,  have  been  already  considered. 

253.  The  relative  principals,  E  major  and  C^'  minor,  re- 
quire no  addition.  The  keys  of  B  major  and  its  rtlative  G* 
minor,  require  no  addition.  The  leading  note  to  G^^  is  F  x 
brought  into  the  scale  by  the  third  sharp  pedal.  The  other 
secondary  kej-s  have  been  considered. 

E  minor,  and  its  relativemajor  G,  with  all  their  secondary 
keys,  have  been  considered. 

254.  The  keys  of  B  major  and  G*  minor,  with  their  se- 
condaries, require  no  addition.  The  keys  of  B  minor  and  G 
major  have  been  considered. 

255.  The  principal  relatives  F^  major  and  D'^  minor,  re- 
quire no  addition.  The  leading  note  to  the  latter  is  C  x 
brought  in  along  with  F  X  .  CSiJ  major  requires  BiS<'  as  lead- 
ing note.  Tliis  is  added  to  the  first  acute  pedal.  A^  has 
no  leading  note.     The  others  have  been  considered. 

F^  minor,  and  A'  major,  relative  principals,  have  been 
considered.  E'  major  requires  D*'  as  its  leading  note,  which 
is  added  to  the  second  acute  pedal,  and  F*'  as  second,  vhich 
is  added  to  the  third  acute  pedal.  The  others  require  no  ad- 
dition. 

The  principals  C:^  minor  and  E  major  require  no  addition. 

25G.  The  relative  principals  F  major  and  D'  minor  have 
been  considered.  Bb  major  requires  C'  as  its  grave  second, 
which  is  added  to  the  second  grave  ])edal,  and  E  b"  as  fourth, 
which  is  added  to  the  first  grave  pedal.  G*  minor  requires 
no  addition ;  the  rest  have  been  considered. 

F  minor,  and  Ab  major,  have  been  considered;  none  of 
the  secondary  keys  require  any  addition. 

257.  The  jirincipals  Bb  major,  and  G^  minor,  have  been 
considereil.  Eb'  requires  Ab'  as  its  I'ourtli,  wliich  is  added  to 
the  second  grave  pedal,  and  F'  as  its  grave  second,  which  is 
added  to  the  third  grave  pedal.  C"  requires  no  addition ;  the 
others  have  been  considered. 

Bb  minor  and  relative  Db  major,  with  their  secondary 
keys,  require  no  addition. 
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258.  Tlio  relative  principals  Eb  major  and  C  minor,  with 
their  sccniidary  Ivcys,  have  been  considered. 

Tlie  principal  key  Eb  minor,  requires  (j[>'  its  relative  ma- 
jor, and  Tib'  its  minor  sixtii,  which  both  belonjx  to  the  tirst 
acute  pedal.  Gb'  requires  Ab'  and  Db',  which  botii  belon^; 
to  the  second  acute  pedal.  Db'  major  requires  Eh',  whidi 
belongs  to  tlie  third  acute  pedal.  The  rest  require  no  addition. 

2jy.  The  relative  principals  Ab  major  and  F  minor,  with 
their  secondary  keys,  have  been  considered. 

The  relative  principals  Ab  minor  and  Cb  major,  with 
their  secondary  keys,  require  no  addition. 

2G0.  Tlie  prhici))al  lib  major  and  Bb  niinor,  witlt  their 
secondaries,  have  been  considered. 

Db  minor,  and  Fb  major,  with  their  secondaiies,  require 
no  addition. 

Gb  major,  and  Eb'  minor,  with  their  secondaries,  require 
no  addition. 

2(31.  Collecting;  all  these  additions  to  the  24  notes  tuned 
hi  Art.  240,  under  their  respective  pedals,  they  are  as  fol- 
lows : 

First  grave  pedal,  C:^'  D^  Eb'  E«\  F*' 

Second  grave  pedal,  C,  B',  G,  Ab',  A:^^ 

Third  grave  pedal,  E',  F^ 

First  acute  pedal,  E',  F',  Gb',  G*',  A'.  Bb',  B*',  Cb' 

Second  acute  pedal,  C,  G',  B',  Db',  D:^',  Ab' 

Third  acute  pedal,  D',  F*',  Eb' 

262.  The  reason  of  classing  these  notes  in  this  manner, 
is,  that  all  the  intervals  among  the  notes  of  the  same  pedal, 
are  either  true  intervals  which  require  no  alteration,  or  they 
are  such  intervals  as  are  never  used  in  chord ;  so  that  the 
whole  class  of  notes  may,  without  inconvenience,  be  lowered 
or  raised  comma  at  once.  Thus,  if  ever  F5*  be  required, 
wiiile  D*  makes  part  of  the  chord,  that  V'^/f-  nuist  be  grave 
also.  But  the  same  does  not  hold  between  all  the  notes  in 
the  first  class,  and  those  of  the  second.  Thus  D'  may  require 
either  C  as  minor  seventh,  or  C  as  acute  minor  seventh ;  D 
may  require  either  C  as  minor  seventh,  or  C  as  acute  minor 
seventh.  By  the  arrangement  made,  all  false  intervals  can 
be  corrected ;  and  all  cliangeable  intervals  can  be  made  such 
as  the  combination  requires. 

The  first  grave  pedal  moves  by  itself,  not  affecting  the 
others;  the  second  always  takes  the  first  with  it,  if  not  pre- 


viously fixed  down ;  and  the  third  takes  both  the  second  and 
first,  if  not  previously  fixed  down.  The  same  applies  to  the 
acute  pedals. 

2G3.  The  sounds  thus  added  to  the  24  originally  tuned, 
.'\rt.  240,  viz.  12  grave,  and  1~  acute,  make  the  whole  num- 
ber of  sounds  re(]uisite  to  furnish  perfect  harmony  in  the 
widest  circle  of  modulation  to  every  principal  key,  amount 
to  .'J3  notes  within  the  octave.  The  greatness  of  this  num- 
ber, \n  consequence  of  the  above  classification,  occasions  no 
manner  of  embarrassment  to  the  performer.  This  is  a  mat- 
ter of  experience;  but  it  becomes  an  object  of  importance, 
on  account  of  the  great  expense  and  the  great  si/.e  to  which 
iui  organ  of  any  extent  coines,  in  consequence  of  these  addi- 
tions, to  limit  tiic  number  of  sounds  within  the  octave  as  much 
as  possible,  by  leaving  out  the  least  necessary  sounds. 

264.  In  order  to  show  what  sounds  can  best  be  spared,  we 
shall  give  the  scales  of  all  the  keys,  principal  and  secondary, 
in  the  tables  annexed,  on  the  opposite  page.  In  the  three 
first  of  these  tables,  the  intervals  are  reckoned  from  each 
class  of  notes,  as  originally  tuned,  and  in  the  three  last,  from 
the  same  classes  acute  and  grave.  By  this  means  the  pedals 
required  in  each  key  are  easily  seen. 

2G5.  The  limitations  of  the  scale  proposed,  are  these,  first, 
to  leave  out  double  sharps  and  Hats,  also  Fb.  These  omis- 
sions occasion  the  loss  of  G'^  and  D*,  Fb  and  Cb,  secon- 
dary keys.  But  we  have  still  the  keys  of  Ab,  Eb,  E  and  B. 
Thus  though  we  have  not  a  complete  circle  of  keys  to  F* 
major,  we  have  one  to  Gb  major;  and  reciprocally,  though 
we  have  not  Gb  minor  with  its  circle,  we  have  F*  minor, 
with  its  circle.  The  greatest  loss  is  in  the  keys  of  E  and  B, 
in  whose  modulations  we  must  for  G*,  and  D'^-,  the  third  of 
the  key,  substitute  Ab,  and  Eb-  Yet  even  in  G8S<,  and  D*, 
a  species  of  close  may  be  etTected,  though  not  the  best,  for 
want  of  the  leading  note.  By  these  omissions  the  third  sharp 
and  the  third  fiat  pedals  are  spared,  and  the  original  scale  is 
reduced  to  twenty  notes  in  the  octave. 

In  the  acute  and  grave  sounds  it  is  proposed  to  leave  out 
the  third  pedal  of  each,  also  the  acute  sounds  belonging  to 
the  second  pedal  Db'  D*'  Ab'.  By  these  omissions,  the 
scale  of  the  instrument  corvtains  within  the  octave  41  sounds, 
which  furnishes  a  very  great  range  of  modulation,  all  perfectly 
in  tune.* 


•  The  largest  instrument  hitherto  made  on  this  principle,  is  that  in  the  Scottish  churcli  at  Calcutta,  built  by  Flight  and  Robson  of  London, 
under  the  direction  of  Mr.  Listen,  the  inventor.  Its  scale  comprehends  39  notes  within  the  octave,  Ab\  !i'id  A^\  being  omitted.  It  was 
found,  however,  that  these  two  sounds  «erc  pretty  often  desiderated.  This  oisau  contains  two  open  diapasons,  one  metal  and  one  of  ma- 
hogany, and  one  stopt  diapason  nialiucany,  all  down  to  GG;  principal,  fifteenth,  and  a  four  rank  cornet  and  sesquialter  throughout.  The 
whole  being  tuned  quite  perfect,  the  elTecl  is  admirable;  that  of  the  compound  stops,  especially,  is  the  richest  and  purest  imaginable.  A 
very  .short  practice  is  found  suHicient  to  make  tlie  performer  familiar  with  the  use  of  the  pedals.  This  arises  from  the  orderly  manner  ii: 
which  they  are  disposed.  The  extreme  sharp  and  extreme  flat  pedals,  are  different  in  form  from  the  acute  and  grave  pedals,  as  shown  in  this 
scheme. 
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The  line  AB  represents  the  front  of  the  instrument.  The  extreme  flat  pedals  are  placed  towards  the  right,  the  first  nearest  the  centre  C,  and 
the  second  more  remote.  They  are  so  placed,  because  the  souiuls  which  they  introduce  are  sharper  than  those  of  the  original  scale  lor  which 
they  are  to  be  substituted.  The  extreme  sharp  pedals  are  pLiced  tow  ards  the  left  of  the  centre,  after  the  same  manner;  the  sounds  which  they 
bring  in  being  flatter  than  those  of  the  original  scale.  The  first  of  each  moves  freely  by  itself;  but  the  second  takes  the  first  along  with  it,  by 
means  of  its  wing,  which  passes  under  the  second.  The  acute  pedals,  again,  which  are  placed  towards  the  right,  just  beyond  the  extreme  flat 
pedals,  lie  one  over  the  other;  as  do  also  the  grave  pedals,  which  arc  placed  toward  the  left,  just  beyond  the  extreme  sharp  pedals.  Thus 
the  whole  stand  so  distinct,  that  no  confusion  can  arise  among  them.  So  little  embarrassment,  indeed,  do  the  perlbrmers  experience  in  their 
use,  that  they  find  no  ditficidty  in  managing  at  the  same  time  a  swell  pedal,  which  is  in  the  centre  of  the  whole,  and  a  shifting  movement  to 
bring  on  and  take  otT  the  compound  stops. 
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266.  Ii  remains  to  give  a  shoii  exposition  i>i  enharmonic 
fhanges,  in  the  chord  of  diminished  seventh,  whpn  l!ie  change 
is  real,  as  it  may  be  efl'ected  on  this  instrument.  The  real 
enliarmonic  change  of  one  or  two  parts  of  tlie  chord,  as  we 
have  observed.  Art.  164,  lias  a  very  agreeable  ciTect.  Besides 
the  cliange  of  the  diesis,  there  is  always  another  alteration  of 
comma  arising  from  the  place  of  the  grave  minor  third,  which 
is  in  the  middle  of  the  fundamental  chord  of  diminished 
seventli,  and  differently  situated  in  the  several  inversions. 
One  or  two  examples  will  bpst  illustrate  this  matter.  No.  1 
shows  the  chord  of  diminished  seventh  to  C*;  and  to  have 
the  chord  in  its  true  form,  both  the  E  and  Bb  must  be  made 
acute,  which  is  efiectcd  by  the  first  acute  pedal.  Now  when, 
by  the  enharmonic  rharige  of  Bb  to  A*,  the  chord  becomes 
the  lirst  derivative  of  the  diminished  seventh  to  that  note,  the 
minor  third  next  tlie  bass  must  be  grave;  see  the  exam))!e. 
Art.  '-?38;  when,  therefore,  the  performer  presses  the  first  sharp 
pedal  for  A*,  he  at  the  same  time  releases  the  first  acute 
pedal,  so  that  the  acute  E  falls  comma,  and  becomes  true  in- 
terval of  major  4th  below  A-^.  And  the  ear  perfectly  ap- 
proves of  i)oth  these  changes.  It  is  evident  that  the  directly 
opposite  change  will  take  place  when  the  progression  is  re- 
versed, as  in  No.  2 ;  and  that  similar  changes  will  be  required 
in  all  the  inversions  of  these  progressions.  When  two  of  the 
parts  ai-e  changed  enharmonically,  there  will  be  no  cliange 
by  comma  requisite  in  the  remaining  parts,  but  the  use  of  an 
acute  or  giave  pedal  may  be  requisite.     Thus,  in  No.  3,  we 


have  the  diminished  seventh  to  D,  and  in  order  to  have  the 
chord  in  its  true  form,  both  F  and  Cb  must  be  acute,  which 
is  efTected  by  the  first  acute  pedal ;  yet  when,  by  the  enhar- 
monic change  of  the  Cb  and  Ab,  the  chord  becomes  the 
second  inversion  of  the  diminished  seventh  to  G^,  we  must 
have  the  second  acute  pedal  for  B',  though  both  D  and  F 
remain  as  before  the  enharmonic  change.  The  same  thing 
will  take  place  in  all  the  inversions  of  the  progression : 
And  in  reversing  the  prosiression,  the  reverse  use  of  the 
pedals  will  be  requisite,  which  it  is  unnecessary  to  exemplify. 
This  double  enharmonic  change  is  still  very  agreeable. 
When  three  parts  are  changed,  the  eflTcct  is  less  agree- 
able, and  the  change  of  the  whole  chord  has  not  a  good 
effect. 

But  in  all  progressions  of  the  chord  of  diminished  seventh, 
the  enharmonic  change  may  always  be  entirely  avoided  by 
the  manner  of  taking  the  first  diminished  seventh,  whether 
fundamental  or  inverted.  Thus,  if  we  suppose  the  modula- 
tion in  No.  1,  to  have  proceeded  from  the  key  of  C,  as  in 
No.  4,  it  is  plain  that,  by  taking  A^  instead  of  Bb  in  the 
second  chord,  the  enharmonic  change  may  be  entirely  avoid- 
ed. Thus  the  musician  has  it  in  his  power  to  make  such 
changes  more  or  less  striking,  or  highly  seasoned,  as  he  may 
choose.  But  we  must  refer  our  reader  for  a  more  complete 
account  of  this  matter,  to  Liston's  E^sai/  on  Perfect  In- 
tonation, of  whose  doctrine  we  have  in  the  preceding  pages 
eiven  a  short  abstract,* 
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2G7.  From  the  account  of  the  tnie  diatonic  scale  given  in 
Art.  229,  it  is  easy  to  understand  the  necessity  of  tempering, 
that  is,  tuning  a  little  false  those  keyed  instniments  which 
have  fixed  scales,  whether  the  scale  comprehend  24  sounds, 
or  only  12,  as  is  usual.  It  appears  that,  if  from  C  we  tune  G 
p  A  E,  by  ascending  fifths  and  descending  fourths,  all  per- 
fectly true,  the  last  of  the  series  E  is  too  sharp  by  comma,  as 
najor  third  to  C.  Now,  it  b  plain  that,  if  instead  of  taking 
ihe  series  of  fifths  perfect,  we  should  make  each  a  little  too 
flat,  the  whole  error  in  the  pitch  of  E  will  be  diminished. 
\s  there  are  four  steps  in  the  process,  if  we  take  from  each 
liftli  ^th  of  comma,  the  correction  will  exactly  compensate ; 


the  error  will  disappear,  and  the  major  third  will  be  perfect. 
If  from  this  E,  we  proceed  by  a  second  series  of  similarly 
tempered  fifths,  to  tune  B,  F^,  C*,  G*,  this  last  will  be 
perfect  major  third  to  E.  After  the  same  manner  returning 
to  C,  if  we  tune  F  filth  below  it  too  sharp,  so  that  C  may 
be  :J  of  comma  too  flat  as  filth  to  F,  and  thence  by  simi- 
larly tempered  fifths  tune  Bb  and  Eb,  we  shall  have  tuned 
the  scale  by  what  is  called  the  vulgar  temperament.  This 
is  the  temperament  generally  practised  on  the  organ,  and  is 
recommended  as  the  best  for  that  instniment  by  the  in- 
genious organ-builder,  ]\Ir.  Flight,  in  a  litt'le  work  which 
lies  before  us.  In  consequence  of  this  arrangement,  every 
major  third  and  minor  sixth  is  perfect,  in  scales  that  have 
not  more  than  three  sharps  or  two  flats  at  the  clef.  Beyond 
these  limits,  every  major  third  or  minor  sixth  is  extremely 
harsh,  being  altered  by  the  whole  diesis.  The  minor  thirds 
within  the  same  limits,  are  too  flat,  and  the  major  sixths  too 
sharp  by  Jth  comma;  and  beyond  these  limits,  they  are  still 
farther  altered  by  the  whole  diesis.  All  the  fifths  are  too  flat 
by  :Jth  comma,  and  all  the  fourths  as  much  too  sharp,  except 
where  G*  stands  for  Ab,  which  makes  an  extremely  bad  in- 
terval with  Eb.  The  intervals  altered  by  diesis  are  called 
wolf  intervals ;  and  that  between  G*  and  E  b  is  called  the 
great  wolf. 


■•  As  the  Editor  has  been  indebted  to  the  Rev.  Henry  Listo.v,  of  Ecclesmachan,  for  this  valuable  article  on  Mosic,  it  mav  be  proper  to 
■  tate,  for  the  information  of  those  who  are  not  personally  acquainted  with  that  gentleman,  that  the  diflorcnt  musical  articles  in  this  work,  in 
ivhich  his  "  Essay  on  Perfect  Intonation"  are  spoken  of  with  such  high  approbation,  were  written  bv  John  Farey,  Esq.  Sen.— Editor. 
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On  Ibe  pianoforte  tlie  niost  prevalent  practice  is  to  di- 
vide the  scale  of  the  instrumeia  as  nearly  as  possible  into 
12  equal  seniiiones.  For  this  purpose,  the  fifths  are  all 
kept  finer  than  in  the  above  temperament;  being  flut- 
•tened  or.Iy  about  -jLth  of  comma.  By  this  means  the  wolf 
intervals  disappear;  but  this  is  brought  about  by  niakinp; 
the  thirds  and  sixths  major  and  minor  so  harsh,  that 
Ihey  could  not  be  tolerated  were  the  sounds  held  out  as 
in  the  organ.  Custom,  however,  has  reconciled  the  ears 
of  the  musical  world  to  these  intervals;  and  the  conve- 
nience of  having  every  key  equally  good,  tiiough  none 
very  good,  recommends  this  method  of  tuning  to  gene- 
ral adoption. 

258.  Of  Musical  Instruments,  we  shall  treat,  in 
subsequent  ariicles  of  this  work,  viz.  OnGAv,  under 
which  we  shall  class  the  pianoforte  and  other  keyed 
instruments:  Stringed  Ikstruments  not  played  with 
the  bow:  Violins,  under  which  we  shall  class  the  tribe 
of  perfect  instruments  played  with  the  how,  and  without 
frets;  and  lastly,  Wind  Instruments.  In  the  mean 
time,  we  give,  in  Plate  CCCCIV.*  a  table  of  the  com- 
pass of  voices  and  instruments,  showing  the  place  which 
each  occupies  in  the  scale. 

On  the  subject  of  ISlusic,  the  student  may  consult 
with  advantage  the  following  works.  Met/iode  EU- 
mentaire  de  Com/iosition,  &c.  par  J.  Georg.  Albrechts- 
berger;  traduit  de  TAllemand;  par   M.  A.  Choron.  ^ 


Afuskal  Grammar,  by  Dr.  Callcott.  Traite  D' Harmonic, 
par  Catcl,  adofite  fiar  ie  Conservatoir  de  Musiqm  i  Parii. 
Princijiea  dc  Coni/iosilion  des  Ecolea  d'lta/ie,  par  Alex- 
andre C;!ioron.  An  excellent  work,  in  which  the  com- 
piler gives  the  theoretical  treatises  of  Marpurg,  con- 
johied  with  the  admirable  models  of  Martini,  Sala,  and 
other  Italian  masters,  ^ii  Essay  tonvards  a  Rational  Sys- 
tem of  Music,  by  John  Hohitn.  J.  Ph.  Kirnberger,  Die 
Kunsie  des  rrinen  Satzes,  kc.  The  an  of  composition 
on  fixed  principles,  Ecc.  Id.  Die  wa/iren  grundsxtze,  Stc. 
Principles  of  Harmony.  Id.  Grundsxtze  des  general  basses. 
&c.  Principles  of  Continued  Bais,  to  serve  as  the  ele- 
ments of  composition.  A  jYeiv  theory  of  Mimical  har- 
mony, Sec.  by  A.  F.  Ch.  Kolhnann.  Fred.  William  Mar- 
purg Abhandlung  von  derfuge,  ts'c.  A  treatise  of  Fugue, 
&c.  Id.  Handbuch  bey  dem  General  Bass,  &c.  A  Ma- 
nual of  continued  b.iss  and  of  composition.  These  ex- 
cellent works  of  Marpurg  are  given  entire  by  Choron 
in  ills  Principes,  Sec.  II  Padre  Giambattista  Martini, 
Saggiofondamcntale/iraticodiContraJifiunto.  II  Padre 
Luigi  Ant.  Sabbatiiii,  J^a  Tcra  idea  dellc  musicale  numc- 
riche  segnature.  Id.  Traltalo  so/ira  le  Fughe  Masicalc. 
An  Introduction  to  Harmotiy,  by  William  Shield.  The 
Su/i/tlement  lo  the  same.  In  setting  down  this  list,  we 
have  been  careful  rather  to  direct  the  student  to  such 
works  as  will  be  useful  to  him,  than  to  give  an  exten- 
sive catalogue. 


INDEX. 


Art.  1.  Definition  and  Etymology, 

HISTORY,  2.  Rhythm  and  Song  eaiJy 
helps  to  memory. 

Art.  3.  First  instriments. 

4,  E^'ptian  Mu^ic,  5.  Hebrew.  6.  Gre- 
cian. 

7.  Diatonic  Scale  not  early  discovered, 

8.  Tfirachonls.  and  Great  Sjsiem. 

9.  MODES  CMiuectur..  iv-ipL-ctingthem. 

10.  Ancient  and  Mociem  Modes  '-annot 
be  compared.  Ancient  me'ody 
formed  nn  diSereitC  principles  t'roin 
the  niodtra. 

11.  Didymus  fit'it  dcicribed,    true    ■'ids 

and    I'tbi— Piolen>v   first   described 
the  Ui:. ionic  Sc»le  still  in  use. 

12.  GENERA.  Chromatic  and  Enhar- 
n>onic, 

13.  Music  of  (he  aDcien's  vocal  only. 
Had  CO  not.'itiun  fur  imie, 

J4.  Thuir  notation  otherwis,*  imperfect. 

15.  Tliey  had  not  music  in  parts. 

16.  Music  ill  thf  Christirinvburch.  An* 
tiphonal  si^iiin^. 

17.  Ambrose,  Bishop  of  Milan.  His  four 
r-.o'li^s— auilientic.    Plagal  added  by 

Pop;  GriRiuy. 

IS.  Canio  fiT.iio.     19.  GregoiT  denoted 

lUe  scale  by  leven  letters. 
SO,  Progress    ot    Notation.      Guidu    of 

ArezEo  iijes  lines  antl  ^paces.  Clefs. 
21.  Solmisaiion     Hexachnrtls. 
25.  Inventiun  oi^  Couuiti/ioint. 
2ft,  Introduction  of  the  organ. 

37.  Hubald.  28,  Franco  of  Cologne. 
29.  Marchetto  of  Padua.  30  J.hn 
deMuris.  31.  Prosdocimiis  de  Bel- 
deinandis. 

53.  Invenrion  of  (he  Tinir  fnbU. 

35,  Franconis  Cantns  Mensurabilis. 

36.  John  Tinctor.  37.  Franchinus  Gaf- 
furius. 

38.  Invention  of  Bars. 

40.  Figurative  descant.  Fugue  and 
Canon. 

42.  Invention  of  these  ascribed  to  the 
Engtitb.    Jcbn  Dunstable. 

43,  Profftess  of  the  art  in  the  Ntther- 
Lands.  44.  Venice— Roni- — P;tles- 
trina     45.  Harmony  of  that  period. 

.  49.  Air.  \vM  alLi  N>ipotitana.     Mtlody 
long  iinpiincipleil 
AS.  MoiitevLfdu.     His  new  discords— de- 
termined the  key  more  precisely. 
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49.  Invention  of  Recitative— Peri— Ca- 
va I  iere. 

51.  Gradual  improvement  of  the  Opera 
— Oarisiimi— Stradci!::— Ct'sti. 

52.  Instruiriental  Mu>ic.  Viadina's  fi- 
gure<i  bass.     Fri-.scobaldi. 

52,  Inveniioix  of  the  Lute,  ?cc. — the 
Bow  r-nd  Viols— Violin— Violoncello, 

54.  Corell'.     Tflrlini. 

55.  All  bsandro  Scarlatti  and  School  of 
NapU'S 

5t.i.  Englaiitl.  57   Fi*anoe.    53,  Germany. 

INTRODUCTORY  URMARKS. 
59    Disfiu  tii-'n   of   Sounds.     Aeut^utss 

ami  gravity  the  chief  objett 
60,  Uniform  piirh.    Acuftn.  ss  aii'i  irra 

vity.    Concinuors  sounds*     Mt.^i  :.! 

rounds.     Acuie  and  grave  meu-.iired 

by  the  length  uf  ihe  String. 
61,fi2.  Fiuportionsof  iheDi  itoii'-  Soale. 
63,  'Ibe  RULES  of  the  an  to  bt-  found 

ill  the  practice  of  good  musicians. 

THEORY  OF  MUSIC. 

Chap.  I.    OfSca'.fu  Intervals,  nr.d  yotn- 
tion. 

66 — 70,  Diatonic  Seaies,  major  and  mi- 
nor. 

71—74,  Notation— Staff— Clefs. 

75—78.  IntervaN,  how  named  and  fi- 
gnred.  Major  and  minor,  with  Ta- 
bles. 

79.  Invfrsion  of  Intervals.  Manner  of 
reckoning  in  atlding  intervals. 

80.  Scale  of C— stile  of  G — character;^ 

placed  at  (he  clef— character  n. 

81.  Similar  proceeding  in  D,  A,  8tc. 

82.  Reverse  in  returning.  • 

8?.  Scale  of  F.  Character  \).  84.  Simi- 
lar proceihire  in  the  scale  of  B  [), 
^c.     RevtTsed. 

86.  Genet^l  rule  for  sharps  or  flats  at 
the  clef. 

E7.  How  these  are  performed  on  keyed 
instruments.    Their  imptrtection. 

88.  Minor  diutoiiic  scale.  Major  seventh 
andsi.\tb.  Ascendingandtlf  scending 

70.  Relative  mnjor  and  minor  have  the 
same  lignature.  Accidental  sharps 
01-  Huts.    93.  Ancient  signature!. 


03.  Chromatic  scale;  furnishes  many 
new  iutervals. 

Chap.  II.  Off/se  Movement  cf  Concords, 
OJ  Conmmn  Chords,  their  S/ietieSj  Pos> 
ttoTi,and  Fro;;>essions.  OftheDeriva- 
tivex,  and  their  Progressions. 

94.  Melody.     Chord.    Harmony. 

95.  Coiicorcis  and  discords,  96.  Pei-fect 
fifth.     Imperfect  fiftli. 

97.  pLi-fect  and  irnpe.-fect  concords, 

98.  Moiion,  Similar— Oblique— Contra- 
ly. 

99.  1st  Rule.  Consecutive  perfect  con. 
coi-di  forbidden.— 2d  Rule.  Hidden 
fiftbi  :inri  ojtaves  forbidden. 

100.  Rulej  foi  the  unison,  and  fifdi. 

101.  Co.nnion  ebon's,  major  and  minor 
— tliLir  placL-  in  the  scale. 

102.  Imperfect  or  dissonant  common 
ehcrd. 

103.  Chord  of  the  key  tlie  moit  impor- 
t:tnt. 

101.  Le.idtug  or  doininr.nt  choi-d.  Per 
feet  radurice. 

105.  Sulxl.  minant  chord.  Imperfect 
Cpdr-iice. 

106.  ChonI  ot'ilw  relntive  minor. 

107.  Minor  mode— Dominant. 

108.  Fundamenitil  bass.  Positions  of 
the  tommoii  chonl.  Cloie  and  dis- 
peise<l  ham  ony.  Extreme  parts. 
Middle  pans. 

109.  Doubling  of  concords.  Omission 
of  concords. 

110.  Succession  of  chords  by  connected 
intervals. 

111.  The  parts  must  move  in  an  orderly 
manner. 

112.  Succt'ssion  of  chords  diatonically. 
Interrupted  i-adenee. 

^14.  A  common  ehoitl  bos  two  inver- 
sions. Chord  of  sixth.  Cboid  of 
fourth  and  sixth.  Iraperleei  chord. 
Its  derivatives. 

115.  Doubling  of  |>arts  in  chonli  of  the 
6th.    DiHcreat  positions. 

110.  Sixth  on  the  sensible  note.  Bass 
must  not  be  doubled.  Sixth  on  tlie 
2d  of  the  key.  This  6tb  not  dou- 
bletl.  Sixth  on  the  subdoiuinant.  In- 
terrupted cadejice  inverted.  Se- 
quence of  5tii  and  6th.    Chords  of 


the  6(h  used  more  freely  tlian  com- 
mon chorda.     Sequences  of  si.\es. 

117.  Chord  of  4th  and  6ih  more  con- 
strained in  movement — fit;a'ed  at 
discordafit — struck  freeiy  on  a  sta- 
tionary bass.  4ih  and  6ih  cadence. 
The  4ih  prepared  when  the  bass 
moves.  This  chord  useful  i>  tran- 
sitions to  related  keys.  Other  ways 
of  treating  i:. 

Chap.  III.  Of  Dixcrdi.  by  Addition  i* 

the  Common  Chord. 

118.  Rule  for  concords  not  biilierto  no- 
ticed. Concordant  relations  crois* 
wise. 

119.  Discord,  its  nature  and  use. 

120.  Discords  classed  under  four  Iieadi. 

121.  Dominmit  seventh  Perfect  ca- 
dence. 'ITie  oil  and  7ih  i.iigbi  not 
to  be  doublid  I'he  bast  and  5lk 
may.     Posiiioiis  resolved. 

122.  'Ibis  chord  has  three  derivatives. 
First  derivative — Hesolutioii — Poii- 
titns — Cadence  of  the  leading  note. 

123.  Second  derivative.     Resolution. 

124.  Third  derivative.    Resolution. 

Chap.  IV.  Ofothtr  Chard'!  if  the  Seventh^ 
their  Preparation  ovd  It  i'Auti^n  anor 
hgoui  to  the  Perfect  Cadence. 

125.  Minor  7th  on  the  2d  of  the  key. 
7ih  n.ust  be  prep;ired,  isl  deriva- 
tive, or  Nubdomiiiant  5ih  a:id  6tJi. 
BLitb  used  as  cadences  to  the  dumi- 
nani.  2d  derivative  hardly  in  use. 
3d.  dtris-ative. 

126.  7tli  oii  tlie  ud  of  the  minor  scale. 
Its  l(t  derivaine— 2dd<i— jd  do. 

127.  F.\amples  of  the  di^coi-d  iu  the 
dominant,  and  its  iuver&iuns  struck 
freely. 

128.  Examples  of  the  snbdominant  7tli 
on  the  second  of  the  srale.  prepared 
in  the  fuiid.-.mt-nial  tonic,  and  re- 
solved on  the  dominant.  Sequence 
of  7(b.  Subdomirtaut  7tli  otherwise 
prepai"ed.  Its  first  inversion  \iri- 
ously  preparetl  and  reso!ve.l.  Se*  , 
quence  of  7ihs  and  6ihs.  3d  invrr- 
smu.  All  the  inversions  used  by 
BeetboTeo.    Scte. 
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132.  Churil  oriiini-M-rh.  H«  mrfnion*. 
Sfqiieitirc  of  Tills  Roiiig  iluoughout 
thrsCtlf. 

133— I U.  Ucrivcd  scqtifiices. 


Chap.   V.    Of   'Snfnml  Transitions  I'j 
t/icK  C/tardt. 

I '6.  Traiisi»'on!  to  related  kej-s. 

117.  T-.ilicfifiU  olihf  key. 

1  8, 139.  To  ilie  4ih  of  the  key.    Same 

in  miiior. 
14ft.   I'll  ilie  iclativo  minor. 
1-11.  F.on  mliMii-  prin<:i|:al  to  the  f>ih. 
113.  To  tht'  ri  laiivir  m;ij<ir. 
1-13.  Return  Iriini  :li.-  6rh  (o  minor  [>rin« 

ti|>i'l.     Means  of  soliening  the  jiro- 

gi-e^slon. 

144.  Fi'om  mnjur  tonic  to  2cl  minor 
niotlc. 

145.  From  minor  tonic  to  7th  innjoi* 
mode. 

146.  Fitim  major  principal  to  the  ^d  of 
itif  key. 

147.  St(,rK'ncf  of (li>minant5. 

148.  Diatonic  :^nil  chn.mntic  semitonrs 

tlistiiiKii^htd.   Enharmonic  diesis. 

149.  I'oiir  of  (he  kt-y  board.  Diatonic 
and  Hn'omaiic  seiuiiouesaUernattly 
dfstcndinj^. 

150.  Four  regular  dtiivcd  successions. 
Licenses. 

Chap.  VI.  Of  the  Resolution  of  Chords  of 
rh'  "ih  by  Dia'owc  Ascent  of  (he  Bass. 
Oftht  Ith  on  the  Srnsihle  NUe,  and  the 
lilrjftr  9th  added  to  ilie  Dominrnf  Chord.. 

.  Of  lite  dnuinr.hfd  7th.,  and  the  Minor 

'  9rh  added  to  the  Dominant. 

151.  IJioIvCn  cadence,  ninjor  mode. 
Ditl«>.  minoi'  mode. 

152.  Tliis  i-esnluiion  practised  in  other 
7(hs.  Minor  7ih  on  the  4th  of  mi- 
n"»r  scale. 

J55.  Major  7(h.    Derived  progressions. 

154.  Minor  7ih  with  faNe  5th.  Progres- 
sion inrerted. 

155.  Dominant  7[h  and  yth.  Deriva- 
tives. 

15T>.  Rcdnndnnt  2d.  Diminished  7!h, 
Chord  of  do.— derivatives— resolu- 
tion. Cliord  and  derivatives  used 
with  or  without  preparatioii.  f 

159.  Ditftrent  rcsoluuons. 


ICO.  Dominnnt  7vh  and  n.inov  Qih.  Dc- 
riratives— all  strut  U  (Vetly. 

Clinp.  VII.  Of  tite  Euhormouir  Changes 
in  the  Chord  'fduuimthai  7th. 

161.  riirrtmnt'c  find  enharmonic  scale. 
T:ihlf  of  Iniurvah  usid  in  hirmony. 

162.  I  hrcf  sets  of  chords  ul'diruiniihi-d 
Till. 

163.  Kiiharmonifchnnp'S  ofihe  first  set. 
Kc>s  to  which  theie  lead. 

16 1.  Enharmonic  change  of  one  or  two 
pnrti  affrfCMble,  Changes  iu  the 
2d  set.     Kt-ys. 

165.  ChanRe*  ituhe3dset.  Keys.  Equi- 
vocal thm-d. 

166.  Way  ofgt  tfing  to  any  one  set  from 
any  ki  y.  Kianiples  of  trausiiiojis 
to  eleven  keys,  and  return  to  C. 

Chip.  VIII.  Of  the  Resolution  of  the  7/^, 
the  t'ujidainaHnl  Bast  de''ier,dinf{  'jy 
third.  Of  other  Chords  not  huherto 
nvtlezd. 


167.  InteiTiipted  cadence.  Some  deriv- 
ed silcct  ssions  good, 

163.  Diniinidnd  3d.  Redundant  6(b. 
Tlnse  intervals  very  agreeable. 

170.  Chord  of  7th.  with  lesser  5th  and 
najur  3d. 

172.  Chord  of  lesser  5ih  and  diminished 
3d.     Italian  f>\-Yi. 

173.  Diminished  7ih  with  diminished  2Ci. 
Derivatives 

174.  More  uiuftl  treatment  of  the  1st 
derivative.     Kriharmomc  changes. 

175.  Irregular  use  of  the  dominant. 

Chap.  IX.  Of  Melody.  Notation  of  Time, 
^ir  and  Recifotive.  Measures,  and 
theii'  Divisions, 

177.  Rhythm— its  power  and  importance. 

178.  Notation  of  lime. 

179.  Chaiacierisiics  of  air— recitative^ 
speakii'g,  or  declamation. 

180.  Measuws.  Rhythm  constituted  of 
equal  measures. 

13T.  Common  lime.    Triple  time. 

182.  Accent. 

183.  Common  time — of  2  limes— of 
4  Times. 

184.  Principal  Times  shown  in  the 
groups.    Inferior  accents. 


185.  Emphasis  distinguished  fi-om  accent. 

186.  Triple  t^me. 

187.  Compound  (common)  lime. 

188.  ComiKJiind  inpli-  time. 

Chap.  X.  Of  Discords  by  Susf>ension  and 
Au'icipaiton.  Pasnug  NitcSf  Dictunic 
and  ChiLmatic, 

190.  SlHpen-iiun— Rule— Syncopation. 

152,    The  7th.       19  .    The  9ili.  94. 

The  .Jth  or  inh.  195.  The  6ih  or 
13th.     196.  The  2d, 

197.  Suspensions  in  passintj  from  the 
(onic  10  the  dominani — fioin  sub- 
fluiiiinant  to  dominant. 

IQd.  Suspensions  in  rt:solving  the  domi- 
nant. 

199.  Suspensions  in  resolving  dominant 
7ih  and  ^ih. 

200.  In  the  diatonic  succession  of  chords. 

201.  Autieination. 

202.  Pedal  liarinonies,  or  organ  points. 
203-  Transient  or  passing  notes,    Un- 

prejiarcd  appoggiaturas. 
204.  Chromatic    changes    of   intervals. 
Transient  chromatics. 

Chnp.  XI.  Of  Rhy thin—Cadences^ Modu- 
iauoa — StJtject. 


206. 

207 

208. 
209. 
210. 

212. 

212- 

215. 
216. 
2i8. 


220. 
221. 


222, 
224, 


Rhythm  —  Foot— Verse—  Strain- 
Stanza. 

Dimeters— Tetrameters— Of  double 
feet. 

Same  in  triple  time. 

Hexameters  of  three  dimtters. 

Trimeters— Hexameters  of  two  tri- 
meters. 

'I'rimelers  of  double  feet— triple 
time. 

-214,  Stanzas  of  dimeters  and  tri- 
meters. 

Pentameters. 

Example  uf  variety  of  versification. 

Cadence  defined.  Perfect  cadence. 
7th  not  essential.  Progressions  to 
bring  in  the  perfect  cadence. 

Imperfect  cadence— Plagal— Au- 
thentic. 

Mixed  cadence. 

Concurrence  of  rhj-thm  necessary 
to  form  a  cadence. 

Mothilaiion— wiiliin  the  key. 

Transitions,  nntural  and  exlrane* 
ous— Natural  circle. 


225.  Extraneous  trfln»ition«.  Major  and 
minor  mode  on  tbe  same  tuitic,  wiili 
the  circle  to  eatli 

226.  Subject— Imitation. 

Chap.  XII.  Ofihe.^i/siem  tf  Perfect  In- 

tonat'on\andif(heEnhatmQnaQrgan. 
Of  thr  Tan;  t  J  aitirnt  if  the  Scute  in 
Insttuntcnts  u>iih_fixcd Stales. 

227.  Perfect  instruments.  Keyed  in- 
sirnn.cnts  imperfect. 

228.  F.iihianionic  Organ,  Chromatic 
stale. 

229.  This  s.ale  imperfect.  Diatonic 
scule  tuned  perfect.  Tone  major* 
Tone  minor. 

330.  Elenjeiii^  how  arranged. 

231.  New  distinction  of  interva's. 

232.  Irue  niajor  5ih  Bad  5th  Grave 
minor  3d. 

233.  Gi-.:\e  2d  of  the  major  scale,  anil 
its  chord 

234.  Progrtiision  of  suhdomitiant  to  du- 
mn-ant.    SulMloniinant  7ih. 

235.  llissoiinnt  common  i-jiord.  Two 
forms  Dominani  7ih.  Chord  of  les- 
ser 5th  and  7(h.  Diatonic  sequence 
of  7lhs. 

336.  0«in;inant  7th  and  major  9jji  iacon- 
gnious. 

237.  Uelaiire  minor. 

238.  Chord  of  diminished  7th. 

240.  Rules  for  tuning'  the  chromatic 
scale. 

241.  Intersals  measur«d  by  their  ele* 
nients. 

242.  'Iwo  kinds  of  chromatic  semitone* 

243.  'Fwo  kinds  of  deisis. 

244.  Transition  10  the  5th  of  the  key- 
to  the  3d, 

245.  To  rhe  4tb— to  the  2d. 

246.  C  minor,  wiili  its  circle.  Its  rela- 
larive  nisjor.  247.  The  5th,  and  it3 
relative. 

218.  The  4ih.  and  its  relative. 

249 — 260.  Additions  requisite  for  sU 
other  principal  and  seeondaiT  keys, 

261.  The  adihtional  notes  arranged  un- 
der their  respective  pedals, 

264.  Tables  of  all  scales. 

265.  Limitations  proposed. 

266.  Enhatnionic  changes  in  the  ckor^ 
of  diminished  7th. 

267.  Temperament. 

268.  List  uf  authors  on  music. 


MUS 

MUSKET.     See  Gunmaking. 

]\1USKINGUM,  a  river  of  the  United  States,  in  the 
slate  of  Ohio.  This  stream  is  formed  by  two  brandies. 
Whitewoman's  and  Tuscarawas  rivers.  The  former 
vises  by  a  number  of  sources  in  Richland,  Knox,  and 
Wayi.e  counties,  interlocking  with  the  head  waters  of 
Sciota  and  Sandusky,  entering  Ohio,  and  Vermillion  and 
Black  rivers,  flowing  into  Lake  Erie,  passing  through 
Coshocton  county,  join  the  Tuscarawas  river  at  the 
lown  of  Coshocton.  The  entire  comparative  length  of 
\V'hilcwomaii's  river,  from  its  mouth  to  the  extreme 
source  of  Armstrong's  creek  in  Richland  county,  is 
about  seventy  miles,  draining  one  of  the  most  fertile 
tracts  of  land  in  the  United  States. 

The  Tuscarawas  river  has  its  sources  in  Harrison, 
Columbiana,  Stark,  Portage,  Medina,  and  Wayne  coun- 
ties, interlocking  with  those  of  Rocky  river  and  Caya- 
hoga,  flowing  into  Lake  Erie,  and  Great  Beaver  enter- 
ing Ohio.  The  Tuscarawas  river  is  about  ninety  miles 
in  length  from  the  town  of  Coshocton,  to  its  extreme 
source  in  Medina  county. 

Below  the  junction  of  Whitewoman's  and  Tuscarawas 
rivers,  the  united  waters  take  the  name  of  Muskingum, 
which  flowing  south,  eight  miles,  through  Coshocton,  re- 
ceives from  the  east  Hill's  creek  on  the  border  of  Musk- 
ingum county,  and  continuing  south  a  little  west,  twenty- 
three  miles  to  Zanesville,  receives  Licking  creek  from 
the  we'ot.    After  being  precipitated  over  a  fall  of  about 
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seven  feet,  at  Zanesville,  the  Muskingum  turns  south- 
east by  south,  and  flowing  sixty  miles,  enters  the  Ohio 
river  at  Marietta.  Between  Zanesville  and  its  efflux 
into  Ohio,  the  Muskingum  river  passes  through  Musk- 
ingum, Morgan,  and  Washington  counties.  This  river 
is  navigable  with  large  balteaux  to  the  falls  below  Zanes- 
ville; for  boats  of  considerable  size  to  Coshocton;  and 
for  small  craft  nearly  to  the  source  of  the  Tuscarawas. 
A  canal  has  been  projected  to  unite  the  latter  stream  to 
tlie  head  waters  of  Cayahoga  river,  and  by  this  channel 
unite  the  Ohio  river  to  Lake  Erie.  A  canal,  with  locks, 
is  already  cut  around  the  falls  at  Zanesville,  opening  a 
navigation  into  the  centre  of  the  state  of  Ohio. 

The  country  drained  by  the  sources  of  the  Muskingum 
is  generally  level,  but  becomes  more  hilly  approaching 
the  Ohio  river.  In  point  of  climate  this  river  flows  from 
North  Lat.  41°  07'  to  Noiih  Lai.  39°  28'.  The  area  it 
drains  nearly  circular,  about  7850  square  miles. 

Dauby. 

MUSSELBURGH,  a  sea-port  town  of  Scotland,  in 
the  county  ot  Mid-Luthian,  is  situated  on  the  souihern 
coast  of  the  Frith  of  Forth,  at  the  mouth  of  the  river 
Esk.  The  town  of  Musselburgh,  properly  so  called, 
consists  chiefly  of  one  street,  wide,  and  well  paved,  and 
containing  many  good  houses,  with  the  prison  and  town- 
house  situated  near  the  middle  of  it.  The  suburb  of 
Fisherrow  and  Market  Gate  is  separated  from  the  town 
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Ly  the  Esk,  ■which  is  crossed  by  three  bridj^es,  one  for 
foot  passengers,  made  of  wood,  another  which  is  very 
old,  and  an  elegant  and  substantial  new  bridge  designed 
by  Mr.  Rennie.  The  village  of  Invercsk,  which  may 
be  considered  as  another  suburb,  is  delightfully  situated 
on  high  ground  to  the  south  of  Musselburgh,  and  con- 
tains many  elegant  villas.  The  church  of  Inveresk, 
which  has  been  lately  rebuilt,  is  a  large  structure,  with 
a  lofty  spire,  and  forms  a  fine  object  at  a  distance.  Be- 
sides this  church  there  is  a  Relief  church,  a  Burgher 
meeting-house,  a  Haldanite  chapel,  and  an  Anabaptist 
meeting-house.  Pinkie  house,  formerly  the  residence  of 
the  Setons,  earls  of  Dunfermline,  stands  at  the  south 
end  of  the  principal  sueet,  and  is  now  the  property  of 
Sir  John  Hope.  On  the  site  of  the  ancient  chapel  of 
Loietio,  a  cell  to  the  abbey  of  Dunfermline,  there  has 
been  erected  a  good  modern  villa.  One  of  the  cells, 
covered  by  a  moat,  still  exists  in  the  garden.  There  is 
here  an  excellent  grammar  school,  which  has  long  been 
in  great  repute.  The  principal  manufactures  in  Mussel- 
burgh are,  those  of  salt,  leather,  pottery,  starch,  hair- 
cloth, and  nets  for  the  herring  fishery.  Sheep  skins 
■were  also  dressed  into  what  is  called  roan.  The  downs 
or  links  of  Musselburgh,  which  lie  between  the  town 
and  the  sea,  have  been  lately  converted  into  a  race  course 
for  the  Edinburi;h  races,  which  were  first  held  there  in 
October  1816  The  earl  of  Mar  is  said  to  have  given 
Musselburgh  its  first  charter  in  1340;  but  the  oldest 
charter  it  possesses  bears  the  dale  of  1S62,  and  was 
granted  by  the  commendator  of  Dunfermline.  Mussel- 
burgh was  erected  into  a  royal  burgh  in  1632;  but  its 
charter  was  reduced  the  same  year,  through  the  influ- 
ence of  the  magistrates  of  Edinburgh.  King  James  VI. 
gave  the  superiority  of  the  town  to  the  earl  of  Lauder- 
dale, in  whose  family  it  remained  till  1709,  when  it  was 
bought  by  the  duchess  of  Buccleuch.  It  now  belongs 
to  the  duke  of  Buccleuch  as  lord  of  the  regality.  The 
town  is  governed  by  a  town  council,  of  18  members,  8 
of  whom  are  elected  from  Fisherrow.  In  the  neighbour- 
hood of  Pinkie  the  Scots  were  defeated  by  the  English 
■with  great  slaughter  in  1547;  and  on  Carberry  hill  the 
forces  of  queen  Mary  and  Bothwell  were  dispersed  by 
the  confederate  army,  and  the  queen  taken  prisoner  in 
1567. 

'1  ne  population  of  the  parish,  in  1811,  was  1316  houses 
and  6393  iivabitants,  and  that  of  the  burgh  5500. 

MYCENJE  a  town  of  Greece,  in  the  ancient  king- 
dom ol  Arijus,  received  its  name  from  Mycene,  a  nymph 
of  Luconia,  and  was  situated  about  SO  stadia  from  Argos. 
Though  once  the  capital  of  a  kingdom,  its  site  was 
almost  unknown  in  the  time  of  Strnbo.  An  account  of 
its  rums  will  be  found  in  Clarke's  Travels,  vol.  iii.  p.  706. 

MYRRH,  Gum,  is  the  name  ol  a  gum  resin  wliich 
issui  s  spoi.taneously,  or  after  incision,  from  a  tree  which 
grows  m  Arabia  and  Abyssiiii.i.  Some  account  of  it  will 
be  found  in  our  article  Chemistry,  and  in  Materia 
Medica. 

Tnt  quantities  of  myrhli  imported  in  1806,  1807,  and 
1808,  wT.  about  127  c"t.  w(  rth  about  3452/  averaging 
ntrv  20/.  percai  Sti  P/iil  Trans,  vol.  Ixv  p.  408, 
and  Ml     i:tn'  *!>  Oriental  Commerce,  vol.  i.  p.  107. 

MYSORE,  a  large  pro\nicc  in  the  south  of  India, 
situ:uici  between  the  11th  and  ISth  degrees  of  north 
latitude,  extends  abov;.  210  miles  in  length,  and  140  in 
averagt  breadth.  It  is  inclosed  by  the  Eastern  ana  Wes- 
tern Ghauts,  and  consists  of  a  high  table-land,  nearly 


3000  feet  above  the  level  of  the  sea.  It  is  entered  by 
several  passes;  but  all  the  practicable  roids  iiiiitc  in 
one  of  these,  namely,  the  Palicaud  pass,  which  renders 
the  defence  of  the  country  more  easy.  There  arc  many 
lofty  hills  in  the  province,  from  which  most  of  the  rivers 
which  water  the  south  of  India  take  their  rise.  The  prin- 
cipal of  these  rivers  are,  the  Toombuddra,  the  Vedawati, 
the  Bhadri,  the  Arkanati,  the  Penar,  the  Palar,  the  Pa- 
naur,  and  the  Cavery,  which  last  is  the  only  one  that 
attains  to  any  magnitude  while  within  the  bounds  of  the 
pro\incc.  The  climate  in  this  elevated  region  is  more 
temperate  and  healthy  than  in  any  other  tract  of  the  same 
extent  within  the  tropics.  The  monsoons,  which,  at 
different  seasons,  deluge  the  coasts  of  Malabar  and  Co- 
romandcl,  have  their  force  broken  by  the  Ghauts  or 
mountains  which  surround  the  province;  and  on  either 
side  extend  into  the  inteiior  parts  in  frequent  showers, 
which,  though  sometimes  heavy,  are  seldom  of  long  con- 
tinuance, and  which  preserve  the  temperature  of  the 
climate,  as  well  as  promote  the  freshness  of  vegetation, 
throughout  the  year.  The  province  abounds  in  iron-ore, 
which  is  worked  by  the  natives,  but  in  a  very  slovenly- 
manner,  and  which  yields,  under  their  management, 
above  47  per  cent  of  malleable  iron,  in  a  very  impure 
state. 

The   family  of  the  Rajah  of   Mysore  is  supposed  to 
have  had  its  origin  from   the  Yadava  tribe,  which,  at  a 
remote  period,  had  its  residence  in  the  Guzerat  penin- 
sula.    The  first  sovereign  of  the  country  in  record  was 
Cham  Raj,  who  ascended  the  throne,    A.  D.    1507,  but 
who  was  only  the  governor  of  a  small  district.  Succeed- 
ing  princes  added  new  territories  to  the  original  princi- 
pality; but  in  the  reign  of  Canty  Raj,  who  ascended  the 
throne  in  1704,  began  the  influence  of  the  delawais,  or 
ministers  of  state,  which  ever  nfter  kept  the   rajahs  as 
mere  pageants  of  authority.     In  1749,  Hyder  Ali  Khan, 
a  Mahometan  soldier,  entered  the  service  of  the  Mysore 
army  at  27  years  of  age,  and,  though  unable  to  read  or 
write,  speedily   rose  to  a  distinguished   rank.     In  1760, 
he  banished  the   Delawai  Nunseraj,  who   had  been  his 
patron,  and  usurped  the  sovereignty,  leaving  to  the  reign- 
ing rajah  the  nominal  supremacy.     He  made  great  ad- 
ditions to  his  domiuions;  and  in  1780  invaded  tiie  lower 
Carnatic,  which   he  laid   waste   in    every  direction,  and 
extended  his  ravages  to  the  gates  of  Madras.     His  pro- 
gress was  arrested  by  the  exertions  of  Mr.  Hastings  and 
Sir   Eyre  Coote  ;  bu',    being  powerfully  assisted  by  the 
French,  he  carried  on  an  indecisive  war  till  his  death  on 
thfc9ih  December,  1782,  when  he  was  succeeded  by  his 
son  Tippoo,  who  had  jiready  acquired  the  reputation  of 
a  great  warrior.  This  prince  prosecuted  the  war  against 
the  British  till  he   was  deprived   of  the  co-operation  of 
the  French  by  the  peace  of  1784,  when  he  concluded  a 
treaty  on  honourable  terms.     He  continued,  however,  to 
harass   his  neighbours  on  every  occasion;  and  in  1790 
made  an  unprovoked   attack  upon  the  Rajah  of  Tiavan- 
corc,  who  applied  to  the  Biitish   government  for  the  as- 
sistance which  they  were  bound  by  treaty  to  render  him. 
A  war  was  iri  consequence  begun,  which  terminated  in 
March,    1792,   by  a  peace  which   Lord  Cornwallis  com- 
pelled Tippoo  to  corrclude  under  the  walls  of  Seringa- 
patam,  anti  which  deprived  him  of  one  half  of  his  domi- 
nions.    In  consequence  of  renewed  attempts  on  his  part 
for  regaining   his  lost    power,  a  second  w  .r  broke  out, 
wliich  was  brought  to  a  conclusion  on  the  4'.ii  May,  1  799, 
by  the  storming  of  Scringapatani  by  the  British  armv 
M  m  0 
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under  General  Harris,  antl  ihc;  tleatii  of  Tippoo  liiiiisclf, 
who  fell  in  t!ic  attack.  Willi  him  ended  the  iSIahonunc- 
ilan  flyivasly  of  Mysore,  alter  lablini;  only  38  years.  The 
British  govertinienl  inimccliultly  raised  to  the  throne  a 
legitimate  de-icendant  of  the  i.Viysure  laniily,  wliieli  had 
I)cen  superceded  by  that  of  llydtr;  and  stipulated  by 
treaty  thattiie  Company  should  maintain  a  military  force 
in  Mysore,  for  its  defence  ai^ainst  all  external  enemies, 
und  lliat  the  Rajali  should  pay  an  annual  subsidy  for  its 
suppoit.  The  inhabitants  of  Mysore  have,  since  that 
pciiod,  remained  undisturbed  by  foreign  invasion  or  in- 
ternal dissention  ;  and  the  geneial  prosperity  of  the 
country  has  been  greatly  promoted. 

The  dominions  of  the  Mysore  rajah  are  at  present  di- 
vided into  three  great  disiiicts,  called  the  Patana,  the 
Nat^ara,  and  the  Chatrakae  subayenas.  The  first  of 
these  is  by  far  the  lar.^cst,  containiiig  9  districts,  and  is 
under  the  immediate  inspection  of  the  devvan  or  piime 
minister.  The  two  last,  which  have  been  acquired  since 
their  ct)nnt,xion  with  the  British,  and  which  contain,  the 
one  13,  and  the  other  19  districts,  are  each  superintended 
by  a  Eoubahdar.  E?xh  district  is  managed  by  an  amil- 
dar, who  is  an  officer  of  police,  justice,  and  revenue,  but 
■will)  limited  authority.  Under  these  are  a  number  of 
accoutilants  called  parpuities,  and  under  them  the  vil- 
laijes  are  managed  by  hereditary  officers,  called  gaudes 
and  bhanahojras,  the  former  representing  the  amildar, 
and  the  latter  the  viilac^e  accountant. 

The  pr.ovinee  of  Mysore  appears  to  have  been  for- 
merly in  a  much  higher  stale  of  cultivation  than  it  is  at 
pvcsetil,  but  it  is  upiclly  recoveriiig  from  the  depression 
in  respect  of  agriculture  and  commerce  which  it  had  ex- 
perieiiced.  Considerable  attcmion  is  paid  by  the  farmer 
to  the  manuring  of  the  soil  ;  but  the  utmost  degree  of 
improvement  of  which  they  iiave  any  idea  if,  to  make 
the  land  capable  of  bearing  rice  crops.  It  is  a  com- 
monly received  opinion  r.mong  them,  that  wlien  ttiere  is 
an  adequate  supply  of  water,  the  ground  is  best  preserv- 
ed in  a  good  slate  by  successive  crops  of  rice  ;  but  they 
rarely  lake  two  crops  of  that  grain  from  the-  same  field 
in  one  year.  In  some  parts  of  Mysore,  land  of  the  first 
quiiity  will  produce  49  bushels,  of  the  secotid  quality, 
42,  and  of  the  third  quality,  24.  The  farmers  seldom 
have  long  leases;  but  the  tenant  is  rarely  moved  as  long 
as  he  pays  the  rent.  When  he  runs  away  for  arrears  of 
vent  or  oppressive  treatment,  aiid  goes  into  the  district 
of  another  amildar,  it  is  not  customary  in  any  native  go- 
vernment to  give  him  up  ;  which  proves  a  considerable 
check  on  arbitrary  conduct  on  the  part  of  the  amildars, 
who  would  in  that  case  soon  be  deserted  by  their  peasan- 
try. Besides  rice,  and  several  ither  grains,  the  country 
vields  crops  of  raggy,  (^cynosurtts  corocanus,)  which  is  the 
most  irnportant  of  all  the  crops  raised  on  the  tiry  fields, 
and  supplies  the  lower  ranks  with  their  ordinary  food. 
The  sugar  cane  is  cultivated  in  soils  of  black  clay,  and 
the  ricinus  palma  Chrisli,  which  produces  abundance  of 
castor  oil.  In  low  grounds,  the  betel  leaf  tree  thrives 
well;  and  about  Coiar,  the  poppy  is  plentifully  cutltiva- 
ted,  both  for  making  opium  at^d  for  the  seed,  which  is 
much  used  in  sweet  cakes  by  the  higher  classes.  To- 
bacco is  not  generally  raised,  and  what  is  produced  in 
the  province  is  accounted  of  an  inferior  quality  to  that 
of  the  lower  districts  in  India;  but  the  cocoa  nut  palm 
begins  to  bear  at  the  age  of  7  or  8  years,  and  lives  to  a 
o-reat  age.  The  grass  roots  arc  of  great  length,  and 
sprout  at  every  joint,  so  that  they  are  difficult  to  be  re- 


moved ill  tillage;  and  the  ploughs  are  so  exlrernely  im- 
perfect, (being  without  coulter  or  mould-board,)  that 
the  fields  are  usually  in  a  very  foul  state. 

The  cattle  chieily  reared  in  the  vicinity  ofSeringapa- 
tam  are,  cows,sheep,  buflaloes,  and  the  long-legged  goat. 
The  sheep  are  red,  black,  and  white.  Swine  were  once 
very  common  in  the  country,  but  Tippoo  succeeded  in 
banishing  them  from  the  neighbourhood  of  the  capital. 
The  native  breed  of  horses  is  a  small,  ill-shaped,  and 
vicious  poney  ;  and,  above  the  Ghauts,  asses  are  very 
much  used  ;  but  these  animals  also  are  of  a  small  size, 
and  no  care  is  taken  to  improve  the  breed.  The  Mysore 
country  is  thinly  inhabited  in  conijiarison  with  Bengal. 
The  adjacent  provinces  under  the  British  government, 
and  many  districts,  formerly  well  peopled,  were  almost 
completely  desolated  by  ihe  incessant  wars  and  calami- 
ties prc\iou3  to  1799.  But,  as  soon  as  the  new  admini- 
stration was  established  by  the  British  government,  all 
balances  of  revenue  were  remitted,  ;nid  the  ancient  Hin- 
doo stale  of  assessment  restored,  and  various  other  means 
eniployed  to  encourage  the  oppressed  iahabilants.  In 
1804,  the  gross  revenue  of  the  Mysore  rajaii's  slate 
was  2.581,550  pagodas,  and  the  number  of  inhabitants 
2,171,754,  of  which  not  one  thirlieth  part  was  of  the 
iMaliommedan  religion.  As  Mysore  had  submitted  to 
the  Mahoinmedaii  yoke  at  a  very  recent  period,  com- 
pared with  tne  rest  of  Ilindostan,  its  inhabitants  retain 
the  Hindoo  manners  and  customs  inconsiderable  purity. 
In  the  country  round  Seringapatam,  the  people  are  di- 
vided into  what  are  called  the  right  and  left  hand  sides, 
the  first  comprehending  9  castes,  and  the  last  18.  The 
Whallia  casie  are  counted  the  lowest  in  this  province, 
yet  they  are  very  desirous  of  keeping  up  the  purity  of 
the  breed.  Every  where  in  Mysore  the  palanquin  bear- 
ers are  of  Telinga  origin.  The  dress  of  the  females  in 
niost  parts  of  the  provinces  is  very  becotring  ;  they  have 
in  general  fine  forms.  Owing  to  the  custom  of  polyga- 
my few  of  ihcrn  are  unmarried.  Except  a  certain  caste, 
the  practice  of  widows  burning  alive  with  their  dead 
husbands  is  becoming  obsolete.  In  the  villages  nearSe- 
riiigapalam,  a  great  part  of  the  peasantry  eat  pork;  but, 
though  the  river  Cavery  abounds  in  fish,  the  natives  are 
not  fond  of  them  as  food.  The  person  who  receives  cha- 
rity is,  in  this  country,  always  regarded  as  of  higher  rank 
than  the  donor  ;  but  it  is  understood  that  the  I'eceiver  is 
one  who  has  devoted  himself  to  a  religious  life,  and  is  ask- 
ing alms  in  ihe  name  of  God.  In  their  plans  of  revenge, 
they  sometimes  bring  calamity  upon  the  whole  village 
to  which  ihey  belong,  namely,  by  killing  a  jack-ass  in 
the  street,  which  instantly  causes  the  whole  inhabitants 
to  desert  the  place.  It  is  accounted  criminal  to  kill  the 
monkeys  or  squirrels,  which  are  very  numerous  in  the 
country,  and  very  destructive.  The  washerman  of  every 
village  washes  all  the  farmers'  clothes,  and,  according  to 
the  number  of  the  family,  receives  a  certain  proportion 
of  the  crop  as  his  wages.  When  a  new  village  is  founded, 
it  is  customary  to  erect  a  large  stone  near,  or  in  the  place, 
as  representing  the  tutelary  divinity.  When  the  women 
have  borne  several  children,  they  often  go  to  the  temple 
and  cut  off  one  or  two  fingers  of  the  right  hand,  to  secure 
their  infants  fiom  the  wrath  of  the  idol.  See  Hamilton's 
£asC  India  Gazetteer  ;  Dr.  Francis  Buchanan's  Travels  ; 
Lord  V  .Iciiiii's  Travels  in  India;  and  General  Dirom's 
JVarrative  of  Camfiaigns  in  Mysore,     {q  ) 

MY  THOLOGY,  (fiom  Mi/.%5,  a  fable,  and  Asyo?,  a 
discourse,)  is  a  term  which  is  generally  applied  to  that 
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branch  of  historical  science,  which  treats  of  those  early 
traditions  upon  which  the  Pai;;an  worship  of  the  ancient 
nations  of  the  world  was  founded. 

Tills  is  a  subject  which  is  involved  in  much  intricacy. 
From  the  gre.U  Itiitrth  of  time,  indeed,  which  has  elapsed 
since  the  origin  of  Pui^an  worship,  and  the  obscurity  in 
which  the  taiiy  history  of  all  nations  is  shrouded,  it  is 
extremely  difficult  to  trace  the  origin  of  their  various 
reli;,'ious  tiles,  even  with  all  the  assistance  that  can  be 
derived  fioiri  a  knowledge  of  what  may  be  called  the 
primitive  lang'jnges,  and  the  utmost  etymological  acu- 
men. Oiie  point,  however,  in  the  midst  of  this  general 
obscurity,  appears  to  have  been  pretty  satisfactorily  made 
out,  by  the  l.-djorious  researches  of  those  learned  aiid  in- 
genious men,  who  have  devoted  their  attention  to  this 
subject ;  viz.  That  the  mythology  of  the  most  ancient 
Pagan  nations,  how  much  soever  it  may  have  been  cor- 
rupted in  subsequent  times,  had  an  obvious  reference  to 
the  tr.iditions  which  liad  beer,  preserved  tespccling  the 
antediluviai'  period  of  the  world,  to  the  deluge  itself,  and 
to  the  Sabiai!  idolatry,  wliich  seems  to  have  been  one  of 
the  earliest  roirtiptions  of  the  true  religion. 

Long  after  the  dispersion  of  mankind,  and  the  confu- 
sion of  tongues,  the  memory  of  the  deluge,  and  of  the 
Noachites,  who  survived  that  divine  judgnicnt,  was  still 
preserved  by  their  posterity.  In  the  course  of  time, 
these  arkites,  the.  common  parents  of  all  the  subsequent 
races  of  iDankind,  came  to  be  considered  as  divinities ; 
and  when,  at  length,  the  tradition  became  more  and  more 
obscure,  their  names  and  attributes  were  transferred  to, 
or  rather  associated  with,  some  more  sensible  objects  of 
worship.  Of  these,  the  great  luminary,  the  sun,  was 
the  most  obvious  ;  then  the  moon,  and  the  rest  of  the 
liost  of  heaven.  This  mixture  of  the  arkite  and  Sabian 
worship  appears  to  have  constituted  the  essential  cha- 
racteristic of  the  primitive  Pagan  idolatry.  It  is  but  im- 
perfectly preserved  in  the  fragments  still  extant  of  the 
iTiyihological  and  cosmological  writings  of  Sanconiathon, 
Berosus,  aiul  other  early  autl.ors  ;  but  enough  remains, 
we  think,  to  satisfy  us  respecting  the  sources  from  which 
it  was  derived,  and  to  justify  us  in  referring  it  to  the  one 
principle  which  we  have  just  slated.  This  idolatry,  ori- 
ginally prevalent  in  the  east,  gradually  spread  from 
thence  over  nearly  the  whole  of  the  globe,  having  been 
carried  to  the  remotest  quarters  by  the  migratory  tribes 
who  went  in  search  of  new  settlements;  and,  however 
diversified  by  the  peculiar  genius  and  character  of  the 
various  nations,  it  still  continued  to  exhibit  manifest  in- 
dications of  the  original  fountain  from  which  it  had 
flowed. 

The  symbolical  imagery,  however,  which  was  so  very 
much  in  use  among  the  ancients,  and  which  will  be  found 
to  pervade  the  who.e  of  their  heterogeneous  mythology, 
soon  came  to  supersede  almost  entirely  the  remembrance 
of  the  thin,;s  signified.  So  it  was,  at  least,  among  the 
vulgar.  The  mysterious  doctrines,  inaeed,  which  v/ere 
thus  represented  in  their  symbolical  worship,  were  for  a 
time  carefully  preserved  by  the  priesthood;  but  even 
these  sacred  depositaries  tliemselves  seem  to  have  gra- 
dually lost  sight  of  tne  application  of  the  symbols  which 
they  employed.  Hence,  amidst  the  multiplicity  of  cha- 
racters, and  variety  of  symbols,  it  is  extremely  difficult 
to  trace  the  original  derivatio!i  of  the  pagan  deities,  or 
the  meaning  of  the  idolatrous  worship  v,  hich  was  paid  to 
them. 

The  mythology  of  Greece,  suys  Mr.  Bryant,  is  a  vast 


assemblage  of  obscure  traditions,  which  have  been  trans- 
mitted from  the  earliest  limes.  They  were  described  in 
hieroglyphics,  and  have  been  veiled  in  allegory  ;  and  the 
same  history  is  often  renewed  under  a  different  system 
and  arrangement.  A  great  part  of  this  intelligence  has 
been  derived  to  us  from  the  poets  ;  by  which  means  it 
has  been  rendered  still  more  extravagant  and  strange. 
We  find  the  whole,  like  a  grotesque  picture,  blazrmed 
high,  and  glaring  with  colours,  and  filled  with  groups  of 
fantastic  imagery,  such  as  we  see  upon  an  Indian  screen, 
where  the  eye  is  painluUy  amused,  but  where  little  can 
be  obtained  which  is  satisfactory  and  of  service.  The 
same  author  observes,  that  the  Grecians  were  so  pre- 
possessed with  a  notion  of  their  own  excellence  and  anti- 
quity, that  they  supposed  every  ancient  tradition  to  have 
proceeded  from  themselves.  Hence  their  mythology  is 
founded  upon  the  grossest  mistakes;  as  all  extraneous 
history,  and  every  foreign  term,  is  supposed  by  them  to 
have  been  of  Grecian  original.  For  this  reason  their  ety- 
mologies are  always  fanciful  ;  and  it  is  not  unusual  for 
them  to  deduce  the  origin  of  places,  founded  long  before 
they  themselves  wei  e  known  as  a  nation,  from  some  ar- 
bitrary analogy  with  certain  terms  in  their  own  language. 
The  native  Helladians,  indeed,  were  very  limited  in  their 
knowledge.  They  had  taken  in  the  gross  whatever  was 
handed  down  by  tradition,  without  making  any  farther 
inquiry  ;  and  they  assumed  to  themselves  every  history 
which  was  imported.  They,  moreover,  held  every  nation 
but  their  own  as  barbarous;  so  that  their  insufferable  va- 
nity rendered  it  impossible  for  them  to  make  any  great 
advances  in  historical  knowledge. 

The  Helladians  were  colonies  of  the  race  called  Amo- 
nian,or  descendants  of  Ham,  the  son  of  Noah,  and  came 
from  Egypt  and  Syria,  but  originally  from  Babylonia. 
They  came  under  various  titles,  all  taken  fiom  the  reli- 
gion which  they  professed.  As  soon  as  the  Amonians 
were  settled  and  incorporated  with  the  natives,  a  long 
interval  of  darkness  ensued.  The  very  union  produced 
a  new  language  ;  at  least,  the  ancient  Aroonian  became 
by  degrees  so  modified  and  changed,  that  the  terms  of 
science  and  worship  were  no  longer  understood.  Hence 
the  titles  of  their  gods  were  misapplied,  and  the  whole  of 
their  theology  grew  more  and  more  corrupted,  so  that 
very  few  traces  of  the  original  were  to  be  discovered. 
In  short, almost  every  term  was  misconstruedand  abused. 
They  therefore  devoted  themselves  loan  idle  mythology; 
and  there  was  nothing  so  contradictory  and  absurd,  but 
was  greedily  admitted,  if  sanctified  by  tradition.  The 
same  idle  zeal  induced  them  to  tincture  the  accounts 
which  they  gave  of  other  countries  with  the  same  predo- 
minant vanity,  and  made  them  attribute  to  their  fathers 
the  merit  of  many  great  performances  to  which  they 
were  utterly  strangers,  and  supposed  them  to  have 
founded  cities  in  various  parts  of  the  world,  where  the 
name  of  Greece  could  not  have  been  known — cities 
which  were  in  being  before  Greece  was  a  stale.  Wher- 
ever they  got  footing,  or  even  a  transient  acquaintance, 
they,  in  their  descriptions,  accommodated  every  thing  to 
their  own  fine  conceptions,  and  expressed  all  terms  ac- 
cording to  their  own  mode  of  writing  and  pronunciation, 
in  order  that  appearances  might  be  in  their  favour. 

The  whole  mythology  of  the  Greeks, — their  idolatrous 
rites,  as  well  as  their  gods  and  heroes, — was  originally 
imported  from  the  East.  Length  of  time  had  greatly 
impaired  their  true  history,  and  their  prejudices  would 
not  suffer  them  to  retrieve  iti    At  last,  the  obscurity  was 
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sucli,  that  they,  in  a  great  measure,  lost  sight  of  their 
orisjin,  and  were  involved  in  mystery  and  fable.  In 
order,  therefore,  to  arrive  at  just  conclusions  respecting 
the  origin  of  the  ancient  Pagan  supersliiions,  we  must 
have  recourse  to  autliors  who  derive  their  information 
from  other  and  more  authentic  sources  ;  such  as  Diodo- 
rus,  Strabo,  Pausanias,  the  fathers  Theophilus,  Tatianus, 
Atlienagoras,  Clemens,  Origen,  Eusebius,  Theodoritus, 
Syiicellus,  Euslathius,  and  the  compiler  of  the  Chroiii- 
coii  Paschae  ;  as  also,  Lucian  of  Saniosata,  Cyril  of  Je- 
rusalem, Porphyry  of  Syria,  Proclus  of  Lysia,  Philo  of 
Biblus,  and  others.  These  writers,  although  posterior 
to  the  Greek'literature,  had  access  to  better  information 
upon  this  subject  than  any  native  Helladian.  They  had 
the  archives  of  ancient  temples  to  which  they  could  ap- 
ply; and  had  traditions  more  genuine  than  ever  reached 
Greece.  They  appeal  to  authors  far  prior  to  any  Hella- 
dians;  and  their  works  are  crowded  with  extracts  from 
the  most  curious  and  most  ancient  histories. 

The  ancient  history  and  mythology  of  Greece  was 
partly  transmitted  by  the  common  tradition  of  ihe  natives, 
and  partly  preserved  in  those  original  Doric  hymns, 
which  were  universally  sung  in  their  Pryianeia  and  tem- 
ples. These  were  in  the  ancient  Amonian  language, 
and  said  to  have  been  introduced  by  Pagasus,  Agyieus, 
and  Olen.  This  last  some  represent  as  a  Lycian,  others 
as  an  Hyperborean,  and  by  many  he  was  esteemed  an 
Egyptian.  He  was  also  reputed  by  some  to  be  the  inven- 
tor of  verse,  and  the  most  ancient  priest  of  Plicetnis. 
These  hymns  grew,  by  length  of  time,  obsolete,  and 
scarcely  intelligible.  They  were,  however,  tianslated, 
or  rather  imitated,  by  Pamphos,  Rhianus,  Phemius,  Ho- 
mer,  Bion,    Proconnesius,   Onomacritus,   and  others 

JUany  of  the  sacred  terms  could  not  be  understood  nor 
interpreted;  they  were,  however,  retained  with  great 
reverence  ;  and  many,  which  they  did  attempt  to  decy- 
pher,  were  misconstrued  and  misapplied.  Upon  this 
basis  was  the  theology  of  Greece  founded;  from  hence 
were  the  names  of  Gods  taken  ;  and  various  departments 
attributed  to  the  several  deities.  Every  poet  had  some- 
thing different  in  his  theogony  ;  and  every  variety,  how- 
ever inconsistent,  was  admitted  by  the  Greeks  without 
the  least  hesitation.  Frnm  these  ancient  hymns,  and 
misconstrued  terms,  Pherecydes  of  Syrus  planned  his 
history  of  the  gods,  a  work  which,  there  is  reason  to 
think,  was  the  source  of  much  error. 

Such  were  the  principles  which  gave  birth  to  the  my- 
thology of  the  Greeks;  from  whence  their  ancient  his- 
tory was,  in  a  great  measure,  derived.  As  their  tradi- 
tions were  obsolete,  and  filled  with  extraneous  matter, 
it  rendered  it  impossible  for  them  to  arrange  properly 
the  principal  events  of  iheii  country.  Tliey  did  not  se- 
parate and  distinguish  ;  but  often  took  to  themselves  the 
merit  of  transactions  which  were  of  a  prior  date,  and  of 
another  clime.  These  they  adopted  and  made  their  own. 
Hence,  when  they  came  to  digest  the  ir  history,  it  was  all 
confused;  and  they  were  embarrassed  with  numberless 
ContradictioT>s  and  absuidilies,  which  it  was  impossible 
to  remedy.  We  have  already  alluded  to  another  reason 
for  the  obscurity  in  the  Grecian  history,  even  after  let- 
ters had  been  introduced  among  them.  They  had  a 
childish  antipathy  to  every  foieign  languagt ;  and  were 
equally  prejudiced  in  favour  of  their  own.  This  was  at- 
tended witn  the  most  fatal  consequences.  They  were 
misled  by  the  loo  great  delicacy  of  theii  ear;  and  could 
not  bear  any  term  which  appeared  to  them  to  be  barbar- 
ous and  uncouth.     On  this  account,  they  either  rejected 


foreign  appellations,  or  so  modelled  and  changed  thetn, 
that  they  became  in  sound  and  meaning  essentially  dif- 
ferent. And  as  they  were  attached  to  their  own  country 
and  its  customs,  they  presumed  that  every  thing  was  to 
be  looked  for  among  themselves.  They  did  not  consider, 
that  the  titles  of  their  gods,  the  names  of  cities,  and 
their  tcims  of  worship,  were  imported;  that  their  anci- 
ent hymns  were  grown  obsolete ;  and  lliat  time  .  had 
wrought  a  great  change.  They  explained  every  thing 
by  the  language  in  use,  without  the  least  retrospect  or 
allowance;  and  all  nan  es  and  titles  from  other  lountrles 
were  liable  to  the  same  rule.  If  the  name  was  dissonant 
and  disagreeable  to  their  ear,  it  was  rejected  as  barba- 
rous; but  if  it  was  at  all  similar  in  sound  to  any  word  in 
their  language,  tliey  changed  it  to  that  word  ;  though 
the  word  were  of  Syriac  original,  or  introduced  fiom 
Eijypt  or  Babylonia. 

If  the  preceding  observations  be  correct,  it  would  fol- 
low, that  we  must  look  to  other  nations,  and  ascend  to 
a  more  remote  antiquity  than  the  fibuhjus  annals  of 
Greece,  for  the  origin  of  tha'  "iperstition,  which,  under 
many  modifications,  appears  to  have  prevailed  ahiiost 
universally  throughout  the  world.  Accordingly,  Mr. 
Bryant,  of  wliose  theory  we  are  now  giving  a  concise 
exposition,  has  expended  a  great  deal  (rf  labour,  ingenu- 
ity, and  Icarniiig,  in  an  attempt  to  prove  that  the  ancient 
mythology  was  founded  upon  an  union  of  the  worship  of 
the  heavenly  host  with  the  comiBemorative  rites  of  the 
deluge. 

We  may  reasonably  suppose,  says  this  learned  writer, 
that  the  particulars  of  this  extraordinary  event  (the  de- 
luge) would  be  gratefully  commemorated  by  the  patri- 
arch himself,  and  transmitted  to  every  branch  of  his 
family  ;  that  they  were  made  the  subject  of  domestic 
converse,  where  the  history  was  often  renewed,  and  ever 
attended  with  a  reverential  awe  and  horror;  especially 
in  those  who  had  been  witnesses  to  the  calaiiniiy,  and 
had  experienced  the  hand  of  Providence  in  their  favour. 
In  process  of  time,  when  there  was  a  falling  off  from 
the  truth,  we  might  further  expect  that  a  person  of  so 
high  a  character  as  Noah,  so  particularly  distinguished 
by  the  Deity,  could  not  fail  of  being  reverenced  by  his 
posterity;  and  when  idolatry  prevailed,  that  he  would  be 
one  of  the  iirst  among  the  sons  of  men  to  whom  divine 
honours  would  be  paid.  Lastly,  we  might  conclude,  that 
these  memorials  would  be  interwoven  in  the  mythology 
of  the  gentile  world  ;  and  that  thrre  would  be  continual 
allusions  to  those  ancient  occurrences  in  the  rites  and 
mysteries,  as  they  were  practised  by  the  nations  of  the 
earth.  Accordingly,  Mr.  Bryant  endeavouis  to  prove, 
that  the  history  of  the  dclugi  was  religiously  preserved 
in  the  first  ages;  that  every  circumstance  attending  itis 
to  be  met  with  among  the  historians  and  mythologistsof 
different  countries;  and  that  traces  of  it  are  to  be  parti- 
cularly found  in  the  sacred  rites  of  Egypt  and  of  Greece. 

It  would  lead  us  into  far  too  wide  a  field,  wert  we  to 
follow  this  learned  and  ingenious  author  throughout  the 
whole  of  the  illustrations  he  has  given  of  his  theory.  We 
must,  therefore,  refer  our  readers  to  the  work  itself.  Ib 
the  mean  time,  we  shall  only  observe,  that  he  attempts 
to  trace  the  origin  of  the  Pagan  inythology  to  the  wor- 
ship of  Ham,  or  Amcjn,  the  son  of  N(;ali  ;  and  resolves 
the  difftr ent  titles  of  the  Deity  into  various  attributes 
(jf  the  diluvian  patriarch.  The  iheor)  is  illustrated  by 
some  curious  obserxations  on  the  worship  of  the  sun,  the 
moon,  the  ark,  the  serpent.  &c. 

We  have  already  observed,  that  the  Greeks  most  pre- 
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bably  derived  their  mylholocjy  from  Ejjypt  and  the  E.ist; 
the  Romans,  on  ihc  oilier  hand,  derived  Uieirs,  in  a  great 
measure,  from  the  Greeks.  It  is  natural  to  suppose  that 
many  clianges  must  have  taken  place  in  tlie  course  ot 
those  transmissions,  and  that  mucli  confusion  sliould 
have  been  created  by  the  multiplicity  of  names  and.  of 
attributes.  Cicero,  in  his  treatise,  De  JValura.  Deorum, 
has  a  curious  piss-i^c  upon  this  suhji-ci.  Quanguam, 
says  he,  quern  fiotissimum  Herculem  calamus-  scire  velim: 
plures  enim  nobis  tradunt  ii  qui  interiores  scrutanlur  et 
recondilas  liurai  Jlmtquiasimiim  Jove  nalum.  sed  item 
Jovf  antiqiiisKxmo  :  nam  Joves  quoque  fxlures  in  /iriscis 
Grtecorum  Uteris  inventmus.  Ex:  eo  igitur  et  Lysito  est 
is  Hercules,  quern  concertasse  cum  Jlfiolline  de  trijiode 
accepimus.  Mier  traditur  Kilo  nalus,  JEgi/lilius  ;  quern 
aiuut  P/irygias  Uterus  coriscriflfissr  Tertius  est  ex  Idtsis 
Dactylisy  cui  inj'erias  affcrunt  Quar'us  Jovise.it,  et  As- 
leria  Luione  irrroris  qucin  Tyrii  maxiine  colutit  ;  cujus 
Carthaginem  filtu7n  ftrunt .  Quintus  in  India,  qui  Belus 
dicitur.  Scxl'is  Itic  ex  Alcumena  quern  Jnjnter  genuit  ; 
sed  tertius  Jupiter:  qttoniam,  ul  docebo,  pluren  Joves 
accepimus.  So  Far  Cicero  ;  but  Vario  mentions  no  less 
than  forty  of  this  name,  wiio  wei'e  all  reputed  Deities. 
On  the  other  hand,  we  firid  that  the  same  Deity  was 
worshipped  by  various  nations  under  different  names. 
To  give  one  example,  Macrobius  informs  us  that  the 
sun  was  worshipped  under  the  names  of  Adonis,  Attis, 
Osiris,  Horus,  and  Liber;  and  Ausonius  says,  that  Bac- 
chus, Osiris,  Phanax,  Dionusus,  Liber,  and  Adoneus, 
were  one  and  the  same  deity. 

"   Ogy^a  me  Bacchum  vocat ; 
Osiriit  •Hgyptus  putut ; 
Jiti/si  Phancicem  nomijimit  f 
DionusoiL  Jndi  e.Tistimaxit ; 
Romana  sacra  Liberum  ; 
Arabia  gens  Adonemn." 

It  would  appear,  in  short,  that  the  whole  mythology 
of  the  ancients  was  originally  derived  from  one  common 
superstition,  diversified,  no  doubi,  by  the  genius  and 
fancy  of  different  nations,  in  some  more  gross,  in  others 
more  refined,  but  proceeding  from  a  gradual  corruption 
of  the  true  religion,  and  an  intermixture  of  the  fabulous 
with  the  true. 

The  earliest  annals  of  the  most  ancient  nations  gene- 
rally contained  a  rude  system  of  cosmogony  and  thco- 
gony.  Of  these,  however,  if  we  except  the  writings  of 
the  sacred  historian,  Mosas,  but  few,  and  these  very  im- 
perfect fragments,  have  been  preserved.  The  Cnaldeans 
were  undoubtedly  one  of  the  most  .ancient  nations  in  the 
world.  Their  history,  we  are  told,  had  been  written  by 
four  authors — Berosus,  Abydenus,  ApoUodorus,  and 
Altxander  Polyhistor.  Of  their  works,  however,  we 
have  only  some  fragments  preserved  in  Josephus,  Euse- 
bius,  and  Syncellus.  In  the  last,  we  find  a  small  piece 
of  Berosus  upon  their  theogony  ;  in  which  we  are  told 
that  a  monster,  half  man  and  half  fish,  rose  from  the  Red 
Sea.  and  made  his  appearance  near  a  place  in  the  neigh- 
bourhoorl  of  Babylon.  This  man,  or  monster,  abode  with 
men  by  day,  without  food,  and  taught  them  the  know- 
ledge of  letters  and  sciences,  and  whatever  could  con- 
tribute to  civilize  their  manners.  At  sun-set,  he  with- 
drew  into  the   sea,  and  spent  the  night  in  the  waters. 

•  Tf  we  are  not  mistaken,  the  appellation  Thaautiis,  Thiit,  Thoth,  has  been  transmitted  throiiRh  the  ancient  lanFua^es  down  to 
modern  limes ;  and  may  be  traced  m  the  -^«f  of  the  Creek,  the  Deus  of  the  Romans,  the  German  TUeut  or  Teut,  the  Frenth  i>i..u, 
Jind  the  English  Dn(y. 


This  monster,  Oannes,  is  said  to  have  written  a  book 
about  the  origin  of  things,  in  which  he  taught  that  there 
was  a  time  when  all  was  water  and  darkness,  and  that 
all  animals  were  of  a  monstrous  and  irregular  make, 
like  the  representations  to  be  seen  of  them  in  the  tem- 
ples of  Bclus.  It  was  added,  that  a  woman,  named  Om- 
eroca,  (probably  the  sea.)  was  mistress  of  the  universe, 
and  that  Belus  clove  her  asunder,  formed  earth  of  the 
one  part,  and  heaven  of  the  other,  and  put  all  those 
monsters  to  death.  Then  this  god  divided  the  darkness, 
separated  earth  from  heaven,  and  ranged  the  universe 
in  order;  and  seeing  the  world  desolate,  he  ordered  one 
of  the  gods  to  cut  off  his  head,  to  mix  with  earth  the 
blood  that  flowed  from  the  wound,  and  of  it  to  form  men 
and  animals  ;  after  which  he  framed  the  stars  and  pla- 
nets, and  thus  finished  the  production  of  all  beings. 
This  gross  system  of  cosmogony  may  be  traced,  we 
think,  to  some  corrupted  tradition  respecting  the  Noachic 
deluge,  and  the  Mosaic  account  of  the  creation.  In  other 
traditions  of  the  Chaldeans,  we  have  an  enumeration  of 
the  first  ten  generations,  and  an  account  of  the  deluge, 
wliicii,  in  many  particulars,  coincides  wonderfully  with 
that  given  by  Moses. 

The  Phenicians  also  had  their  cosmological  traditions; 
and  their  mythological  system,  Avhich  was  nearly  the 
same  with  that  of  the  Egyptians,  seems  to  have  been  the 
source  from  whence  the  theogony  of  the  Greeks  was 
derived.  Sanchoniathon,  priest  of  Bcrytha,  had  written 
upon  the  cosmogony  and  theogony  of  the  Phenicians,  but 
his  work  perished  in  the  wreck  of  time.  It  was  extant, 
however,  in  the  first  ages  of  Christianity ;  for  about  the 
reign  of  the  Antonines,  Philo  of  Byblos  translated  it  into 
Gre&k.  In  his  preface,  Philo  remarks,  that  Sanchonia- 
thon had  made  an  exact  scrutiny  into  the  writings  of 
Thaautus,  the  Plienician  Mercury,  the  same  with  the 
Thotli  of  the  Egyptians.*  This  translation,  which  ap- 
pears to  have  been  interpolated  by  Philo,  and  adapted  to 
the  ideas  of  the  Greeks  in  his  time,  has  also  perished: 
All  that  we  have  of  it  is  a  long  fragment  preserved  by 
Eusebius.  But  Eusebius  also  appears  to  have  mixed 
up  his  own  reflections  with  those  of  the  Greek  transla- 
tor; so  that  this  fragment  cannot  now  be  regarded  as  an 
authentic  document. 

In  the  theogony  of  this  author,  however,  we  may  trace 
the  original  of  that  system  of  mythology  which  appears 
to  have  been  afterwards  transplanted  into  Greece.  \Vc 
find  there  the  traditions  relative  to  the  Dioscuri  or  Ca- 
biri,  Uranus  and  Ge,  Chronosor  Saturn,  Jupiter,  Apollo, 
Minerva,  Hermes,  &c.  The  theogony  and  cosmogony 
of  the  Egyptians  were  pretty  nearly  the  same  with  those 
of  the  Phenicians;  and  both  were  evidently  derived  from 
the  same  source.  Besides  the  original  divinities  of  that 
ancient  people,  Osiris  and  Isis,  (the  Sun  and  Moon.)  we 
again  find,  among  their  great  gods,  Saturn,  Rhea,  Jupi- 
ter, Juno,  Vulcan,  Vesta,  Mercury,  Sec.  We  have  al- 
ready observed  that  the  Greeks  derived  their  mythology 
from  Egypt  and  Phenicia.  They,  however,  appear  to 
have  corrupted  the  traditions  which  they  have  received, 
to  have  adapted  them  to  their  own  manners  and  ideas, 
and  applied  them  to  their  own  history.  It  would  be 
superfluous  in  us  to  give  any  farther  account  of  a  sys- 
tem of  mythology  which  is  familiar  to  us  from  our  early 
years. 
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The  Chinese  lay  claim  to  great  antiquity  as  a  nation 
Their  labulous  records  are  said  to  reach  to  many  myri- 
ads of  years  before  the  Mosaic  era  of  the  creation.  Tlie 
missionariss,  who  are  the  only  sources  of  our  informa- 
tion respecting  the  earliest  periods  of  the  history  of  this 
people,  repiesent  them  as  having  retained  tlie  religion 
of  Noah  m.uiy  centuries  after  the  foundation  of  their 
empire  by  Fo-hi ;  ;mri  in  their  ancient  books,  no  vestiges 
of  an  idolatrous  woi  ihip  are  to  De  found.  The  emperor 
Fo-hi,  whose  birth  is  said  to  have  been  miraculous,  is 
represented  as  possessed  of  immense  intellectual  pow- 
ers. He  tauglu  his  countrymen  the  whole  art  of  agri- 
culture; invented  boats  and  nets  for  fishing,  the  art  of 
fabricating  porcehiin,  the  management  of  silk  worms,  the 
manufacturing  of  silk,  Sic.  In  short,  the  invention  of  all 
the  useful  arts  is  ascribed  to  Fo-hi.  But  their  religion 
seerns  to  have  gradually  degenerated  into  a  species  of 
atheism. 

The  sect  of  the  Faose  appeared  in  China  near  six 
hundred  years  before  Christ.  It  was  founded  by  the  phi- 
losopher, Lao-Kiun,  of  wliosc  birth  the  most  extraordi- 
nary and  absurd  stories  are  told.  His  morals  seem  to 
have  approached  near  to  those  of  Epicurus  ;  but  his  phy- 
sical doctrines  are  wrapt  up  in  impenetrable  obscurity. 
Those  who  made  profession  ol  this  sect  were  much  ad- 
dicted to  magic  and  alchemy,  in  order,  it  is  said,  to  dis- 
cover the  sci-rct,  by  means  of  which  they  might  become 
immoital.  The  author  of  this  sect  was  him&i-lf  ranked 
among  the  gods;  a  stately  temple  was  erected  to  him  ; 
and  the  emperor  Huim  Tsong  caused  the  statue  of  this 
new  God  to  be  brcight  into  his  palace. 

About  551  years  before  the  Christian  era  appeared 
the  famous  Chinese  philosopher,  Con-fut-se,  or  Confu- 
cius. His  birth  also  is  represented  in  the  legendary  tales 
of  the  Chinese  as  miraculous.  He  lived  an  austere,  asce- 
tic life,  taught  and  inculcated  the  doctrines  of  pure  mo- 
rality, and,  at  his  death,  left  behind  him  a  great  reputa- 
tion for  superior  wisdom. 

About  the  65ih  year  of  the  Christian  era,  a  new  sect 
was    introduced    into    China.     The    emperor,   Ming-ti, 
struck  with  some  words  which  Coni'ucius  had  often  re- 
peated, viz.  that  it  ivas  in  the  iveat  they  should  Jind  the 
Hohj  One,  sent  ambassadors  into  India  in  quest  of  him, 
and  to  learn  the  law  he  taught.     Those  envoys  believed 
they  had  at  last  found  him  out  among  the  worshippers  of 
an  idol,  named  Fo,  or  Foe.     They  accordingly  trans- 
ported into  China  several  images  of  this  idol,  together 
with  the  fables  and    superstitions   of  which  the  Indian 
books  were  full,  the  doctrine  of  the  Metempsychosis,  or 
transmigration  of  souls,  Sec.    The  worship  of  Foe,  once 
introduced,  made  a  most  rapid  progress  all  over  China, 
Japan,  Siam,  &c.     The  priests  of  Foe  are  called  among 
the  Siamese,  Talafioins  ;  by  the  Tartars,  Lamas  ;  by  the 
Chinese,  Ho-chang ;    :;ncl  by  the  Japanese,  Bonzes ;  by 
whic!i  last  appeli  iiion  they  are  most  commonly  known 
in  Europe.     A  vast  number  of  temples  were  erected  to 
this  idol  in  China  ;  and    an    inexhaustible   store    of  the 
most  monstrous  fables  concerning  the  life  and  adventures 
of  Foe  were  propagated  by  his  disciples,  the  Bonzes — 
the  most  ignorant,  the  most  superstitious,  and  the  most 
despicable  of  all  mortals. 

The  Hindoos,  like  the  other  eastern  nations,  appear  to 
have  retained,  for  a  long  period,  the  worship  of  tlie  true 
God.  In  the  course  of  time,  however,  idolatry  broke  in 
among  them,  and  overspread  the  country  ;  and  the  genu- 
ine history  of  the  origin  of  the  world  was  corrupted  and 
disguised  under  a  variety  of  fictions  and  allegories.     All 


mankind,  we  are  told,  are  sprung  from  their  supreme 
God,  Brahaio,  or  Briinha,  who  is  said  to  have  produced 
as  many  worlds  as  there  arc  parts  in  his  body.    The  first 
of  ihe&c  worlds,   which  is  above  tlie  heavens,    sprung 
from   his   brain;  the   second,   from  his  eyes;  the  third, 
from  his  mouth,   &c.     According  to  another   trathiion, 
Brahma  produced  theBralimins  from  his  mouth,  to  pray, 
to  read,  to  instruct ;  the  Chi'.tcrn  from  liis  arms,  to  draw 
the  bow,  to  fight,  to  govern  ;  the  Bice,  from  his  belly  or 
thighs,  to  nourish,  to  provide  the  necessaries  of  life  by 
agriculture  and  commerce  ;  the  Soder,  from  his  feet,  for 
subjection,  to  serve,  to  labour,  to  travel.      The   Hindoos 
have  also  some  mythological  traditions,  which  obviously 
appear  to  relate  to  tlie  general  deluge  ;   but  the  history 
is  adapted  to  their  own  religious  tenets.     But  the  vulgar 
religion  of  the  ancient  Hindoos  appears  to  have  been  that 
of  Foe,  which,  as  we  have  already  observed,  was  imported 
from  India  into  China,  and  which  probably  came  origin- 
ally into  India  from   Egypt.     The  traditions  respecting 
this  personage  are  so  ridiculous  and   extravagant,  that 
our  readers  may  spare  us  the  trouble  of  reciting  them. 
One  of  the  principal  doctrines  inculcated  by  Foe  and  his 
disciples  was  the  metempsychosis,  or  tiansniigration  of 
souls.     Some  have  imagined  that  this  doctrine  gave  rise 
to  the  multitude  of  idols  reverenced  in  every  country 
where  the  religion  of  Foe  prevailed,  and   particularly  to 
the  worship  of  animals.     To  this  doctrine,   too,   may  be 
ascribed  the  story  of  the  incarnations  of  Vishnou — who, 
along  with  Bud,    Buizen,  or   Budda,  is  held  to  be  the 
same  wi'h  Foe.     An  infinitude  of  fables  concerning  him 
were  propagated  by  his  disciples,  after  his  death.     They 
pretended  that  their  master  was  still  alive;  that  he  had 
been  already  born  8000  times,  and  that  he  had  succes- 
sively appeared  under  the  figure  of  an  ape,  a  lion,  a  dra- 
gon,  an  elephant,    a  boar,  &c.     At  length  he  was  con- 
fotnided  with  the  supreme  God  ;  and  all  the  titles,  attri- 
butes, operations,  perfections,  and  ensigns  of  the  Most 
High  were  ascribed  to  him.     There  are  other  wild  and 
extravagant   mythological  and  cosmological  notions  of 
the  Indians,  for  an  account  of  which  we  must  refer  our 
readers  to.lhe  authors  who  have  written  upon  the  subject. 
The  mythology  of  the  Persians  is  fully  as  extravagant 
as  that  of  the  Hindoos.     Anciently,  as  we  learn  from 
Herodotus,  Slrabo,  and  other  writers,  they  worshipped 
the  Sun,  ntider  the  name  of  Mithras,  and  also  paid  ado- 
ration to  Fire,  as  representing  the  Sim.     This  is  the  re- 
ligion of  the  Magi,  which  is  said  to  have  been  introduced 
by  Zoroaster.     Tliey  also  acknowledge   the  good   and 
bad  principh',  under  the  names  of  Oromazes  and  Ari- 
manius  ;  and  they  hold  that,  before  the  creatiori  of  Adam, 
this  globe  was  inhabited  by  a  race  of  beings  called  Peri 
and  JDives  ;  the   former,  described  as  beautiful  and   be- 
nevolent;  the  latter,  as  deformed,  malii;nanl,  and  mis- 
chievous.     These  beings  make  a  great   figure  in  the 
Persian  poetry   and  romances.     Indeed,  Persia  appears 
to  be  the  genuine  classic  ground  of  eastern  mythology, 
and  the  source  of  chivalry  and  romance  ;  which  seem  to 
have   been    propagated    from    thence  to  the   regions  of 
Scandinavia,  and  to  the  remotest  corners  of  Europe. 

For  an  account  of  the  mytluJogy  of  the  Americans 
we  must  conduit  the  annals  of  Peru  and  Mexico.  The 
most  remarkable  article  in  the  Peruvian  religion  is  the 
worship  of  the  Sun,  and  the  pretended  extraction  of  their 
first  Inca,  Maino-Captc,  and  his  consort  Ocolla,  from 
that  luminary.  The  idolatry  of  Peru  was  mild  and  bene- 
ficent ;  that  of  Mexico,  glooniy  and  sanguinary. 

There  are  but  few  vestiges  remaining  of  the  super- 
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sliiions  of  the  CcUic  nations, and  the  Diuidical  worship. 
The  mytliology  of  the  northern  nations  of  Europe,  on  the 
other  hand,  is  uncomnionly  curious  and  entertaining. 
Their  mythological  traditions,  which  rival  the  extrava- 
gance of  the  Peruvian  fables,  are  to  be  found  in  the 
Edda  and  Voluspa.  The  Edda  appears  to  have  been 
compiled  in  Iceland  in  the  thirteenth  century,  but,  by 
■whom,  is  uncertain.  The  greater  part  of  this  work  is 
filled  with  the  exploits  and  adventures  of  their  supreme 
divinity,  Odin,  or  VVodan.  The  greatest  earthly  happi- 
ness, according  to  the  notions  of  those  people,  consisted 
in  warlike  enterprises  ;  and,  accordingly,  Odin  is  repre- 
sented as  the  God  of  Battles,  and  of  irresistible  prowess. 
Ke  is  supposed  to  have  emigrated  from  the  east  ;  but 
from  what  country,  or  at  what  period,  is  uncertain.  His 
palace  is  called  Valhal  or  Valhalla,  and  is  situated  in  the 
city  of  Midgard,  where  the  souls  of  heroes  who  ha\e 
bravely  fallen  in  battle  enjoy  supreme  felicity.  There 
they  are  represented  as  spending  the  day  in  mimic  bant- 
ing matches,  or  imaginary  combats.  At  night  they  as- 
semble in  the  palace  of  Valhalla,  where  they  feast  on 
the  most  delicious  viands,  dressed  and  served  up  by  the 
Valkyrie — virgins  adorned  with  celestial  charms,  and 
blooming  with  perpetual  youth.  One  of  their  highest 
pleasures  is  drinking  mead  (the  nectar  of  the  Scandina- 
vian heroes)  out  of  the  skulls  of  enemies  whom  they  had 
killed  in  their  earthly  battles.  Slupsur,  the  horse  of 
Odin,  is  equally  celebrated  with  his  master.  The  hell  of 
the  Scandinavians  was  called  Heta  ;  and  Lok  was  the 
evil  genius  or  devil  of  the  northern  nations,  resembling 
very  nearly  the  Typhon  of  the  Egyptians.  Sig7ia  or  Sinna 
■was  the  consort  of  Lok ;  from  whence  is  derived  the 
English  word  sin.  They  had  also  a  number  of  dwarfs 
and  giants,  who  performed  a  variety  of  exploits,  and  were 
exhibited  in  the  most  frightful  attitudes.  Properly  speak- 
ing, however,  Thor  was  the  principal  divinity  of  the  Ice- 
landers and  Norwegians  ;  and  Odin,  or  Wodan,  of  the 
Swedes,  Danes,  and  North  Germans.  According  to 
Snorri's  description,  Thor  was  represented  as  a  person 
of  colossal  stature,  with  a  hammer  in  his  hand.  The 
name  An  was  a  term  of  later  introduction,  which  was 
employed  as  a  general  designation  of  the  northern  di- 


vinities ;  and  their  residence  was  called  Asgaard,  or  the 
city  of  the  Asi.     They   had  also  other  deities,  such  as 
Freya,  Mord,  the  Ai'ornea,  or  destinies.  Sec.  and  they  be 
lieved  in  the  agency  of  elves,  fairies,  and  other  spirits. 

The  word  Volusfta  is  compounded  of  Vola,  mad  cr 
foolish,  and  Sfia,  a  prophecy.  The  latter  part  of  this 
compound  may  be  recognised  in  the  Scotch  word  sfiae. 
This  work  consists  of  between  200  and  300  lines,  and 
contains  an  account  of  the  cosmological  notions  of  the 
northern  nations.  The  prophetess  begins  with  a  de- 
scription of  the  chaos;  and  then  proceeds  to  the  forma- 
tion of  the  world,  and  the  creation  of  the  different  spe- 
cies of  its  inhabitants.  She  then  explains  the  employ- 
merits  of  the  Nornes,  or  dtslinies,  the  functions  of  the 
deities,  their  most  memorable  adventures,  their  disputes 
with  Lok,  Sec.  and  she  concludes  with  a  long  and  ani- 
mated description  of  the  tinal  state  of  the  universe,  and 
its  dissolution  by  a  general  conflagration.  The  mytho- 
logy of  the  north  of  Europe  bears,  in  some  of  its  fea- 
tures, so  close  a  resemblance  to  the  fictions  of  the  east- 
ern nations,  as  to  afford  some  ground  for  the  belief,  that 
they  originally  flowed  from  one  corrjmon  source. 

In  this  article,  our  limits  liave  permitted  us  to  give 
only  an  outline  of  this  interesting  subject.  Those  who 
are  desirous  of  obtaining  more  ample  information,  re- 
specting the  mythology  and  cosmogony  of  various  ages 
and  nations,  are  referred  to  the  following  works: 

Bannier's  Mythology  and  Fables  of  the  Ancients  ex- 
plained from  history.  Bryznl's  Ancient  Mythology.  M, 
G.  Herrmann,  Mythologie  der  Griechen.  Hyde's  Belig. 
vet.  Pers.  L^c.  D'Herbelot's  Bibl.  Orient.  Anqueiil's 
Zend  Avesta.  Halhed's  Introduction  to  his  translation 
of  the  Code  of  Gentoo  Laws.  Asiatic  Researches,  pas- 
sim. The  treatise  De  Dea  Syria,  generally  ascribed  to 
Lucian.  Selden  de  Diis  Syr.  Kircher's  Oedifi.  Voss.  de 
Orig.  et  Prog.  Idol.  Jablonski's  Panth.  Egyfit.  M.  Gc- 
belin's  Monde  Prim.  Edda  Saemundar  hinns  Froda,  Is'c. 
Copenhagen,  1786.  Goranson's  Hyfierboreorum  Allan- 
tiorum,  seu  S'uigotorum  et  Xordmanorum  Edda,  Is'c.  Mal- 
let's A^orthem  Antiruitics.  Y.  Rahs,  Die  Edda,  isf- 
Berlin,  18)2.  (z.) 
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NACOGDOCHES,  a  town  of  the  province  of  Texas, 
about  120  miles  west  of  Natchitoches,  in  Louisiana, 
North  Lat.  31°  26',  and  94°  20'  West  from  Greenwich. 
It  is  situated  in  a  fine  healthy  and  well  watered  country, 
but  is  nevertheless  an  inconsiderable  place,  with  only  a 
few  houses,  a  Roman  Catholic  church,  and  a  small,  but 
indefensible,  fort. 

D.\RBY. 

NAIRN,  a  royal  borougii,  and  county  town  of  Nairn- 
shire, is  beautifully  and  commodiously  situated  on  the 
west  bank  of  the  river  .Nairn,  which  enters  the  Moray 
Frith  eleven  miles  from  Forres.  The  houses  in  the 
High-street,  that  lies  east  and  west,  are  neat  and  elegant, 
from  which  many  narrow  lanes,  extending  to  the  river 
Vol.  XIV.     Part  I. 
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on  one  side,  and  to  a  cultivated  plain  of  more  than  40t, 
acres  on  the  other,  exhibit  buildings  of  a  very  inferior 
construction.  The  gaol  and  town-hall  are  situated  in 
the  middle  of  the  street ;  and  the  church  and  cemeiry 
occupy  a  green  head-land,  projecting  into  the  course  of 
the  river  on  the  southern  side  of  the  town. 

The  first  charter  now  extant  was  granted  by  James 
VI.  in  the  year  1SS9,  being  the  renewal  of  a  charter  by 
Alexander  I. ;  and  the  revenue  of  the  borough  is  deriv- 
ed from  a  considerably  extensive  moor,  let  on  various 
leases — from  feu-duties  and  the  tolls  of  six  stated  fairs  in 
the  year,  and  the  weekly  market.  The  government  ol 
the  borough  is  committed  to  a  provost,  3  baillies,  a  dean 
of  guild,  treasurer,  and  11  councillors.  The -whole  trades 
form  one  incorporation. 
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The  police  is  well  conducted,  and  the  streets  are  kept 
clean  and  well  lighted.  A  considerable  wing  of  Nairn, 
streiciiing  lowards  the  shore,  is  occupied  by  fishermen, 
who  use  the  Cehic  language,  which  is  not  understood  by 
the  other  citizens;  and  in  consequence  of  this,  one-half 
of  the  service  of  the  public  worsiiip  in  the  church  is  de- 
livered in  that  tongue.  Tliis  circumstance  suggested  a 
joke,  attributed  to  James  VI.  who,  being  displeased  by 
the  compliments  of  a  courtier  on  the  population  of  the 
cities  of  England,  is  said  to  liave  replied,  "  that  none  of 
liiem  equalled  the  extent  of  one  of  the  cities  of  his  na- 
live  kingdom,  which  was  so  large,  that  one-half  of  the 
tlie  inhabitants  did  not  understand  the  language  of  the 
other." 

The  school  is  well  conducted,  and  the  different  branch- 
es of  eilucation  are  taught  with  success.  The  number 
of  scholars  is  seldom  below  80,  and  often  above  100.  A 
school  for  girls  is  also  supported  at  the  public  expense. 
The  castle  hill  is  situated  on  the  south  side  of  the  town, 
on  the  banks  of  the  river,  where  a  royal  fort  once  stood. 
The  castle  was  placed,  at  a  very  ren)ote  period,  nearer 
the  shore,  on  the  influx  of  the  river,  which  flowed  half  a 
mile  farther  westward  than  at  present,  and  vestiges  of 
it  are  supposed  yet  to  remain  a  considerable  way  within 
the  bed  of  the  oceun. 

Mr.  Telford  has  been  employed  in  surveying  the 
ground  for  constructing  a  commodious  harbour,  and  it  is 
calculated  this  great  improvement  may  be  made  for  the 
sum  of  3000/.  :  the  accommodation  to  the  inhabitants  of 
Nairn  would  thus  be  much  increased,  if  the  intercourse 
on  the  Moray  Frith,  which  must  result  from  the  Cale- 
donian canal,  were  more  frequent.  Nine  boats  are  em- 
ployed in  the  white  and  salmon  fishery,  and  20  or  30  in 
that  of  herring.  The  establishment  of  a  wool-carding 
manufactory  has  been  very  useful,  and  the  plaiting  of 
straw  for  England  has  been  lately  introduced.  In  1794 
the  town  contained  1 100  inhabitants,  and  at  present  they 
amouni  to  2000. 

NAIRNSHIRE,  a  small  county  in  the  north  of  Scot- 
land, is  bounded  on  the  north  by  the  Moray  Frith  ;  on  the 
east  and  south  by  Morayshire  ;  and  on  the  west  by 
Inverness-shire,  It  is  situated  between  57°  22'  and  57° 
40'  North  Lat.  and  3°  35' and  3°  47'  West  Longitude.  It 
extends  from  16  to  18  miles  in  length,  and  its  greatest 
breadth  is  ten  miles.  The  whole  of  this  county,  except- 
ing Fcrintosh,  which  is  encompassed  by  Ross-shire,  and 
wholly  unconnected  with  any  other  part  of  the  county, 
was  formerly  included  in  the  province  of  Moiay  It  con- 
sists of  four  entire  parishes,  Ardclanch,  Auldearn,  Cal- 
der,  and  Nairn,  as  also  a  part  of  the  parish  of  Dyke  in 
Moray sliire,  of  Urquhart  in  Ross-shire,  of  Croy,  Moy, 
and  Petty  in  Inverness-shire.  The  county  contains  near- 
ly 128,000  acres. 

This  county  presents  a  varied  intermixture  of  low 
land,  hilly,  and  mountainous  district.  The  flat  plain  of 
the  lower  part  of  the  parish  of  Calder  rises  towards  tlie 
south  into  a  hilly  tract,  and  elevates  its  boundary  with 
Moy  into  a  mountainous  country.  In  the  parish  of 
Nairn,  whose  form  resembles  the  letter  X,  the  groimd 
on  the  north  of  the  river  is  flat  and  level,  and  on  the 
south  a  gradual  acclivity  is  terminated  in  one  corner  of 
the  parish  by  the  hill  of  Urchany.  The  part  of  the 
parish  of  Croy  lying  to  the  north  and  north-west  of  the 
Nairn  is  almost  one  continued  ridge ;  but  the  banks  of 
the  Nairn  arc  well  cultivated  or  planted.  The  parish  of 
Ardclaugh  is  a  hilly  district,  corresponding  with  tlie 
Gaelic  word,  which  signifies  high  stony  ground,  and  08 


this  account  it  furnishes  little  pasture  that  is  not  mixed 
with  heath. 

The  climate  is  in  general  serene,  dry,  and  salubrious, 
but  more  inclement  and  rainy  in  the  higher  parts  of  the 
county.  It  is  worthy  of  remark,  that  in  the  parish  of 
Ardclauch,  though  the  air  is  supposed  to  be  he;ilthy,  and 
many  of  its  inhabitants  surpass  the  70th  and  80'.h  year  of 
their  age,  yet  the  inhabitant?,  both  young  and  old,  are  pe- 
culiarly subject  to  the  erysipelas. 

The  gi-eatest  part  of  the  soil  in  this  county  is  poor, 
thin,  stony,  and  generally  of  a  sandy  quality.  In  the 
eastern  quarter  of  Auldearn,  the  soil  is  a  strong  clay,  of 
a  red  colour,  and  produces  abundant  crops,  but  is  dif- 
ficult to  cultivate.  The  southern  part  of  the  county  of 
Nairn  is  of  a  rich  heavy  mould,  and  the  banks  of  the 
river  consist  of  sand  mixed  with  clay.  The  greatest 
part  of  the  parish  of  Croy  presents  a  white  moorish  soil, 
while  along  the  river  a  fertile  loam  abounds  of  good 
(luality.  The  soil  in  the  higher  part  of  Calder  is  a  peac 
morass,  covered  with  brown  heath:  in  some  of  the  lower 
parts  there  are  plots  of  moorish  rocky  ground,  but  a  con- 
siderable quantity  is  a  kindly,  sharp,  and  fertile  soil.  The 
small  number  of  enclosures,  and  the  great  abundance  of 
heath,  prove  the  general  badness  of  the  soil,  and  poverty 
of  its  cultivators.  If,  however,  the  same  spirit  should 
arise  in  this  oleak  county  which  has  so  long  distinguish- 
ed Norfolk,  once  the  most  barren  spot  in  England,  und  a 
judicious  use  of  marl,  lime,  &c.  be  adopted,  we  entertain 
no  doubt  that  a  great  change  will  soon  be  effected. 

This  county  is  watered  by  the  rivers  Findhorn  and 
Nairn,  whose  banks  are  covered  in  many  parts  with 
woods  and  plantations;  several  elegant  seats  and  roman- 
tic old  castles  diversify  the  scenery.  The  castle  of 
Kilravock,  on  the  banks  of  the  Nairn,  and  that  of  Caw- 
dor on  the  delightful  burn  of  the  same  name,  are  wor- 
thy of  notice.  Boath,  Geddes,  and  Lethjn  house  merit 
attention. 

Sandstone  is  very  abundant.  A  very  valuable  bed  of 
pure  marl  is  contained  in  the  moss  and  lake  of  Litie,  on 
the  property  of  Lord  Cawdor,  extending  over  a  space 
of  40  acres,  and  being  from  16  to  20  feet  deep.  It  is 
also  supposed,  that  in  the  grounds  between  Boath  and 
the  shore,  coal  might  be  found,  since  there  is  a  quarry 
of  dark  blue  stone,  which,  like  coal,  flames  in  the  fire, 
and  does  not  fall  into  powder  like  limestone,  on  the  ap- 
plication of  water.  Considerable  tracts  of  peat  abound 
also  in  this  county  ;  and  fir  trees  60  feet  long  and  S 
feet  in  diameter,  have  also  been  discovered  in  the  peat, 
and  used  in  the  roofing  of  houses. 

The  agriculture  of  this  county  is  in  a  very  low  state, 
since  there  are  few  inclosures  except  in  the  immediate 
vicinity  of  large  towns,  and  of  gentlemen's  seats.  Da- 
vid Davidson,  Esq.  of  Cantray,  has  been  justly  distin- 
guished for  his  exertions  in  ornamentnig  and  improv- 
ing his  property,  by  britiging  400  acres  of  waste  into  a 
very  high  state  of  cultivation,  and  planting  more  than 
2000  acres.  The  example  of  gentlemen  farmers  are 
rarely  followed  very  hastily  by  the  adjoining  tenan'iy, 
whose  cautious  and  calculating  habits  generally  yield 
only  to  the  successful  results  of  practical  farmers.  The 
smallness  of  the  farms  militates  very  much  against  the 
introduction  of  any  very  lasting  change,  since  lew  te- 
nants occupy  farms  amounting  to  50/.  per  annum  ;  and 
the  great  majority  of  farms  does  not  exceed  20/.  The 
rental  of  the  different  farms  varies  from  2«.  6d.  to  35s. 
per  acre. 
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The  whole  amount  of  land  under  timber  of  native 
growth  is  4000  acres,  and  under  plantations  6000. 

The  amount  of  the  inhabitants  in  1801  was  8257,  and 
in  1811,8251.  It  has  only  one  royal  borough,  Nairn, 
and  two  villages,  Auldearn  and  Calder,  and  sends  a 
member  to  parliament  alternately  with  Cromarty. 

Temples  of  the  Druids  are  numerous,  and  prove  this 
county  to  have  been  inhabited  from  very  remote  anti- 
quity. It  is  generally  supposed  that  an  artificial  green 
mount,  in  the  parish  of  Auldearn,  had  been  formed  for 
a  court  of  civil  justice  when  the  druidical  temples  were 
forsaken.  The  celebrated  historian  George  Buchanan 
supposes  the  castle  near  Nairn  was  taken  by  the  Danes 
in  the  reign  of  Malcolm  I. 

The  village  ot  Auldearn  is  distinguished  as  the  spot 
■where  the  Marquis  of  Montrose,  in  1645,  obtained  a 
most  decisive  victory  over  the  friends  of  the  presbyte- 
rian  form  of  church  government,  in  which  he  lost  only 
20  men,  while  2000  of  the  enemy  were  slain,  many  pri- 
soners captured,  and  the  whole  baggage,  much  wealth 
and  ammunition,  with  16  standards,  taken.  In  the  par- 
ish of  Croy,  not  far  from  the  ridge  of  moorish  grounds, 
on  the  side  towards  the  river  Nairn,  the  ever  memora- 
ble action  of  Culloden  was  achieved.  The  royal  army 
consisted  of  8811,  and  the  rebel  of  8350.  The  victory 
obtained  on  this  day  put  a  final  period  to  the  hopes  of 
the  Pretender,  whose  history,  and  that  of  his  family, 
must  ever  remain  a  valuable  lesson  to  all  future  gene- 
rations. Only  50  of  the  royal  army  fell,  of  whom  6 
were  officers,  while  the  number  of  the  rebels  killed  in 
the  action  and  pursuit  has  been  computed  at  2500. 

See  Morayshire.  Statistical  Account  of  Scotland,  hy 
Sir  Johii  Sinclair,  Boil.  j1  Survey  of  thr  Province  of 
Moray.  Thr  Rev.  Mr.  Leslie'-  General  JlcxV  of  the  Ag- 
riculture of  the  Counties  of  A'airn  and  Moray. 

NAMUR,  a  city  of  the  Netnerlands,  and  capital  of  a 
province  ol  the  same  name,  is  situated  in  a  valley  at  the 
junction  of  the  Sambre  and  the  Meuse,  the  greater  part 
of  the  town  being  placed  between  two  hills  on  the  right 
ofthe  Sambre.  The  town  is  well  built,  and  its  streets 
wide  and  clean,  and  the  houses  are  built  of  stone  of  a 
blue  colour,  with  red  and  black  veins.  The  principal 
public  edifices  are  the  cathedral  and  the  church  ofthe 
Jesuits.  The  town  is  defended  by  a  citadel,  erected  on 
the  summit  of  a  precipitous  rock.  In  the  neighbour- 
hood of  Namur  there  are  numerous  mines  of  copper  and 
iron,  and  considerable  manufactures  of  fire-arms,  sivords, 
knives,  scissors,  and  other  hardware  articles.  Ropes, 
leather,  ihrtad,  and  tobacco,  are  also  manufacluied  in 
considerable  quantities.  Namur  had  formerly  a  popu- 
lation of  30  000,  but  it  has  diminished  to  15,085.  East 
Loll;,'.  4°  51'  7".  an(i  North  Lat.  50°  28'  3o". 

NANCY,  one  of  the  finest  towns  in  France,  and  the 
capital  of  the  liepartment  of  the  Meurihe,  is  beautiful- 
ly situated  in  a  plain  on  the  left  bank  of  the  Meurihe. 
The  town,  w  hi(  li  is  large  and  well  built,  consists  of  the 
old  and  new  town,  and  two  well-built  suburbs.  The 
new  town,  which  was  b-gun  in  the  16lh  century,  is  large 
and  handsome,  and  contains  spacious  streets,  with  ni,ny 
elegam  houses.  The  gates  are  particularly  splendid. 
The  eastern  and  western  ones,  which  are  similar,  ter- 
minate two  fint  htreets,  which  unite  in  the  square  built 
by  Stanislaus.  Tbis  square,  encircled  by  an  iron  tailing, 
contains  vi  ry  splendid  liuuses.  and  has  a  beautiful  foun- 
tain at  each  ,-)f  its  four  corners  The  old  town  is  a  con- 
fused mass  of  i.KUses  witl.ou;  tasle,  and  the  streets  are 
narrow  and  crooked.     It  has  two  handsome  squares,  one 


of  which  is  planted  with  trees.  The  principal  public 
buildings  are.  the  ancient  palace,  the  town-hall,  the  cathe- 
dral, the  church  of  the  Corcieljers,  containing  the  tombs 
of  the  ancient  Duk^s  of  Lorraine,  and  also  that  of 
Charles  the  Bold.  Duke  of  Buigundy  ;  the  ci-devant 
cloistei  of  the  Franciscans,  at  the  end  of  the  Fauxbourg 
of  St.  Pierre,  containirig  the  mausoleum  of  king  Sianis- 
laus,  which  is  the  chef-d'ceuvte  of  Giraidin.  The  ex- 
pense of  the  buildings  wi:h  which  Stanislaus  adorned 
this  town  was  about  3  585. 346  livres.  There  are  also  in 
Xancy  several  hospitals  and  houses  of  charity,  and  some 
literary  establishments.  The  academy  was  founded  in 
1751,  and  has  a  considerable  library.  The  principal 
manufactures  are  those  of  linen  and  woollen  gouds,  and 
its  chief  trade  is  in  corn  and  wine.  See  the  Comp.Ce 
General  de  la  de/ieiise  des  edifices  et  batimena  que  le  Roi 
S'anislaua  a  fait  conatruire  fiour  I'embellissement  de  la 
ville  de  .Yancy  defiuia  1751  junqu'eii  1759  P'puia'ion 
29.740.     East  Long.  6°  10'  31".   North  Lat.  48°  41'  55". 

NANGASACKI,  a  large  se.i-port  town  of  Japan, 
situated  at  the  south-west  extremity  of  the  island  of 
Ximo.  The  place  comprehends  the  Dutch  town  and 
the  Japanese  town.  The  former  consists  of  several 
large  fire-proof  stone  houses,  and  of  various  houses  built 
of  wood,  clay  and  tiles.  The  Japanese  town  is  divided 
into  the  inner,  which  contains  25  streets,  and  the  outer, 
which  contains  61  streets.  The  principal  public  build- 
ings are  62  temples  built  on  eminences,  the  palaces  of 
the  two  governors,  and  those  of  other  princes  and  gran- 
dees;  and  the  prison,  or  Goknia,  composed  of  a  hundred 
separate  huts  or  cages.  The  brothel  consists  of  two 
handsome  streets,  shut  at  each  end  by  strong  gates, 
where  the  prostitutes  are  kept,  and  let  out  to  hi-e.  An 
account  of  the  harbour  of  Naiigasacki,  and  other  p^rti- 
ticuldrs  respecting  its  recent  history,  will  be  f^uul  in 
our  article  Japan  See  also  Krusenstern's  Voyage  round 
the  World-  chap.  xii.  and  xiii  Lon'j:  230"  8'  west  of 
Greenwich,  and  North  Lat.  32°  43'  40". 

NAN'KIN.     See  China. 

N.^NTASKET  This  name  is  applied  lo  on,:  of  :he 
main  eniranccs  into  the  harb  lur  ot  Boston,  south  ofthe 
Lighthouse.  Nantasket  road  affords  good  anchorage 
with  from  5  to  7  fathoms  water. 


N  .\N TES,  a  city  of  France,  and  capital  of  the  depart- 
ment of  the  Lower  Loiie,  is  situated  on  ihe  right  bank 
of  the  Loire,  which  here  divides  itself  b\  means  of  islands 
into  six  separate  branches,  which  are  crossed  by  a  seiies 
of  bridg.  s,  extending  about  a  league  in  a  straight  line. 
The  town  of  Names  is  finely  situated  on  the  declivity 
ami  summit  of  a  laill.  Tne  city,  exclusive  of  the  suburbs, 
is  of  an  oblong  form,  extending  aioni;  the  banks  of  the 
river.  In  general,  the  houses  are  old  and  irregularly 
built,  and  the  walls  of  many  are  leaning  considcrjbly 
from  the  perpendicular.  The  suburb  o;  La  Fosse  con- 
tains me  most  elegant  houses,  and  is  superior  to  any 
part  ofthe  town  in  beauty. 

The  principal  public  buildings  of  Nantes,  are  the  Go- 
thic r;ithedr.(l.  adnrned  with  the  tombs  of  the  Dukes 
of  Brittany  ;  the  castle,  which  is  a  lari^e  building  com- 
manding the  harbour,  the  town-hail,  the  house  of  ihe 
prefect,  the  ilicalre,  and  a  handsome  columr.  70  (eet 
nigh  ;  there  is  also  a  lyceum,  .i  pubii..  library,  a  bntani- 
cal  garden,  a  museum  of  natural  history,  agricultural 
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and  commercial  societies,  and  sclioois  ol  anatomy  and 
sursyery. 

The  chief  manufactures  carried  on  at  Nantes,  are 
those  of  rope-makini>;,  spinning,  weaving  of  woollen  and 
linen  goods,  cotton  printing,  earthenware;  glass,  and  ar- 
ticles of  hardware  arc  aisonianulactured  ;  and  ship-build- 
ing is  carried  on  to  a  considerable  extent. 

Nantes  carries  on  a  considerable  foreign  trade  with 
the  west  and  north  of  Europe,  and  with  America,  the 
West  Indies,  and  the  coast  of  Guinea.  When  St.  Do- 
mingo formed  part  of  France,  no  fewer  tlian  150  vessels 
belonging  to  Nantes  were  employed  in  the  trade  witii 
the  West  Indies.  Tlie  coasting  and  inland  trade  of 
Nantes  is  very  extensive,  and  is  highly  favoured  by  the 
Loire  and  its  tributary  streams.  From  the  shallowness 
of  the  river,  however,  vessels  exceeding  80  or  90  tons 
are  obliged  to  unload  at  Paimboeuf,  about  20  miles  be- 
low Nantes,  and  the  merchandise  is  carried  to  that  city 
by  means  of  lighters.  Population  73,879.  West  Long. 
1°  22'  44",  and  North  Lat.  47°  13'  6". 

NANTUCKET,  an  island  and  county  of  Massachu- 
setts, lying  in  the  Atlantic  ocean,  ten  miles  a  little  south 
of  east  from  Martha's  Vineyard,  and  fourteen  south  of 
Cape  Malabar,  in  Barnstable  county.  Nantucket  is 
nearly  in  form  of  a  crescent,  about  15  miles  in  length, 
with  an  area  of  50  square  miles  ;  situated  between  North 
Lat.  41°  13',  and  41°  22';  and  between  69°  56',  and 
70°  13'  West  from  Greenwich.  Similar  to  all  other 
islands,  the  climate  of  Nantucket  is  mild  wlien  compar- 
ed to  that  of  the  adjacent  continent.  The  soil,  though 
-ight  and  sandy,  is  tolerably  productive.  Meadow  grass 
cs  grow  abundantly.  The  right  of  landed  property  is 
held  in  common  by  the  inhabitants.  The  inhabitants  are 
in  general  engaged  in  a  seafaring  life,  and  have  always 
been  remarkable  for  their  activity  and  hardy  robust  tem- 
perament, and  their  admirable  knowledge  and  enterprise 
as  seamen.  In  both  wars  between  the  United  States 
and  Great  Britain,  the  inhabitants  of  Nantucket  evinced 
ilieir  patriotism,  and  were  from  their  exposed  situation 
severe  sufferers  from  the  cruisers  of  the  common  enemy. 
Their  industry  and  experience  have  amply  restored 
their  prosperity  ;  they  have  now  near  fifty  sail  of  ves- 
sels, averaging  three  hundred  tons  burthen,  engaged  in 
The  whale  fishery.  The  manufacture  of  Spermaceti  em- 
ploys on  the  island  a  capital  of  upwards  of  600j000  dol- 
lars. A  long  and  dangerous  shoal  extends  east  and 
north-east  from  Nantucket,  the  exact  extent  and  posi- 
tion of  which  has  never  been  very  exactly  delineated. 

The  chief  town  on  the  island  is  called  by  tlie  same 
Jiame,  Nantucket,  standing  on  the  north  side  of  the  island, 
at  North  Lat.  41°  15'  30"^  and  "0°  05'  West  Long,  from 
Greenwich,  and  6°  55'  East  from  Washington  city ; 
about  45  miles  south-east  from  New  Bedford,  and  90 
south-cast  by  south  from  Boston. 

The  form  of  Nantucket  island  renders  the  whole  north- 
ern part  a  bay,  the  concave  part  of  the  crescent  extend- 
ing to  the  south.  The  town  of  Nantucket  stands  at  the 
bottom  of  this  bay,  upon  an  excellent  and  well  sheltered 
harbour,  into  which  large  vessels  cannot  enter,  upon  ac- 
count of  a  bar  of  sand  at  its  entrance. 

There  is  in  the  town  of  Nantucket  two  Banks  and  two 
Insurance  Co'iipanies.  The  inhabitants  of  the  whole 
island  in  1810  amounted  to  6807,  and  in  1820.  to  7265. 

DARDY. 


NANTW'ICH,  a  town  of  England,  in  Cheshire,  is 
situated  in  a  beautiful  vale  on  the  banks  of  the  river 
Weaver,  which  divides  it  into  two  unequal  parts. 

It  consists  of  about  800  houses,  arranged  in  two  prin- 
cipal and  several  smaller  streets.  The  church,  built  in 
the  form  of  a  cross,  has  an  octagonal  tower  and  some 
finely  ornamented  windows.  The  mansion  house  is  a 
neat  modern  building.  There  is  in  the  town  a  free; 
school,  a  charity  scliool,  several  alms-houses,  and  a  good 
workhouse  erected  in  1780.  The  principal  manufac- 
tures of  Nantwich  are  those  of  salt  and  shoes,  of  which 
great  quantities  are  sent  to  London.  The  cotton  manu- 
facture was  also  extended  to  this  town,  and  gloves  made 
to  a  considerable  extent.  The  Chester  canal  terminates 
in  a  broad  basin  near  the  town.     Population  3463. 

NAPIER,  or  Neper,  John',  Baron  of  Merchistoun, 
the  celebrated  inventor  of  the  Logarithms,  was  the  eld- 
est son  of  Sir  Archibald  Napier  of  Merchistoun,  Master 
of  the  Mint  in  Scotland,  and  was  born  at  Merchistoun 
in  the  year  1550.  Having  given  early  indications  of  in- 
dustry and  talents,  his  education  was  conducted  with 
great  care,  and,  after  going  through  the  ordinary  course 
of  study  at  the  college  of  St.  Andrew's,  he  made  the 
tour  of  the  Low  Countries,  France,  and  Italy,  where  lie 
is  said  to  have  applied  himself  to  the  mathematics.  On 
his  return  from  the  continent,  he  devoted  himself  in  a 
particular  manner  to  the  study  of  geometry  and  the 
Scriptures;  and,  in  the  year  1593,  he  published  his  es- 
say on  the  Apocalypse,  under  the  title  of  A  Plain  Dis- 
coverjj  of  the  Revelation  of  St.  John.  This  work  gained 
our  author  great  reputation,  and  was  translated  into  se- 
veral foreign  languages. 

In  the  year  1596,  Napier  wrote  a  letter,  addressed  to 
Anthony  Bacon,  (the  original  of  which  is  in  the  Arch- 
bishop of  Canterbury's  library  at  Lambeth,)  entitled, 
"  Secret  inventions  necessary  in  these  days  for  the  de- 
fence of  this  island,  and  withstanding  strangers,  enemies 
to  God's  truth  and  religion."  * 

o 

The  attention  of  Baron  Napier  was  about  this  time 
engrossed  by  his  discovery  of  logarithms.  Having  ec- 
casion,  from  his  attachment  to  astronomy,  to  make  many 
numerical  calculations  in  spherical  trigonometry,  he  set 
himself  to  find  out  some  method  of  diminishing  the  la- 
bour of  calculation.  Wood  informs  us,  in  the  Athene 
Oxotiiensis,  on  the  authority  of  Oughtred  and  Wingate, 
"  that  one  Dr.  Craig,  a  Scotchman,  coming  out  of  Den- 
mark into  his  own  country,  called  upon  John  Napier, 
Baron  of  Marcheston,  near  Edinburgh,  and  told  him, 
among  other  discourses,  of  a  new  invention  in  Denmark, 
(by  Longomontanus,  as  'lis  said,)  to  save  the  tedious 
multiplication  and  division  in  astronomical  calculations. 
Napier  being  solicitous  to  know  farther  of  him  concern- 
ing this  matter,  he  could  give  no  other  account  of  it 
than  that  it  was  by  proportionable  numbers.  Which 
hint  Napier  taking,  he  desired  him  at  his  return  to  call 
upon  him  again.  Craig,  after  some  weeks  had  passed, 
did  so,  and  Napier  'hen  showed  him  a  rude  draught  of 
what  he  called  Cm.  .i  Mirabilis  Logarilhmorwn ;  which 
draught,  with  some  alterations,  he  printed  in  1614.  It 
came  forth  into  the  hands  of  our  author  Briggs,  and  into 
those  of  William  Oughtred,  from  whom  the  relation  of 
this  matter  came." 

Although  there  seems  to  be  no  reason  for  doubting 
these  facts,  yet,  excepting  the  remark  that  Napier  took 
the  hint  from  his  conversation  with  Dr.  Craig,  they  are 
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ji)  no  respect  inconsistent  with  the  statement  made  in 
the  preface  to  Napier's  work,  where  it  appears  that  he 
was  led  to  the  investigation  from  the  difliculties  whieh 
he  had  experienced  in  his  trigonometrical  calculations. 

The  work,  which  contained  this  great  invention  of  ar- 
tificial numbers  fur  abridging  calculation,  appeared  in 
1614,  under  the  title  of  Logarithmorum  Canonis  Deacrifi- 
tio,  of  which  we  have  already  given  a  particular  account, 
together  with  Dr.  Briggs's  improvements,  in  our  article 

on  LOGAKITHMS. 

In  consequence  of  the  correspondence  which  took  place 
between  these  eminent  men,  the  Baron  seems  to  have  in- 
vited Briggs  toviiit  him  in  Scotland.  "Napier,  Lord  of 
Merchistoun,"  says  Briggs,  in  a  letter  to  Archbishop 
Usher,  dated  March  10,  1615,  "hath  set  every  head  and 
hand  at  work  with  his  new  and  admirable  logarithms.  I 
hope  to  see  him  this  summer,  if  It  please  God  ;  for  I  never 
saw  a  book  which  pleased  me  better,  and  made  me  more 
wonder." 

Briggs  accordingly  made  him  a  month's  visit,  of  which 
the  following  curious  account  is  given  in  the  life  of  Lilly 
the  astrologer. 

"  I  will  acquaint  you  (says  Lilly)  with  one  memorable 
story,  related  unto  me  by  John  Marr,  an  excellent  ma- 
thematician and  geometrician,  whom  I  conceive  you  re- 
member. He  was  servant  to  king  James  I.  and  Charles 
L  When  Merchistoun  first  published  his  logarithms, 
Mr.  Briggs,  then  reader  of  the  astronomy  lectures  at 
Gresham  college  in  London,  was  so  surprised  with  ad- 
miration of  them,  that  he  could  have  no  quietness  in  him- 
self until  he  had  seen  that  noble  person,  whose  only 
invention  they  were  ;  he  acquaints  John  Marr  therewith, 
who  went  into  Scotland  before  Mr.  Briggs,  purposely  to 
be  there  when  these  two  so  learned  persons  should  meet. 
Mr.  Briggs  appoints  a  certain  day  when  to  meet  at  Edin- 
burgh ;  but  failing  thereof,  Merchistoun  was  fearful  he 
would  not  come.  It  happened,  one  day,  as  John  Marr  and 
the  Lord  Napier  were  speaking  of  Mr.  Briggs;  'Ah, 
John,  (saith  Merchistoun)  Mr.  Briggs  will  not  now  come  ; 
at  the  very  instant  one  knocks  at  the  gate  ;  John  Marr 
hasted  down,  and  it  proved  to  be  Mr.  Briggs,  to  his  great 
contentment.  He  brings  Mr.  Briggs  up  into  my  Lord's 
chamber,  where  almost  one  quarter  of  an  hour  was  spent, 
each  beholding  other  with  admiration  before  one  word 
was  spoken.  At  last  Mi-.  Briggs  began.  '  My  Lord,  I 
have  undertaken  this  long  journey,  purposely  to  see  your 
person,  and  to  know  by  what  engine  of  wit  or  ingenuity 
you  came  first  to  think  of  this  most  excellent  help  unto 
astronomy,  viz.  the  logarithms;  but,  my  lord,  being  by 
you  found  out,  I  wonder  no  body  else  found  it  out  before, 
when  now,  being  known,  it  appears  so  easy.'  He  was 
nobly  entertained  by  the  Lord  iNapier,  and  every  summer 
after  that,  during  the  Laird's  being  alive,  this  venerable 
man,  Mr.  Briggs,  went  purposely  to  Scotland  to  visit 
him." 

Besides  his  great  invention  of  the  logarithms,  Baron 
Napier  improved  trigonometry  with  his  universal  rules 
or  theorems  for  solving  all  the  cases  of  right  angled  sphe- 
rical triangles,  which  he  calls  ihc  Jive  circular  parts,  and 
of  which  ive  shall  have  occasion  to  give  an  account  in  our 
article  on  Trigonometry.  The  last  production  of  this 
eminent  mathematician  was  his  Rabdologia,  sen  numera- 
tionh  fier  Firgtilas,  JLibri  Djio,  which  appeared  in  1617, 
and  which  was  dedicated  to  the  Chancellor  Seton.  This 
work  contains  the  description  and  use  of  an  apparatus, 
called  Napier's  Bones  or  Rods,  and  other  ingenious  me- 
thods of  abridging  calculation.     The  description  of  the 


Bones  will  be  found  in  our  article  Arithmetic.  Napier 
did  not  long  survive  the  publication  of  this  work.  He 
died  at  Merchistoun  on  the  3d  April,  O.  S.  1517,  in  the 
68th  year  of  his  age  ;  and  such  was  the  extent  of  his  re- 
putation, that  the  illustrious  Kepler  dedicated  to  him  his 
Ephemerides,  which  were  published  in  1617;  and  it  ap- 
pears from  many  passages  in  his  letter,  that  he  reckoned 
Napier  the  greatest  man  of  his  age  in  the  particular  de- 
partment to  which  he  had  directed  his  attention.  He  was 
buried  in  the  cathedral  church  of  St.  Giles,  on  the  east- 
ern side  of  its  northern  entrance,  where  a  stone  tablet, 
bearing  a  Latin  inscription,  indicates  that  this  is  the  burial 
place  of  the  Napiers. 

Baron  Napier  of  Merchistoun  was  twice  married.  He 
had  only  one  son,  called  Archibald,  by  his  first  wife,  who 
was  a  daughter  of  Sir  James  Sterling  of  Keir.  By  his 
second  wife,  a  daughter  of  Sir  James  Chisholm  of 
Crombie,  he  had  a  numerous  family,  of  five  sons  and  five 
daughters.  His  eldest  son  Archibald,  who  attained  to 
eminence  in  his  father's  life  time,  was  made  a  privy 
counsellor  by  James  VI.,  in  whose  reign  he  held  the  se- 
veral offices  of  treasurer-depute,  justice-clerk,  and  sena- 
tor of  the  College  of  Justice;  and  he  was  raised  by 
Charles  I.  in  1627,  to  the  peerage,  by  the  title  of  Lord 
Napier.  His  third  son  was  a  pupil  of  his  own  in  mathe- 
matics, and  to  him  he  bequeathed  the  care  of  publishing 
his  posthumous  works. 

For  farther  information  respecting  the  life  and  writings 
of  that  eminent  individual,  see  T/ie  account  of  the  Life, 
Writings^  and  Inventions  of  John  J\rapier  of  Merchiston, 
by  the  Earl  of  Buchan.     Perth,  1787. 

NAPLES,  an  ancient  kingdom  in  the  south  of  Italy, 
is  bounded  on  the  north-west  by  the  states  of  the  Church, 
on  the  west  and  south  by  the  Mediterranean,  on  the  north- 
east by  the  Adriatic.  It  reaches  from  13°  18'  to  18'  SO' 
of  east  longitude,  and  from  37°  46'  to  42"  5  5'  of  north 
latitude.  The  length,  from  the  limits  of  the  Pope's  ter- 
ritory on  the  north,  to  the  extremity  of  Calabria  on  the 
south,  is  about  360  British  miles;  the  greatest  breadth 
120  ;  the  superficial  extent  being  estimated  at  something 
more  than  30000  square  miles,  and  the  population  at 
5,000,000  souls.  It  is  divided  into  15  provinces,  and  in- 
cludes several  small  islands  in  both  the  seas  which 
bound  it. 

The  general  aspect  of  the  country  is  variegated  and 
picturesque.  The  s/tine  of  Italy,  the  Apennine  chain  of 
mountains,  passing  through  this  tract,  and  sending  off 
shoots  in  several  directions,  gives  a  character  of  inequa- 
lity to  the  surface;  at  one  time  rising  into  lofty  and  rug- 
ged summits,  which  merit  the  epithet  sublime  ;  at  another 
swelling  into  gentle  eminences,  which,  covered  with  the 
most  luxuriant  vegetation,  and  fringed  with  a  profusion 
of  elegant  shrubs,  are  justly  denominated  beautiful. 
Monte  Gargano  is  the  principal  secondary  branch ;  it 
starts  at  right  angles  from  the  main  ridge,  and  proceeds 
eastward  to  form  the  promontory  whose  name  it  bears. 
Another  secondary  branch  extends  south-eastward  into 
the  province  of  Otranto  ;  the  main  ridge  itself  now  bend- 
ing to  the  south  and  terminating  at  the  Faro  of  Messina. 
The  principal  summits  of  this  district  are  the  Gran  Sasso 
d'ltalia,  8000  feet  above  the  level  of  the  sea  ;  the  Velino, 
8300  ;  and  the  Sila,  5000.  The  famous  Vesuvius  is  an 
insulated  mountain;  its  volcanic  action,  not  its  height, 
renders  it  worthy  of  mention.  The  elevation  of  its  crater 
is  only  3900  feet. 

The  climate  of  Naples  exhibits  considerable  variety. 
In  the  mountainous  parts  of  the  kingdom,  of  course, 
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cold  is  the  prevailing  charactenstic ;  none  of  the  peaks, 
however,  ascend  to  the  region  of  perpetual  frost.  The 
eastern  provinces,  on  the  other  hand,  being  screened 
by  the  Apennines,  are  frequently  incommoded  with 
droughts;  and  some  of  their  vegetable  productions,  as 
the  aloes  and  the  palm,  indicate  the  approacii  to  a  tropical 
temperature.  Calabria  is  moist  and  hot.  The  district 
around  the  capital  is  temperate,  and  delightful  beyond 
any  other  in  Europe.  It  is  called  the  Campagna  Felix, 
and  well  deserves  that  name.  There  is  a  luxurious 
balminess  in  the  air;  an  azure  brightness  in  the  sky;  a 
magnificence  in  the  atmospheric  phenomena,  which 
strike  every  traveller  with  admiration.  The  feeling  is 
heightened  by  contrast  also;  you  arrive  at  Naples,  from 
the  north,  by  the  Pomptine  Marshes;  the  most  insalu- 
brious and  disinal  country  of  the  world  conducts  you  to 
the  finest.  Bat  the  beauty  and  grandeur  of  the  Cam- 
pagna Felix  are  not  without  their  drawbacks.  The 
eruptions  of  Vesuvius  are  sometimes  dangerous,  and 
earthquakes  are  both  frequent  and  destructive.  The 
year  1783  is  still  recollected  with  terror  over  all  the 
kingdom;  and  more  lately,  in  1803,  a  violent  shock  was 
experienced,  from  which  the  capital  and  its  neighbour- 
hood sustained  great  damage. 

The  soil  here  is  light  and  sometimes  volcanic,  but 
generally  fertile  ;  a  better  system  of  agriculture  might 
render  most  of  it  eminently  fertile.  A  little  draining  in 
one  place,  a  little  irrigation  in  another,  are  often  all  that 
the  ground  asks  of  the  husbandman;  but  even  this  he 
seldom  grants.  His  mode  of  cultivation  is  the  rudest 
imaginable.  He  ploughs  the  land  and  sows  it  annually 
■with  corn  ;  and  when  it  will  no  longer  yield  him  any  crop, 
he  leaves  it  to  recover  as  it  likes.  Nor  will  this  igno- 
rance and  inattention  of  the  farmer  appear  surprising,  if 
we  take  his  circumstances  into  view.  He  is  usually  a 
■metayei\  and  the  terms  of  the  contract  are  grinding  to 
hini.  He  receives  his  patch  of  ground  at  first  stocked 
by  the  landlord,  and  provided  with  seed  and  such  clumsy 
iiHplements  as  he  requires,  all  of  which  he  is  bound  to 
replace  at  the  expiiation  of  his  lease;  he  manages  the 
farm  by  his  own  labour,  and  according  to  his  own  plan  ; 
and  a  third  ot  the  pioduce  is  his  whole  reward.  In 
Lombard)  o  Aai/ofthe  produce  makes  the  peasant  happy, 
industrious,  skilful  :  in  Naples,  a  third  makes  him  a 
sloven,  a  beggar,  frequently  a  smuggler  or  a  robber.  The 
government  in  Lombardy  has  secured  the  terms  of  the 
peasant's  contract  wiih  his  master,  by  law:  the  govern- 
ment in  Naples  treats  with  the  banditti  who  infest  its 
dominions,  and  often  pays  them  a  salary  to  restrain  their 
depredations. 

Such  a  system  of  husbandry  cannot  well  be  produc- 
tive. It  yields  wheat,  barley,  rye,  for  the  internal  con- 
sumption ;  besides  a  remaining  quantity  of  wine  and 
olive-oil  for  exportation.  Nearly  a  half  of  the  agricul- 
tural labour  is  devoted  to  the  vine;  but  the  management 
of  it  is  greatly  inferior  to  what  may  be  obstrvecj  in 
flourishing  wine  countries,  as  in  the  neighbourhood  of 
Opor'o  or  Baurdeaux.  It  is  not  uncommon  to  find  se- 
veral departments  of  cultivation  carried  on  hy  the  same 
person,  in  the  same  field.  Elms  and  poplars  are  often 
seen  planted  in  rows,  and  supporting  vines,  while  the  in- 
tervening spaces  are  sown  with  grain  or  pulse. 

The  Neapolitan  animals  are  not  remarkable  for  their 
excellence.  Horses  no  longer  form  an  object  of  export. 
Muicsare  better  fitted  for  the  mountainous  parts  of  the 
countiy,  and  in  general  use  there.  In  the  high  grounds 
of  Abruzzo  and  Calabria,  cows,  oxen,  sheep,  are  reared 


in  considerable  quantities;  while  large  droves  of  bufTaloes 
range  along  the  marshy  tracts  on  the  north-west  coast. 
Of  wild  animals,  the  lynx  or  tiger-cat  is  found  in  the 
higher  parts  of  the  Appennine;  the  crested  porcupine  is 
said  to  be  peculiar  to  the  south  of  Italy;  snakes  and  other 
reptiles  are  met  with  in  the  hot  districts. 

The  unhappy  circumstances  of  his  political  condition, 
the  heaviness  of  taxation,  the  insecurity  of  property, 
which  have  acted  so  banefully  on  the  N'apolitan  husband- 
man, pioduce  a  similar  effect  on  the  merchant  and  nianu- 
ficturer.  The  trade  of  Naples  is  mostly  in  the  hands  of 
British  subjects,  who,  by  a  late  treaty  (1816),  are  put  on 
a  footing  of  equality  with  the  natives  Tile  fabrics  of 
the  country  are  of  liitle  variety,  and  insignificant  extent. 
Of  tlie  8000  cwt.  of  siik  annually  produced  here,  about 
hall  is  exported  in  a  raw  state,  the  remainder  is  prepared 
at  home.  Cotton,  a  production  of  the  soil,  is  made  into 
mualin,  in  a  limited  quantity,  in  the  province  of  Otranlo  ; 
coverlets  are  formed  of  it  at  N  iiido  and  Galatona.  Pot- 
teries exist  in  the  capital,  and  at  T  ramo  in  Auruzzo 
Ultra  :  in  the  former  are  also  some  establisnineiils  of 
embroidery.  The  liqueurs  and  other  confectionary  of 
Naples  are  known  in  foreign  countries.  The  exports, 
however,  are  chiefly  confi'ied  to  raw  produce,  oil,  silk, 
wool,  fruit ;  to  which  are  added,  in  smaller  quantities, 
cotton  and  wine.  The  imports  are  more  diversified, 
consisting  of  sugar,  coffee,  and  other  groceries  ;  woollens, 
linens,  cotton  goods,  British  or  East  Indian  ;  with  hard- 
ware, clocks,  watches,  household  furniture,  and  large 
quantities  of  salted  fish. 

The  latter  article  is  indispensably  requisite  here,  as 
in  all  countries  professing  the  Catholic  religion,  and 
strictly  conforming  to  their  profession  of  it.  Catholicism 
is  the  universal  creed  in  Naples;  and  the  people  are  de- 
votedly attached  to  it.  The  only  dissenters  are  a  few 
miseiahle  hordes  of  Albanians,  whose  ancestors  sought 
refuge  in  the  south  of  Italy  from  the  oppressions  of 
Mahomet  II.  during  the  fifteenth  century.  They  still 
follow  the  Greek  nrode  of  worship,  in  a  few  villages, 
where  they  live  distinguished  for  their  uncultivation  even 
among  the  peasantry  ol   Naples. 

The  revenue  and  forces  of  Naples  are  small,  and  im- 
perfectly known.  Next  to  no  provision  is  made  for 
educating  any  considerable  class  of  the  community  ;  and 
the  general  ignorance  is  proportionate  to  this  inattention. 
The  government  \&  at  present  in  a  s'ate  of  convulsion,  or 
but  riionientary  quiet,  and  i  annot  be  described.  We 
proceed  to  the  history  :  our  outline  of  it  also  must  be 
brief. 

N.iples  is  said  to  have  been  founded  by  a  colony  of 
Athenians,  at  a  period  anterior  to  the  building  of  Rome ; 
and  during  the  greatness  of  the  Roman  state  it  seems 
alwavs  to  have  been  considered  as  a  Greek  city.  When 
the  Romans  had  extended  their  conquests  to  Samnium, 
the  Neapolitans,  from  whom  they  met  with  no  resistance, 
were  received  into  the  number  of  their  allies,  and  per- 
mitted to  retain  their  laws  and  muni'ipal  government. 

In  after  times,  when  the  laste  lor  Grecian  literature 
became  general  at  Rome,N  pi>-s  grew  a  favourite  resort 
of  the  learned  and  the  wealth),  =n>d  even  in  the  declining 
days  of  the  empire,  is  described  by  Cassiodorus  as  a  rich 
and  populous  city,  adorned  with  temples  and  tne  palaces 
of  the  wealthy,  who  resorted  tliitherto  enjoy  itssalubriou« 
clioiate,  and  the  luxuries  with  which  ii    bounded. 

On  the  {\)ll  of  the  Roman  empire,  Nai)les  fell  into  the 
hands  of  the  Goths,  from  whom  it  was  r<  cov  ivd  hy  Bc- 
lisarius  in  537,  and  although  retaken  by  Totila  in  545, 
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was  again  delivered  by  Narses  555.  After  this  period, 
Naples,  and  its  surrounding  ton  iiorv  co'uinued  to  imin- 
tain  its  connection  witli  the  Greci:iii  tmpire,  and  its  chief 
magistrate,  or  duke,  was  appointed  by  the  emperor  or  the 
exarch  of  Ravenna,  his  representative  in  Italy.  After 
Ravenna  was  taken  by  the  Lombards,  howevrr.  the  in- 
fluence of  the  emperor  in  Naples,  and  the  other  Greek 
cities  in  Italy,  gradually  declined;  in  the  11th  century, 
the  duke,  or  master  of  the  soldiers  at  Naples  appears  to 
have  been  elected  by  the  people  ;  and  fot  a  period  of  five 
hundred  years,  Naples,  though  continually  obliged  to 
maintain  its  independence  against  ihc  Lombard  dukes  of 
Beneventum,  whose  territories  surrounded  it  on  all  sides, 
had  continued  to  retain  its  libeity.  But  the  Lombards 
were  not  the  only  enemies  who  disturbed  the  repose  of 
the  south  of  Italy.  In  the  9th  century,  the  Saracens,  who 
possessed  the  opposite  coasts  of  Ahica,  took  several  of  the 
towns  on  the  coast  of  Italy,  and  besieged  the  city  of 
Gaeta. 

These  invaders  were  repelled  by  the  valour  of  the 
Neapolitans,  but  their  privateerintc  vessels,  which  were 
then,  as  they  are  now,  ihc  pes's  of  the  Mediterranean, 
were  so  injurious  to  trade,  that  '.he  republics  of  Naples, 
Gaeta,  and  Almalphi,  were  obliged,  in  their  own  d«- 
fence,  to  devote  much  at'enlion  to  their  naval  force  ;  in 
which  they  attained  to  such  a  degree  of  superiority, 
that  the  Neapolitaris  were  long  considered  the  best  sea- 
men in  Europe. 

At  length,  these  republics,  which  bad  so  long  defend- 
ed themselves  againsi  such  powerful  enemies,  were 
overwhelmed  by  the  Normans,  who  made  their  first  ap- 
pearance as  a  band  of  adventurers  in  the  pay  of  the  prince 
of  Salerno,  about  the  time  of  the  first  crusade  ;  but 
afterwards,  assisted  by  successive  reinforcements  from 
Normandy,  made  themselves  masters  of  Apuiia,  Cala- 
bria, and  Sicily,  and  at  length,  under  Roger  II.  took 
the  city  of  Naples:  and  that  prince,  having  received  the 
title  of  king  of  the  Two  Sicilies  from  Pope  Innocent 
IT.  who  had  become  his  prisoner,  fixed  his  residence  at 
Niiples,  which  has  ever  since  been  the  capital  of  the 
kini^dom.  For  the  history  of  Naples,  after  this,  we  re- 
fci  our  readers  to  the  article  Italy,  with  the  general 
history  of  which  Naples  is  intimately  connected  ;  and 
shall  only  say  a  few  words  respecting  the  late  revolution 
in  that  country,  an  event  which  has  su  remarkably  ex- 
cited and  disappointed  the  expectations  or  fears  of  the 
other  njtions  ot  Europe. 

At  the  periori  when  the  power  of  Napoleon  was  at 
its  height  in  Naples,  as  well  as  in  the  rest  of  Europe, 
there  still  remained  in  that  country  many  persons,  who 
were  indignant  at  the  servile  state  of  dependence  to  which 
that  country,  though  possessing^  a  nominal  sovereign, 
was  reduced.  Of  ihrse  persons,  the  late  queen  Caio- 
line,  wife  of  the  present  Ferdinand  VII.  whose  restless 
spirit  was  always  engaged  in  some  intrigue  for  the  re- 
covery of  Naples,  determined  to  make  use,  and  employ- 
ed as  her  aRetit  for  this  purpose.  Cardinal  Ruflb,  who 
succeeded  in  organizing  a  sei-.ret  association,  the  mem- 
bers of  which   were   styled  Cjideraii,  whose  secret  ob- 


ject was  the  restoration  of  the  ancient  dynasty,  and  the 
pontifical  power.  Most  of  the  members  of  this  associa- 
tion were  men  of  desperate  fortunes,  lazzaroni,  and 
assassins,  who  were  supplied  with  arms,  and  ready  to 
take  advantage  of  any  political  change  or  intestine  tu- 
mult. 

The  death  of  queen  Caroline,  and  the  safe  return  of 
king  Joachim  to  Naples,  after  the  Russsian  campaign, 
put  an  end  to  this  confederacy,  and  iliost  of  its  members 
were  discovered  and  punished. 

The  severity  of  the  conscription,  and  the  other  op- 
pressive mea-iures  of  the  military  despotism  to  which 
they  were  subjected,  kept  alive  the  spirit  of  discontent, 
and  a  new  society  was  organized,  resembling  the  former 
in  its  dislike  to  the  present  government,  but  professing 
also  a  general  abhorrence  to  tyranny,  and  intolerance  of 
every  kind.  This  society  was  called  the  Caibonaria,  or 
place  where  charcoal  is  prepared,  and  its  members  Car- 
bonari, or  coal-burners.  Its  separate  meetings  were 
styled  barrache,  or  markets,  and  its  principal  lodge  the 
aha  boracha,  or  great  market.  Of  the  precise  nature  of 
the  proceedin(;s  or  doctrines  inculcated  at  these  places, 
it  is  impossible  to  speak,  as  the  meetings,  like  those  of 
free-masons,  were  secret ;  like  free-masons,  too,  the 
members  had  mystical  initiating  rites,  and  veiled  their 
lessons  of  union  and  virtue,  as  they  termed  them,  under 
symbolical  representations,  and  a  jargon,  understood  only 
by  the  brethren.  The  most  perfect  equality  was  a  lead- 
ing principle  of  the  sect;  and  it  contained  members  of 
every  rank  and  condition,  from  the  noble  to  the  lazza- 
roni. The  influence  of  an  association  like  this,  under  a 
government  wiiich  repressed  every  open  expression  of 
popular  feeling,  may  easily  be  conceived.  It  was  soon 
felt  and  dreaded,  and,  during  the  absence  of  Joachim  with 
the  army,  in  1813,  his  queen,  who  was  left  at  the  head  of 
the  regency,  was  led  to  take  measures  against  them  ; 
and  the  king  himself,  whom  the  carbonari,  after  the  first 
proceedings  of  the  allied  powers  at  the  congress  of 
Vienna  had  thrown  some  light  on  its  real  design,  were 
willing  to  have  supported  against  the  Austrians,  pursued 
the  same  policy. 

In  1815,  Murat  was  defeated,  discrowned,  and  exe- 
cuted ;  Naples  surrendered  to  a  British  squadron  ;  and 
king  Ferdinand,  after  an  absence  of  nine  years,  returned 
in  triumph  to  his  capital.  But  the  jubilee  attending  his 
arrival  was  of  short  duration.  Ferdinand  IV.  was  al- 
ways a  man  of  the  weakest  faculties,  and  his  ignorance 
was  extreme.  Shooting  pheasants,*  not  governing  a 
kingdom,  was  his  forte  :  and  the  carbonari,  under  his 
administration,  had  abundant  cause  and  abundant  means 
to  propagate  their  feelings  of  dissatisfaction,  and  augment 
their  numbers.  The  revolutions  of  Spain  and  of  Portu- 
gal gave  energy  and  form  to  their  measures  ;  the  mili- 
tary became  imbued  with  similar  principles  ;  and  a 
simuit-uieous  revolt  of  almost  all  his  troops,  in  the  end 
of  1820,  compelled  Ferdinand  to  resign,  and  the  prince, 
his  son,  to  sanction  a  form  of  government  similar  to  that 
of  Brit.iin. 

The   Neapolitans  assembled  a  parliament,  and  went 


*  He  used  to  inform  his  cousin  of  Spain  regularly  of  his  success  in  this  vocation.  The  number  of  braces  was  pointedly  recorded  in 
ihe  ileslmlches  of  the  royal  sportsman  ;  and  he  wrested  from  the  pope  a  license  to  continue  his  destructive  operations  even  on  Sundays. 

A  coiwersation,  in  whicli  Fi.rdin;ind  was  taking-  part,  once  happened  to  turn  on  the  execution  of  Louis  XVI.,  then  a  recent  event. 
Some  one  remarked,  that  Louis'  conilemnation  wa<  the  second  crime  of  the  kind  which  had  occurred  in  Europe  ;  the  kinif  eatccrly 
inquired  where  or  when  was  the  firs"  ?  the  speaker,  ofcourse,  an>!wered  that  it  was  in  F.nslaiid,  and  that  Charles  L  w.is  the  victim  ; 
whereupon  his-majesty  rejoined  with  some  he.il  :  "  No,  Sir '  you  are  misinformed  :  the  Enj;!is!i  arc  too  brave  and  loyal  a  people  to 
be  guilty  of  such  a  thing.  Depenil  upo'i  it,  Sir.  'his  is  a  mere  tale,  trumped  up  by  the  Jacobins  of  Paris,  to  c:icuse  {heir  own  guilt : 
it  may  do  very  well  to  deceive  the  Fiench,  but  wc  shall  not  be  gulled  by  it,  1  hope." 
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forward  rapidly  in  the  woik  of  legislation.  Tlie  lovers 
of  freedom  began  to  hope  ;  the  lovers  of  quiet  to  fear  : 
the  Neapolitans  disappointed  both.  Sicily,  wliere  one 
party  was  for  an  independent  governnnent,  another  for 
a  continued  junction  \vitli  Naples,  became  a  scene  of 
horrid  outrages,  which  ended  in  nothing;  and  the  Ita- 
lian part  of  the  nation,  who  had  tlirown  oft"  the  yoke  so 
easily,  took  it  on  again  with  cciual  ease.  The  sovereigns 
of  Russia,  Austria,  and  Prussia,  published  nnnilestoes, 
and  assembled  at  Laybach,  to  provide  for  what  they  con- 
sidered the  peace  of  Naples,  and  the  safety  of  Europe. 
Their  proceedings  were  looked  upon  with  considerable 
diversity  of  opinion,  in  France  and  England  ;  but  neither 
of  those  courts  fell  it  their  duty  to  interfere.  Ferdinand 
was  invited  to  attend  the  conclave  at  Laybach  :  he  re- 
lumed with  an  Austrian  army  to  escort  him.  Tlie  Nea- 
politan senators  stormed  and  deprecated  :  their  troops 
fled  almost  without  a  wound.  Ferdinand  was  reinstated  ; 
the  carbonari  were  banished  or  shot :  and  thus,  what 
promised  once  to  be  a  revolution,  turned  out  to  be  a  pal- 
try tumult.  The  Austrian  troops  are  long  ago  with- 
drawn ;  and  all  seems  as  it  was  at  Naples.  Disconient 
with  their  king,  disdain  for  tlieir  countrymen,  still  rankle 
deeply  in  a  few  minds  ;  but  Naples  has  now  been  gather- 
ed into  the  great  circle  of  interests  which  the  northern 
sovereigns  dispose  of,  and  ccntiol,  and  its  fate,  and  the 
changes  it  is  destined  to  undergo,  must  for  a  time  be  re- 
gulated by  the  fate  and  the  changes  of  Europe  in 
general. 

NAPLES,  the  capital  of  the  kingdom  of  the  same 
name,  is  situated  in  latitute  40°  50'  13"  N.  and  in  longi- 
tude 14"  50*  15"  east  of  Greenwich. 

There  is  no  city  in  Europe  more  distinguished  for  the" 
beauty  of  its  site.  Its  position  is  in  the  form  of  an  am- 
phitheatre on  the  shores  of  a  bay,  which  seems  as  it  were 
shut  up  by  the  island  of  Capri,  which  lies  17  miles  to  the 
south,  and  by  those  of  Procida  and  Ischia.  On  the  east, 
Vesuvius  raises  its  insulated  and  fire-scathsd  summit, 
and  at  its  feet  lie  the  beautiful  villages  of  Portici,  and 
Torre  del  Greco.  On  the  other  side,  is  the  hill  of 
Posilipo,  with  the  tombs  of  Virgil  and  Sannazarius.  At 
3  distance  is  seen  the  chain  of  the  Appennines,  from 
which  a  branch  detaching  itself  runs  to  the  south-west, 
surrounding  Vesuvius,  having  its  summits  crowned  with 
the  villages  of  Castell  a  Mare,  Massa,  and  Sorrento, 
llie  birth-place  of  Tasso.  The  city  itself  is  seated  on  the 
slope  of  a  range  of  beautiful  hills,  fronting  the  south  and 
east,  enjoying,  at  almost  every  point  of  view,  the  most 
varied  and  delightful  prospects. 

Its  situation  is  even  surpassed  by  its  climate  :  its  sky 
is  ever  pure  and  serene,  its  air  free  and  salubrious,  and 
its  soil  remarkably  fertile.  It  is  not  then  surprising  that 
travellers  should  describe  Naples  with  more  than  ordi- 
nary enthusiasm. 

This  situation,  in  which  nature  displays  all  her  charms, 
this  bright  and  cloudless  atmosphere,  inspire  the  heart 
with  an  unusual  energy,  and  fill  the  soul  with  the  vivid 
illusions  of  romance ;  surrounded  every  where  by  the 
most  exquisite  specimens  of  art,  while  listening  to  the 
notes  of  Pergolesi  and  lommelli,  or  admiring  the  scenes 
which  inspired  the  youthful  muse  of  Tasso,  the  enrap- 
tured stranger  catches  as  it  were  a  portion  of  their 
spirit,  and  feels  as  if  he  trod  a  soil  sacred  to  music  and 
poesy. 

These  advantages  have  at  all  times  made  Naples  a 
most  desirable  place  of  residence.  During  the  time  of 
the  Romans,  the  shores  of  its  bay  were  covered  with 


their  villas ;  and  there  are  few  of  their  poets  who  hav« 
not  celebrated  the  beauties  of  Parthenope.  In  modern 
times,  such  has  been  the  increase  of  inhabitants,  thai 
many  of  the  villages  which  formerly  surrounded  the 
town,  are  now  joined  to  it,  and  these  suburbs  now  con- 
tain a  much  larger  population  than  the  ancient  city  itself. 
Naples  was  formerly  divided  into  four  parishes;  but 
these,  from  the  subdivisions  occasioned  by  the  increase 
of  inhabitants,  and  the  addition  of  the  suburbs,  had,  in  the 
year  1791,  increased  to  the  number  of  48,  and  were  sup- 
posed to  contain  a  population  of  above  450,000  souls,  in- 
dependently of  the  adjacent  villages,  the  number  of  whose 
inhabitants  was  computed,  at  the  same  period,  to  amount 
to  135,000. 

The  appearance  of  the  interior  of  Naples  is  in  genera! 
pleasing;  the  principal  streets  are  wide  and  well  built, 
and  the  public  edifices  so  lofty  and  solid,  as  to  give  a 
general  air  of  grandeur  to  the  city.  Their  magnificence, 
however,  chiefly  consists  in  their  magnitude  :  they  want 
simplicity  and  unity  of  design,  and  present  a  confusion  of 
almost  every  order  of  architecture  ;  and  the  paintings, 
marbles,  and  other  decorations,  with  which  they  are  en- 
riched, are  seldom  judiciously  placed,  and,  even  when 
best  disposed,  are  scattered  around  with  a  profusion 
which  destroys  their  effect. 

The  buildings  which  occur  in  the  greatest  number, 
are  churches  and  monasteries,  of  which  our  limits  will 
only  permit  us  to  enumerate  a  few  of  the  most  remarka- 
ble. 

The  cathedral  is  founded  on  the  site  of  two  ancient 
temples,  one  of  which  was  dedicated  to  Neptune,  and  the 
other  to  Apollo.  It  is  the  largest  church  in  Naples,  and 
lays  claim  to  very  great  antiquity.  It  was  rebuilt  or  en- 
larged by  Charles  I.,  and  finished  by  Charles  II.  of  Anjou  ; 
but  having  been  destroyed  by  an  earthquake  in  1496,  it 
was  again  repaired  by  king  Alfonso  of  Arragon.  The 
structure  had  been  originally  Gothic,  but  has  been  much 
disfigured  by  the  injudicious  repairs  and  alterations,  in 
different  styles  of  architecture,  in  later  times.  IMore 
than  a  hundred  pillars  of  oriental  granite,  which  formerly 
supported  the  Temple  of  Neptune,  are  still  in  the  cathe- 
dral, but  have  been  covered  with  stucco  by  the  barbarous 
taste  of  one  of  the  archbishops.  This  church  contains 
the  tombs  of  Charles  of  Anjou,  of  Pope  Innocent  XII., 
and  of  Andrew,  the  husband  of  queen  Jane  I.,  who  was 
strangled  at  Aversa,  by  her  orders,  or  with  her  conni- 
vance. 

The  many  chapels  attached  to  the  cathedral  are  ex- 
tremely ricli  in  statues  of  silver,  gilded  roofs,  &c.  and 
some  are  adorned  with  the  still  more  valuable  produc-. 
tions  of  Domininhino  and  Guide.  In  a  subterraneous 
chapel,  under  th.i  choir,  is  said  to  be  deposited  the  body 
of  St.  Januarius,  and  here,  to  the  disgrace  of  the  Romish 
church,  the  celebrated  miracle  of  the  liquefaction  of  his 
blood  is  still  exhibited  by  the  p'•'^:sts,  an  imposture  which 
even  Eustace,  the  zealous  defender  of  the  Catholic  su- 
perstition, has  the  candour  to  acknowledge. 

The  church  of  tlie  Holy  Apostles,  situated  on  the 
ruins  of  a  temple  of  Mercury,  is  one  of  the  richest  and 
most  beautiful  in  Italy.  In  the  library  of  the  monastery, 
of  which  this  church  is  a  part,  there  is  a  valuable  collec- 
tion of  manuscripts,  ?.mong  whicii  are  those  of  Tasso. 

Naples  also  contains  several  literary  establishments 
worthy  of  notice.  The  university  was  founded  in  1224. 
The  edifice  is  on  a  large  scale  ;  and  though  still  incom- 
plete, is  elegant  and  commodious.  It  has  a  library  of 
90,000  volumes,  several  ancient  manuscripts,  and  speci- 
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mens  of  the  earliest  attempts  at  printing.  It  has  also  a 
cabinet  of  the  remains  found  at  Herculaneum  ;  and  a 
collection  of  Etruscan  vases.  The  number  of  students, 
however,  is  small ;  and  the  fame  of  this  seminary,  as  a 
seat  of  learning,  has  never  extended  beyond  the  bounda- 
ries of  the  kingdom.  Besides  the  university,  there  is  a 
royal  military  school  in  Naples,  a  royal  naval  school,  and 
a  college  for  the  instruction  of  young  Chinese  and  Ja- 
panese. There  arc  likewise  four  public  libraries,  an  ob- 
servatory, and  a  botanical  garden. 

The  hospitals  Degli  Incurabili  and  Delia  Annunziata 
are  the  richest  and  most  extensive  of  the  charitable 
foundations.  The  former  is  iRtended  for  the  benefit  of 
sick  persons  in  general ;  the  latter  is  destined  to  receive 
foundlings  and  penitent  females ;  each  accommodates 
from  1500  to  2000  inmates.  Five  additional  hospitals  of 
smaller  note  ;  above  thirty  schools  in  which  poor  chil- 
dren of  both  sexes  are  boarded,  taught  to  read  and  write, 
and  instructed  in  music,  or  some  mechanical  trade  ;  five 
pawn  banks  forthe  use  of  the  industrious  indigent, — must 
also  be  reckoned  among  the  public  charities  of  Naples, 
most  of  which  are  said  to  be  well  endowed  and  judiciously 
managed. 

Naples  has  extensive  manufactures  of  siik  ;  small  ones 
of  stockings,  gloves,  lace,  and  cotton.  It  makes  fire- 
arms, china-ware,  glass;  its  musical  instruments  and 
cabinet-v/ork,  and  toys  formed  of  lava,  are  well  known. 
The  exports  and  imports  of  Naples  are  various  in  kind, 
but  inconsiderable  in  quantity  ;  they  pass  mostly  in  foreign 
vessels.  Corn,  oil,  wine,  cotton,  silk,  wool,  the  products 
of  its  soil,  form  the  principal  exports  :  in  return  for  them 
it  receives  jewellery  and  linens  from  France  ;  fine  wool- 
lens, colonial  goods,  and  salted  fish,  from  England.  From 
the  Baltic  it  imports  hides;  from  Spain  and  Portugal 
drugs,  dye-stuffs,  tobacco,  cocoa.  The  trade  is  princi- 
pally managed  by  British  merchants  and  ship-owners. 

The  population  of  Naples  amounts  at  present  to 
330  000,  of  whom,  according  to  a  late  survey,  155,000 
are  males,  175,000  females;  the  births  being  annually 
about  12,500,  the  deaths  nearly  equal.  Their  character 
does  not  stand  high  among  other  nations.  A  traveller 
from  the  north  of  Europe  is  shocked  at  the  ignorance, 
frivolity,  and  dissipation  of  the  higher  ranks;  disgusted 
at  the  indolence  and  superstition  of  the  lower.  His  atten- 
tion is  awakened,  at  the  same  time,  as  keenly,  and  far 
more  agreeably,  by  various  peculiarities  in  the  habits  of 
the  latter.  A  mild  climate  exalts  the  susceptibility, 
quickens  the  imagination  of  the  people,  and  gives  an  air 
of  picturesque  extravagance  to  many  of  their  proceed- 
ings. Owing  to  the  same  cause,  too,  an  unusual  propor- 
tion of  their  time  is  spent  in  the  open  air;  and  many 
of  the  operations  which,  in  other  countries,  take  place 
within  doors,  are  here  exposed  to  public  view.  Even 
their  cookery  is  generally  performed  on  the  street.  The 
Lazzaroni  constitute  a  distinct  class  of  the  populace,  pe- 
culiar to  Naples.  Nearly  30,000  of  them  crowd  the  por- 
ticoes of  the  city,  or  the  caves  in  the  neighbouring  beach. 
They  have  no  house,  no  trade  ;  some  of  them  have  no 
name.  They  perform  miscellaneous  services  of  all  kinds 
for  hire  ;  they  beg,  and  occasionally  steal.  See  Eus- 
tace's Classical  Tour. 

NATCHEZ,  capital  and  chief  town  of  the  state  of 
Mississippi,  siands  on  the  left  bank  of  the  Mississippi 
river,  at  North  Lat.  31°  33',  and  91°  30'  West  of  Green- 
wich, or  14°  30'  West  fioni  Washington  city. 

Natchez  is  formed  by  the  lower  and  upper  towns ;  the 
former  situated  on  the  margin  of  the  Mississippi  river, 
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and  the  latter  upon  the  high  country  formed  by  the  blufTs. 
It  is,  compared  with  its  population,  one  of  the  most  com- 
mercial towns  in  the  United  States,  with  a  very  fertile 
and  well  cultivated  country  in  its  vicinity.  The  city  is 
laid  out  in  form  of  a  parallelogram,  the  streets  crossinjj 
each  other  at  right  angles.  The  ground  upon  which  the 
town  is  built  is  rolling,  without  the  admixture  of  a  stone, 
and  scarcely  a  pebble.  The  inhabitants  are  supplied 
with  water  from  wells,  or  from  the  Mississippi  river. 
Natchez  contains  one  bank,  a  state  house,  court  house, 
a  Roman  Catholic  chapel,  and  some  other  places  of  pub- 
lic worship,  with  a  few  schools. 

The  population,  in  1820,  stood  as  follows:  free  males 
900,  free  females  548  ;  male  slaves  298,  female  slaves 
356;  free  blacks  and  people  of  colour,  males  130,  fe- 
males 42,  and  sti'angers  not  naturalized,  42  :  total  popu- 
lation, 2186. 

This  city  is  governed  by  a  mayor,  aldermen,  and  city 
council,  with  the  county  magistrates,  who  have  concur- 
rent jurisdiction  within  the  incorporated  limits  with  the 
aldermen. 

Natchez  stands  322  miles  above  New  Orleans,  by  the 
windings  of  the  Mississippi  river,  and  427  above  the 
mouth  of  that  stream.  Ijy  the  road  from  Natchez  to 
New  Orleans,  by  the  route  of  lake  Pontchartrain,  the 
distance  between  the  two  cities  is  only  156  miles. 

N;itchez  is  669  miles  below  the  mouth  of  the  Ohio, 
846  below  St.  Louis,  and  1613  below  Pittsburgh. 

The  site  of  the  upper  and  main  part  of  Natchez  is 
about  100  feet  above  the  level  of  high  water  mark  in  the 
Mississippi  river.  This  city  rose  upon  the  ruins  of  old 
fort  Rosalie.  The  adjacent  country  was  settled  as  a  part 
of  Louisiana,  by  the  French,  in  1718,  and,  in  a  few  years, 
upwards  of  one  hundred  families  had  been  induced,  from 
the  healthy  nature  of  the  country,  fertility  of  the  soil, 
and  mild  character  of  the  natives,  to  establish  themselves 
in  the  neighbourhood.  Provoked  by  the  insults  and  ex- 
actions of  the  French  commandant,  the  Indians,  in  1729, 
formed  a  plot  for  the  purpose,  and  falling  upon  the 
whites  by  surprise,  a  general  massacre  ensued;  only 
two  or  three  persons  found  means  to  escape.  The  coun- 
try continued  again  unsettled  by  the  whites  about  thirty 
years,  and  indeed  no  considerable  attempts  were  made 
to  re-establish  the  place  until  after  the  beginning  of  the 
revolutionary  war.  Since  that  period  Natchez  has  gra- 
dually rose  into  a  very  prosperous  though  small  city.  In 
1800,  the  first  legislative  assembly  for  the  then  Missis- 
sippi territory,  met  at  Natchez.  Since  lire  latter  epoch, 
it  has  been  alternately  the  seat  of  government  for  the 
territory,  and,  since  the  formation  of  the  state  of  Missis- 
sippi, of  that  commonwealth.  It  is  now  the  scat  of  go- 
vernment ;  but,  by  a  recent  law  of  the  state,  the  capital 
is  to  be  permanently  fixed  upon  the  Pearl  river. 

NATCHITOCHES,  a  parish  of  Louisiana,  forming 
the  north-west  angle  of  that  stale.  Tliis  parish  extends 
over  upwaids  of  10,000  square  miles,  chiefly  barren  pine 
woods.  Red  river  winds  through  it  diagonally,  from 
north-west  to  south-cast.  Most  of  the  fertile  arable  soil 
of  the  parish  lies  along  Red  river,  ihe  alluvion  of  which 
stream  is  remarkable  for  the  production  of  excellent  cot- 
ton and  tobacco.     Population,  in  1820,  7486. 

NATCHITOCHES,  capital  of  ilie  parish  of  the 
same  nanie,  stands  upon  iht  right  or  west  bank  of  Red 
river,  at  North  Lat.  31°  46',  West  L'  ng.  from  Green- 
wich 93°  10';  or,  16°  10'  West  from  Washington  city. 
The  houses  are  chiefly  con'.uned  in  one  street,  running 
parallel  to  the  river.  Tht-  numbev  of  inhabitants  about 
600,  or  about  one  twelfth  part  of  iliat  of  the  whole  parisli. 
O  o 
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Natchitoches  is  situated  407  miles  above  New  Orleans, 
by  water,  and  356  by  land,  by  the  route  of  Opelousas, 
Altacapas,  and  Lafourche. 

Darby. 


NATIONAL  DEBT.     See  Debt. 

NATOLIA,  or  Anatolia,  is  a  i)iovince  of  Asiatic 
Turkey,  bounded  on  the  south  and  west  by  tlie  Mediter- 
ranean, on  the  north  by  the  Black  Sea,   and  on  the  east 


by  Caramania.  It  stretches  about  400  miles  from  east 
to  north,  and  350  from  north  to  south. 

Tiie  soil  of  the  province,  which  is  fertile,  produces 
corn,  tobacco,  and  various  fruits,  and  silk  and  cotton  are 
also  among  the  productions  of  the  country.  It  carries 
on  a  considerable  trade  in  leather,  drugs,  cotton,  and 
silk.  The  inhabitants  are  chiefly  Mahometans.  The 
Christians,  who  are  numerous,  are  tributary  to  the  Porte. 

NATRON.  See  Mineralogy,  and  the  Memoirs  of 
the  Cambridge  Philosofihical  Seciety,  vol.  i. 


NATURAL  HISTORY. 


Natural  History  embraces  a  very  extensive  field  of 
human  knowledge.  It  is,  indeed,  somewhat  difficult  to 
determine  the  objects  which  it  legitimately  comprehends, 
as  the  notions  generally  entertained  on  the  subject  are 
exceedingly  vague  and  indefinite.  It  appears  to  embrace 
a  description  of  all  the  phenomena  presented  by  the  ma- 
terial world — of  the  forms  and  changes  of  the  heavenly 
bodies,  and  the  objects  which  present  themselves  on  the 
earth.  It  may  thus  be  considered  as  paving  the  way  for 
tlie  researches  of  the  Natural  Philosopher,  the  chemist, 
and  the  physiologist,  by  stating  the  conditions  of  the  dif- 
ferent problems  which  each,  in  his  respective  depart- 
ment, is  called  upon  to  resolve.  The  naturalist,  how- 
ever, docs  not  content  himself  with  a  mere  description 
of  the  appearances  of  nature.  He  attempts  to  classify  the 
phenomena,  and,  availing  himself  of  the  discoveries  in 
those  sciences  to  which  his  labours  have  paved  the  way, 
he  ventures  to  trace  and  explain  their  mutual  dependence. 
He  thus  endeavours  to  form  what  has  been  termed  a 
System  of  Nature,  in  which  all  the  objects  which  pre- 
sent themselves  to  our  notice  are  designated  by  appro- 
priate names,  distinguished  by  particular  characters,  and 
have  their  various  changes  and  mutual  relations  distinctly 
determined.  Natural  history  may,  therefore,  be  consi- 
dered as  the  art  of  ascertaining  the  names  of  objects,  and 
the  science  of  determining  their  habitudes  and  relations. 
It  is  intended,  in  this  article,  to  give  a  brief  summary  of 
its  leading  divisions,  and  to  recommend  it  as  an  agreeable 
and  useful  employment  of  the  human  mind. 

The  objects  which  present  themselves  to  our  notice 
on  C/iis  globe,  (for  the  naturalist  has  abandoned  the  celes- 
tial phenomena  to  the  astronomer,)  though  differing  in 
form,  texture,  and  motions,  range  themselves  under  two 
very  distinct  heads,  termed  the  inorganic  and  organized. 
The  division  is  obvious,  and  has  been  universally  recog- 
nised. The  chain  of  being,  which  poets  and  philoso- 
phers have  talked  so  much  about,  by  which  minerals  are 
connected  with  vegetables,  these  last  with  animals,  and 
man  with  his  Maker,  is  a  fiction  of  the  imagination,  and 
the  offspring  of  ignorance.  The  reader  will  find  a  de- 
monstration of  this  statement  in  Di.  Fleming's  "  Philo- 
to/ihy  of  Zoology,"  vol.  i.  p.  3 — 7. 

CHAP.  L 

ON  THE   NATURAL    HISTORY   OF    INORGANIC    BODIES. 

The  inorganic  kingdom  presents  to  the  naturalist  three 
divisions  of  objects  of  vast  importance  to  our  existence 
and  comfort,  which  correspond  with  the  ancient  distri- 
bution of  inanimate  bodies,  under  the  terms  air,  water, 
and  earth. 


Sect.  I.     Natural  History  of  the  Atmosfthere . 

The  natural  history  of  the  atmosphere  is  usually  studied 
in  connection  with  the  truths  of  natural  philosophy  and 
chemistry,  under  the  term  Meteorology,  This  is  a  branch 
of  knowledge  which  attracted  the  attention  of  mankind  at 
a  very  early  period  of  society.  Many  curious  remarks 
on  the  subject  occur  in  the  Greek  and  Roman  writers. 
But  it  was  not  until  the  discovery  of  the  barometer  and 
thermometer,  in  the  seventeenth  century,  that  any  accu- 
rate observation  could  be  made,  or  general  laws  deter- 
mined. By  means  of  the  former  instrument,  the  weiglit 
or  pressure  of  the  atmosphere  has  been  determined,  to- 
gether with  some  of  the  causes  which  influence  its  dimi- 
nution and  increase,  and  the  signs  by  which  these  vari- 
tions  are  accompanied.  The  latter  instrument  has  pointed 
out  the  changes  which  take  place  in  the  temperature  of 
the  atmosphere,  according  as  these  depend  on  the  sea- 
sons, the  elevation  above  the  level  of  the  sea,  and  the  ac- 
tions of  currents.  It  has  enabled  us  to  ascertain  the  de- 
gree of  heat  best  suited  for  the  growth  of  animals  and 
vegetables,  and  those  places  which  are  most  salutary  for 
valetudinary  persons,  where  the  range  of  temperature  is 
confined.  The  moisture  of  the  atmosphere  can  scarcely  be 
said  to  have  been  investigated,  owing  to  the  imperfection 
of  the  instruments  employed.  Even  with  regard  to  the 
pressure  and  temperature  of  the  atmosphere,  many  things 
yet  remain  to  be  determined  ;  such  as  the  origin  of  the 
disturbing  causes  of  the  former,  and  the  inflexions  in  the 
isothermal  lines. 

The  various  appearances  which  the  atmosphere  exhi- 
bits at  different  times,  and  the  changes  which  these  in- 
dicate, have  not  passed  unobserved. 

The  history  o{  nvinds  is  a  subject  of  very  great  inter- 
est, especially  when  we  attempt  to  ascertain  their  pre- 
vailing direction,  and  the  periods  of  their  duration,  for 
the  purpose  of  furnishing  the  sailor  with  a  knowledge  of 
his  dangers,  and  of  regulating  the  laws  of  insurance. 

The  natural  history  oi  rain  can  scarcely  be  said  to  have 
hitherto  been  studied  with  care.  The  appearances  of  the 
sky  which  precede  rain  were  never  described  with  accu- 
racy, until  the  nomenclature  of  clouds  by  Howard;  and 
since  the  introduction  of  definite  language,  few  have  stu- 
died the  conditions  of  the  phenomena.  A  careful  exa- 
mination of  the  circumstances  under  which  dew  is  form- 
ed, enabled  Wells  to  refer  ils  formation  to  the  radiation 
of  heat  from  the  earth's  surface.  It  is  more  difficult  to 
account  for  the  production  of  fogs,  hail,  and  snow. 

The  luminous  meteors,  including  the  falling  stars,  the 
northern  lights  and  lightning,  have  arrested  the  attention 
of  all  classes  of  observers.  The  naturalist,  however,  was 
fai-  fi'om  buccessful  in  observing  the  appearances  of  these 
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phenomena,  until  the  electrician  furnished  him  with  an 
explanation  of  their  origin. 

The  natural  historian,  in  reference  to  atmospherical 
phenomena,  is  likewise  called  upon  to  examine  tlie  con- 
dition of  those  stones,  which,  at  different  periods,  and  in 
different  countries,  have  fallen  from  the  air.  Until  these 
conditions  arc  satisfactorily  ascertained,  including  the  ap- 
pearances of  the  sky  pievious  to  their  fall,  the  direction  in 
which  they  descend,  and  their  temperature  when  they  reach 
the  earth,  it  will  be  difficult  to  determine  their  origin. 

These  various  changes  which  take  place  in  the  atmo- 
sphere, are  accompanied  by  corresponding  changes  in 
other  inanimate,  as  well  as  animated  beings.  It  is  a  use- 
ful and  pleasing  employment  to  investigate  these  conco- 
mitant phenomena,  and  to  be  able  to  predict  the  changes 
in  the  weather,  from  the  peculiar  appearances  presented 
by  plants  or  animals,  and  by  the  atmosphere  itself.  In 
this  department  of  the  subject,  the  number  of  well  esta- 
blished facts  is,  perhaps,  greater  thdn  is  generally  sup- 
posed. 

Sect.  II.     statural  History  of  the  Waters. 

The  natural  history  of  the  waters  is  tisually  termed 
Hydrography,  or  the  science  which  explains  the  pheno- 
mena, Hydrostatics  or  Hydrodynamics.  In  the  investi- 
gation of  this  subject,  it  is  necessary  to  trace  the  circu- 
lation of  water  throughout  the  globe  from  the  springs  at 
which  it  issues,  and  the  rivers  and  lakes  through  which 
it  flows,  till  it  reaches  its  destination  in  the  great  basin  of 
Ihe  ocean. 

The  springs,  in  reference  to  the  nature  of  the  water, 
are  either  nearly  pure,  or  so  much  contaminated  by  va- 
rious substances  held  in  solution,  as  to  obtain  the  deno- 
mination of  mineral  ivaters.  The  temperature  of  springs 
deserve  atteniion,  as  being,  in  general,  similar  to  the 
mean  temperature  of  the  a;r  of  the  district  in  which  they 
are  situated.  The  situation  and  duration  of  springs  claim 
the  noiice  of  the  agriculturist,  as  indicating  the  rules  to 
be  observed  in  the  practice  of  draining. 

The  natural  history  of  rivers  includes  tiie  character  of 
their  waters,  their  channel,  and  the  features  of  the  banks, 
the  length  of  iheir  course,  and  the  obstacles  which  they 
overcome,  and  the  materials  which  they  transport.  A 
knowledge  of  these  circumstances  suggests  the  proper 
methods  to  be  pursued  in  embanking  rivers  and  clearing 
or  deepening  their  channel.  It  likewise  points  out  to  us 
the  origin  of  many  of  the  appearances  which  the  earth's 
surface  presents,  and  thus  furnishes  a  solution  of  some 
of  the  most  difficult  problems  in  geology. 

The  history  of  lakes  is  still  involved  in  great  obscurity. 
Concerning  the  origin  of  these  beds,  nothing  satisfactory 
has  hitherto  been  advanced.  The  methods,  however, 
employed  by  nature  to  fill  them  up,  and  to  produce  layers 
of  peat  and  marl,  have  been  studied  with  care,  and  useful 
inferences  drawn  from  them  by  the  agriculturist  and  geo- 
logist. The  knowledge  of  the  depth  and  temperature  of 
lakes  would  enable  us  to  stock  them  with  suitable  plants 
and  fish,  and  thus  convert  extensive  sheets  of  watery 
wastes  into  store-houses  of  food.  How  much  remains  to 
be  done  in  this  department  of  rural  economy  in  Great 
Britain  and  Ireland  ? 

The  Ocean,  that  great  reservoir  of  the  waters  of  the 
globe,  exhibits,  to  the  hibtorian  of  nature,  ample  materials 
for  the  employment  of  his  powers  of  observation  and  de- 
scription. The  field  indeed  is  immense.  Tlie  motions 
of  the  sea,  its  depth,  temperature,  and  saltness,  are  all 
calculated  to  provoke  inquiry,  nor  are  those  efforts  less 


meritorious,  which  are  made  for  the  purpose  of  deter- 
mining the  changes  which  have  taken  place  in  its  level, 
its  destructive  influence  on  i's  coasts,  and  the  origin  of 
the  sand  wc  observe  accumulated  on  its  shores.  The 
inerjualities  of  the  bed  of  tlie  ocean,  though  eagerly  in- 
quired after  by  the  mariner,  have  been  but  imperfectly 
explored,  as  the  plumb  line  is  the  only  instrumtnt  which 
can  be  employed  in  surveying  them. 

Sect.  III.     .Yatural  History  of  the  Earth. 

The  history  of  the  earth,  in  so  far  as  the  naturalist  is 
concerned,  is  usually  termed  Mineralogy.  The  first 
object  of  this  science  is,  to  determine  the  characters  of 
the  different  substances  of  which  the  crust  of  the  earth  is 
composed,  with  the  view  of  bestowing  upon  them  appro- 
priate names,  and  giving  them  an  accurate  classification. 
Many  of  these  substances  exhibit  regular  geometrical 
forms,  which  have  been  examined  with  considerable  care, 
and  the  results  now  constitute  the  science  of  Chystaj.- 
LOGRAPHY.  The  naturalist  ought  next  to  proceed  in  the 
examination  of  the  manner  in  which  mineral  species  are 
associated,  the  relations  which  they  exhibit  to  one  ano- 
ther, and  the  beds  or  strata  which  result  from  their  union. 
These  beds  or  strata  exhibit  determinate  relations,  in  the 
order  of  their  superposition,  in  their  extent  and  inclina- 
tion— in  their  imbedded  minerals  and  organic  remains. 
•These  last  are  generally  termed  fietrifactions,  and  the 
peculiar  characters  of  their  condition  have  made  us  ac- 
quainted with  those  vast  revolutions,  which  have  con- 
vulsed this  globe,  disturbed  its  solid  beds,  and  entombed 
myriads  of  plants  and  animals,  which  flourished  prior  to 
any  human  record,  which  have  left  no  descendants,  and 
no  monument  to  record  the  nature  of  the  catastrophe 
which  completed  their  extinction. 

There  are  other  circumstances  connected  with  the 
natural  history  of  the  earth,  which  likewise  merit  atten- 
tive consideration.  It  is  exceedingly  irregular  in  ap- 
pearance, rising  into  lofty  mountains,  stretching  out  into 
extended  plains,  or  intersected  by  valleys  and  ravines. 
A  variety  of  causes  are  operating  at  piesent  in  increas- 
ing or  diminishing  the  inequalities.  A  careful  exami- 
nation of  these,  is  the  only  method  of  arriving  at  a  know, 
ledge  of  the  circumstances  which  originally  were  in 
operation. 

The  mind  of  man  never  rests  satisfied  with  the  plain 
truths  which  it  is  the  business  of  the  natural  historian 
to  explore  and  communicate.  It  is  ever  disposed  to  spe- 
culate and  explain,  and  is  frequently  better  pleased  with 
the  representations  of  the  imagination  than  the  gene- 
ralization of  the  reasoning  powers.  These  remarks  are 
justified  by  the  speculations  of  geologists.  Multitudes 
who  have  not  examined  the  actual  condition  of  the  earth, 
the  existing  arrangements  of  its  beds,  and  the  mutual  re- 
lations and  habitudes  of  the  minerals  which  compose  them, 
and  the  systematical  characters  of  petrifactions,  and  their 
physical  and  geographical  distribution,  nevertheless  ven- 
ture to  offer  explanations  of  appearances  which  they 
have  not  studied,  and  assign  causes  for  the  production  of 
phenomena,  which,  had  they  operated,  must  have  pro- 
duced very  different  resalts.  These  presumptuous  at- 
tempts have  been  dignified  with  the  name  of  theories  of 
earth.  Hitherto,  however,  they  have  borne  the  samt; 
relation  to  natural  history,  and  geology,  properly  so  call- 
ed, as  works  of  fiction  do  to  genuine  history  and  science. 
IJoth  serve  the  same  purpose — amusement ;  both  are  the 
offspring  of  the  same  faculty — the  imagination. 

It  would  serve  many  useful  purposes  were  the  term 
O  o  2 
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geognosy  limited  to  express  our  knowledge  of  the  ac^ua/ 
condition  of  the  earth,  without  a  reference  to  theory,  or 
to  include  nothing  more  than  the  natural  history  of  mi- 
nerals. Geognosy  would  in  that  case  be  occupied  in 
preparing  the  mind  for  the  application  of  the  discove- 
ries of  science  to  the  explanation  of  the  phenomena,  and 
■would  constitute  the  safe  road  to  Geology.  This  last 
mentioned  department  of  human  knowledge  has  advanc- 
ed with  a  slow  and  unsteady  pace.  Attempting  to  arrive 
at  its  desirable  objects  without  traversing  the  fields  of 
geognosy,  its  votaiics  have  bewildered  themselves,  and 
have  drawn  down  no  inconsiderable  share  of  popular  de- 
rision. Eagerly  attempting  to  account  for  the  inclined 
position  and  other  irregularities  of  the  older  rocks,  they 
have  refused  to  investigate  similar  phenomena  which 
present  themselves  in  every  sand  hill.  They  have  ex- 
erted themselves,  without  success,  to  explain  the  appear- 
ances of  a  coal-field,  because  they  have  overlooked  si- 
milar appearances  more  recent  and  intelligible,  exhibited 
by  every  peat-moss  seated  in  a  valley.  The  geologist, 
however,  has  made  at  least  one  important  step  in  the  in- 
quiry, by  having  determined  the  density  of  the  earth.  It 
is  lightest  at  the  surface,  and  this  arrangement  appears 
to  have  been  produced  by  the  same  cause  which  gives  to 
the  atmosphere  its  increased  rarity  as  we  ascend.  Geo- 
logists have  been  less  fortunate  in  their  attempts  to  de- 
termine the  figure  of  the  earth.  Anxious  to  establish  its 
form  as  a  splieroid  of  equilibrium,  they  have  tried  in  vain 
to  reconcile  the  opposing  results  of  trigonometrical  mea- 
surements, and  have  shut  their  eyes  against  the  indica- 
tions of  its  irregularity,  exhibited  by  the  elevation  of  the 
mountains,  and  which  might  have  been  inferred  from  the 
extensive  revolutions  which  it  has  undergone.  The  earth 
is  not  yet  old  enough  to  be  regular  in  its  form. 

Having  thus  marked  the  peculiar  objects  of  the  natu- 
ralist in  reference  to  inorganic  bodies,  and  having  deli- 
neated the  leading  features  of  the  sciences  of  meteorolo- 
gy, hydrography,  and  mineralogy,  we  come  now  to  con- 
sider natural  history  as  occupied  with  living  bodies. 

■^  CHAP.  n. 

ON    THE    NATURAL    HISTORY    OF    ORGANIZED     BODIES. 

Organized  bodies  are  usually  distributed  into  two  great 
groups  or  kingdoms,  in  one  of  which  plants,  and  in  the 
other  animals,  are  included. 

Sect.  I.     JVatural  History  0/  Plants, 

*  This  department  of  knowledge  is  termed  botany. 
Those  who  have  cultivated  this  pleasing  study  have  pur- 
sued very  different  methods  of  investigation,  and  have 
arrived  at  very  different  results.  One  class  of  observ- 
ers have  devoted  their  labours  to  the  naming  of  plants, 
and  to  the  discovery  of  those  marks  by  which  they  may 
be  recognised  in  their  arbitrary  arrangements.  The 
followers  of  this  humble  occupation  attempt  to  establish 
what  is  termed  the  artijicial  method.  Another  class  of 
observers,  with  more  enlightened  views,  attend  to  all  the 
characters  of  every  organ,  and  leave  no  form  or  change 
unexploied.  They  examine  the  seed,  and  its  mode  of 
germination;  the  root,  and  the  qualities  by  which  it  is 
iitted  to  act  as  an  organ  of  nutrition  and  support;  the 
stem,  its  peculiar  structure,  and  the  origin  and  position 
of  its  branches  ;  the  leaves,  their  peculiar  forms,  posi- 
tion, and  duration ;  the  flowers,  the  structure  of  their 
protecting  calyx,  and  delicate  corolla  ;    the   fruit,  the 


period  of  its  ripening,  and  the  mode  in  whicii  the  seeds 
are  disseminated.  Botanists  who  attend  to  all  these  char- 
acters, and  found  their  systematical  arrangements  in  refe- 
rence to  the  whole,  attempt  to  introduce  what  has  been 
termed  the  natural  method.  The  followers  of  this  me- 
thod prepare  the  way  for  the  /i/tysiologist,  who  attempts 
to  explain  the  uses  of  the  difi'erent  organs,  and  by  expe- 
riment to  establish  the  truth  of  his  opinions. 

The  botanist  does  not  occupy  himself  exclusively  with 
studying  the  forms  of  the  various  organs  of  plants.  He 
examines  their  condition  in  reference  to  their  physical 
and  geographical  distribution,  for  the  purpose  of  dis- 
covering the  circumstances  which  regulate  the  transla- 
tion and  naturalization  of  plants. 

Sect.  H.     A'atural  History  of  Animals. 

Zoology  is  the  term  employed  to  designate  the  natu- 
ral history  of  animals.  There  is  in  this  science,  likewise, 
an  artificial  and  a  natural  method  of  arrangement,  and  a 
knowledge  of  the  form  and  structure  of  the  various  or- 
gans prepared  for  the  higher  disquisitions  of  physiology. 
but  the  zoologist  is  called  upon  to  examine  appearances 
which  do  not  present  themselves  to  the  botanist.  Ani- 
mals have  not  only  life,  but  sensation;  and  the  actions  to 
which  this  last  faculty  gives  rise  are  exceedingly  varied 
and  complicated.  To  a  want  of  acquaintance  with  these, 
we  may  trace  a  great  deal  of  that  unprofitable  specula- 
tion indulged  in  t)y  the  moral  philosopher,  about  the  dif- 
ference between  the  reason  of  man  and  the  instinct  of 
brutes.  In  order  to  solve  this  curious  question,  it  is  ne- 
cessary to  be  acquainted  with  life,  and  its  various  pheno- 
mena, or,  in  other  words,  with  the  natural  history  of  the 
actions  of  animals.  Many  philosophers  have  overlooked 
this  step  of  the  process,  and  have  accordingly  drawn 
conclusions  remote  fr»m  truth. 

In  attending  to  the  physical  and  geographical  distribu- 
tion of  animals — the  zoologist  becomes  acquainted  with 
those  species  which  might  be  rendered  useful  to  man,  by 
being  reduced  from  a  wild  to  a  domesticated  slate,  and 
with  those  which  might,  with  advantage,  be  translated 
from  foreign  countries  into  our  own. 

It  is  generally  acknowledged  that,  in  the  study  of  natu- 
ral history,  more  information  can  be  gained  by  the  eye, 
than  can  be  communicated  to  the  ear.  Hence,  where- 
ever  the  science  has  been  cultivated,  collections  of  natu- 
ral objects  have  been  formed,  to  aid  the  memory,  and 
supply  the  defects  of  descriptive  language.  Such  col- 
lections are  usually  termed  Museuims. 

The  productions  of  the  mineral  kingdom  are  collected 
with  the  greatest  care.  There  is  little  difficulty  in  pre- 
paring them,  and  they  are  not  liable  to  decay.  A  mine- 
ralogical  museum  ought  to  contain  specimens  of  simple 
minerals — of  rocks — and  of  petrifactions,  disposed  in 
such  a  manner  as  to  elucidate  their  systematical  arrange- 
ment, and  prepare  for  the  application  of  the  doctrines  of 
geology. 

A  collection  of  plants  may  be  preserved  either  in  a 
living  or  dead  state.  When  in  the  former,  it  is  termed  a 
Botanic  Garden.  A  well  regulated  garden  of  this 
kind  is  eminently  calculated  to  excite  a  ze<il  forthe  study 
of  nature.  When  we  view  the  productions  of  distant 
countries,  and  of  different  climates,  flourishing  in  health- 
ful luxuriance  around  us,  we  feel  conscious  of  the  digni- 
ty of  our  nature,  and  willingly  allow  the  pleasant  sensa- 
tions which  have  been  excited  to  be  elevated  by  tlie  re- 
flection, that  all  those  objects  have  been  brought  togethei" 
for  scientific,  and  therefore  useful  purposes. 
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When  plants  are  preserved  in  a  dried  state,  the  collec- 
tion is  termed  a  Herbarium.  A  museum  of  this  kind 
is  indispensably  necessary.  Plants  have  particular  sea- 
sons in  which  they  vegetate  and  unfold  their  organs,  and 
consequently  can  only  be  examined  at  those  intervals,  fre- 
quently short  and  distant.  But  when  plants  are  well  pre- 
served in  an  herbarium,  they  are  accessible  at  all  times, 
and  greatly  aid  the  student  in  his  knowledge  of  species. 
Collec'iions  illustrative  of  the  natural  history  of  the 
animal  kint^dom  are  likewise  exhibited  to  us,  either  in  a 
living  or  dead  state.  A  collection  of  live  animals,  for 
want  of  a  more  appropriate  term,  is  called  a  Menagerie, 
and  enables  the  student  not  only  to  observe  their  forms, 
but  their  motions  and  insiincts.  Such  an  establishment 
is  necessarily  very  expensive,  and  is  seldom  attempted 
but  in  national  establishments,  or  by  individuals  for  the 
sake  of  gain.  It  in  general  labours  under  a  defect  of 
cleanliness,  which  no  care  on  the  part  of  the  keepers  can 
entirely  remove. 

Many  animals,  such  as  quadrupeds,  birds,  and  insects, 
can  be  easily  preserved  in  a  dried  state,  so  as  to  exhibit 
the  forms  and  colours  of  the  living  subject.  Such  a  col- 
lection is  admirably  calculated  to  awaken  an  interest  in 
the  study,  and  facilitate  the  attempts  of  the  naturalist  to 
construct  a  systematical  arrangement. 

The  science  of  natural  history  must  have  occupied  the 
attention  of  our  race  in  all  ages,  and  in  every  period  of 
civilization,  as  we  depend  on  the  objects  which  surround 
us  for  food,  shelter,  and  amusement.  The  savage  is 
compelled  to  study  the  manners  of  those  animals  he  pur- 
sues in  the  chase,  the  haunts  which  they  frequent,  the 
seasons  of  the  year  in  which  they  are  most  abundant,  or 
best  suited  to  his  purpose.  The  same  necessity  prompts 
us  to  study  likewise  the  habits  of  those  plants  which  fur- 
nish the  most  palatable  food  and  efficacious  medicine  ; 
the  most  suitable  wood  for  making  an  arrow  or  spear; 
and  the  most  deadly  juice  in  which  to  dip  them.  Man, 
even  in  the  early  stages  of  civilization,  is  also  urged  to 
examine  the  rocks  in  search  of  flints  with  which  to  point 
his  dart,  or  stones  to  form  his  hatchet. 

But  the  importance  of  natural  history  is  more  sensibly 
felt  as  man  advances  from  the  savage  to  the  pastoral  or 
commercial  state.  When  he  begins  to  rear  animals,  that 
lie  may  drink  their  milk,  clothe  himself  with  their  skin, 
and  feed  on  their  flesh,  he  must  study  their  history,  for 
the  purpose  of  providing  them  with  suitable  food  and 
shelter,  and  guarding  them  from  the  attacks  of  their 
foes.  In  like  manner,  when  he  sows  grain  for  his  sub- 
sistence, and  plants  the  sugar  cane — the  cotton  tree,  or 
the  poiatoe,  he  must  attend  to  the  peculiar  soil  each  plant 
requires,  the  seasons  of  sowing  and  reaping,  the  weeds 
which  obstruct  their  growth,  and  the  blasts  which  wither 


Chap.    I.     Sect.    I. — Atmosphere. 
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Diamond. 
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them.  When  he  descends  into  the  bowels  of  the  earth 
in  search  of  treasure,  he  is  induced  to  study  the  nature 
and  the  relations  of  those  rocks  which  are  most  produc- 
tive in  the  objects  of  his  pursuit,  and  to  ascertain  those 
ores  which  yield  the  purest  metals. 

As  the  natural  historian  is  exclusively  occupied  with 
observation,  it  is  necessary  that  he  leave  the  closet,  and 
explore  the  characters  of  the  difTerent  creatures  of  this 
globe  in  their  ordinary  situations,  and  mark  their  changes 
when  beyond  the  sphere  of  human  influence.     He   will 
often  find  himself  anticipated   by  the  discoveries  of  the 
huntsman,  the  fisher,  the  farmer,  or  the  miner.     These 
are  all  practical  naturalists,  and,  in  their  respective  de- 
partments, frequently  discover  both  extensive  and  accu- 
rate information.     Could  we,  therefore,  behold  the  prac- 
tical observer  studying  the  rules  of  the  science — and  the 
closet  naturalist  respecting  his  discoveries,  and   giving 
them  a  suitable  arrangement,  the  whole  subject  would 
by  degrees  assume  a  new  form,  and  facts   would  multi- 
ply under  the  banners  of  public   confidence.     The   sci- 
entific naturalist,  acquainted  with  the  rules  of  system, 
and  in  league  with  the  daily  observer,  would  be  able  by 
liis  instructions  to  extend  our  dominion  over  the  crea- 
tures of  this  globe,  and  increase  the  comforts  of  society. 
This  department  of  human  knowledge  appears  so  in- 
teresting and  important,  as  to  deserve  a  place  in  every 
system  of  education,  and  ought  to  be  taught,  not  in  col- 
leges merely,  but  in  every  parochial  school.  Information 
on  this  subject,  thus  obtained,  would  prove  highly  useful 
in  after  life,  and  infinitely  more  valuable  than   many  of 
those  branches  of  ornamental  knowledge  in  which  chil- 
dren are  initiated.     We  are  far  from    undervaluing  the 
languages  of  Greece  and  Rome,  those  valued  stores  of 
poetry,  though  not  of  science, — we  are  equally  far  from  un- 
dervaluing the  genteel  accomplishments  of  music,  danc- 
ing, or  riding — but  we  are  confident,  that,  were  the  ad- 
vantages to  be  derived  frpm  the  study  of  natural  history 
fairly  placed  in  competition  with  any,  or  with  all  of  these, 
it  would  probably  be  allowed  to  occupy  a  more  exalted 
place  in  public  opinion'than  it  has  hitherto  been  suffered 
to  possess.     At  present  the  pursuits  of  the  naturalist  are 
often  sneered  at,  and  considered  as  a  degrading  employ- 
ment to  a  cultivated  mind.     We,  in  our  turn,  deplore 
popular  ignorance,  and  regard  every  object  which  the 
Deity  has  created  as   worthy  of  our  notice — whether  it 
be  the  mite  or  the  elephant,  the  hyssop  on  the  wall  or 
the  cedar  of  Lebanon,  the  dull  clay  or  the  glittering 
marble. 

The  following  is  a  List  of  the  Articles  of  Natural 
History  as  given  in  this  work,  arranged  according  to 
the  divisions  in  the  present  article  : 

Mines  of  Coal. 
Theory  of  the  Earth. 
Chap.  II.     Sect.   I. — Bota.ny. 

FlLICES. 

Fuel. 
Fungi. 

Horticulture, 
Lichen. 
Chap.  II.     Sect.  I. — Musci. 

Vegetable  Physiologt. 
Sect.  II. — Amphibia. 

Anatomy.  Comparative. 

Animalcule. 

Animal  Flower. 
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Cetology. 
Entomology, 
conchology. 
Crustaoeology. 
Hatching. 
Hf.rpetology. 
Hybehnation  of  Ani- 
mals. 


Ichthyology. 

Insecta. 

Mazology. 

Mollusoa. 

Ophiology. 

Ornithology. 

Vermes. 

Zoophytes. 


Natural  Philosophy,  or  Physics,  as  itis  called  by 
continental  writers,  is  that  Ijnmcli  ol'  knowledge  which 
treats  of  the  action  of  natural  bodies  upon  one  another, 
when  that  action  is  not  accompanied  by  any  permanent 
change  in  their  internal  contlilion. 

Natural  Philosophy  may  be  divided  into  twelve  sub- 
divisions : 

I.  DYK.HMICS. 


1. 

Dynamics, 

7. 

Optics, 

2. 

Mechanics, 

8. 

Eleothioity, 

3. 

Hydrodynamics, 

9. 

Galvanism, 

4. 

Pneumatics, 

10. 

Magnetism, 

5. 

Acoustics, 

11. 

Meteorology 

6. 

Astronomy, 

and  of  such  extensive  application  to  the  purposes  of  or- 
dinary life. 

IV.  PJ\rEUMATICS. 

Pneumatics  is  that  department  of  Natural  Philosophy 
which  treats  of  the  pressure  and  equilibrium  of  elastic 
fluids,  such  as  air,  and  of  the  machines  in  which  these 
fluids  are  the  chitf  agent. 

Our  articles.  Aeronautics,  Anemometer,  Diving 
Beli.,  i5LO\viNG-ENGiNE,  Blow  Pipes,  Contain  practi- 
cal details  connected  with  pneumatics  ;  but  the  history 
and  principles  of  the  science  will  be  fully  detailed  under 
the  general  article  Pneumatics. 

V.  ACOUSTICS. 

Acoustics,  or  that  branch  of  Natural  Philosophy  which 
treats  of  the  nature  and  laws  of  sound,  has  been  treated 
at  some  length  in  the  article  Acoustics. 

Undei'  the  articles  jEolian  Harp,  Echo,  Harmonics, 
Music,  Organ,  &c.  are  given  many  details  connected 
wiili  this  science. 

Vr.  ASTROJ\rOMY. 

Astronomy,  or  the  science  which  explains  the  nature 
and  motions  of  the  planets,  comets,  and  fixed  stars,  the 
various  phenomena  which  these  bodies  exhibit,   and  the 


The  subject  of  Dynamics,  which  comprehends  the 
laws  of  motion,  the  doctrine  of  forces,  and  the  motions 
of  proiectiles,  will  be  found  treated  at  considerable 
length  under  our  articles  Dynamics  and  Gunnery;  and     laws   by   which   their   motions   are   regulated,  has  been 


in  the  article  Mahiematics,  the  history  of  some  of  the 
most  important  problems  will  be  found. 

Such  of  our  readers  as  wish  to  study  the  subject  more 
profoundly,  and  at  greater  length,  may  consult,  Her- 
mann! Phoronomia. — D'Alembert's  Traite  de  Dyna- 
vdque. — Dr.  Robison's  System  of  Katural  Philosophy-, 
Vol.  I.  articles  Dynamics  and  Projectiles, — Poisson's 
Traiti  de  Mecanique. — Bridge's  Mechanics,  ^c. 

II.  MZCHAXICS. 

• 

Mechanics  is  that  department  of  Natural  Philosophy 
which  treats  of  the  laws  of  the  equilibrium  and  motion 
of  solid  bodies;  of  the  forces  by  which  bodies  may  be 
made  to  act  upon  one  another;  and  on  the  means  of  em- 
ploying them  so  as  to  overcome  other  forces  which  are 
more  powerful.  The  history  and  general  principles  of 
mechanics  have  been  fully  treated  under  the  head  of 
Mechanics  ;  and  the  subject  o( Practical  Mechanics  has 
been  considered  at  great  length  in  the  same  article.  Re- 
ferences to  various  other  articles  in  this  work,  giving  an 
account  of  machinery  for  diflerciu  purposes  in  the  arts, 
will  be  found  under  the  General  jlrrangement  of  Ma- 
chines which  follows  the  article  Mechanics.  See  also 
Carpentry  and  Joinery. 

III.   HYDRODTJ^AMICS. 

Hydrodynamics  is  that  branch  of  science  which  em- 
braces the  phenomena  exhibited  by  water  and  other  flu- 
ids, whether  they  are  at  rest  or  in  motion.     It  is  gener- 


fully  and  popularly  treated  in  our  article  Astronomy. 

Under  the  articles  Aberration,  Attraction  of 
Mountains,  Circle,  Dialling,  Graduation,  Helio- 
STATE,  Micrometer,  Observatory,  Orrery,  Quad- 
bant,  and  Telescope,  the  reader  will  find  many  details 
connected  with  the  practical  part  of  the  science. 

\ai.  OPTICS. 

Optics  is  that  science  which  treats  of  the  nature  and 
properties  of  light,  and  of  the  changes  which  it  experi- 
ences either  in  its  qualities,  or  in  its  direction,  when 
transmitted  through  bodies ;  when  reflected  from  their 
surface;  or  when  passing  by  them  at  a  small  distance. 

The  history  and  principles  of  this  science,  and  the 
description  of  optical  instruments,  will  be  fully  treated 
in  a  subsequent  part  of  this  volume.  Under  our  articles 
Accidental  Colours,  Achromatic  Telescopes, 
Burning  Instruments,  Camera  Lucida,  Micros- 
cope and  Telescope,  the  reader  will  find  several  inter- 
esting details,  which  could  not  be  properly  introduced 
under  the  general  article. 

VIII.  ELECTRICITY. 

Electricity  is  that  branch  of  Natural  Philosophy  which 
treats  of  the  nature  and  effect  of  that  power  which  is 
developed  by  the  friction  of  amber,  glass,  and  other 
substances,  and  of  the  numerous  and  diversified  pheno- 
mena, which,  though  produced  in  a  different  way,  appear 
to  be  the  effect  of  the  same  power.  Itis  fully  and  popu- 


ally  divided  into  Hydrostatics  and  Hydraulics,  the     larly  treated  in  the  article  Electricity. 


former  of  which  treats  of  the  pressure,  equilibrium,  and 
cohesion  of  fluids;  and  the  latler,  of  their  motion,  the 
resistance  which  they  oppose  to  moving  bodies,  and 
the  different  machines  in  which  fluids  are  the  principal 
agent. 

Under  the  article  Hydrodynamics,  we  have  given  at 
great  length  the  history  and  principles  of  the  science, 
and  have  dwelt  particularly  on  those  practical  branches 
whch  are  intimately   connectetl  with   civil  engineering. 


The  recent  discoveries  of  M.  M.  Oersted,  Ampere, 
Sir  H.  Davy,  and  others,  respecting  the  connection  of 
electricity  and  magnetism,  will  be  given  in  a  future 
article. 

IX.  GALVJJ^ISM. 

Galvanism  is  that  branch  of  Natural  Philosophy  which 
treats  of  a  scries  of  electrical  phenomena  developed 
without  the  aid  of  friction,  and  where  a  chemical  action 
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is  perceived  to  take  place  between  some  of  the  bodies 
employed. 

The  history  and  principles  of  this  new  science  are 
fully  detailed  in  the  article  Galvanism. 

X.  MAGXETISM. 

Magnetism  is  that  branch  of  science  which  treats  of 
the  nature  and  laws  of  the  invisible  forces,  with  which 
certain  ores  of  iron  attract  to  themselves  pieces  of  iron 
that  are  brought  near  them. 

The  phenomena  of  natural  and  artificial  magnets,  and 
the  subject  of  the  earth's  magnetism,  will  be  found  fully 
treated  in  the  articles  Magnetism  and  Variation  of 
Needle. 

XI.  METEOROLOGY. 

Meteorology  is  that  branch  of  science  which  treats  of 
the  phenomena  of  the  atmosphere,  and  describes  the 
different  instruments  which  are  used  for  observing  and 
measuring  the  changes  which  are  constantly  going  on 
in  it. 

In  the  articles  Anemometer,  Aurora  Bobealis, 
Barometer,  Electricity,  Halo,  Hygrometer,  Me- 
teorite, Thermometer,  will  be  found  much  practi- 
cal information  on  this  subject,  and  the  general  princi- 
ples of  the  science  will  be  found  under  the  article 
Meteorology. 

NAVAL  ARCHITECTURE.  See  Ship  Building. 

NAVARRE,  a  province  of  Spain,  bounded  by  the  Py- 


renees on  the  north-east,  by  Arragon  on  the  south  and 
east,  Old  Castile  on  the  south-west,  and  Biscay  on  the 
north-west.  Its  figure  is  irregularly  quadrilateral, being 
about  18  leagues  broad  from  east  to  west,  and  14  from 
north  to  south.  The  principal  valleys,  which  are  very 
fertile,  are  those  of  Ronccvaux,  Lescou,  Baston,  and 
Roncal.  The  chief  productions  of  the  province  are 
wheat,  rye,  barley,  maize,  beans,  wine,  oil,  and  hemp. 
The  best  wines  are  those  of  Tudela.  The  manufactures 
consist  of  brandy,  of  which  there  are  distilleries  at  Es- 
tella,  Fuente  de  la  Reyna,  and  Sanguesa ;  clotli,  which  is 
made  at  Tudela  and  other  places,  soap,  tiles,  bricks,  and 
pottery.  Near  Eguy  there  is  a  royal  manufactory  for 
cast  iron,  bombs  and  balls;  and  at  Corella  there  is  a 
manufactory  of  Spanish  liquorice,  indurated  from  the 
juice  of  the  tree,  and  exported  in  great  quantities  to  the 
north  of  Europe.  There  is  a  copper  mine  near  Pampe- 
luna;  and  amine  of  rock  salt,  abounding  with  layers  of 
gypsum,  near  Valtierra.  Navarre  has  2  bishoprics,  2 
cathedrals  and  15  collegiate  chapters,  753  parishes,  70 
religious  houses,  12  hospitals,  1  university,  4  colleges, 
9  cities,  154  towns,  and  638  villages.  Its  population, 
about  the  end  of  the  last  century,  was  about  287,382, 
of  which  there  were  753  parish  priests,  1166  secular 
priests,  1120  monks,  SlOnuns,  13,054  nobles,  172  wri- 
ters, 1163  students,  and  9910  servants.  The  trade  of 
Navarre  is  confined  solely  to  imports.  Pampeluna  is 
the  capital  of  the  province.  See  Laborde's  View  of 
Sfiain,  vol.  ii.  p.  31 1. 
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Navigation,  used  in  its  most  general  acceptation,  is 
the  art  of  constructing  ships,  as  well  as  of  manoeuvring 
them  at  sea,  and  guiding  them,  by  the  deductions  of 
mathematical  science,  from  one  port  to  another. 

This  art,  of  so  much  importance  in  the  present  state 
of  society,  may  be  regarded  under  several  aspects,  very 
different  from  one  another.  In  one  sense  it  may  be  view- 
ed as  including  the  art  of  constructing  ships  of  the  most 
perfect  form,  for  the  purpose  of  being  conducted  with 
safety  and  expedition  across  the  ocean:  this  branch  of 
it  is  usually  called  shiji-building;  and  we  must  refer  to 
that  article  for  the  full  elucidation  of  its  principles.  In 
another  sense  it  may  be  regarded  as  the  art  of  regulat- 
ing the  motion  of  this  noble  machine  by  mechanical 
contrivances,  so  as  to  employ  with  the  utmost  advantage 
the  powerful  agents  which  nature  has  presented  for 
transporting  it  from  place  to  place.  Tliis  department  of 
navigation  constitutes  seamans/ii/i,  under  which  may  be 
included,  not  only  the  management  of  a  ship  in  ordinary 
circumstani  es,  but  also  the  manoeuvring  her  in  the 
face  of  an  enemy,  either  for  the  purpose  of  giving  battle, 
or  avoiding  an  unequal  conflict.  See  Inland  Naviga- 
tion, Seamanship,  Shipbuilding,  and  JVaval  Tactics. 
Lastly,  it  is  the  art  of  conducting  a  ship  from  one  port  to 
another,  so  far  as  depends  on  the  direction  and  length  of 
the  tract  which  she  ought  to  pursue  ;  and  of  finding, 
when  necessary,  her  geographical  posiiion  on  the  sur- 
face of  the  ocean.  It  is  this  branch  of  the  subject  which 
we  propose  to  consider  under  the  present  article. 

Navigation,  in  the  restricted  sense  we  have  attached 


to  the  term,  may  be  said  to  be  a  branch  of  geography 
and  astronomy,  inasmuch  as  it  not  only  borrows  from 
these  sciences  its  leading  principles,  but  depends,  for  a 
detailed  illustration  of  its  various  parts,  on  the  practical 
applications  of  which  they  are  susceptible.  In  the  short 
view,  therefore,  which  we  mean  to  give  of  the  history  of 
navigation,  we  shall  confine  ourselves  entirely  to  an  ac- 
count of  the  progress  of  the  art,  so  far  as  its  improve- 
ment has  been  owing  to  the  assistance  which  it  has  re- 
ceived from  geography  and  astronomy,  aided  by  the 
light  of  geometry  ;  referring  for  the  history  of  maritime 
discoveries  to  the  article  Geography. 

While  the  practice  of  navigation  was  in  a  state  of  in- 
fancy, it  neither  required  nor  admitted  the  application  of 
refined  principles;  for  until  the  invention  of  tlie  mari- 
ner's compass  no  voyage  could  be  undertaken,  unless 
such  as  might  be  accomplished  by  creeping  slowly 
along  the  coast,  exposed  to  all  the  dangers  and  obstruc- 
tions of  so  circuitous  a  course.  That  valuable  instru- 
ment, which  seems  to  have  been  first  used  for  nautical 
purposes  about  the  beginning  of  the  fourteenth  century, 
gave  a  new  impulse  to  maritime  enterprise,  and  chang- 
ed in  a  short  time  the  entire  character  of  navigation. 
Guided  by  this  faithful  monitor,  the  mariner  no  longer 
confined  his  tract  within  a  limited  distance  from  the 
shore,  but  ventured  boldly  into  the  ocean,  and  explored 
his  way  in  the  darkest  night,  and  surrounded  by  the 
most  obscured  sky,  with  a  confidence  and  a  precision 
hitherto  unknown. 

The  properly  which  the  magnet  possesses  of  attracting 
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iron  was  known  to  the  Greeks  from  the  days  of  Thales  ;* 
and  the  Chinese  are  said  to  have  been  ac(|uainted  with 
the  fact  upwards  of  five  hundred  years  before  the  com- 
iTienccmcnt  of  the  Christian  era.  The  siill  more  sur- 
prising virtue,  however,  witli  wliich  that  mineral  is  en- 
dowed, of  assuming  a  particular  direction  when  it  is  free- 
ly supported  on  a  pivot,  does  no_t  appear  to  have  been 
known  to  the  ancients  ;  for  though  Pliiiyt  mentions 
several  of  its  curious  qualities  with  a  sort  of  credulous 
enthusiasm,  he  does  not  once  make  the  slightest  allu- 
sion to  its  polarity.  It  is  difficult  to  determine  at  what 
epoch  this  singular  ])roperly  was  discovered,  but  it  seems 
to  have  been  partially  known  in  Europe  a  considerable 
time  before  the  invention  of  the  mariner's  compass,  ^  for 
in  a  work  erroneously  ascribed  to  Aristotle,  but  known 
to  have  existed  in  the  13th  century,  which  is  quoted  by 
Vincent  de  Beuvais  and  Albcitus  Magnus,  the  polarity 
of  the  magnet  is  stated  in  terms  so  explicit  as  to  leave 
no  doubt  that  even  at  that  early  period  it  had  been  taken 
advantage  of  by  mariners  for  the  direction  of  their 
course.  This  opinion  is  still  farther  corroborated  by  a 
quotation  adduced  by  Moniucia  frum  a  French  poei,  of 
the  name  of  Guyot  dc  Pruvins,  from  which  it  appears 
that  the  polatity  of  the  magnet  had  been  known  towards 
the  close  of  the  12th  century.  §  The  opinion,  however, 
which  is  most  generally  received  on  the  subject  is,  tliat 
the  mariner's  compass  was  invented  in  the  year  1302, 
by  a  native  of  Melphi,  a  town  of  considerable  trade  in 
the  kingdom  of  Naples;  though  the  name  of  the  indi- 
vidual to  whom  mankind  are  indebted  for  an  instrument 
which  has  contributed  so  essentially  to  the  iniprovement 
of  one  of  the  most  important  arts  of  life,  has  not  been 
transmitted  by  cotemporary  historians.  The  defects  of 
written  testimony,  with  respect  to  the  origin  of  this 
valuable  discovery,  are  but  ill  supplied  by  the  conjec- 
tures of  later  writers,  whose  researches  have  done  no- 
thing more  than  to  render  it  probable  that  the  mariner's 
compass  was  invented,  or  revived,  by  Flavio  Gioia,  an 
obscure  individual,  of  whom  nothing  is  known  but  the 
place  of  his  nativity. 

But,  whoever  was  the  real  inventor  of  this  admirable 
instrument,  it  is  certain  that,  in  little  more  than  half  a 
century  after  it  was  applied  to  nautical  purposes  in  Eu- 
rope, navigation  assumed  a  bolder  and  more  adventurous 
character.  Human  curiosity,  which  had  been  long  re- 
pressed by  scholastic  dogmas,  and  superstitious  prohi- 
bitions, began,  about  the  same  period,  to  shake  off  the 
fetters  which  had  been  imposed  by  false  philosophy  and 
mistaken  views  of  religion,  and  to  search,  in  the  free  ex- 
ercise of  the  mental  powers,  for  objects  of  niore  rational 
pursuit.  The  spirit  of  enterprise  and  discoveiy  kept 
pace  with  the  means  which  the  progress  of  human 
knowledge  gradually  unfolded,  to  aid  and  direct  its  ex- 
ertions; and  the  facility  of  mutual  communication  which 
navigation  began  to  open  up  between  remote  countries 
was  equally  conducive  to  the  benefit  of  individuals,  and 
the  general  advantage  of  nations.  From  this  era  we 
may  date  the  commencement  of  that  kind  of  intercourse 
between  the  inhabitants  of  different  countries,  which  pro- 
perly deserves  the  appelluiion  of  commerce. 

The  I'ortuguese  were  ainong  the  first  to  signalize 
themselves  in  the  career  of  geographical  discovery  which 
was  now  opened  up  by  means  of  the  mariner's  compass. 
Under  John  I.  a  prince  devoted  to  philosophical  pur- 


suits, and  well  skilled  in  the  mathematical  sciences,  a 
small  licet  was  fitted  out  in  1412,  to  explore  the  west- 
ern coast  of  Africa,  and  bring  back  whatever  informa- 
tion could  be  obtained  respecting  the  iniiabitants  and 
productions  of  these  unknown  regions.  The  expedi- 
tion was  sufliiciently  successful  to  keep  alive  the  spirit 
of  adventure  by  which  it  had  been  planned  and  conduct- 
ed, and  even  to  encourage  the  hope,  that  discoveries  of 
still  greater  importance  might  be  the  result  of  a  more 
extended  system  of  maritime  enterprise.  Henry,  Duke 
of  Visco,  the  fourth  son  of  King  John,  who,  like  his  fa- 
ther, had  been  instructed  in  all  the  sciences  of  that  age, 
and  was  particularly  vcrsant  in  geography,  was  accord- 
ingly entrusted  with  the  sole  management  of  these  new 
and  daring  undertakings;  and  certaiidy  no  individual 
could  have  been  selected,  who  was  better  qualified  to 
superintend  their  execution.  Guided  by  his  directions, 
the  Portuguese  ranged  along  the  coast  of  Africa  till  they 
ap|)roached  within  a  few  degrees  of  the  equator,  and 
discovered,  at  a  little  distance  from  the  shores  of  that 
vast  continent,  the  island  of  Madeira,  the  Ctpe  Veid 
Isles,  the  Azores,  and  several  other  islands  of  inferior 
note. 

It  is  unnecessary,  in  this  sketch  of  the  history  of  ma- 
thematical navigation,  to  give  a  detailed  view  of  the  va- 
rious discoveries-which  were  made  under  the  direction 
of  this  enlightened  piince;  it  is  more  immediately  con- 
nected with  our  subject  to  state,  that  he  seems  to  have 
been  the  first  who  suggested  to  the  mariner  the  use  of 
plane  charts  to  delineate  his  course  and  distance  from 
one  place  to  another.  His  endeavours  to  improve  the 
state  of  nautical  science  were  ably  seconded  by  Joseph 
and  Roderic,  two  mathematicians  of  some  eminence  at 
that  period,  who  were  employed  as  physicians  at  the 
court  of  Lisbon.  With  their  assistance,  and  that  of  Mar- 
tin de  Bohemia,  a  Portuguese  by  birth,  who  had  studied 
under  the  celebrated  Regiomantanus,  he  caused  tables 
to  be  constructed  of  the  sun's  declination,  and  furnished 
navigators  with  instruments  for  deducing  their  geogra- 
phical position  by  celestial  observation. 

The  mariner's  compass  had  not  been  long  employed 
as  a  guide  at  sea,  before  it  was  discovered  that  the  mag- 
netic needle  did  not  coincide  exactly  with  the  direction 
of  the  true  meridian,  and  that  its  deviation  fiom  that  line 
was  even  different  at  different  places.  Tliis  deviation, 
which  is  commonly  called  the  variation  of  the  compass, 
seems  to  have  been  first  observed  t)y  ilie  celebrated  Co- 
lumbus, on  the  14th  of  September  1492,  during  his  first 
voyage  to  America,  though  the  discovery  is  also  ascrib- 
to  Sebastian  Cabot,  a  distinguished  cotemporary  naviga- 
tor. Subsequent  observations,  made  with  better  instru- 
ments, and  under  more  favourable  circumstances,  have 
not  oidy  established  this  important  fact,  but  demonstrat- 
ed that  the  quantity  of  the  variation  is  subject  to  regu- 
lar periodical  changes,  the  north  indicated  by  the  mag- 
net being  sometimes  to  the  eastward,  and  sometimes  to 
the  westward  of  the  true  north.  It  has  even  been  ascer- 
tained that  a  local  variation,  of  sufficient  magnitude  to 
lead  to  considerable  errors  in  a  ship's  reckoning,  may 
frequently  be  occasioned  by  the  attractive  inHuencc  of 
the  ferruginous  ])articles  diffused  through  the  mass  of 
materials  of  which  the  hull  is  composed  ;  though  the 
subject  has  not  yet  been  investigated  with  sufficient  at- 
tention to  explain  the  anomalous  appearances  to  which 
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this  source  of  variation  is  supposed  to  give  rise.  See 
Bain  On  the  Variation. 

The  art  of  navigation,  notwithstanding  the  great  ad- 
vantages which  it  had  derived  from  the  mariner's  com- 
pass, was  still  in  a  very  imperfect  state.  The  use  of 
the  plane  chart,  first  introduced  by  Prince  Henry  of 
Portugal,  contributed,  without  doubt,  to  abridge  the  la- 
bour of  the  mariner  in  his  attempts  to  delineate  a  repre- 
sentation of  the  ship's  tract  and  position,  but  the  errors 
which  it  introduced  into  his  reckoning,  especially  in  high 
latitudes,  more  than  counterbalanced  the  simplicity  of 
the  principles  on  which  it  proceeded.  The  methods 
too,  which  are  recommended,  and  attempted  to  be  re- 
duced to  practice,  for  determining  the  ship's  place  by 
celestial  observation,  though  founded  on  just  views, 
were  rendered  in  a  great  measure  useless,  by  the  rude 
and  inadequate  nature  of  the  instruments  which  were 
employed  to  obtain  the  necessary  data;  while  the  astro- 
nomical tables,  which  were  requisite  in  the  calculation 
of  the  ultimate  result,  had  not  yet  been  drawn  up  with 
sufficient  accuracy  for  that  purpose.  Thus,  though  it 
was  suggested  by  Werner,  so  early  as  in  the  middle  of 
the  16tli  century,  that  the  longitude  might  be  ascertain- 
ed by  observations  of  the  moon,  the  lunar  tables  were 
much  too  limited  and  imperfect  to  enable  the  mariner 
to  derive  any  benefit  from  the  proposal ;  and  watches, 
which  had  been  recommended  by  Gemma  Frisius  about 
the  same  time,  and  for  the  same  purpose,  having  been 
but  recently  invented,  could  not  be  used  with  any  ad- 
vantage for  the  solution  of  a  problem,  in  which  a  high 
degree  of  accuracy  is  essential,  for  obtaining  even  an 
approximation  to  the  truth. 

The  errors  arising  from  the  use  of  the  plane  chart,  ac- 
cording to  the  principles  on  which  it  had  hitherto  been 
constructed,  (which  in  fact  were  none  other  than  the  ex- 
ploded opinion  that  the  surface  of  the  earth  %vas  an  ex- 
tended plane)  were  too  obvious  long  to  escape  the  no- 
tice of  intelligent  navigators  ;  and  we  accordingly  find, 
that  about  the  beginning  of  the  16th  century,  some  un- 
skilful attempts  were  made  to  correct  the  ship's  place 
on  the  chart,  by  means  of  a  kind  of  equation  table,  which 
showed,  upon  an  alteration  of  one  degree  of  latitude, 
what  distance  had  been  run  on  each  rhumb,  together 
with  the  corresponding  departure  from  the  meridian. 
In  the  year  1537,  the  illustrious  Nunez,  or  Nonius,  a 
Portuguese  mathematician,  to  whom  the  world  is  indebt- 
ed for  a  very  ingenious  method  of  obtaining  the  subdivi- 
sions of  an  arch,  without  actually  dividing  it,  published 
a  dissertation,  De  jtrte  et  ratione  A'avigandi,  in  which 
he  pointed  out,  very  disiincily  and  accurately,  the  cause 
of  these  errois,  and  explained,  among  a  variety  of  other 
useful  problems,  a  method  of  finding  the  latitude  by  two 
altitudes  of  the  sun,  and  the  azimuthal  angle  contained 
by  the  corn  i-pondinj:  zenith  distances  He  also  remark- 
ed, that  the  oblique  rhumbs,  cutting  the  meridians  at 
the  same  angle,  are  in  reality  spiral  lines,  which  by  each 
revolution  round  the  globe  approach  nearer  and  nearer 
to  the  pole;  and  that  the  course  to  be  observed,  in  sail- 
ing from  one  place  to  anoiher,  so  as  to  reach  it  by  the 
shortest  distance,  ought  to  be  the  arch  of  a  great  circle 
of  the  terrestrial  sphere.  These  views  were  afterwards 
taken  up  by  Dr.  Halley,  who  deduced  from  them  a  sim- 
ple and  ingei.ious  method  of  cakulating  the  enlarged 
portions  of  the  meridian,  adapw  d  u>  each  l.iiilude.  and 
known  at  present  by  the  appeli..iion  of  meridional  parts. 

Of  liie  Log,  that  useful  and  necessary  appendage  to 
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the  mariner's  compass,  we  find  no  mention  in  any  of  the 
treatises  on  navigation  published  before  1577,  when  it 
was  described,  probably  for  the  first  time,  by  Mr.  Wil- 
liam  Bourne,  in  a  work  entitled,  a  Regiment  for  the  Sea. 
The  inventor  of  this  simple  contrivance  for  determining 
the  rate  of  a  ship's  sailing  is  unknown  ;  but  the  device 
itself  is  noticed  by  every  subsequent  writer  on  naviga- 
tion. Other  methods  have  been  suggested  for  the  same 
purpose,  but  they  have  generally  proved  either  imprac- 
ticable at  sea,  or  too  complicated  to  be  brought  into  fa- 
miliar use. 

The  period  was  now  at  hand,  when  the  plane  chart, 
the  errors  of  which,  on  account  ot  the  sphericity  of  the 
earth,  had  become  too  manifest  to  admit  of  its  being 
used  any  longer  for  nautical  purposes,  was  about  to  re- 
ceive a  most  important  improvement,  by  whicli  the  me- 
ridians were  still  to  be  allowed  to  retain  their  parallelism, 
while  the  course  and  distance  were  to  bs  laid  down  with 
equal  simplicity  as  formerly,  and  the  difference  of  longi- 
tude was  to  be  indicated  v/ith  a  precision  not  hitherto  ob- 
tained in  any  latitude.  The  means  by  which  this  desira- 
ble object  was  to  be  attained,  were  sought  for  by  some 
augmentation  of  the  distance  of  the  parallels  of  latitude, 
from  the  equator  to  the  poles,  so  as  to  compensate  for 
the  convergency  of  the  meridians  on  the  globe;  but 
Gerard  Mercator,  a  geographer  of  the  "Low  Countries, 
by  whom  the  method  was  first  recommended,  seems  to 
have  been  unable  to  point  out  the  precise  law  according 
to  which  it  may  be  carried  into  effect.  This  was  reserved 
for  our  countryman  Edward  Wright,  who  is  generally 
allowed  to  have  been  the  first  person  by  whom  the  pro- 
jection, which  now  bears  the  name  of  Mercator,  was 
reduced  to  precise  and  accurate  principles.  He  de- 
monstrated that,  if  the  meridian  be  supposed  to  be  divided 
into  small  portions,  the  portions  must  suffer  a  gradual 
enlargement  from  the  equator  towards  the  poles,  in  a 
ratio  corresponding,  at  each  point,  to  the  secant  of  the 
latitude.  Wright  explained  the  reason  of  this  division, 
and  its  use  in  navigation,  in  a  work  which  he  published 
in  1599.  In  a  second  edition  of  his  book,  which  came 
out  in  1610,  he  added  several  improvements  of  consider- 
able value,  and  recommended  the  measurement  of  a  por- 
tion of  the  terrestrial   meridian,    as   the   best    means  of 

procuring  an  accurate  basis  for  linear  mensurations a 

standard  of  reference  which  has  since  been  adopted  in 
France,  as  the  ground  work  of  the  national  weights  and 
measures.  This  edition  of  Wright's  treatise  contains  a 
table  of  meridional  parts,  computed  on  the  principles  he 
had  proposed  for  enlarging  the  meridian,  and  adapted  to 
each  minute  of  the  quadrant, — a  table  ot  great  value  at 
that  time,  but  which  the  ignorance  and  prejudices  of  the 
age  prevented  from  being  at  first  duly  appreciated  In 
the  same  work,  the  learned  auhor  describis  an  instru- 
ment which  he  called  the  Sea-Rings,  by  which  tht  alti- 
tude of  the  sun,  the  hour  ol'  uie  day,  and  the  meridian  of 
the  compass,  might  all  he  detei  mined  by  inspection,  in 
situations  where  the  latitude  was  known.  H^  also  gave, 
what  was  then  much  wanted,  a  table  of  tlu-  declination  of 
the  sun  for  four  consecutive  years,  srid  aiothtr  of  the 
places  of  a  considerable  number  of  the  fixed  stars,  from 
observations  of  his  own,  made  with  a  six  foot  quadrant. 
His  reputation  as  a  mathematician  having  procured  his 
appointment  to  the  office  of  preceptor  m  geometry  to 
Prince  Henry  of  England,  a  )outh  of  the  most  piomising 
hopes,  but  who  was  preinuiurely  cut  off  before  he  reached 
his  eighteenth  year,  he  contrived,  for  the  instruction  of 

Pn 


178 


NAVIGATION. 


his  royal  piqjil)  a  large  incchaiiical  sphere,  with  which  he 
o.hibiied  all  the  celestial  niovemenls,  and  more  espe- 
cially those  of  the  sun  and  moon,  in  so  much  that  the 
eclipics  of  these  iuminaiies  could  be  predicted  by  means 
of  it  for  a  period  of  17,100  years.  A  few  years  before 
his  ileaUi,  which  look  place  in  1618  or  16^0,  liis  attention 
was  directed  to  the  calculation  of  lop;aritlims,  a  species 
of  numerical  cjuaiiliiies  first  made  known  to  the  world  by 
Lord  Napier  in  1614,  and  of  the  most  extensive  use  in 
navigation  and  astronomy,  as  well  as  in  some  of  the 
hiirher  branches  of  (he  mathematics.     See  LoGAniTiiMS. 

W'risjhi's  improvement  on  Mercator's  chart  soon  be- 
came known  abroad,  where  it  seems  to  have  been  received 
will)  greater  readiness,  but  less  candour  than  in  England. 
In  1624,  Snellius,  professor  of  mathematics  at  Leyden, 
publislitd  a  ircatii-u  of  navigation,  on  Wright's  plan, 
which  he  entitled  Tij/i/ius  Batavus,  but  without  making 
the  slightest  acknowledgment  for  the  principles  he  had 
borrowed  from  it.  Hence,  several  years  after,  we  find 
some  of  the  French  writers,  who  generally  show  a  very 
illiberal  jealousy  of  English  mathematicians,  confidently 
asserting,  thatSnellius  was  the  real  inventor  of  the  cor- 
rected charts.  Montucla,  however,  has  since  admitted 
that  this  admirable  improvement,  though  at  first  ascribed 
to  Mercator,  is  entirely  due  to  our  countryman  Edward 
Wright.  Even  ten  years  before  the  publication  of  the 
works  of  Snellius,  every  case  in  navigation  had  been 
solved  numerically  by  Mr.  Ralph  Handson,  in  his  nautical 
questions  subjoined  to  a  translation  of  Piliscus's  Trigo- 
j)omelry,by  applying  arithmetical  calculations  to  Wright's 
table  of  meridional  parts.  Of  the  priority  of  Wright's 
claim,  therefore,  to  the  honour  of  this  important  inven- 
tion, no  person  can  any  longer  entertain  the  smallest 
doubt. 

Another  method  of  determining  the  change  of  longi- 
tude on  an  oblique  course,  and  founded  partly  on  the 
principles  of  plane  sailing,  and  partly  on  those  of  parallel 
sailing,  was  at  this  time  proposed  by  Mr.  Handson,  and 
found  to  answer  extremely  well  in  latitudes  at  no  great 
distance  from  the  equator.  Two  kinds  of  approximation 
were  suggested,  both  of  which  were  altogether  indepen- 
dent of  Wright's  enlargement  of  the  meridian:  the  first 
was  obtained  by  taking  an  arithmetical  mean  between  the 
cosines  of  the  extreme  latitudes,  and  the  second  by  the 
same  mean  between  their  secants,  and  thus  declining  the 
difference  of  longitude  from  the  departure,  as  given  by 
plane  sailing.  A  similar  method,  but  neither  so  correct, 
nor  yet  more  simple  in  its  application,  is  still  frequently 
employed  by  seamen,  to  whom  it  is  known  by  the  appel- 
lation of  middle-latitude  sailing.  According  to  this  method 
of  computing  the  difference  of  longitude,  which  seems  to 
have  been  first  described  by  Gunier,  in  an  edition  of  his 
works  printed  in  1623,  the  cosine  of  the  mean  of  the  two 
latitudes  is  employed  instead  of  the  mean  of  their  cosines, 
as  recommended  by  Handson. 

Tlie  inventor  of  the  logarithms,  as  we  have  already 
hinted,  contributed  greatly  to  facilitate  the  necessary  cal- 
culations for  determining  a  ship's  place  by  the  methods 
hitherto  employed  for  that  purpose.  A  table  of  the 
common  form  of  logarithms  adapted  to  the  natural  num- 
bers, as  we  have  described  in  the  history  of  that  excellent 
invention,  was  computed  by  Briggs,  and  first  given  to  the 
world  in  1618.  This  table  served  as  the  basis  of  the  lo- 
garithms of  the  natural  sines  and  tangents,  and  was  so 
applied  by  Gunter,  who  drew  up  from  it  a  table  of  the 
logarithms  of  these  trigonometrical  quantities  for  every 
minute  of  the  quadrant,  which  he  published  in  1620,  To 


Gunter  the  seaman  is  also  indebted  for  the  very  useful 
scale  which  still  bears  his  name,  on  which  he  inscribed 
the  logarithmic  lines  for  numbers,  as  well  as  for  the  sines 
and  tangents  of  arches,  and  by  help  of  which,  and  a  pair  of 
compasses,  every  question  in  ti  igoiioinetry  may  be  solved 
with  the  utmost  expedition,  and  very  considerable  ac- 
curacy. 

Having  now  reached  a  period  in  the  history  of  navigation 
when  the  art,  so  far  as  the  determination  of  a  ship's  place 
depends  on  her  reckoning,  was  nearly  as  perfect  as  it  is  at 
the  present  day,  before  we  proceed  to  describe  the  im- 
provements which  it  afterwards  received  from  astronomy 
by  means  of  instruments  of  a  proper  construction  to  be 
used  at  sea,  we  shall  briefly  allude  to  a  method  of  calcu- 
lating the  meridional  parts,  which  is  not  only  more  refin- 
ed in  principle,  but,  in  extreme  cases,  more  correct  in 
its  application,  than  the  mode  employed  by  Wright.  His 
method  of  enlarging  the  meridian,  as  we  have  already 
stated,  consisted  in  the  continued  additions  of  the  suc- 
cessive secants  of  portions  of  that  great  circle,  increasing 
in  an  arithmetical  progression,  from  the  ecjuator  to  the 
pole,  the  secants  of  tho  increasing  arches  being  in  each 
latitude  proportional  to  the  rate  of  convergency  of  the 
meridians  ;  but  we  have  now  to  remark,  that  the  resulting 
sums  of  these  secants,  or  meridional  parts  as  they  are 
called,  will  oidy  be  perfect  when  the  portions  of  the  me- 
ridian for  which  they  are  calculated  increase  by  infinitely 
small  differences  ;  because,  strictly  speaking,  the  degree 
of  convergency  is  not  the  same  throughout  the  whole  of 
any  arch,  however  small,  and  consequently  when  the 
arches  increase  by  finite  differences,  errors  must  gra- 
dually accumulate  in  the  results  of  a  calculation  founded 
on  that  supposition.  This  defect  in  Wright's  method  of 
enlarging  the  successive  portions  of  the  meridian  was 
noticed  very  early,  and  was  obviated  to  a  certain  extent, 
by  diminishing  the  common  difference  between  the 
arches  to  a  single  minute  of  the  quadrant ;  but  it  was  not 
removed  entirely,  till  Henry  Bond  announced,  in  an 
edition  of  Norwood's  Navigation,  which  he  published  in 
1 650,  that  the  sums  of  the  natural  secants,  or  the  enlarge- 
ments of  the  meridian  on  the  principles  of  Wright's  pro- 
jection, follow  the  same  law  as  the  logarithmic  tangents  of 
half  the  complements  of  the  latitudes.  The  demonstra- 
tion of  this  curious  property  was  not  given  by  Bond,  who 
seems  to  have  stumbled  on  the  discovery  by  accident ; 
but  this  defect  was  afterwards  supplied  by  James  Gregory, 
in  his  Exercitationes  Geometrice,  printed  at  London  in 
1658.  Another  demonstration  of  it  was  also  given  by 
Barrow,  in  his  Lectiones  Geometries,  when  he  proves 
that  if  r  denotes  the  radius,  and  *.  the  latitude  of  a  place, 
the  sum  of  the   secants  in  question  is  analogous  to  the 

logaritiimof  ^!^,  which  is  the  same  relation  as  that  al- 

r — '^ 
ready  noticed. — Lastly,  Dr.  Halley  furnished  a  very  beauti- 
ful demonstration  of  this  important  pr(ji)osition,  deduced 
from  the  properties  of  the  logarithmic  spiral,  and  the 
principles  of  the  stereograpliic  projection  of  the  sphere 
on  the  plane  of  the  equator. 

In  what  follows  of  the  history  of  navigation  we  shall 
briefly  trace  the  progress  of  the  art,  so  far  as  its  improve- 
ment is  lo  be  ascribed  to  the  advantages  it  has  derived 
from  the  modern  discoveries  in  astronomy,  and  the  in- 
vention of  instruments  of  a  suitable  construction  for  mak- 
ing observations  on  the  heavenly  bodies  at  sea. 

The  methods  by  which  a  ship's  place  is  determined 
on  the  surface  of  the  ocean,  may  be  divided  into  geogra- 
fihical  and  astronomical-     The  former,  consisting  in  an 
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application  of  the  principles  employed  for  calculating  the 
ship's  position  by  means  of  the  course  and  distance  only  ; 
and  the  latter,  comprehending  the  various  problems  of 
the  sphere  by  which  the  latitude  and  longitude  of  a  place 
may  be  ascertained  from  celestial  observations.  These 
two  general  methods  of  finding  a  ship's  place,  though 
depending  on  very  different  data,  must  still  be  consider- 
ed as  having  a  certain  mutual  relation,  witiiout  which 
the  results  of  the  one  could  not  be  connected  with  the 
deductions  of  the  others.  Thus  the  magnitude  of  the 
earth  must  be  known  by  the  measurement  of  lines  on  its 
surface,  before  celestial  observations  can,  in  many  cases, 
bs  rendered  subservient  to  geographical  purposes;  and, 
on  the  other  hand,  these  very  measurements  cannot  be 
conducted  with  a  due  attention  to  accuracy,  without  the 
aid  of  :Hstronomical  science.  In  like  manner,  the  mariner's 
compass,  from  the  variations  to  which  the  needle  is  liable, 
ceases  to  be  on  all  occasions  a  faithful  index  of  the  ship's 
course,  unless  its  bearings  be  rectified  from  time  to  time, 
by  observations  of  the  heavenly  bodies,  the  only  sure 
guides  to  which  the  mariner  must  ultimately  appeal  in 
all  his  difficulties;  and  even  the  log-line,  the  simplest  of 
all  nautical  instruments,  cannot  be  constructed  of  a  proper 
length  until  the  exact  magnitude  of  the  earth  is  deter- 
mined. 

The  actual  magnitude  of  the  earth  remained  unknown 
long  after  its  spherical  form  had  been  ascertained  and  ad- 
mitted ;  and,  indeed,  it  is  only  in  modern  limes,  when,  by 
means  of  instruments  of  a  refined  and  delicate  construc- 
tion, the  most  profound  speculations  of  science  have  been 
brought  to  bear  with  practical  effect  on  the  objects  to 
which  they  are  directed,  that  the  real  figure  and  magni- 
tude of  the  earth  have  been  determined  with  certainty 
and  precision.  Without  stopping,  therefore,  to  examine 
the  results  of  the  more  anciejit  measurements,  the  linear 
bases  of  which  are  too  imperfectly  known  to  enable  us 
to  reduce  them  with  sufficient  accuracy  to  modern  mea- 
sures of  length,  we  shall  briefly  notice  the  more  recent 
attempts  which  have  been  made,  to  ascertain  these  im- 
portant points.  Norwood's  measurement,  which  was  ex- 
ecuted in  1635,  and  described  very  fully  in  a  work  pub- 
lished two  years  afterwards,  entitled  The  Seaman's 
Practice,  was  immediately  applied  by  the  author  to  cor- 
rect the  gross  errors  which  prevailed  at  that  period  in 
the  divisions  of  the  log-line  ;  and  though  it  gave  the  mag- 
nitude of  the  earth  considerably  beyond  the  truth,  it  was 
more  correct  than  any  measurement  which  had  been  at- 
tempted before  that  time.  A  degree,  between  London 
and  York,  corresponded  by  Norwood's  measurement  to 
367,200  English  feet.  The  measurement  of  a  degree  of 
the  meridian  vvas  undertaken  in  France  by  Picard,  in  1669, 
under  more  favourable  circumstances  :  a  base  line  of 
5663  toises  in  length  was  carefully  measured  between 
Villejuive  and  Juvisy,  and  this  line  being  connected  by  a 
series  of  triangles  with  the  most  remote  point,  the  dis- 
tance between  the  extreme  stations  was  found  by  calcula- 
tion to  be  68.430  J  toises,  while  the  difference  of  latitude 
was  discovered,  by  help  of  a  six  feet  sector,  to  be  1°  1  1' 
57".  It  was  inferred  from  this  measurement,  that  a 
degree  of  the  meridian,  the  middle  point  of  which  was 
in  latitude  49°  7',  was  57.064^  ioises,  or  364,900  English 
feet.  After  Newton  demonstrated  that  the  influence  of 
attraction,  combined  with  the  centrifugal  force  arising 
from  the  earth's  rotatory  motion,  must  render  the  ter- 
restrial sphere  somewhat  flattened  at  the  poles,  and  pro- 
tuberant at  the  equator,  an  additional  motive  was  present- 
ed for  prosecuting  these  measurements  with  greater  ac- 


curacy. In  different  situations,  measurements, on  a  very 
extensive  scale,  were  accordingly  set  on  foot  by  the  most 
enlightened  European  governments,  and  conducted  in 
various  quarters  of  the  globe,  with  an  ardourand  assiduity 
suited  to  the  importance  of  the  undertaking.  By  a  com- 
parison of  the  different  results,  it  has  been  established 
that  the  earth  is  an  oblate  spheroid,  of  which  the  com- 
pression at  the  poles  is  xr ^  tt  •  ^^'^  circumference  of  the 
elliptic  meridian  being  24855. 84  miles,  and  that  of  the 
equator  24896.16  miles.  Hence  a  geographical  or  nauti- 
cal mile,  deduced  from  the  mean  length  of  a  meridional 
degree,  is  6075.6  feet.     See  .Astronomy. 

Astronomical  observations  being  made  at  various  places 
on  the  surface  of  the  earth,  it  was  altogether  impossible 
to  reduce  them  to  any  common  point  of  reference,  such 
as  the  centre  of  the  terrestrial  spheroid,  without  a  know- 
ledge of  the  true  form  and  magnitude  of  the  earth.  The 
exact  determination  of  tiie  moon's  place,  an  element  of 
great  importance  in  the  calculation  of  the  longitude,  was, 
more  especially,  deeply  involved  in  thes2  measurements  ; 
and  even  the  allowance  to  be  made  for  elevation  above 
the  surface  of  the  ocean,  in  observing  the  altitudes  of  ce- 
lestial objects,  could  not  be  duly  estimated,  before  the  de- 
flection of  the  terrestrial  arch  below  its  tangent  had  been 
correctly  ascertained. 

The  earlier  navigators  seldom  had  recourse  to  astro- 
nomical observations  for  the  correction  of  their  reckon- 
ing, unless  such  as  were  of  the  simplest  nature.  The 
instruments  they  employed  were  too  rude  in  their  con- 
struction to  be  applied  to  any  thing  beyond  finding  the 
elevation  of  the  polar  star,  or  the  meridian  altitude  of 
the  sun  ;  the  only  observations  they  required  for  a  gross 
approximation  to  the  ship's  latitude.  The  .istrolabe,  or 
Astronomical  Ring,  which  was  nothing  but  an  arch  gra- 
duated into  degrees  and  half-degrees,  and  suspended  at  a 
particular  part  in  the  circumference,  seems  to  have  been 
one  of  the  first  instruments  used,  in  the  infancy  of  navi- 
gation, for  taking  the  sun's  altitude  ;  and  to  this  was  af- 
terwards added  the  Cross  staff,  or  Arbalete,  which  was 
considered  better  adapted  for  the  measurement  of  celes- 
tial arches  in  general.  The  Astrolabe  was  recommended 
for  taking  observations  at  sea  so  early  as  1485  ;  the  Ar- 
balete  was  introduced  at  a  later  period,  and  is  particularly 
described  by  John  Werner,  of  Nuremburgh,  as  a  fit  in- 
strument to  find  the  distance  of  the  moon  from  a  fixed 
star,  for  the  purpose  of  determining  the  longitude.  The 
truth  is,  however,  that  both  these  instruments  were  ex- 
ceedingly iinperfect;  neither  of  them  possessing  any 
thing  in  its  construction  which  adapted  it,  in  the  slightest 
degree,  to  the  peculiar  circumstances  in  which  observa- 
tions are  usually  made  at  sea.  About  the  year  1600,  the 
Arbalete  received  a  considerable  improvement  from  the 
celebrated  Davis,  one  of  the  most  enterprising  seamen 
of  his  day,  who  gave  to  the  instrument  under  its  new 
form  the  appellation  of  the  Back-staff,  on  account  of  the 
position  in  which  the  observer  stood  with  respect  to  the 
sun,  at  the  time  of  making  an  observation.  This  instru- 
ment, which  is  commonly  known  by  the  name  of  Davis's 
Quadrant,  was  afterwards  still  farther  improved  by  Flam- 
stead  and  Halley,  and  continued  to  be  almost  the  only  in- 
strument used  for  taking  the  altitudes  of  the  celestial 
bodies  at  sea  until  the  year  1731,  when  it  was  entirely 
superseded  by  Hadley's  Quadrant,  one  of  the  most  ad- 
miiabie  inventions  of  the  last  century.  By  this  happy 
contrivance,  which  seems  to  have  been  first  suggested 
by  Newton,  celestial  observations  can  be  made  at  sea, 
nearly  with  the  same  facility  as  on  land,  the  observer 
P  p  2 
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being  but  Utile  iiicommoded  by  the  agitation  to  which  he 
is  exposed  fiom  the  motion  of  the  vessel.  The  disco- 
very ot  the  principle  on  which  Hartley's  quadrant  is  con- 
strucicd  has  been  ascribed,  by  some  writers,  to  Thomas 
Godfrey,  of  Pliiladelphia,  who  contrived  a  similar  instru- 
jnenl  about  the  year  1731  ;  but,  if  Hadley  is  to  be  de- 
prived of  the  honour  of  having  invented  the  valuable  in- 
strument which  bears  his  name,  Godfrey's  claims  must 
yield  to  those  of  Newton,  who  proposed  an  instrument 
lor  measuring  angles  by  two  reflexions  so  early  as  1699. 
Even  before  this  period,  the  ingenious  Dr.  Ilooke  seems 
to  h.ive  had  an  idea  ot  an  instrument  lor  measuring  an- 
gular distances  by  rtllcxion,  as  wc  find  slated  in  the  His- 
tory of  the  Royal  Society,  by  Sprat  and  Uirch. 

The  introduction  of  Hartley's  quadrant  may  be  re- 
garded as  forming  a  most  important  era  in  the  history  of 
astronomical  navigation;  that  valuable  instrument  being 
no  less  indispensably  necessary  in  this  department  of  the 
nautical  art,  than  the  mariner's  compass  is  to  the  me- 
thods of  determining  a  ship's  place  by  her  course  and 
distance.  At  the  time  when  this  instrument  came  into 
general  use,  the  tables  of  the  sun  and  moon  had  been 
brought  to  a  considerable  degree  of  perfection  by  the 
joint  labours  of  the  most  eminent  astronomers  in  Europe ; 
a  circumstance  which  gave  an  additional  value  to  the  in- 
vention, by  furnishing  the  mariner  at  the  same  time  with 
data  suited  to  the  perfection  of  his  instrument.  The 
theory  of  universal  gravitation  had  been  confirmed  by 
the  most  delicate  observations  ;  and  nothing  seemed  want- 
ing to  render  it  applicable  to  the  purposes  of  navigation, 
but  a  more  complete  developement  of  the  eflects  of  the 
simple  law,  which  Newton  demonstrated  to  be  the  grand 
ruling  principle  in  the  whole  of  the  celestial  motions. 
The  labours  of  Flamstead  and  Halley  contributed  in  no 
small  degree  to  this  end  ;  but  it  is  to  the  profound  re- 
searches of  D'Alembcrt  and  Clairaut,  of  Eulcr  and  La- 
place, that  the  extreme  accuracy  of  the  present  lunar 
tables  is  chiefly  to  be  ascribed.  Guided  by  the  theory  of 
Euler,  the  celebrated  Tobias  Mayer  nrade  a  vast  number 
of  observations  on  the  lunar  motions,  from  which  he  drew 
up,  with  singular  address,  a  set  of  tables  that  were  found 
to  correspond  much  better  with  the  various  irregulari- 
ties of  the  moon's  mo;ion,  than  the  deductions  of  the 
most  distinguished  analysis,  who,  following  out  a  loftier 
and  more  independent  mode  of  inquiry,  had  admitted 
nothing  into  their  investigations  except  the  simple  law 
of  universal  attraction.  Such,  indeed,  was  the  accuracy 
of  these  tables,  that  the  British  government,  in  1763,  or- 
dered a  recompense  of  3000/.  to  be  paid  to  the  widow  of 
iMayer,  in  consideration  of  the  benefits  which  navigation 
had  derived  from  the  labours  of  her  husband.  Several 
important  improvements  were  afterwards  added  to  them 
by  Dr.  Maskelyiie  and  Mr.  Mason;  and  in  their  present 
form,  as  they  were  published  by  the  Board  of  Longitude 
in  1770,  they  seldom  give  the  moon's  place  30"  from  the 
truth,  whereas  the  tables  of  Dr.  Halley,  which  were  in 
use  before  that  period,  sometimes  gave  an  error  of  7'  or 
8'.  From  the  year  1789  to  the  year  1804,  they  were  em- 
ployed, with  the  new  equations  of  the  British  astrono- 
mers, in  the  calculation  of  the  tables  of  the  moon's 
place,  as  laid  down  in  the  Nautical  Almanack;  but  sub- 
sequently the  more  correct  tables  of  Burg,  and,  more 
lately  still,  those  of  Burckhardt,  have  been  adopted  in 
drawing  up  that  useful  work. 

We  shall  close  the  history  of  navigation  with  a  brief 
account  of  the  methods  which  have  been  employed  for 
determining  the  longitude  at  sea,  by  means  of  chrono- 


meters, or  accurate  time-keepers.  The  daily  rotation  of 
the  earth  on  its  axis  being  performed  with  the  most  per- 
fect uniformity,  it  is  evident  thai  the  sun  must,  in  the 
course  of  twenty-four  hours,  be  twice  in  the  same  plane 
with  the  meridian  of  every  place,  viz.  at  noon  and  mid- 
night ;  and,  ci'iisequently,  tliat  the  angle  formed  by  any 
two  meridians,  or  the  measure  of  their  inclination,  which 
in  fact  is  their  diflercnce  of  longitude,  may  be  estimated 
by  the  time  which  clapbcs  between  the  sun  being  thus  in 
succession  in  each  of  their  planes.  Could,  therefore,  an 
accurate  time-keeper,  duly  regulated  to  the  noon  of  some 
particular  place,  be  transported,  without  any  change  in 
its  rate,  to  the  meridian  of  some  other  place,  the  differ- 
ence between  the  noon  given  by  the  lime  keeper,  and  the 
noon  of  the  place  indicated  by  the  sun,  would  afford,  after 
a  proper  allowance  for  the  equation  of  lime,  a  simple 
method  of  determining  their  difference  of  longitude.  Ac- 
cordingly, the  British  government  offered,  in  1714,  a  re- 
ward of  20,000/.  to  any  individual  who  should  construct  a 
time-keeper,  capable  of  being  used  at  sea,  and  kccjjing 
time  with  sufficient  accuracy  to  determine  the  longitude 
within  30  geographical  miles  ;  and,  at  the  same  time,  to 
encourage  artists  of  ingenuity  to  engage  in  the  compe- 
tition, smaller  sums  were  promised,  in  cases  where  the 
approximation  might  deviate  more  widely  from  the  truth. 
This  proposal,  so  worthy  of  a  generous  and  enligiitened 
government,  was  somewhat  modified  by  a  new  acl  of 
parliament,  passed  in  1774,  by  which  a  reward  of  5000/. 
was  offered  for  the  invention  of  any  lime-keeper,  or  other 
method,  capable  of  determining  the  longitude  within  60 
geographical  miles,  and  double  that  sum,  if  it  came  within 
30  miles  of  the  truth.  The  commissioners  of  the  board 
of  longitude  were  at  the  same  time  impowered  to  grant 
5000/.  to  the  author  of  any  lunar  tables,  which  should  not 
deviate  more  than  15"  in  assigning  the  moon's  actual 
place,  and  such  smaller  sums,  at  discretion,  as  might 
prove  conducive  to  the  main  design  of  the  act.  In 
consequence  of  these  encouragements,  Mr.  John  Har- 
rison, a  most  ingenious  artist,  who  had  long  devoted  his 
attention  to  the  improvement  of  chronomeiers,  and  dis- 
tinguished himself  by  several  important  inventions  con- 
nected with  horology,  was  induced  to  attempt  the  con- 
struction of  a  chronometer  that  might  be  entitled  to  the 
reward  held  out  by  the  government  of  his  country. 
Having  finished  his  first  time-keeper,  its  going  was  suf- 
ficiently correct  to  make  him  aim  at  higher  improve- 
ments ;  and,  after  repeated  attempts,  prosecuted  with 
the  most  unwearied  perseverance,  he  at  length  produced 
a  time-keeper,  which  satisfied  so  completely  the  condi- 
tions of  the  act  of  parliament,  that,  in  1765,  the  commis- 
sioners of  longitude  ordered  the  sum  of  10,000/.  to  be 
paid  to  him,  on  condition  of  his  making  a  full  disclosure 
of  the  mechanism  of  his  watch.  The  principles  on  which 
it  was  constructed  were  accordingly  laid  before  the  pub- 
lic, in  a  treatise  which  Harrison  published  in  1767,  and 
which  has  frequently  been  ciled  as  a  proof  that  great  in- 
ventive powers  may  belong  to  a  mind  which  is  nearly  des- 
titute of  the  faculty  of  arranging,  in  a  plain  and  systema- 
tic form,  theribjects  of  his  own  conceptions.  Notwith- 
standing the  obscurity,  however,  in  which  Harrison's  ac- 
count of  his  time-keeper  was  written,  it  was  sufficiently 
intelligible  to  enable  artists  to  construct  similar  waiches  ; 
and  many  chronomeiers  have  since  been  made,  which 
have  been  found  to  answer  the  purpose  equally  well  with 
that  of  the  original  inventor.  It  is  only  to  be  regretted, 
that  the  high  price  of  those  valuable  tnechanical  con- 
trivances has  hitherto  confined  them,  in  a  great  measure. 
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to  the  Navy,  and  the  ships' employed  in  the  service  of  the 
East  India  Company. 

Practice  of  JVavigalion. 

The  methods  of  determining  the  course  and  distance 
from  one  place  to  another,  are  attended  with  little  diffi- 
culty ;  and  if  the  mariner  could  always  pursue,  without 
interruption,  his  calculated  course,  the  art  of  navigation 
would  be  comparatively  easy.  The  outlines  of  the  coast, 
however,  and  the  variableness  of  the  winds,  frequently 
compel  him  to  proceed  towards  his  port  by  a  circuitous 
and  indirect  route;  and  hence  it  becomes  necessary,  in 
the  course  of  a  long  voyage,  that  he  should  have  other 
means  of  ascertaining  his  position,  from  time  to  time, 
than  such  as  are  afforded  by  the  various  courses  and  dis- 
tances on  which  the  ship  had  previously  sailed.  In  the 
following  treatise,  therefore,  we  shall  consider  the  sub- 
ject under  two  general  aspects:  1st,  The  methods  of 
determining  a  ship's  place,  by  the  application  of  geome- 
trical principles  to  the  data  derived  solely  from  her  course 
and  distance.     And  2d,  The  methods  of  doing  the  same 


thing  by  the  application  of  these  principles  to  the  data 
deduced  from  celestial  observations.  To  the  former  of 
these  divisions  of  the  subject  we  shall  give  the  name  of 
Geografihical  JVavigalion  ;  and,  to  the  latter,  that  of  A'au- 
tical  Astronomy .  It  is  scarcely  necessary  to  observe, 
that  neither  of  these  branches  of  navigation  can  be  tho- 
roughly understood  without  a  competent  knowledge  of 
practical  mathematics,  and  the  general  principles  of  geo- 
graphy and  astronomy.  We  must,  therefore,  presume 
that  the  reader  is  already  acquainted  with  the  nature  of 
logarithms,  the  applications  of  trigonometry,  and  the  doc- 
trines of  the  sphere,  in  so  far  as  the  latter  are'connected 
with  the  relations  of  the  various  circles  by  which  the 
positions  of  the  heavenly  bodies,  as  well  as  the  situations 
of  places  on  the  surface  of  the  earth,  are  determined. 
We  must  also  take  it  for  granted,  that  in  both  cases  the 
mariner  is  furjiished  with  an  accurate  table  of  the  lati- 
tudes and  longitudes  of  the  most  remarkable  places,  as 
well  as  with  correct  maps  and  charts  of  the  coasts,  bays, 
Iieadiands,  &c.  which  he  may  have  occasion  to  visit.  See 
Geography. 
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Geografihical  JVavigalion,  used  in  the  restricted  sense 
we  nave  diiachfd  to  this  department  of  the  subject,  is  the 
art  of  conducting  a  ship  from  place  to  place,  and  of  find- 
ing, when  circumstances  require  it,  her  position  without 
the  assistance  of  astronomical  observations.  The  only 
instruments  we  shall  suppose  to  be  employed  for  these 
purposes  are  such  as  are  necessary  for  the  direction  of 
the  ship's  course,  and  the  measurement  of  her  distance, 
every  thing  else  being  supplied  by  trigonometrical  cal- 
culation. 

CHAP.  I. 

Oy  the  Instruments  necessary  for  directing  a  Shiji's 
course,  and  determining  her  distance. 

Section  I.     0/ the  JSfariner'a  Comfiass. 

The  mariner's  compass,  the  invention  of  which  has 
contributed  so  much  to  the  progress  of  navigation,  is 
the  only  instrument  used  for  directing  a  ship's  course  at 
sea.  The  most  essential  part  of  the  instrument  is  a  cir- 
cular card  of  pasteboard,  the  circumference  of  which  is 
divided  into  degrees,  points,  and  quarter-points,  the  card 
being  attached  to  a  magnetic  bar,  crossing  its  centre, 
and  supported  at  that  point  by  a  pivot  on  which  it  plays 
freely.  The  magnetic  bar,  commonly  called  the  needle, 
is  made  of  good  steel  of  a  moderate  degree  of  temper, 
and  magnetized  artificially  to  a  maximum  state.  The 
best  form  for  the  needle  has  been  a  matter  of  controversy  ; 
some  recommending  that  it  should  be  of  a  rectangular 
shape;  others  that  it  should  be  rhomboidal,  or  acumi- 
naled.  The  middle  of  the  needle  is  usually  furnished 
with  a  capsular  bit  of  agate,  the  cavity  of  which,  in  an 
inverted  position,  is  intended  to  rest  on  a  sharp  upright 
pin,  called  the  supfiorter.  If  the  supporter  is  made  of 
steel,  it  ought  to  be  highly  tempered  and  well  polished, 
in  order  to  diminish  as  much  as  possible  the  friction  of 
the  agate,  and  thus  allow  the  needle  to  assume  readily 
its  proper  position  ;  but  perhaps  it  might  be  better,  in  all 
cases,  to  make  the  supporter  of  the  hardest  kind  of  bell- 
metal. 

The  supporter  is  fixed  to  the  bottom  of  a  brass  or 


wooden  hemispherical  box,  the  mouth  of  which  is  cover- 
ed with  a  plate  of  glass,  to  protect  the  card  from  agitation 
by  the  wind.  The  box  containing  the  needle  and  its  card 
thus  supported,  is  retained  in  a  horizontal  position  by 
means  of  two  concentric  rings,  called  jimbals,  which  are 
connected  with  each  other  by  pivots,  diametrically  oppo- 
site, the  outer  ring  being  attached  to  a  square  box  also 
by  pivots,  in  such  a  manner,  that  the  line  which  joins 
them  is  at  right  angles  to  the  line  joining  the  two  former. 
The  rings  having  an  easy  motion  on  the  pivots  by  which 
they  are  supported,  to  whatever  motion  the  external  box 
is  exposed,  the  hemispherical  one  remains  with  its  sur- 
face always  in  a  horizontal  position. 

The  ship's  course  by  the  compass  is  indicated  by  the 
angle  which  her  keel  makes  with  the  needle ;  and  in 
oader  that  this  angle  may  be  duly  estimated,  the  instru- 
ment is  placed  in  a  fixed  position  near  the  steersman,  in 
a  squaie  compartment  intended  for  its  reception,  called  the 
binnacle,  where  it  remains  immoveable.  The  direction 
of  the  ship,  in  reference  to  the  centre  of  the  compass,  is 
more  distinctly  pointed  out  by  means  of  a  vertical  line 
drawn  in  the  inside  of  the  circular  box.  T/iis  line  is 
called  the  lubber's  fioint  ;  and  in  steering  a  particular 
course,  the  corresponding  poiiil  in  the  circular  card  must 
be  kept  by  the  management  of  the  person  at  the  helm  to 
bear  steadily  upon  it. 

The  circumference  of  the  card,  we  have  already  stated, 
is  divided  into  a  certain  number  of  equal  parts,  called 
points.  The  divisions  coinciding  with  the  direction  of 
the  needle,  or  the  magnetic  meridian,  are  marked  north 
and  south,  at  the  corresponding  sides  of  the  card,  while 
two  other  points,  at  the  distance  of  a  quadrant,  are  termed 
east  and  ivest.  These  four  points  constitute  what  are 
called  the  cardinal  fioints  of  the  compass.  Each  quad- 
rant, comprehended  between  two  cardinal  points,  is  sub- 
divided into  eight  points,  which  are  named  according  to 
their  local  position,  with  respect  to  the  cardinal  points, 
and  to  one  another.  An  explanation  of  the  nomencla- 
ture which  has  been  adopted,  in  the  case  of  one  quad- 
rant, will  apply,  with  a  suitable  change  of  terms,  to  the 
other  three  ;  and  we  shall  therefore  deem  it  sufficient  to 
show  in  what  manner  the  points  of  one  of  the  quadrants, 
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(ilie  norili  east  for  example,)  have  received  names.     In 

the  first  place,  then,  the  point  of  bisection  between  the 
north  and  cast,  from  its  mutual  relation  to  both,  is  called 
North-East.  In  like  manner,  the  bisection  of  the  arch 
between  north  and  north-east,  is  called  A'orth  North-East, 
and  that  of  the  arch  between  east  and  north-east,  by  a  like 
analogy,  East  North  East.  The  bisection  of  each  of  the 
four  resulting  arches  divides  the  quadrant  into  eight 
points,  each  of  which  is  named  hy  writing,  after  the  north, 
cast,  and  north-cast  points,  the  term  by,  (used  in  the 
sense  of  proximity,)  with  one  or  other  of  the  cardinal 
points  annexed,  according  as  the  point  to  be  named  is 
contiguous  to  the  one  or  the  other.  Thus,  the  point 
adjacent  to  N.  E.  towards  the  north,  is  called  N.  E.  by 
N.,  while  the  one  similarly  placed  towards  the  E.  is 
termed  N.  E.  by  E.  Uy  a  like  mode  of  procedure,  the 
point  next  to  the  north,  towards  the  east,  is  called  N.  by 
E.  and  that  next  the  east,  towards  the  north,  E.  by  N. 
The  nomenclature  of  the  other  quadrants  is  precisely 
similar. 

These  points,  named  in  the  manner  we  have  described, 
are  reckoned,  in  point  of  numerical  order,  from  the  noith 
towards  the  east  and  west,  and  also  from  the  south  to- 
wards the  same  points.  The  following  table  exhibits 
the  number  of  each  point,  with  the  corresponding  num- 
ber of  degrees,  &c.  measuring  the  angle  which  the 
rhumb  of  each  point  and  quarter-point  forms  with  the 
meridian. 

Table  of  Points  and  Quarter  Points  of  the  Compass. 


North-East      Notth-West 

Points. 

Deg.  Min. 

SouthEast 

SoultiWest 

Quadrant. 

Quadrant. 

Quadrant. 

Quadrant. 

i 

2  49 

^ 

5  37} 

-i 

8  26 
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When  the  mariner's  compass  is  fitted  up  with  sights, 
which  are  upright  pieces  of  brass  fixed  to  the  box, 
placed  diametrically  opposite  to  each  other,  and  fur- 
nished with  vaiics  for  viewing  a  celestial  object,  in  order 
to  determine  its  magnetic  bearing,  the  instrument  thus 
modified  is  called  an  Azimuth  Coiii/iass.  The  descrip- 
tion of  it  will  be  given  with  more  propiicty  under  the 
head  of  Nautical  Astronomy. 

We  have  already  stated,  in  the  history  of  navigation, 
that  soon  after  the  discovery  of  the  polarity  of  the  mag- 
net, it  was  ascertained  that  the  needle  of  the  compass 
neither  pointed  exactly  north  and  south,  nor  stood  in  the 
same  position  with  respect  to  the  meridian  in  different 
places.  From  successive  observations  made  afterwards, 
it  was  found  that  the  variation  was  not  a  constant  quan- 
tity, even  in  the  same  place;  but  that  it  was  subject  to  a 
gradual  change,  according  to  a  law  which  has  not  yet 
been  determined  with  much  precision.  The  celebrated 
Burckhardt  has  indeed  given  a  formula  to  express  the 
tangent  of  the  vaii-.uion,  in  functions  of  the  time  elapsed 
from  1663,  which  has  been  found  to  a^^ieo  pretty  well 
with  observations  made  at  Paris  ;  but  it  is  rather  to  be 
regarded  as  a  dexterous  adaptatio.i  of  the  arithmetic  of 
sines  to  the  phenomena  in  question,  than  as  a  general 
expression  of  the  mug'ietic  variation  deduced  from  physi- 
cal principles,  and  capable  of  universal  application.  The 
truth  is,  the  variation  is  liable  to  tempoiary  changes, 
which  seem  to  be  the  effects  of  chemical  rather  than  of 
physical  agency.  Thus  the  posirtion  ot  the  needle  is 
strongly  affected  by  the  aurora  horealis.  and  even  by  a 
volcanic  eruption  occurring  at  a  great  distance  from  the 
place  of  observation.  In  this  country,  too,  it  has  been 
observed,  that  the  north  pole  of  the  needle  gradualiy 
veers  westward  from  about  eight  in  the  morning  tn  two 
in  the  afternoon,  after  which  it  returns  slowly  to  its  former 
position.  This  diurnal  variation,  which  extends  to  seven 
minutes  in  winter,  and  to  double  that  quantity  in  summer, 
has  been  ascribed  to  the  daily  change  of  temperature, 
which  takes  place  at  the  surface  of  the  earth  by  the  ac- 
tion of  the  solar  rays  ;  thougli  it  is  more  probably  owing 
to  the  influence  of  some  peculiar  emanation  from  the 
sun,  which  has  not  yet  been  sufficienlly  examined.  Tiie 
fact,  that  a  slender  bar  of  steel  may  be  magnetized  by 
exposure  to  the  violent  rays  of  the  prism,  is  strongly  cor- 
roborative of  this  opinion. 

In  the  year  1657,  the  compass  had  no  variation  at  Lon- 
don, and  it  was  observed  to  be  in  the  same  condition  at 
Paris,  in  1663.  Since  that  period,  a  line  traced  on  the 
surface  of  the  earth,  and  passing  through  the  different 
places  where  there  was  no  variation,  appears  to  have 
moved  continually  eastward  with  its  northern  extremity, 
while  its  southern  parts  have  moved  in  an  opposite  direc- 
tion. At  the  end  of  the  8th  century,  the  line  of  ?io  vari- 
ation formed  a  kind  of  irregular  curve,  of  double  curva- 
ture, passing  through  the  east  side  of  Nova  Zembla,  and 
continuing  its  course  through  the  middle  of  .'\sia,  crossed 
the  equator  at  the  island  of  Borneo,  in  120°  of  east  longi- 
tude. It  then  proceeded  in  a  south-cast  direction  through 
the  middle  of  New  Holland,  and  crossing  the  southerji 
frigid  zone,  appeared  in  the  opposite  hemisphere,  a  little 
to  the  eastward  of  the  Brazils;  after  which,  advancing 
northward,  it  crossed  the  equator  at  a  point  in  40o  of 
west  longitude.  Veering  gradually  to  t!ie  westward,  it 
intersected  the  coast  of  America,  near  Washington,  and 
after  passing  through  Lake  Huron,  stretched  onwards  to 
a  point  a  little  to  the  westward  of  Coppermine  river,  be- 
yond which  it  could  no  longer  be  traced.     Maps  having 
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curves  drawn  on  them  lo  repi  esenl  llie  kind  and  degree 
of  the  variation,  in  different  places,  are  called  Variation 
Chares*  See  Geography,  Plate  CCLXIX,  and  Va- 
riation. 

The  magnetic  variation,  though  attended  with  some 
difficulties  to  the  mariner,  is  not  without  its  advantages 
in  navigation.  The  lines  in  the  Variation  Chart,  de- 
noting different  degrees  of  variation,  run  for  the  most  part 
in  directions  deviating  but  little  from  the  meridian,  and 
hence,  when  they  are  accurately  laid  down,  they  may 
frequently  be  employed  for  determining,  within  certain 
limits,  the  longitude.  In  t!ie  North  Sea,  for  example, 
where  the  variable  lines  are  nearly  north  and  soutli,  the 
variation  decreases  from  Great  Britain  towards  the  east, 
at  the  rate  of  about  a  degree  for  every  30  nautical  miles 
of  difference  of  longitude,  so  that  a  degree  of  latitude  cor- 
responds in  thai  latitude  nearly  to  a  degree  of  varia- 
tion. 

The  different  methods  which  are  employed  to  ascer- 
tain the  magnetic  variation,  will  be  explained  and  illus- 
trated under  Nautical  Astronomy  :  at  present,  we  shall 
take  it  for  granted,  that  the  variation,  which  undergoes 
but  a  slight  change  in  a  number  of  years,  is  known  at 
each  particular  place,  and  shall  therefore  now  proceed  to 
point  out  tlie  corrections  which  must  be  made  on  the 
courses,  as  indicated  by  the  compass,  in  order  to  reduce 
them  to  the  true  bearings,  in  reftrence  to  the  meridian. 
The  variation  is  denominated  easterly  or  ivesterty,  accord- 
ing as  the  north  pole  of  the  needle  points  toihe  eastward 
or  westward  of  the  true  meridian.  In  conformity  with 
this  manner  of  distinguishing  the  kind  of  the  variation, 
it  is  evident,  that  when  a  ship  is  sailing  directly  north 
by  the  compass,  in  a  part  of  the  ocean  where  the  variation 
is  easterly,  her  true  course  will  form  with  the  meridian 
an  angle  inclining  north-easterly,  the  measure  of  which 
will  be  the  same  as  the  variation.  Thus,  if  the  variation 
were  two  points  easterly,  her  actual  course  would  be  N. 
N.  E.  and  in  general,  when  the  variation  is  easterly,  the 
true  course  is  found  by  making  an  allowance  on  the 
course  steered  towards  tlie  right  hand,  equal  to  the  quan- 
tity of  the  variation  ;  and  when  it  is  westerly,  in  an  oppo- 
site direction.  In  making  the  allowance,  the  person  who 
does  so  must,  in  all  cases,  conceive  himself  to  be  at  the 
centre  of  the  compass.  Thus,  if  a  ship  were  sailing  S. 
E.  by  E.  by  the  compass,  when  the  variation  was  2^ 
points  easterly,  the  true  course  would  evidently  be  2^ 
points  nearer  the  south,  or  S.  S.  E.  i  E.  ;  whereas,  had 
she  sailed  on  the  same  course,  when  the  variation  was 
2  J  points  westerly,  her  true  course  would  be  E.i  S.  or, 
as  it  might  be  otherwise  expressed,  E.  by  S.  \  E. 

On  the  other  hand,  if  a  ship's  true  or  calculated 
course,  from  one  port  to  another,  is  to  be  reduced  to  the 
course  to  be  steered  by  the  compass,  the  allowance  for 
variation  must,  with  respect  to  its  two  denominations,  be 
reckoned  in  a  wr.y  just  the  reverse  of  that  which  has 
been  explained  for  the  reduction  of  the  magnetic  to  the 
true  course.  This  is  too  obvious  to  require  any  illus- 
tration. 

It  frequently  happens  that  the  magnetic  variation  can- 
not be  observed  with  sufficient  accuracy  at  sea.  to  serve 
the  purpose  of  conecting  the  deviation  of  the  compass; 
and  accordingly  variation  charts,  and  variation  tables, 
have  been  published,  from  time  to  time,  with  the  view 
of  palliating  an  evil,  which,   on  many  occasions,   may  be 


attended  with  much  inconvenience  to  the  mariner.  Dr. 
Halley  drew  up  one  of  these  charts  in  1700,  and  Moun- 
tain and  Dodson  afterwards  published  another  in  1750. 
The  celebrated  Buffon,  who  devoted  a  good  deal  of  at- 
tention to  the  subject,  also  gave,  in  his  N'atural  Hislory 
of  Minerals,  which  was  published  in  1788,  an  extensive 
set  of  tables,  embracing  the  state  of  the  variation  in  every 
country,  where  observations  had  at  that  time  been  made. 
Such  tables,  after  a  proper  allowance  is  made  for  the 
annual  change  of  variation,  are  of  the  utmost  importance 
to  the  less  experienced  navigator. 

In  prosecuting  observations  at  sea  for  determining  the 
variation  in  different  places,  various  navigators  have  no- 
ticed certain  anomalies  in  the  result,  which  they  generally 
ascribed,  either  to  imperfections  in  the  instruments  em- 
ployed, or  to  unavoidable  errors  arising  from  the  nature 
of  the  observations  themselves.  The  existence  of  these 
irregularities  was  amply  confirmed  by  the  observations 
of  Mr.  Wales,  who,  in  his  Introduction  to  the  Astrono- 
mical Observations  which  he  made  during  his  second 
voyage  with  Captain  Cook,  expressly  states,  that  during 
the  passage  outwards  from  Great  Britain  to  the  Cape  of 
Good  Hope,  differences  of  5°  in  the  variation  were  fre- 
quently observed,  without  his  being  able  to  account  for 
them.  He  ascertained,  however,  that  in  the  northern 
hemisphere  the  greatest  westerly  variation  was  obtained, 
when  the  ship's  head  was  north  and  easterly;  and  the 
least  when  it  was  in  an  opposite  direction.  He  also  ob- 
served that  there  were  considerable  differences  in  the  re- 
sult, according  to  the  position,  on  board  of  the  ship  in 
which  the  azimuth  compass  was  placed,  at  the  time  of 
observation.  The  true  cause  of  these  discrepancies 
was  first  explained  by  Captain  Flinders,  who,  after  a 
great  number  of  observations  conducted  in  the  most 
judicious  manner,  inferred  that  it  was  owing  to  the  at- 
traction of  the  iron  in  the  ship.  In  confirmation  of  this 
opinion,  he  observed  that  in  the  northern  hemisphere, 
when  the  ship's  head  was  on  the  east  side  of  the  meri- 
dian, the  north  end  of  the  needle  was  drawn  to  the  right 
of  its  natural  position,  by  which  westerly  variation  was 
diminished,  and  easterly  increased  ;  while,  on  the  other 
hand,  when  the  ship's  head  was  on  the  west  side  of  the 
meridian,  the  north  end  of  the  needle  was  drawn  towards 
the  left,  so  that  easterly  variation  was  thus  diminished, 
and  westerly  increased.  In  the  southern  hemisphere  the 
circumstances  were  reversed,  the  south  pole  of  the 
needle  being  there  affected  by  the  local  attraction  of  the 
ship,  in  the  same  manner  as  its  north  pole  was  affected 
in  the  opposite  hemisphere.  In  both  hemispheres  it  was 
remarked,  that  when  the  ship's  head  was  directed  in  the 
line  of  the  magnetic  meridian,  no  local  effect  was  pro- 
duced, the  attraction  of  the  ship  then  acting  in  the  same 
direction  with  the  magnetic  poles  of  the  earth.  We 
shall  resume  this  subject  when  we  come  to  consider  the 
methods  of  finding  the  azimuth  of  a  celestial  object. 

Sect.  II. —  Of  the  Instruments  used  at  Sea  to  determine  a 
Ship's  Rale  of  Sailing. 

An  accurate  knowledge  of  the  distance  which  a  ship 
may  have  sailed  in  a  particular  direction,  being  no  less 
essentially  necessary  for  ascertaining  her  geographical 
position,  than  a  knowledge  of  her  course  duly  corrected 
for  variation  and  other  sources  of  error,  various  methods 


*  See  the  Edinburgh  Philosophical  Journal,  vol.  iv,  p.  115,  116,  where  the  reader  will  find  the  latest  Chart  of  Variatiou  and  Dip,  con- 
structed by  M.  Hansteen,  and  containing  the  receat  obserTations  of  captain  Boss,  and  captain  Farr)-. 
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have  been  proposed  at  different  periods,  for  measurinp;, 
with  as  much  precision  as  possible,  the  distance  run  in 
some  given  interval  of  time.  On  account  of  the  diffi- 
culty, however,  of  procurincj  a  fixed  object  of  reference 
on  the  surface  of  the  ocean,  the  determination  of  this 
point,  though  of  great  importance  to  the  seaman,  has  not 
been  yet  attended  with  all  the  accuracy  that  might  be 
desired.  Many  of  the  methods  which  have  been  recom- 
mended for  the  purpose,  are  too  complicated  to  be  prac- 
ticable at  sea  ;  several  of  them  are  altogetlier  nugatory  ; 
and  not  a  few  of  them  are  founded  on  principles  too 
questionable  to  be  entitled  to  the  smallest  confidence. 

Of  all  the  contrivances  which  have  been  proposed,  the 
Log  is  still  the  most  simple  in  principle,  as  well  as  the 
least  liable  to  error  in  its  application.  This  instrument 
consists  of  a  flat  piece  of  wood,  in  the  form  of  the  sector 
of  a  circle,  generally  about  five  or  six  inches  radius,  and 
a  quarter  of  an  inch  thick,  a  quantity  of  lead  being  ap- 
plied to  the  circumference  of  the  arch  sufficient  to  make 
the  flat  side  assume  a  vertical  position,  when  the  whole 
is  allowed  to  float  in  the  water.  A  slender  rope,  called 
the  Log-tine,  is  attached  at  each  extremity  of  the  arrh, 
by  means  of  a  sort  of  bridle,  which  is  fixed  at  one  end, 
but  connected  with  the  log  at  the  other  by  a  pin,  capable 
of  being  detached  by  a  sudden  jerk,  in  order  that  it  may 
allow  the  log  to  be  more  easily  pulled  home,  after  it  has 
been  used  for  determining  the  sliip's  rate  of  sailing.  As 
it  is  of  the  utmost  consequence  that  the  log  should  retain 
a  vertical  position  in  the  water,  and  preserve  its  plane 
steadily  at  right  angles  to  the  direction  of  the  log-line, 
the  bridle  is  sometimes  connected  with  the  log  at  three 
points,  in  the  manner  of  the  supporters  of  the  scale  of  a 
balance,  two  of  the  ends  of  the  diverging  line  being  fixed, 
and  the  third  detachable,  for  the  same  reason  as  in  the 
other  case. 

The  log. line,  which  is  usually  from  100  to  120  fathoms 
in  length,  being  attached  to  the  log  in  the  manner  de- 
scribed, is  wound  round  a  reel,  from  which  it  is  per- 
mitted to  uncoil  itself  after  the  log  has  been  thrown  over- 
board, so  that  the  quantity  of  line  run  out  being  after- 
wards compared  with  the  time,  aflTords  an  easy  method 
of  determining  the  ship's  rate  of  sailing.  A  certain  por- 
tion of  the  line  next  the  log  is  allowed  to  escape  before 
the  reckoning  commences,  in  order  that  the  log  may  be 
fairly  out  of  the  eddy  of  the  ship's  wake  ;  this  part  of 
the  log-line,  which  is  called  the  stray-line.,  is  generally 
made  to  extend  about  10  or  15  f>ithonisfrom  the  log,  and 
its  termination  is  readily  distinguished  by  an  appropriate 
mark.  The  portion  of  time  fixed  upon,  during  which 
the  log-line  is  allowed  to  run  ofT  the  reel,  is  thirty  seconds, 
and  is  commonly  indicated  by  a  half-minute  glass.  The 
log-line  is  accordingly  divided,  from  the  termination  of 
the  stray  line,  into  as  many  equal  parts  as  may  be  ne- 
cessary, each  of  which  has  the  same  relation  to  a  nautical 
mile,  or  6076  feet,  that  half  a  minute  has  to  an  hour.  By 
this  mode  ol  dividing  the  log-line,  the  number  of  these 
equal  portions  of  it  which  the  ship  is  observed  to  sail  in 
lialf  a  mintitc,  will  evidently  correspond  to  the  number 
of  nautical  miles  she  is,  at  the  time  of  the  expc rinient, 
sailing  per  hour.  Rut  half  a  minute  being  the-  120th 
part  of  an  hour,  the  interval  between  iwti  of  thesr-  divi- 
sions ought  to  be  the  120th  part  of  6076  feet,  or  50  feet 
7^  inches;  it  being  safer,  however,  to  have  these  inter- 
vals rather  too  short  than  too  long,  to  guard  as;;iinst  the 
dant;(r  of  over-sailing  I'le  distance  bctwten  one  port  and 
ano''  ri,  they  are  commonly  made  onlv  48  feet.  This 
modification  is  the  more  necessary  when  it  is  considered, 


that  the  log,  however  well  constructed,  must  always 
drive  a  little,  and  thus  give  the  estimated  rate  of  sailing 
less  than  the  truth.  To  distinguish  more  readily  the 
number  of  the  divisions  of  the  log-line,  a  piece  of  mar- 
line is  inserted  between  the  strands  of  the  line,  with  as 
many  knotn  on  it  as  there  are  divisions  reckoned  from 
the  stray-line  ;  and  hence,  when  a  ship  is  sailing  at  the 
rate  of  a  certain  number  of  miles  per  hour,  it  is  usual  to 
say  she  is  going  so  many  knots. 

In  determining  the  distance  by  the  log-line  and  half- 
minute  glass,  errors  may  arise,  either  fiom  the  log- line 
being  inaccurate  in  length,  or  the  half-i'iinute  glass  riOt 
being  duly  adjusted  ;  but  it  is  easy  to  reduce  the  rate 
obtained,  in  such  cases,  to  what  it  ought  to  be,  if  both 
had  been  correct.  For  let  D  be  the  correct  distance, 
and  d  the  apparent  distance;  also  let  T  =  30  seconds, 
and  t  =r  time  in  seconds  given  by  the  hall  minute  glass; 
lastly,  let  L  c=«  length  of  a  knot  of  a  correct  log-lim  ,  or 
48  feet,  and  /  =  length,  in  feel,  of  a  knot  of  the  i^'ven 
log-line.  Then  the  coniputed  distance  run  being  diiectly 
as  the  time,  and  itjversely  as  the  length  of  the  line  in 
which  it  is  estimated,  we  have 

Ji:d-'-L..L.. 
L      / 

„          D  .  r      d  .  T 
Hence  — —  ^ , 


And  D  = 


Tt.t.h  —  d.T.l: 
d.T  .1 


tL 


(••) 


If  the  log-line  be  correct,  but  the  glass  faulty,  in  which 
case,  h  zz.  I, 

■'=^ (M 

And  if  the  half-minute  glass  be  correct,  but  the  log-line 
faulty, 

dl 


D  =  - 


(4) 


The  first  of  these  expressions,  which  includes  in  it  the 
other  two,  may  be  reduced  to  a  more  commodious  form 
for  practice,  by  substituting  for  T  and  L  their  respective 
values.     We  thus  obtain 


Dz: 


d.T./       30  .  rf  ,  / 


f  L  48  .  / 

In  like  manner  (2.)  becomes 

30    d 


=  T^ 


d.l 


Dz= 


And  lastly,  by  a  like  substitution,  (3.)  becomes 

48 

From  these  general  expressions  we  deduce  the  follow- 
ing practical  rules  for  correcting  the  distance,  when  either 
the  log-line,  oi  half  minute  glass,  or  both  at  the  same 
time,  are  incnrrect. 

Case  I.  W/irn  the  log-line  is  faulty,  but  the  half -mi- 
nute glass  correct. 

Rule.  Multiply  together  the  length  of  a  knot  of  the 
given  log-line,  and  the  estimated  rate,  and  divide  the 
prodiri  hy  48.     The  quotient  will  be  the  true  rate. 

Example. — The  hourly  rate  of  sailing  by  a  loir-line, 
the  inteival  between  knot  and  knot  of  which  is  42  feet, 
is  10  miles  per  hour,  by  a  correct  half-minute  glass. 
What  is  the  true  rate? 
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10X42       420         ,,      .,  u 

True  rale  =  = =  8  J  miles  per  hour. 

4  8  48 

J\rote.  In  ascertaining  the  interval  between  knot  and 
knot  of  the  given  line,  it  will  always  be  proper  to  mea- 
sure the  length  of  several,  and  then  to  take  a  mean  of 
the  whole. 

Case  II.  Vi'hen  the  half-minute  glass  is  correct,  but 
the  log-line  faulty, 

Rule.  Divide  30  times  the  estimated  rate  or  distance 
by  the  number  of  seconds  the  glass  runs,  and  the  quotient 
will  be  ihe  true  rate  or  distance. 

Example. — The  hourly  rate  of  sailing,  according  to  a 
half-minute  glass  which  runs  out  in  27  seconds,  is  8  miles 
an  hour,  by  a  correct  log-line.     What  is  the  true  rate  ? 

30  X  8 

True  rate  m ^  8|  miles  per  hour. 

27  ^ 

Mote.  The  half-minute  glass  should  be  examined  by 
a  watch  with  a  second  hand,  or  by  the  swings  of  a  pen- 
dulum vibrating  seconds.  Such  a  pendulum,  of  sufficient 
accuracy  for  the  purpose,  may  be  obtained  by  taking  a 
small  bullet,  and  suspending  it  from  a  peg  by  a  slender 
thread  ;  the  distance  between  the  peg  and  the  centre  of 
the  bullet  being  rather  less  than  39|  inches.  The  oscil- 
lations of  the  pendulum,  when  it  is  put  in  motion,  will  not 
sensibly  deviate  from  seconds,  so  that  thirty  swings  may 
be  reckoned  equal  to  half  a  minute. 

Case  III.  JVhen  both  the  log-line  and  half-minute 
glass  are  faulty, 

Rule.  Multiply  5  times  the  product  of  the  estimated 
rate  or  distance  into  the  length  of  a  knot  of  the  given 
log-line,  and  divide  the  result  by  8  times  the  number  of 
seconds  the  glass  takes  to  run  out.  The  quotient  will 
be  the  true  rate  or  distance. 

Example  I. — A  ship's  rate  of  sailing  by  a  log-line, 
the  interval  between  knot  and  knot  of  which  is  45  feet, 
is  9  miles  per  hour,  estimated  by  a  glass  which  runs  35 
seconds. — What  is  the  true  rate  of  sailing  ? 

™  .    _5  X  9  X  45         2025         „,       ..  . 

True  rate  :^  — - — - —  m ~  7\  miles  per  hour. 

8  X  35  280  *  '^ 

Besides  the  sources  of  error  connected  with  tlic  length 
of  the  log-line,  and  the  inaccuracy  of  the  half-minute 
glass,  there  are  others  almost  inseparable  from  this  mode 
of  estimating  the  distance,  which  cannot  be  so  easily  ob- 
viated. Of  these,  the  most  difficult  to  appreciate,  and 
make  allowance  for,  is  the  change  of  place  to  which  the 
log  is  liable,  after  it  is  thrown  overboard;  for,  in  order 
that  the  quantity  of  line  run  oflT  the  reel  may  afford  an 
accurate  measure  of  the  rate  of  sailing,  it  is  evident  that 
the  log  ought  to  retain,  during  the  running  of  the  sand- 
glass, the  exact  position  in  which  it  was  at  the  instant 
the  whole  of  the  stray-line  had  made  its  escape.  But  the 
agitation  of  the  surface  of  the  sea,  the  influence  of  the 
winds,  and  the  effect  of  currents,  as  well  as  the  tension  of 
the  log-line  itself,  all  conspire  to  give  a  motion  to  the  log, 
and  thus  to  produce  a  considerable  degree  of  unceTtainty 
with  regard  to  the  indications  of  the  log-line.  Different 
methods  have  been  proposed  to  render  the  log  stationary, 
or  at  least  to  counteract,  as  much  as  possible,  the  opera- 
tion of  the  causes  by  which  the  stability  of  its  position  is 
affected,  though  none  of  them  can  be  said  to  have  fully 
answered  the  purpose. 

One  of  the  best  contrivances  to  guard  against  the  fluc- 
tuations to  which  the  log  is  exposeu  at'thc  surface  of 
the  water  is  that  of  Bouguer,  an  account  of  which  was 
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first  published  in  the  Memoirs  of  the  French  Academy 
for  1747.  The  log  received  the  form  of  a  cone,  the  dia- 
ametcr  of  whose  base  was  3  inches,  and  the  slant  height 
6  inches.  The  log-line  being  pasaed  through  the  axis 
of  this  cone,  was  fastened  to  it  after  50  or  60  feet  of  the 
line  had  been  drawn  through,  with  the  apex  or  point  to- 
wards the  reel.  At  the  end  of  the  line  was  attached  a 
contrivance  made  of  metal,  called  the  Diver,  which  was 
made  sufficiently  heavy  to  allow  the  cone  just  to  float  with 
its  apex  at  the  surface.  The  diver  was  constructed  of 
two  square  plates  of  tin,  placed  at  right  angles,  and  sol- 
dered together  at  the  intersection  of  their  diagonals.  Tlie 
size  of  the  plates,  to  suit  a  cone  of  the  above  dimensions, 
is  recommended  by  Bouguer  to  be  9\  inches  in  the  length 
of  one  of  the  sides.  Tlie  diver  is  fixed  to  the  line  by  a 
bridle,  as  in  the  case  of  the  common  log,  one  end  of  the 
bridle  being  fastened  at  one  extremity  of  the  diagonal 
formed  by  the  intersection  of  the  two  plates,  and  the 
other  by  a  pin  at  the  opposite  extremity  of  it,  so  as  to 
admit  of  being  detached  when  the  log  is  to  be  pulled 
home.  AVhen  this  compound  log  is  used,  the  diver  will 
sink  sufficiently  deep  to  be  beyond  the  influence  of  the 
superficial  agitation,  and  thus  the  log  itself  will  remain 
nearly  in  a  fixed  position,  the  cone  being  only  affected 
by  that  part  of  the  motion  at  the  surface,  which  is  the  re- 
sistance of  the  cone  to  that  of  the  diver.  T!ie  relative 
resistance,  in  the  case  of  a  cone  and  diver  of  the  dimen- 
sions adopted  by  Bouguer,  is  as  1  to  5,  so  that  a  log  thus 
formed  will  drive  only  a  fifth  part  of  what  a  common  log 
would  do  in  like  circumstances,  and  consequently  the 
distance  inferred  by  means  of  it  will  be,  in  many  cases, 
nearer  the  truth. 

When  this  log  is  employed,  it  is  recommended  to  be 
thrown  alternately  with  the  common  log.  The  difier- 
ence  between  the  rates  given  by  the  two,  being  aug- 
mented by  its  fourth  part,  is  the  correction  to  be  applied 
to  the  rate  obtained  by  the  common  log,  at  ilie  middle 
time  between  the  hours  wlien  they  were  respectively 
hove;  and  is  additive  or  subtfactive,  according  as  the 
result  given  by  the  compound  log  is  greater  or  less  than 
that  given  by  the  common  log. 

The  angle  formed  by  the  directions  of  the  two  logs 
being  increased  by  its  fourth  part,  will  be  an  approxi- 
mated correction  to  be  applied  to  the  apparent  course, 
being  allowed  towards  the  right  or  left  hand,  according 
as  the  compound  log,  when  a  person  looks  from  the  sliip 
towards  it  at  the  time  it  was  hove,  was  to  the  right  or 
left  of  the  common  log. 

Many  other  instruments  have  been  proposed  for  esti- 
mating a  ship's  rate  of  sailing,  but  all  of  them  are  liable 
to  this  insurmountable  objection,  that,  being  attached  to 
some  part  or  other  of  the  ship,  they  give  the  distance 
as  it  is  affected  by  every  irregularity  of  her  motion ; 
whereas  the  log,  with  all  its  imperfections,  exhibits  the 
ship's  motion  in  reference  to  a  continuous  line,  of  conii- 
derable  length,  on  the  surface  of  the  ocean.  And  indeed 
it  may  safely  be  affirmed,  that  no  mechanical  contrivance, 
however  accurately  it  is  fitted  to  indicate  the  velocity  of 
a  ship  in  smooth  water,  can  be  employed  for  the  purpose 
of  measuring  the  distance  she  has  sailed  on  the  surface 
of  the  ocean,  so  long  as  it  exhibits  the  rcctifed  length  of 
the  line  actually  traced  out  by  the  ship,  undulated  as 
that  line  must  be,  both  on  account  of  tiie  inattention  of 
the  steersman,  and  the  agitated  state  of  the  water.  The 
log,  therefore,  must  be  still  regarded  as  not  only  the  best 
contrivance  which  has  yet  been  suggested  for  measuring 

Q  q 
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a  ship's  rate  ol'  sailing,  b\u  as  affording,  in  principle, 
the  only  sure  method  by  which  a  knowledge  ol'  the  dis- 
tance sailed  can  be  obtained. 


CHAP.  II. 

Of  the  Iiutruments  nccesaary  for  delineating  a  Kefiresen- 
Cation  of  a  S/ti/i's  Course  and  Distance,  and  solving 
other  nautical  firubtema. 

The  instruments  necessary  for  this  purpose  are  lew 
in  number,  as  well  as  simple  in  their  application,  includ- 
ing merely  a  pair  ol  co7n/iasses  and  a  ruler,  with  various 
lines  traced  on  it,  called   Gunter's  Scale. 

Section  I.     Of  Comfiasses. 

This  instrument  is  chiefly  employed  for  describing 
circles  and  arcs,  or  for  laying  off  or  measuring  straight 
lines.  The  form  of  the  instrument  is  too  well  known  to 
render  a  particular  description  of  it  necessary.  Suffice 
it  to  say,  that  it  consists  of  two  diverging  legs,  moveable 
on  a  well  finished  joint,  the  extremities  of  the  legs, 
which  ought  to  be  of  steel,  being  brought  to  fine  points, 
in  order  tiiat  the  instrument  may  be  used  for  measuring 
with  accuracy  the  most  minute  distances.  In  good  com- 
passes, the  joint  is  so  contrived  as  to  admit  of  various 
degrees  of  tightness,  so  as  to  allow  the  instrument  to 
play  with  facility,  or  be  letained  in  some  particular  state 
of  opening,  when  sameness  of  extension  is  required. 

Though  nothing  but  long  practice  can  enable  a  person 
to  manage  this  simple  instrument  in  an  easy  manner, 
some  general  directions  may  not  be  altogether  useless 
for  guarding  against  an  awkward  and  incorrect  method 
of  handling  it.  As  it  frequently  happens  that  only  one 
hand  can  be  spared  for  adjusting  and  applying  it,  the 
learner  should  habitually  accustom  himself  to  use  the 
instrument  without  having  recourse  to  both  hands,  unless 
in  very  particular  cases.  In  applying  the  compasses  to  a 
scale,  or  in  measuring  the  length  of  a  line,  the  instru- 
ment should  be  held  nearly  upright,  no  more  pressure 
being  applied  to  it  than  is  sufficient  to  preserve  the  points 
from  altering  their  position.  In  describing  circles  or 
arcs,  the  head  of  the  compasses  should  be  held  between 
the  thumb  and  middle  finger,  and  then  made  to  roll  be- 
tween the  thumb  and  fore-finger,  while  one  of  the  legs 
is  allowed  to  rest  gently  on  the  paper,  and  the  other  is 
caused  to  touch  it  with  an  uniform  pressure. 

Section  II.     Of  Gunter's  Scale. 

The  various  lines  on  this  instrument,  as  we  have  stat- 
ed in  the  history  of  navigation,  were  first  laid  down  on  a 
scale  by  Mr.  Edmund  Gunter.  The  ruler  to  which  these 
lines  are  applied  for  the  use  of  the  mariner  is  commonly 
two  feet  in  length,  and  about  an  inch  and  a  half,  or  two 
inches,  broad,  both  faces  of  it  being  graduated.  The 
lines  on  the  one  face  are  employed  lor  the  construction 
and  measurement  of  figures,  both  plane  and  spherical; 
and  those  on  the  other,  for  resolving,  with  the  help  of  a 
pair  of  compasses,  the  different  problems  in  navigation, 
and  some  of  the  more  common  operations  of  aritlinictic. 
To  distinguish  the  lines  on  the  two  faces  froiri  each 
other,  we  shall  call  the  former  na^ura/lines,  and  the  lat- 
ter, logarithmic,  or  arti^cial. 


The  natural  lines  are  the  following 

Lines  of  equal  parts 
Chords         -         - 
Rhumbs  -  -     - 

Sines  ... 

Secants  ... 

Tangents 
Semi-tangents 
Longitude         ... 


Marked. 

CHO. 

RHU. 

SIN. 

SEC. 

TAN. 

S.T. 

M.  L. 


1.  Lines  'of  equal fiarts. — Thescales  to  which  lines  of 
equal  parts  a'c  applid  are  of  two  kinds,  and  are  deno- 
minated sim/ile  and  diagonal- 

The  Sim/ile  Sca/e,  (see  Fig.  1.  PI.  CCCIV.)  is  formed 
by  drawing  two  parallel  lines,  and  then  dividing  them  at 
riijht  angles  into  such  a  number  of  equal  parts  as  the 
destined  use  of  the  scale  may  require.  An  additional 
division,  AC,  on  the  left  hand,  is  retained,  to  be  after- 
wards subdivided  into  10  equal  parts,  for  the  conveni- 
ence of  obtaining  iniermediate  lengths  between  the  pri-  i 
mary  divisions.  This  scale  can  only  be  used  for  laying 
oft'  a  line,  the  dimension  of  which  is  expressed  by  two 
digits,  unless  10  of  the  primary  divisions  be  employed 
to  represent  an  unit  of  the  n^xt  highest  order. 

Thtt  Diagonal  Scale,  (I'ig  2.)  is  constructed  by  draw- 
ing 11  equidistant  parallel  lines,  and  then  dividing  the 
upper  line  into  as  many  equal  parts  as  may  be  thought 
proper.  Through  each  of  the  points  of  division  lines 
are  then  drawn,  cutting  the  parallel  lines  at  right  angles; 
and  the  first  division,  both  above  and  below,  is  subdi- 
vided as  before,  into  10  equal  psrts.  In  this  manner  the 
primary  and  secondary  divisions  of  the  scale  are  obtain- 
ed. The  ternary  or  third  order  of  divisions,  which  must 
be  a  tenth  of  the  secondary,  arc  procured  by  drawing 
diagonal  lines  from  the  9lh  of  the  secondary  divisions 
above,  to  the  lOih  of  the  same  division  below;  from  the 
8th  above  to  the  9th  below,  and  so  on  in  the  case  of 
each  corresponding  pair  of  the  secondary  divisions.  By 
halving  each  of  the  primary  divisions,  and  dividing  the 
last  one  at  the  other  extremity  of  the  scales  by  diagonal 
lines,  drawn  in  the  same  manner,  another  scale  is  ob- 
tained of  half  the  dimensions.  With  either  of  these 
scales,  a  line,  whose  dimension  is  expressed  by  three 
digits,  may  be  laid  down  or  measured  with  the  utmost 
precision.  Thus,  let  it  be  required  to  take  from  out;  of 
these  scales  a  line,  whose  length  is  expressed  by  867; 
place  one  foot  of  the  compasses  in  the  intei section  of  the 
sixth  secondary  division,  and  the  seventh  ternary  one, 
and  then  extend  the  other  foot  to  the  eighth  primary 
division.  The  extent  will  correspond  to  867.  The 
same  extent  would  also  answer  to  86.7,  8  67,  .S67,  &c. 
or  to  8670,  86.700,  &c.  according  to  the  local  value  as- 
signed to  the  leading  digit ;  but  whatever  value  is  at- 
tached to  the  primary  divisions  in  the  measurement  of 
any  part  of  a  figure,  the  same  value  must  be  supjjosed 
to  belong  to  them  in  measuring  all  the  other  pans. 

2.  Line  of  Chords — The  line  of  chords,  and  the  other 
circular  lines  on  the  same  side  of  the  scale,  have  a  refer- 
ence to  one  another,  and  are  all  adapted  to  the  same 
radius,  which  is  commonly  two  inches.  Li  t  CA.  (Fig. 
3,)  represent  that  radius,  and  a  circle  being  described 
with  it  about  the  centre  C,  draw  the  diameters  A 15  and 
DE  at  right  angles  to  each  other.  Divide  one  of  the 
quadrants  as  DB  into  9  equal  parts,  and  having  joined 
DB,  transfer  the  chords  of  the  several  arcs  reckoned 
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from  D,  to  tlie  slraiglit  lifie  DB,  and  DB  will  be  a  line 
of  chords,  exhibiling  every  10th  division  of  the  scale. 
The  intermediate  divisions  are  obtained  by  subdividing 
each  of  the  piiticipal  divisions  of  the  quadrant  into  10 
equal  parts,  and  transferring  their  chords  as  before. 
The  scale  of  chords  is  employed  for  laying  down  or 
measuring  angles,  the  chord  of  60°,  which  is  equal  to 
the  radius,  being  always  assumed  as  the  radius  of  the 
measuring  arc. 

3.  Line  of  Rhumbs. — The  line  of  rhumbs,  which  is 
employed  to  lay  down  a  ship's  course  when  it  is  express- 
ed in  points,  is  described  in  the  same  manner  as  the 
scale  of  chords,  only  the  quadrant  is  divided  into  8  equal 
parts  in  place  of  9.  Each  of  the  principal  divisions  is 
again  subdivided  into  4  equal  parts,  and  the  chords  of 
the  resulting  arcs  being  transferred  to  the  straight  line 
AD,  the  scale  of  rhumbs  is  completed. 

4.  Line  of  Sines. — The  scdie  of  sinRs  is  constructed 
by  dividing  one  of  the  quadrants,  as  BE,  into  90  equal 
parts,  as  was  done  for  the  scale  of  chords.  Perjjendicu- 
lars  to  the  radius  CE  from  every  division  in  the  qua- 
drant give  the  scale  of  sines  reckoned  from  C  towards 
E.  This  scale  is  chiefly  used  in  the  oithographic  pro- 
jection of  the  sphere. 

5.  Line  of  Secants, — Produce  CE  indefinitely  to  F, 
and  through  B  draw  BG  parallel  CF,  and  also  of  unli- 
mited length.  Tlitough  the  centre  C,  and  each  division 
of  the  quadrant  BE,  draw  straight  lines  intersecting  BG 
in  the  divisions  10,  20,  30,  &c.  The  distance  of  each  of 
these  divisions  from  C  being  transferred  to  the  line  CF, 
will  form  the  line  of  secants,  which  comprehends  in  it 
the  line  of  sines,  the  secant  of  0  being  equal  to  the  radi- 
us, or  sine  of  90°. 

6.  Line  of  Tangents. — The  construction  by  which  the 
line  of  secanis  is  obtained,  gives  at  the  same  time  the 
line  of  tangents,  along  the  line  BG  This  line,  and  the 
line  of  secants,  are  chiefly  employed  in  the  stereogra- 

■  phic  projection  of  the  sphere. 

7.  Line  of  Semitange7its. — The  semitangents  of  arcs 
are  not,  as  the  designation  of  these  lines  would  imply, 
the  halves  of  the  tangents,  but  the  tangents  of  lialf  the 
corresponding  arcs.  Thus  the  semitangcnt  of  40°  is  not 
half  the  tangent  of  the  40°,  but  the  tangent  of  20°.  Hence 
the  scale  of  semitangents  may  easily  be  obtained  from 
the  scale  of  tangents.  It  may  also  be  obtained  by  join- 
ing the  point  A,  and  each  of  the  divisions  in  the  quadrant 
BD;  the  intersections  of  the  lines  thus  drawn,  with  the 
line  CD,  will  give  along  that  line  from  C,  the  scale  of 
semitangents.  This  line,  as  well  as  the  two  preceding, 
is  used  in  the  stereographic  projection  of  the  sphere. 

8.  Line  of  Longitudes. — To  construct  the  line  of  lon- 
gitudes, divide  the  radius  AC  into  60  equal  parts,  and 
through  each  of  the  divisions  draw  straight  lines  parallel 
to  CE,  and  intersecting  the  quadrantal  arc  AE.  The 
chords  of  the  resulting  arcs,  reckoned  from  A,  being 
transferred  to  the  line  AE,  will  give  the  line  of  longi- 
tudes. This  line  being  applied,  in  an  inverted  order,  to 
a  corresponding  line  of  chords,  60  in  the  line  of  longi- 
tude being  agamst  0°  on  the  line  of  chords,  and  0  on  the 
former  line  against  90°  on  the  latter,  if  ihe  divisions  on 
the  line  of  chords  be  considered  a  line  of  latitude,  the 
opposite  divisions  on  the  line  of  longitude  will  exliibit 
the  corresponding  nuniljer  ol  miles  belonging  to  a  degree 
of  longitude,  in  each  particular  latitude.  This  compound 
line  is  used  to  show  the  conveigency  of  the  terrestrial 
meridians,  and  to  perform  instrumentally  questions  in 
parallel  sailing. 


The  lines  on  the  other  side  of  tlie  scale,  which  we 
have  denominated  Artificial  or  Logarithmic,  are  the  fol- 
lowing : 

Marked. 


Sine  Rhumbs, 
Tangent  Rhumbs, 
Numbersj 
Sines, 

Versed  Sines, 
Tangents, 
Meridional  Parts, 
Equal  Parts, 


S.  R. 
T.  R. 
NUM. 
SIN. 
V.  S. 
TAN. 
MER. 
E.  P. 


1.  T/ie  Line  of  A'htmbers. — We  begin  with  the  con- 
struction of  this  logarithmic  line,  because  all  the  other 
lines  are  constructed  with  reference  to  it.  The  pur- 
poses to  which  this  line  is  usually  applied,  do  not  re- 
quire that  it  should  have  numbers  represented  on  it, 
such  that  the  greatest  should  exceed  the  least  more  than 
100  times  ;  and  accordingly,  as  the  common  logarithm  of 
100  is  2,  and  that  of  10  is  1,  the  line  of  numbers  is  made 
to  consist  of  two  equal  parts,  the  subordinate  divisions 
in  one  of  which  have  a  reference  to  an  order  of  units, 
ten  times  greater  than  those  of  the  other.  Let  an  accu- 
rate scale  of  equal  parts,  therefore,  be  constructed,  of 
half  the  length  of  the  proposed  line  of  numbers,  and  for 
the  sake  of  greater  precision,  let  it  be  a  diagonal  scale, 
with  ten  primary  divisions.  Then,  by  the  common  lo- 
garithms, the  logarithm  of  10  being  I,  and  that  of  1, 
nothing. 

the  logarithm  of  2  —  .30103 

oZI  .47712 

4  — .60206 

&c.         &c. 

So  inac  if,  to  suit  our  diagonal  scale,  the  logarithm  of 
10  be  increased  a  thousand  times, 

the  logarithm  of  2  will  become  301 

3  ....  477 

4  .     .      .     .  602 

5  .     .     .     .  699 

6  .      .     .     .  778 

7  .      .     .      .  845 

8  ....  903 

......  9  ...     .  954 

In  like  manner,  the  distance  of  the  intermediate  di- 
visions, on  the  first  half  of  the  scale,  reckoned  from  the 
beginning  of  it,  will  be  obtained  by  taking  the  three  first 
figures  of  the  logarithms  of  1.1,  1.2,  1.3,  Sec.  which  will 
be  found  to  be  41,79,  114,  Sec.  These  numbers,  there- 
fore, being  taken  from  the  diagonal  scale,  and  applied 
successively  from  the  beginning  of  the  logarithmic 
scale,  will  give  the  points  on  the  latter,  corresponding  to 
1.1,  1.2,  1.3,  Sec.  All  the  other  intermediate  divisions 
are  obtained  in  the  same  way  ;  and  the  construction  of 
the  other  half  of  the  scale  is  in  no  respect  different  from 
the  first.  It  is  scarcely  necessaiy  to  observe,  tliat  if  the 
first  unit,  at  the  beginning  of  the  scale,  be  reckoned  1, 
the  second  unit  is  10,  and  the  third  100;  whereas,  if  the 
first  unit  be  accounted  10,  t'he  second  is  100,  and  the 
third  1000;  and  so  on  with  regard  to  any  other  value 
that  may  be  attached  to  the  first  unit. 

2.   T/ie  Line  of  Sine  Rhumbs. — From  the  same  scale 
of  equal  purts  which   was  employed  in  the  construction 
of  the  line  of  numbers,  take  the  distances  expressed  by 
Qq2 
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ihe  three  first  figures  of  the  arithmetical  complement,*  of 
the  logarithmic  sines  of  7,  6,  5,  points,  Sec.  or  the 
secants  of  1,  2,  3,  points,  &c.  rcjectinij;  the  indices,  and 
lay  them  off,  towards  the  left  hand  successively,  from 
the  point  corresponding  to  the  sine  of  90",  which  is 
usually  placed  immediately  below  the  lust  unit  on  the 
right  hand  of  the  line  of  numbers;  and  thus  the  scale 
of  rhumbs  will  be  obtained  for  the  several  points.  The 
quarter  points  are  laid  down  after  the  same  manner. 

3.  The  Line  of  Sines. — The  construction  of  the  scale 
of  logarithmic  sines  differs  in  no  respect  from  that  of 
the  rhumbs,  only  degrees  arc  employed  in  place  of 
points. 

4.  The  Line  of  Tangent  Rhumbs. — This  scale,  as  far 
Rs  4  points,  is  constructed  in  the  same  manner  as  the 
scale  of  log.  sines,  by  using  the  three  first  figures  of 
arithmetical  complements  of  the  logarithmic  tangents  of 
3,  2,  and  I  points,  or  of  the  logarithms  of  llie  tangents  of 
5,  6,  and  7  points,  rejecting  llie  index.  The  tangent  of 
4  points  being  equal  to  the  radius,  terminates  the  scale 
on  the  right  hand.  The  points  above  4,  if  the  scale 
were  extended  from  that  point  towards  the  right  hand, 
vould  be  at  the  same  distance  from  4,  or  the  point  cor- 
responding to  the  radius,  as  the  points  as  much  below  4 
are  from  that  point.  Hence,  the  points  corresponding 
to  3  and  5  points,  2  and  6  points,  and  I  and  7  points,  are 
coincident  on  the  scale,  only  the  points  above  4,  though 
actually  laid  down  to  the  left  hand  of  the  point  corres- 
ponding to  the  radius,  must  be  conceived,  in  the  per- 
formance of  problems,  to  extend  to  the  right  hand  of  it. 

5.  The  Line  of  Tangents — The  scale  of  logarithmic 
tangents  is  constructed,  like  that  of  logarithmic  tangent 
rhumbs,  by  employing  the  three  first  figures  of  the 
arithmetical  complements  of  the  log.  tangents  of  40°, 
30°,  &c.  or  of  the  logarithms  of  the  tangents  of  50°,  60°, 
rejecting  their  indices. 

6.  The  LiJic  of  Versed  Sines. — From  the  scale  of  equal 
parts,  employed  in  the  construction  of  all  the  preceding 
scales,  take  the  distances  expressed  by  the  three  first 
figures  of  the  arithmetical  complements  of  the  logarith- 
mic cosines  of  5,  10,  15,  &c.  degrees,  rejecting  the  in- 
dices, and  lay  off  the  double  of  these  distances,  respec- 
tively, from  right  to  left  of  the  extended  scale.  The 
divisions,  thus  obtained,  will  correspond  to  the  log. 
versed  sines  of  10,  20,  30,  &c.  degrees. 

7.  Meridional  Line. — Take  the  meridional  parts  for 
every  10°  from  Table  II.  and  having  divided  them  by 
60,  lay  off,  by  means  of  some  convenient  scale  of  equal 
parts,  the  distance  expressed  by  the  several  quotients. 
The  line  of  equal  parts,  which  is  placed  immediately 
above  or  below  the  meridional  line,  is  divided  into  19 
principal  divisions,  marked  from  right  to  left,  0,  10,  20, 
Sec.  each  of  these  divisions  representing  10  degrees  of 
the  equator,  or  600  nautical  miles.  The  first  division 
on  the  right  from  0  to  10,  is  divided  into  10  equal  parts, 
each  of  which,  therefore,  corresponds  to  a  degree  of  the 
equator,  or  60  miles  ;  and  consequently,  the  bisection  of 
each  of  these  equal  parts  reduces  the  ultimate  divisions 
to  a  distance  representing  30  miles.  The  extent  from 
ihe  right  hand  extremity  of  the  meridional  line  to  any 
particular  division  being  applied,  in  like  manner,  to  the 
scale  of  equal  parts,  will  indicate,  in  degrees,  the  meri- 
dional parts  belonging  to  that  division,  reckoned  from  the 
equator.  Also,  the  extent  between  any  two  divisions  in 
the  meridional  line  being  applied  to  the  line  of  equal 


parts  will  give,  in  degrees,  the  meridional  dilference  of 
latitude  between  the  two  latitudes,  expressed  by  the 
numbers  at  the  extreme  points  of  extent.  Hence  this 
compound  scale  may  serve,  instrumentally,  the  purposes 
of  a  table  of  meridional  parts,  the  use  and  construction 
of  which  will  afterwards  be  explained. 

In  using  these  logarithmic  scales  for  the  solution  of 
arithmetical  problems,  in  trigonometry  or  navigation,  it 
follows,  from  the  nature  of  logarithms,  that  the  fourth 
term  of  four  proportional  magnitudes  being  to  the  third, 
as  the  second  to  the  first,  if  these  magnitudes  be  A,  B, 
C,  and  D,  we  have 

A      C 

And  logarithmically. 

Log.  A — Log.  B— Log.  C — Log.  D. 

That  is,  the  extent  from  the  log.  A  to  the  log.  B,  these 
two  quantities  being  of  the  same  kind,  will  reach  from 
the  log.  C  to  the  log.  D,  always  carefully  observing  that 
the  extent  in  the  second  case  must  be  taken  in  the  same 
direction  as  in  the  first.  This  circumstance,  which  must 
never  be  lost  sight  of,  requires  to  be  particularly  ob- 
served in  solving  problems  where  the  scale  of  logarith- 
mic tangents  is  employed,  and  the  thiid  term  is  the  tan- 
gent of  45°  on  the  radius.  In  such  cases,  when  the  extent 
is  from  the  left  to  the  right,  in  respect  of  the  two  first 
terms,  the  extent  ought  to  be  taken  in  the  same  direction 
on  the  scale  of  tangents  ;  but  the  manner  of  laying  down 
the  scale  not  admitting  this,  the  extent  is  taken  froni 
right  to  left,  only  the  complement  of  the  number  of  de- 
grees and  minutes  corresponding  to  it  is  taken,  in  place 
of  the  numbers  actually  marked  on  the  scale.  A  similar 
precaution  is  to  be  observed  when  cither  the  first  or 
second  term  of  an  analogy  is  greater  than  45°,  the  extent 
in  the  second  case  being  always  reckoned  in  the  same 
direction  of  what  it  would  have  been,  if  the  line  of  loga- 
rithmic tangents  had  been  continued  to  the  right  hand 
of  45°. 

CHAP.  IH. 

Methods  of  Solving  the  various  Cases  in  Geographical 
Mivigalion, 

The  earth  being  of  a  spherical  form,  (see  Astro- 
nomy, and  Geogkaphy,)  the  lines  conceived  to  be 
traced  on  its  surface,  to  represent  the  distance  from 
one  place  to  another,  must,  on  the  principles  of  spheri- 
cal geometry,  be  great  circles  of  the  sphere ;  and 
the  angles  which  these  great  ciicles  make  with  each 
other,  must  also,  in  conformity  with  the  assumed  measure 
of  a  spherical  angle,  be  the  same  as  the  angles  formed 
by  their  respective  planes.  The  solution  of  the  various 
problems  in  navigation,  either  in  reference  to  distance  or 
angular  position,  would  seem,  therefore,  at  first  sight,  to 
require  the  application  of  spherical  trigonometry,  a 
branch  of  geometry  not  very  accessible  to  the  ordinary 
mariner,  and  which  would  have  been  attended  with  very 
great  difficulties  in  reducing  its  deductions  to  the  actual 
circumstances  of  the  case.  Happily,  however,  this  is 
rendered  wholly  unnecessary,  by  means  of  a  very  simple, 
but  ingenious  contrivance,  according  to  which  the  circles 
on  the  surface  of  the  sphere  are  projected  into  straight 


The  xrlthmetical  complement  of  the  sine,  tangent,  &c.  of  an  arc,  is  the  remainder  obtained  by  sublr-ictiiig  it  from  10.000000. 
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lines;  and  the  calculations  connected  with  their  maijni- 
tudes  and  positions  brought  within  the  rantje  of  plane 
trigonometry.  For  this  reason,  we  shall  first  explain 
what  is  called  plane  sailing,  in  which  it  is  assumed  that 
the  surface  of  the  earth  is  an  extended  plane,  as  the  re- 
sults to  which  this  supposition  leads,  though  not  true, 
may  afterwards  be  modified  by  the  contrivance  we  have 
alluded  to,  so  as  to  accord  with  the  actual  figure  of  the 
earth. 

Sect.  I. — Plane  Sailing. 

In  plane  sailing,  the  meridians  are  conceived  to  be  all 
parallel  to  one  another,  as  well  as  the  parallels  of  lati- 
tude  ;  and  the  ship's  course  is  estimated  by  the  angle 
which  the  line  of  direction,  in  which  she  has  sailed,  makes 
with  the  meridian.  In  delineating  the  ship's  position 
with  respect  to  the  point  from  which  she  has  set  out, 
the  straight  line  on  which  she  has  sailed  is  called  the  dis- 
tance ;  the  number  of  miles  she  has  advanced  northward 
or  southward,  is  denominated  the  difference  of  latitude  ; 
and  the  term  defiarture  is  applied  to  the  perpendicular 
distance  she  has  receded  from  the  meridian.  In  exhibit- 
ing a  geometrical  representation  of  these  lines,  the  me- 
ridians are  drawn  upwards  and  downwards,  towards  the 
top  being  reckoned  northward,  and  towards  the  bottom 
southward.  This  being  agreed  upon,  towards  the  right 
hand  must  be  east,  and  towards  the  left  west.  The  lines 
of  rhumbs  or  chords,  according  as  the  course  is  ex- 
pressed in  points  or  degrees,  are  employed  for  laying 
down  the  angular  position  of  the  distance  with  the  me- 
ridian ;  and  the  distance  and  difference  of  latitude,  and 
departure,  are  all  measured  by  some  assumed  scale  of 
equal  parts. 

The  difference  of  latitude  and  departure  being  always 
at  right  angles  to  each  otlicr,  the  lines  by  which  they  are 
represented  will  form  with  the  distance  a  right-angled 
triangle.  Hence  any  two  of  these  being  given,  or  the 
course,  and  any  one  of  them,  the  other  parts  of  the  tri- 
angle will  be  determinable.  The  cases  in  plane  sailing 
are  therefore  six  in  number. 

Case  I.  Given  the  course  and  distance.,  to  find  the 
dfference  of  latitude  and  departure. 

Examples. — A  ship  from  latitude  48°  50'  N.  has 
sailed  N.  E.  by  E.  i  E.  436  miles. — Required  the  lati- 
tude come  to,  and  the  departure. 

1.  By  Construction. — Draw  the  line  AD,  (Fig.  4. 
Plate  CCCCIV.)  of  indefinite  length,  to  represent  the 
meridian,  and  at  the  point  A,  which  denotes  the  place 
sailed  from,  make  with  AD,  by  means  of  the  scale  of 
rhumbs,  an  angle  of  5|  points,  in  a  direction  upwards, 
and  towards  the  right  hand.  From  some  convenient 
scale  of  equal  parts,  such  as  the  larger  diagonal  scale, 
take  off  436  with  the  compasses,  and  putting  one  foot  on 
A,  extend  the  other  to  C,  and  C  will  be  the  ship's  place. 
Lastly,  from  C  let  fall  a  perpendicular  on  AD,  and  AB 
will  be  the  diiTerence  of  latitude,  and  BC  the  departure. 
These  lines  being  successively  applied  to  the  same  scale 
from  which  the  distance  was  measured,  will  give  the  dif- 
ference of  latitude  206  miles,  and  the  departure  385  miles. 

2.  Bn  Calculation. 

To  find  the  diff.  lat. 

Radius,         .         .        .  10.00000 

Is  to  cos.  course  5\,          .  9.67339 

As  the  distance  436,      .  2  63949 


To  fiiul  the  departure. 
Radius,  .         .         10.00000 

Is  to  the  sine  course  5|  p.       9.94543 
As  the  distance  436  miles,       2.63949 


To  the  dep.  384.5  .  2.58493 

Table  I.  entitled  the  Traverse  Table,  or  the  table  of 
difference  of  latitude  and  departure,  is  constructed  by 
this  case,  and  is  commonly  computed  for  every  degree 
of  the  quadrant  in  which  the  course  may  be  expressed. 
We  have  not  judged  it  necessary,  however,  in  tliis  work, 
to  give  a  table  for  more  than  quarter  points,  that  being 
sufficiently  precise  for  ordinary  purposes.  Neither 
have  we  extended  the  distance  beyond  240  miles,  as  it  is 
easy,  by  taking  some  portion  of  the  distance,  to  make 
that  extent  suit  the  solution  of  every  case.  The  table 
of  difference  of  latitude  and  departure  being  previously 
constructed,  the  difference  of  latitude  and  departure  cor- 
responding to  any  particular  course  and  distance,  may 
be  found  by  inspection  in  the  following  manner. 

3.  By  Ins/iection. — Search  in  Table  I.  for  the  course 
of  5^  points,  which  in  the  present  example  is  found  at 
the  bottom  of  the  table;  and  opposite  half  the  distance 
218,  there  is  found  in  the  difference  of  latitude  column 
102.3,  and  in  the  departure  column  192.3.  These  num- 
bers, therefore,  being  both  doubled  because  the  distance 
was  halved,  we  obtain  204.6  miles  for  the  difference  of 
latitude,  and  384.6  miles  for  the  departure.  The  desig- 
nation of  the  columns  is  taken  at  the  top  or  bottom,  ac- 
cording as  the  course  is  found  at  the  top  or  bottom. 

4.  By  Gunter's  Scale. — The  extent  from  the  radius, 
or  8  points,  to  the  complement  of  the  course  2}-  points 
on  the  scale  of  sine  rhumbs,  will  be  found  to  reach  from 
435  on  the  line  of  numbers,  to  205  ;  and  the  extent  from 
8  points  to  5\  points  on  the  scale  of  sine  rhumbs,  will  be 
found,  in  like  m.inner,  to  reach  from  435  on  the  line  of 
numbers  to  384  on  the  same  scale. 


Lat.  left 
Diff.  Lat. 


48'   50'  N. 
3     24i  N. 


14i'N. 


Lat.  in  52° 

Ttie  ship  having  been  in  north  latitude,  and  made  204i 
miles,  or  3°  24^'  of  northing,  the  difference  of  latitude  is 
added  to  the  latitude  left,  to  obtain  the  latitude  come  to. 

Case  II.  Given  the  course  and  difference  of  latitude, 
to  find  the  distance  and  de/iarture. 

Example. — A  ship  from  latitude  25"  30'  N.  has  sail- 
ed S.  S.  E.5  E.  until  she  has  arrived  in  latitude  21°  14' 
N.  what  distance  has  she  sailed,  and  how  many  miles  has 
she  departed  from  the  meridian  left? 

Lat.  left         ZZ     25°   30'  N. 
Lat.  come  to  ir:     21     14    N. 


To  the  diff.  lat.  205.5, 


12.31288 
2.31288 


4°  16' =  256  miles. 
1.  By  Construction. — Draw  the  meridian  line  AB, 
(Plate  CCCCIV.  Fig.  5.)  equal  to  256  by  cither  diago- 
nal scale  ;  at  tli;;  point  A,  representing  the  place  sailed 
from,  make  with  the  meridian  the  angle  BAC  by  the 
scale  of  rhumbs  equal  to  the  course  2%  points  ;  and 
from  the  point  B  draw  the  parallel  of  latitude  BC  at 
right  angles  to  AB.  The  line  AC,  applied  to  the  diago- 
nal scale  used  in  measuring  AB,  will  give  the  distance 
298  miles,  and  BC,  applied  in  like  manner,  will  give  the 
departure  153  miles. 


190 


NAVIGATION. 


2.  By   Calculation. 

To  find  the  distance. 

Radius, 

Is  to  sec.  course  2|  points, 

As  diff.  lat.  AB  250, 


To  find  the  diflference  of  latitude. 


To  distance  AC  298.5, 


10.00000 

10.06665 

2.40824 

12.47489 

2.47489 


To  find  the  departure. 
Radius  ...         10 

Is  to  tan.  course  21,  .       9,77770 

As  diff.  lat.  256,  .  2.40824 


To  dep.  153.4, 


12.18594 


2.18594 


3.  By  Insfiection. — Having  found  the  course  2|  points 
at  the  top  of  the  table  of  difference  of  latitude  and  de- 
parture, search  in  the  difference  of  latitude  column  for 
128,  the  half  of  the  actual  difference  of  latitude;  oppo- 
site to  it  the  distance  column  will  be  found  149,  and  in 
departure  column  76.6,  each  of  which  being  doubled, 
we  obtain  298  for  the  distance,  and  153.2  for  the  depar- 
ture. 

4.  By  Gunter's  Scale. — There  being  no  logarithmic 
line  of  secants,  the  distance  cannot  be  found  in  the  scale 
by  the  analogy  used  in  computing  it  arithmetically  ;  but 
we  have  also  cosine  course  to  radius,  as  the  difference  of 
latitude  to  the  distance,  from  which  the  distance  may  be 
found  by  the  scale  of  sines  thus:  Extend  from  the  com- 
plement of  the  course  5^  puinlb  to  8  points  on  the  scale 
of  sine  rhumbs,  and  thai  extent  will  reach  from  256,  the 
difference  of  latitude,  to  298,  the  distance  on  the  line  of 
numbers.  Again,  from  the  radius  or  45°,  to  2-^  points  on 
the  scale  of  tangent  rhumbs,  will  reach  from  256  to  153, 
the  departure  on  the  line  of  numbers. 

Case  IK.  Given  the  course  and  defiarture,  to  Jind  the 
distance  and  difference  of  latitude. 

Example. — A  ship  from  latitude  2°,  18'  N.  has  sailed 
S.W  A  W.  until  she  has  made  185  miles  of  departure. 
What  distance  has  she  run,  and  in  what  latitude  has  she 
arrived  ? 

1.  By  Construction. — Draw  the  meridian  line  AB, 
(Plate  CCCCIV.  Fig.  6,)  and  from  A,  the  place  sailed 
from,  draw  the  line  AD  at  right  angles  to  AB,  and  equal 
to  185  ;  through  D  draw  DC  parallel  to  AB,  and  inter- 
secing  the  line  AC,  previously  drawn  so  as  to  make  with 
AB  an  angle  equal  to  the  course.  Then  AC  will  be  the 
distance,  and  AB  tlie  departure,  the  former  of  which 
will  be  found  to  measure  239  miles,  and  the  latter  152 
miles. 

2.   By  Calculation. 

To  find  the  distance. 
Sineof  course  4^  points,     .     9.88819 
Is  to  radius,  .         .         10 

As  the  departure  185  .     2.26717 


Sine  of  course  4^  points, 
Is  to  cosine  course, 
As  the  departure  185, 


9.88819 
9.80236 
2  26717 

12.06953 

2.18134 


To  the  diff.  lat.  151.8, 

3.  By  Insfiection — Having  found  the  course  4^  points 
at  the  Ijottom  of  the  traverse  table,  opposite  the  depar- 
ture 185,  or  rather  184.7,  which  is  the  nearest  to  it, 
occurs  239  in  the  distance  column,  and  151.6,  or  the  dif- 
ference of  latitude  column,  the  designation  of  the  latter 
being  taken  at  the  bottom,  because  the  course  was  found 
there. 

4.  By  Gunter's  Scale. — The  extent  from  i~  Ui  8,  on 
the  line  of  sine  rhumbs,  will  reach  from  185     -239.  on 
the  line  of  numbers  ;  also,   the  extent  from  4l    u  3^ 
the  line  of  sine  rhumbs  will  reach  from  185  to  152  on 
line  of  numbers. 


on 

on  the 


Lat.  left, 
Diff.  lat. 


2°   18' N. 
2    32  S. 


Lat.  in  .         0"   U' S. 

.  The  difference  of  latitude  exceeding  the  latitude  left, 
Tiid  being  of  a  different  denomination,  the  ship  has  cross- 
ed the  equator,  and  arrived  in  south  latitude. 

Case  IV.  Given  t/ie  distance  and  difference  oj" latitude, 
tojind  the  course  and  departure. 

Example. — A  ship  from  latitude  18°  12'  S.  has  run  218 
miles  between  the  N.  and  ^V.  until  she  has  arrived  in 
latitude  15°  25'  S.  What  course  did  she  steer,  and  what 
departure  has  she  made  ? 

Lat.  left,         .       !8°   12'S. 
Lat.  come  to,         15    25  S. 


2°  37  =  167  miles. 
1.  By  Construction. — Having  drawn  the  meridian  line 
AB,  (Plate  CCCCIV,  Fig.  7,)  representingthe  difference 
of  latitude  167  miles;  from  B  draw  BC  at  right  angles 
to  AB  ;  then  with  an  extent  cciual  to  218,  and  one  foot 
of  the  compasses  on  A,  describe  an  arc  intersecting  the 
departure  line  on  C.  Join  AC  and  BC,  the  departure 
will  be  found  to  measure  140  miles,  while  angle  BAC, 
the  course,  will  be  found  by  the  scale  of  chords  to  ba 
40°. 

2.    By   Calculation. 

To  find  the  course. 

The  distance,  218,  .         2  33846 

Is  to  the  difference  of  lat.  167,  2.22272 


As  radius. 


lO.OOJOO 


12.22272 


To  cosine  course,  40°,       .       9.88426 

To  find  the  departure. 
Radius,  .         .         .         10.00000 

Is  to  the  distance,  218,         .     2.33846 
As  the  sine  course,  40°,  9.80807 


12.26717 


12  14653 


To  the  distance  239.3, 


2.37898 


To  the  departure,  140°  2'         2.14653 
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Hence  the  course  is  S.  40°  W.,  or  S.  W.  by  S.  \  W. 
nearly. 

3.  By  Insfiection. — Search  in  the  traverse  table,  com- 
puted to  bini^le  degrees,  until  2  1 8  is  found  in  the  column 
of  distance,  and  167  in  that  ofdifl'trence  of  latitude  ;  the 
departure  will  then  be  found  in  iis  proper  column,  while 
the  course  will  be  observed  at  the  lop  or  bottom  of  the 
table,  according  as  the  designations  of  the  other  quanti- 
ties are  at  the  t.ip  or  bottom. 

4.  By  Gunter's  Scale. — From  218  to  1 67  on  the  line  of 
numbers,  will  reach  frnni  radius,  on  the  sine  of  90°,  to 
5(j°,  ihe  complement  of  the  course,  on  the  scale  of  sines. 
Again,  from  90°  to  40°,  on  the  scale  of  sines,  will  reach 
from  218  to  140,  on  ihe  sine  of  numbers. 

Cask  V.   Given  the  distance  and  the  de/tarture,  tojind 

the  course  and  difference  of  latitude. 

Example — A  ship  from  lat.  30°  56'  N.  has  sailed  470 
miles  in  a  north-westerly  direction,  until  slie  has  made 
325  miles  of  departure.  What  course  did  she  steer,  and 
in  what  latitude  h?.s  she  arrived  ? 

1.  By  Construction. — Draw  the  meridian  line  AB, 
(Fig.  8  )  and  through  B.  draw  EC  at  right  angles  to  it, 
and  equal  to  the  departure,  325  ;  then  from  C,  with  an 
extent  equal  to  the  distance,  470,  intersect  the  meridian 
in  A.  Join  AC,  and  BC  will  be  the  departure,  while  the 
angle  ABC  will  be  the  course,  the  former  measuring 
339  m. ;  and  the  latter  43|. 

2.   By   Calculation. 

To  find  the  course. 

The  distance,  470,  .  2.67210 

Is  to  the  departure,  325,  2  51188 

As  radius,         .         .         .     IO.OjOOO 


4.  By  Gunter's  Scale. — From  470  to  325  on  the  line 
of  numbers,  will  reach  from  90  to  43°|,  on  the  scale  of 
sines  ;  also,  from  90  to  46°|:,  the  complement  of  43°|, 
on  the  scale  of  sines,  will  reach  from  470  to  339  on  the 
line  of  numbers. 

Latitude  left,         30°  56'  N. 


Different  latitude,  5 


39'A  N. 


Latitude  come  to,  36°  35'^  N. 

Case  VI.  Given  the  difference  of  latitude  and  defiar- 
turcy  to  find  the  course  and  distance. 

A  ship  from  lat.  2°  18'  N.  has  sailed  in  a  south- 
westerly direction,  until  she  has  arrived  in  lat.  3°  12' 
S.  and  made  290  miles  of  departure.  What  was  her 
course  and  distance  ? 

Lat.  left,      .      =2°   18'N. 
Lat.  come  to      =3     12  S. 


Diff.  lat.       .       ZZ  5°  30'  — 330  miles. 

I.  By  Construction. — Draw  the  meridian  line  AB 
equal  to  330,  the  diff.  of  lat.  and  from  B  draw  BC  at 
right  angles  to  AB,  and  equal  to  290  the  departure  ; 
the  angle  BAC  (Fig.  10.  Plate  CCCCIV.)  being  mea- 
sured by  the  scale  of  chords,  will  give  the  course,  and 
AC  applied  to  the  scale  of  equal  parts  will  give  the 
distance. 

2.  By  Calculation. 
To  find  the  Course. 

The  Diff.  of  lat.  330         .         2.51851 
Is  to  the  departure  290  2  46240 

As  radius         .         .         .       10.00000 


1251188 


12  46240 


To  the  sine  course,  43°  45'  9.83978 

To  "find  the  diff.  lat. 

Radius,           .                     .  10.00000 

Is  to  cos.  course,  43°  45'  9  85876 

As  the  distance,  470,         .  2.67210 


12  33086 


To  the  tan.  course  41°  18'     9.04389 

To  find  the  Distance. 

Sine  of  the  course,  41°  18'         9.81954 
Is  to  radius         .  .         .       10.00000 

As  the  departure  290         .        2.46240 


12.46240 


To  the  diff.  lat.  339.5  m. 


2.53086 


To  the  dist.  439.4 


2.64286 


Hence  the  course  is  N.  43°  45'  W.  or  N.  W.  by  N.  A  W. 
nearly. 

3.  By  Insfiection. — Search  in  the  traverse  table,  until 
some  part  of  the  distance,  as  y  of  it,  (because  in  the 
present  example  the  distance  exceeds  tiie  limits  of  the 
table,)  is  found  in  the  distance  column  opposite  to  ^  of 
the  depariure  in  its  column,  which  will  be  found  to  be 
when  the  course  at  the  top  is  44°,  (or  in  the  table  we  have 
given,  which  is  only  compu'cd  to  quarter  points,)  when 
the  course  at  the  top  is  3^  p.  The  corresponding  differ- 
ence of  latitude  is  66  5,  which,  being  multiplied  by  5, 
gives,  by  approximation,  333  for  the  difference  of  lati- 
tude. When  the  quantities  are  considerable,  as  in  the 
above  example,  the  methot!  by  inspection  will  often  dif- 
fer very  widely  from  the  truth.  It  is  always  possible, 
indeed,  to  make  suitable  coriections  foi  the  want  of  per- 
fect accordance  between  the  givm  (|uantities  and  those 
found  in  the  tables  ;  but  to  do  this  would  be  more  tedious 
than  the  metlind  by  logarithmic  calculation,  which  it  is 
intended  to  simplify. 


By  Insfiection. — The  difference  of  latitude  and  depar- 
ture being  both  halved,  are  reduced  to  165  and  145,  and 
in  this  slate  we  find  them  opposite  each  other  nearly, 
in  their  respective  columns,  under  41°  for  the  course, 
and  opposite  219  for  the  distance.  Hence  219  being 
doubled,  (because  the  diff.  of  lat.  and  departure  were 
each  halved.)  the  distance  is  438. 

By  Gunter's  Scale.— Vrnm  330  to  290  on  the  line  of 
Nuniliers,  will  reach  froin  45°  lo  4l°3  on  the  scale  of 
Tangents  ;  and  from  41  J  to  90  on  the  scale  of  Sines  will 
reach  from  290  to  439  on  the  line  of  Numbers. 


Section  11.— Of  Parallel  Sailing-. 

Parallel  Sailing  is  very  limited  in  its  application, 
being  icsuieted  to  those  cases  in  which  a  ship's  course 
is  cither  due  east  or  west.  As  its  principles,  however, 
are  derived  from  the  supposition  of  the  globular  form 
of  the  earth,  it  is  not  only  capable  of  being  applied  to 
the  solutions  of  some  interesting  problems  in  geogra- 
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pliy,  but,  by  a  certain  modification  of  ll>e  analogies  to 
■whicli  it  gives  rise,  it  leads  to  a  method  of  solving  the 
seveial  cases  in  plane  sailing,  which,  though  uot  strictly 
correct,  seldom  deviates  so  far  from  the  truth,  as  to  pro- 
duce any  serious  error  in  a  ship's  reckoning. 

The  earth  being  of  a  spherical  figure,  the  different 
meridians  on  its  surface  converge  fi'om  the  equator  to- 
wards each  pole,  in  the  ratio  of  the  radius  to  the  co- 
sine of  the  latitude;  (See  OKOGiiAriiY  ;)  and  since 
the  difference  of  longitude  between  two  places  is  the 
arch  of  the  equator  intercepted  between  their  respect- 
ive meridians,  their  actual  distance,  when  they  are  on 
the  same  parallel,  is  easily  determined  by  that  analogy. 

The  quantities  concerned  in  parallel  sailing  being 
three  in  number,  viz.  the  laiitude,  the  difference  of  lon- 
gitude, and  the  casting  or  westing  in  the  given  paral- 
lel, commonly  called  the  departure,  (any  two  of  which 
are  sufficient  to  determine  tlie  third,)  it  is  evident,  that 
in  this  species  of  sailing  there  may  be  three  general 
cases.     These  we  shall  consider  in  order. 

Case  I.  Given  the  latitude  of  a  fiarallel,  and  the  dis- 
tance beliveen  two  filaces  on  it,  to  find  their  difference  of 
longitude. 

Example. — What  is  the  difference  of  longitude  be- 
tween two  places  which  are  235  miles  distant  from  each 
other,  both  being  in  the  parallel  of  43°  15'  ? 

1.  By  Construction. — Method  I.  Jii/ the  scale  of  sines. 
Draw  the  straight  line  PA  (Fig.  10.  PI.  CCCCIV.) 
equal  to  the  sine  of  90;  and  PC  equal  to  the  sine  of  the 
colatitude,  that  is,  the  sine  of  46°  45' ;  then  about  P  as 
a  centre,  with  the  distances  PA  and  PC,  describe  the 
two  arcs  AB  and  CD  ;  from  C  lay  off,  by  a  scale  of 
equal  parts,  the  chord  CD  equal  to  235,  and  through  P 
draw  PD,  producing  it  to  B  ;  lastly,  join  AB,  and  it  will 
be  equal  to  the  difference  of  longitude. 

Method  II.  By  the  scale  of  Chords.  Construct  a 
right-angled  triangle  ABC,  (Fig.  1 1.  PL  CCCCIV.)  so 
that  EC  may  be  equal  to  the  distance  235,  and  angle 
ACB  to  the  latitude ;  then  will  AC  be  equal  to  the  dif- 
ference of  longitude. 

2.   By    Calculation. 

Cos.  lat.'  43°  15'         .  .         9.86235 

Is  to  the  radius  .         .       10.00000 

As  the  distance  asunder,  £35       2.37 1 07 


will  reach  from  235  the  distance,  to  323  the  difference 
of  longitude  on  the  line  of  Numbers. 

Case  II.  Given  the  difference  of  longitude  between  two 
jdaces,  lying  on  the  same  parallel,  to  find  their  distance. 

ExAMi'LE. — A  ship  in  latitude  48°  45'  N.  Long.  20° 
12'  W.  has  sailed  directly  east,  until  she  has  arrived  in 
Long.  16°  40'  W.     What  distance  has  she  run? 

Long,  left        .         .         20°   1 2'  W. 
Long,  come  to  .  16°  40'  W. 

Diff.  long.  .  .  3°  32'  zz  392  miles. 

1.  By  Construction. —  Using  the  scale  of  chords. — 
Construct  the  right  angle  ABC,  (Fig.  1 1.  PI.  CCCCIV.) 
having  angle  ABC  equal  to  48''  45'  the  latitude,  and  the 
hypothenuse  AC  equal  to  392  the  difference  of  longi- 
tude ;  tlien  BC,  being  measured  on  the  same  scale,  will 
give  the  distance  or  departure. 

2.  By  Calculation. 

Radius         .         .         .  10.00000 

Is  to  the  Cos.  Lat.  48°  45'  9.81911 

As  the  diff.  long.  392  .  2.59329 


To  the  diff.  long.  S22.6 

Or,  Radius 

Is  to  sec.  lat. 
As  the  distance 


12.37107 

2.50872 

10.00000 

10.13765 

2.37107 

12.50872 


To  the  dist.  or  dep.  258.5  12.41240 

3.  By  Jns/iection. — To  the  complement  of  the  latitude 
as  a  course,  and  the  difference  of  longitude  as  a  distance, 
find  a  corresponding  departure,  and  it  will  be  the  dis- 
tance or  departure  required. 

4  By  Gunter's  Scale.— From  90°  to  41°  15'  the  lati- 
tude, on  the  scale  of  Sines,  will  rejch  from  392  to  259 
on  the  line  of  Numbers. 

Case  III.  Given  the  distance  between  two  /ilaces  on  the 
same  fiaralkl  of  latitude,  and  the  difference  of  longitude, 
to  find  the  latitude. 

Example. — A  ship  from  a  place  in  longitude  2°  3o' 
W.  after  sailing  167  miles  due  east,  is  found  by  obser- 
vation to  be  in  longitude  2°  30'  E.  In  what  parallel  of 
latitude  is  she  ? 

Long,  left         .         .         .         2°  30'  W. 
Long,  come  to  .         .         2    30  E. 


Diff.  long.        ...        5      01=300  miles. 

1.  By  Construction — Using  the  scale  of  Sines. ~— De- 
scribe the  arc  AB,  (Fig.  12.  Plate  CCCCIV.)  with  the 
sineJof  90°,  and,  by  a  scale  of  equal  parts,  make  the  chord 
AB  equal  to  the  difference  of  longitude,  300  miles  ;  join 
PA,  and  PB  ;  and  having  made  AC  equal  to  the  dis- 
tance 167,  through  C  draw  CD  parallel  to  PA,  and  PD 
being  applied  to  the  scale  of  sines,  will  give  the  comple- 
ment of  the  latitude. 


To  the  difference  of  long.  322.6     2.50872 

3.  By  Inspection. — Search  in  the  traverse  table  for 
a  departure  equal  to  the  given  distance,  where  the 
course  in  the  table  is  equal  to  the  complement  of  the 
latitude,  and  opposite  to  the  departure,  in  the  distance 
column,  will  be  found  the  difference  of  longitude.  The 
reason  of  this  is  obvious,  from  the  manner  of  construct- 
ing the  figure  by  the  scale  of  chords. 

4.  By  Gunter's  Scale. — The  extent  from  the  comple- 
ment of  the  latitude,  viz.  46J  to  90,  on  the  scale  of  Sines, 


2.  By  Calculation. 

The  diff.  of  Long.  300 
Is  to  the  dist.  or  dep.  167 
As  radius, 


To  the  cos.  lat.  56°  10' 


2.47712 

2.22272 

10.00000 

12.22272 

9.74560 


3.  By  Inspection. — Search  in  the  traverse  table  until 
300,  or  some  part  of  it,  is  found  in  the  column  of  dis- 
tance, opposite  a  like  part  of  167,  in  the  column  of  de- 
parture ;  the  degrees  belonging  to  the  couise  will  be 
the  complement  of  the  latitude. 
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4.  By  Guntcr's  Scale. — From  300  to  1 67,  on  the  line 
of  numbers,  will  reach  I'rom  90°  to  33°  50',  the  comple- 
ment of  the  latitude,  on  the  scale  of  sines. 

Section  III.     Of  Middle  Latitude  Sailing. 

The  shortest  distance  between  two  points  on  the  sur- 
face of  a  sphere  is  the  intercepted  arch  of  a  great  circle; 
but  as  every  great  circle,  except  the  equator,  cuts  the 
different  meridians  at  angles,  which  are  continually  and 
insensibly  varying,  the  instrument  which  the  seaman  em- 
ploys, for  the  direction  of  his  course,  cannot  be  used  for 
sailing  on  an  oblique  great  circle  of  the  sphere,  without 
incessant  alterations  ot  the  ship's  track,  which  it  would 
not  only  be  difhcult  to  estimate,  but  exceedingly  trouble- 
some to  reduce  to  practice.  By  sailing  always  on  the 
same  rhumb,  that  is.  by  causing  the  distance  line  to  cut 
all  the  meridians  at  the  same  angle,  the  distance  is  in- 
creased a  little  beyond  what  is  absolutely  necessary, 
but  the  increase  never  becomes  so  considerable  as  to  be 
productive  of  much  inconvenience,  and  the  facilities 
which  are  thus  obtained  for  the  regulation  of  the  course 
more  than  compensate  for  all  the  advantages  which  would 
be  derived  from  sailing  on  a  great  circle. 

A  ship's  track,  directed  by  the  compass,  is,  therefore, 
not  a  great  circle  of  the  sphere,  but  a  curve  of  a  pecu- 
liar form,  called  the  Loxodromic,  which  possesses  the 
curious  property  of  perpetually  approaching  the  pole 
towards  which  it  is  inclined,  always  winding  round  it,  but 
never  reaching  it  in  any  finite  number  of  revolutions. 
This  curve,  which  is  a  curve  of  double  curvature,  has  a 
good  deal  of  analogy  with  the  logarithmic  s/iiral,  as  we 
shall  point  out  more  particularly  in  the  introduction  to 
Mercator  sailing ;  at  present  it  will  be  sufficient  to  con- 
sider the  const  quences  which  are  deducible  from  the 
ship's  course  forming  the  same  angle  with  each  of  the 
meridians  which  it  intersects. 

Let  A  and  C,  then,  be  two  places  on  the  surface  of  the 
globe  ;  let  P  be  the  pole,  and  jEQ  the  equator  ;  also  let 
DA  and  CB  be  the  parallels  of  latitude  passing  through 
the  two  places,  and  PL  and  PjE,  their  respective  meri- 
dians ;  lastly,  let  AC  be  the  distance,  cutting  all  the  in- 
terjacent meridians  at  the  same  angle.  Then  AL  will 
be  the  latitude  of  A,  and  JEC  the  latitude  of  C  ;  also  CB 
will  be  the  distance  of  the  meridians  in  the  latitude  of  C, 
and  DA  their  distance  in  the  latitude  of  A.  Lastly,  the 
intercepted  portion  of  the  equator  j£L  will  be  the  diffe- 
rence of  longitude  between  the  two  places.  Let  the 
distance  AC  be  now  conceived  to  be  intersected  by  an 
infinite  number  of  meridians,  and  through  each  point  of 
intersection  let  parallels  of  latitude  be  drawn,  we  shall 
thus  obtain  an  indefinite  number  of  equiangular  small 
triangles. 

Hence  AC  :  Aa=.  C'C"  :  Cm  =  C"  C"  :  C"  k  =&c. 

And  the  sum  of  all  the  infinitely  small  distances,  of 
which  AC  is  composed,  will  be  to  the  sum  of  all  the 
differences  of  latitude  A  a,  Cm,  C"k,  &c.  as  AB'  one  of 
those  distances  to  A  a  the  corresponding  difference  of 
latitude,  that  is,  as  the  radius  to  the  cosine  of  the  course  ; 
and,  consequently,  the  whole  distance  AC,  will  be  to  the 
■whole  difference  of  latitude  AB,  in  the  same  ratio. 

By  proceeding  in  like  manner,  it  is  easy  to  prove  that 
the  distance  is  to  the  sum  of  all  the  departures,  in  the 
ratio  of  the  radius  to  the  sine  of  the  course.  These 
analogies,  which  are  totally  independent  of  the  particu- 
lar  curvature  of  the  terrestrial  meridians,  coincide  ex- 
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actly  with  the  conclusions  of  plane  sailing, — a  circum- 
stance which  is  evidently  to  be  ascribed  to  the  course 
being  supposed  in  both  cases  to  make  always  the  same 
angle  with  the  meridian.  In  the  species  of  globular 
sailing,  therefore,  which  we  are  about  to  consider,  the 
difference  of  latitude  and  the  departure  v/il!  'be  derived 
from  the  course  and  distance,  by  means  of  the  same 
analogies  which  were  already  employed  in  plane  sailing; 
and  the  only  quantity  we  shall  have  to  determine  upon 
other  principles,  will  be  the  difference  of  longitude. 

The  total  departure  being  made  up  of  all  the  infinite- 
ly small  meridional  distances  C  a,  Cm,  C" /t,  kc.  will 
evidently  be  greater  than  DA,  but  less  thanCB;  but 
between  these  two  parallels  some  intermediate  parallel 
may  be  found,  such  that  the  meridional  distances  com- 
prehended between  the  meridians  passing  through  the 
two  places,  shall  be  exactly  equal  to  the  departure.  A 
ready  approximation  presents  itself  to  the  determination 
of  the  parallel  answering  the  condition  required,  by  tak- 
ing the  arithmetical  mean  of  the  extreme  latitudes. 
With  this  middle  latitude  and  the  departure,  the  differ- 
ence of  longitude  is  computed  by  the  principles  of  pa- 
rallel sailing. 

The  mean  latitude  thus  found,  though  it  will  not  cor- 
respond exactly  with  the  latitude,  which,  from  the  nature 
of  the  case,  should  belong  to  the  actual  departure,  (for 
it  is  always  less  than  the  truth,)  yet  for  the  most  part 
the  errors  to  which  it  leads  are  so  inconsiderable,  that  it 
may  be  employed  with  the  utmost  safety  in  the  solution 
of  every  nautical  problem  in  which  it  could  have  been 
used,  if  it  had  been  rigidly  correct.  Instead  of  the  mean 
of  the  two  latitudes,  it  has  been  recommended  to  take 
the  arithmetical  mean  between  their  natural  cosines,  or, 
what  is  still  nearer  the  truth,  the  arithmetical  mean  be- 
tween their  logarithmic  cosines  ;  but  these  methods 
being  more  troublesome,  are  seldom  resorted  to. 

Though  no  additional  analogies  are  necessary  besides 
those  we  have  already  employed,  for  solving  the  different 
cases  in  Middle-latitude  sailing,  the  following  one  obtain- 
ed by  combining  two  analogies,  one  of  them  in  Plane, 
and  the  other  in  Parallel  sailing,  will  frequently  render 
the  calculation  of  the  unknown  quantities  more  concise 
and  direct : 

By  Plain  sailing,  Radius  :  Tan.  course::3Diff.  lat.  :  Dep. 
Parallel  sailing,  Cos.  mid.  lat:  Rad.:::Dep.:  Diff.  Ion. 
Hence,  Cos.  mid.  lat. :  Tan.  course~Dif.  lat.  :  Diff.  Ion. 

The  terms  of  this  analogy  may  easily  be  arranged,  so 
that  any  of  them  may  become  the  last  term.  The  various 
forms  which  it  may  thus  be  made  to  assume,  together 
with  the  analogies  in  Plane  sailing,  will  enable  us  to  solve 
all  the  following  cases.  It  is  almost  unnecessary  to 
observe,  that  in  finding  the  mean,  or  middle  latitude,  half 
the  sum,  or  half  the  difference  of  the  two  latitudes,  must 
be  taken,  according  as  they  are  of  the  same,  or  opposite 
denominations. 

Case  I.  Given  the  latitudes  and  longitudes  of  two  filaces, 
to  find  the  course  and  distance  from   the  one  to  the  other. 
Example. — What  is  the  course  and  distance  from  the 
isle  of  May  to  the  island  of  Heligoland  ? 

Lat.  isle  of  May         .         56°  ir22"N. 
Heligoland         54    11     34    N. 


Diff.  lat. 

Sum  of  latitudes 

Half  sum  or  mid.  lat. 
R  V 


1    59    48   ^119.3  m. 


1  10    22    56 


55    U    28 
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Long.  Isle  of  May 

—  Heligoland 


32  47 
58    13 


W. 

E. 


Diff'    long.  .         .  10    26   0=626  m. 

1.  litj  Conntruction. — Draw  the  indefinite  line  BC, 
(Plate  CCCCIV.  Fi^.  U.)  And  having  made  the 
ank'le  BCD  equal  to  an  ani>le  measured  by  the  degrees, 
&r.  of  the  middle  latitude  55°  11  J',  make  CD  equal  to 
626,  the  dilTcrence  of  longitude,  by  some  convenient  scale 
of  equal  parts.  From  D  draw  DA  perpendicular  to  BC, 
and  make  AB  equal  to  119.8.  Join  AC,  and  it  will  be  the 
distance,  and  angle  BAC  will  be  the  course. 

2.   Btj  Calculation. 
To  find  the  course. 


Diff.  lat.   119.8 

Is  to  dift'.  long.  626 

As  COS.  mid.  lat.  55°  11' 28" 


To  tang,  course  71°  28' 

To  find  the  distance. 
Cos.  course  71°  28' 
Is  to  radius 
As  the  difl".  lat.  119.8 


2.07846 
2  79657 
9.75652 

12.55309 

10.47463 

9.50223 

10.00000 

2.07846 

12  07846 


2.57623 
and  the   distance 


To  the  dist.  376.9 
Hence  the  course  is  S.  71°  28'  E. 
376,9  miles. 

3.  By  insfiection. — To  the  complement  of  Mid.-Iati- 
tude  as  a  course,  and  the  difTerence  of  longitude  as  a 
distance,  find  a  departure;  then  with  this  departure  and 
the  difference  of  latitude  find  a  course  and  distance. 

4.  By  Gunter's  Scale. — The  extent  from  the  differ- 
ence lat.  120  to  the  difference  lung.  626,  will  reach  from 
the  complement  of  middle  latitude  34"|  on  the  scale  of 
sines  towards  the  right,  to  a  point  which  would  be  op- 
posite the  course  on  the  scale  of  tansents;  but  the  tan- 
gents not  extending  beyond  45°,  the  distance  between  that 
point  and  90°  in  the  sines  must  be  applied  to  the  scale 
of  tangents  from  45°,  and  it  will  be  found  to  reach  to  18° 
30' ;  or  rather,  in  the  present  case,  to  the  complement  of 
18°  30',  viz.  71°  30'  the  course.  Again,  the  extent  from 
the  complement  of  the  course  18°  30'  to  90°  on  the  scale 
of  sines,  will  reach  from  the  difference  of  latitude  120, 
to  the  distance  377  on  the  line  of  numbers. 

C,\SE  n.  Given  one  latitude,  loith  the  course  and  dis- 
tance, to  find  the  difference  of  latitude  and  the  difference  of 
longitude. 

Example. — A  ship  from  a  place  in  latitude  57°  15'  N. 
long.  1°  15'  W.  has  sailed  N.  E.  by  N.  295  miles.  What 
is  the  latitude  and  longitude  of  the  place  she  has  arriv- 
ed at? 

By  Construction AVith  the  given  course  and  distance 

construct  the  right  angled  triangle  ABC,  as  in  plane 
sailing.  (Plate  CCCCIV.  Fig.  15.)  The  difference 
of  latitude  AB  being  measured,  will  be  found  245  m.  and 
hence  the  latitude  come  to  being  61°  20',  the  middle  la- 
titude is  59°  17J'.  Make  now  the  angle  BCD  59°i,  and 
having  produced  AB  until  it  meets  CD  in  C,  CD  will  be 
the  difference  of  longitude. 


2.  By  Calculation, 

To  find  the  diff.  lat. 
Radius         .... 
Is  to  the  COS.  course  3  p. 
As  the  dist.  295 


10.00000 
9.91985 
2.46982 

12  38967 


To  the  diff.  lat.  245.3 
Latitude  left 
Difference  of  latitude 

Latitude  come  to 

Sum  of  latitudes 


2.38967 
57°  15'  0"   N. 
4      5    18     N. 

61     20    18 

118     35    18 


Middle  latitude 

'I'o  find  the  diff.  long. 
Cos.  mid.  lat.  59°  17' 39" 
Is  to  tan.  course  3  p. 
As  the  diff.  lat.  245.3 


To  diff.  long.  321 
Long,   left 
Diff.  long. 


59     17   39 

9.70810 
9  82489 
2.38967 


12.21456 

2.50646 
1°  15'  W. 
5     21     E. 


Longitude  in  .  .  '  .  4  6  E. 
3.  By  Inspection. — To  the  course  and  distance  the  dif- 
ference of  latitude  is  found  to  be  245,  and  the  departure 
1  64.  Next  to  the  departure  in  its  column,  and  the  com- 
plement of  middle  latitude  30°;^  or  2^  p.  the  correspond- 
ing distance,  being  in  the  present  case  the  difference  of 
longitude,  is  320  m. 

4.  By  Gunter's  Scale. — From  90°  to  5  points  on  the  scale 
of  sine  rhumbs  will  be  found  to  reach  from  the  distance 
295,  to  the  difference  of  latitude  245  on  the  line  of  num- 
bers. Next  from  the  complement  of  the  middle  latitude 
30°^  on  the  scale  of  sines,  to  a  point  opposite  3  points 
on  the  scale  of  tangent  rhumbs,  will  reach  from  the  dif- 
ference of  latitude  245,  to  the  difference  of  longitude 
321  on  the  line  of  numbers. 

C/VSR  III.  Given  the  bearing  and  latitudes  of  two  filacet, 
to  find  their  distance  and  difference  of  longitude. 

Example.  A  ship  from  latitude  43°  45'  N.  longitude 
48°  50'  W.  has  sailed  S.  S.  E.  h  E.  and  is  now  found  to 
be  in  latitude  39°  15' N.  What  distance  has  she  been,  and 
in  what  longitude  is  she  arrived  ? 

Lat.  left         .         43°   45'  N. 
Lat.  come  to  39    15    N. 


Diff.  lat. 


4     30=270  m. 


Sum  of  latitudes     83      o 


Mid.  lat.  41      30 

1.  By  Construction. — With  the  course  and  difference 
of  latitude,  construct  the  right  angled  triangle  ABC, 
(Plate  CCCCIV.  Fig.  16).  Make  tiie  angle  BCD  equal 
41°  30',  and  having  produced  AB  till  it  meets  CD  in  D, 
the  hypothenuse  CD  is  the  difference  of  longitude. 
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2,  By  Calculation, 
To  find  the  distance. 


Cos.  course  2  J  p. 

Is  to  radius 

As  the  diff.  of  lat. 


270 


9.94543 

10.00000 

2.43136 

12.43136 


To  tlie  distance  306.2  m.  2.48593 

To  find  the  difference  of  Longitude. 


Cos.  mid.  lat.  41°  30' 
Is  to  tan.  course  2i  p. 
As  diff.  of  lat.  270 


9.87446 
9.72796 
243136 

12.15932 


To  diff.  of  long.  192.7  m.         2.2848S 

Long,  left  .  .      48°  50'  0"  W. 

Diff.  long.         .         .       3     12    42   E. 


Long,  in 


45    37    18  W. 


3.  By  Insfiection. — With  the  course  2|  p.  and  the  dif- 
ference of  latitude  270,  find  the  distance  and  departure; 
then,  with  the  departure  in  its  proper  column,  and  com- 
plement of  middle  latitude  as  a  course,  find  in  the  distance 
column  the  difference  of  longitude. 

4.  Gunter's  Scale. — The  extent  from  the  complement 
of  the  course  5^  points  to  8  points  on  the  scale  of  sine 
rhumbs,  will  reach  from  the  difference  of  latitude  270 
to  the  distance  306  on  the  line  of  numbers.  Also  the 
extent  from  48"  30',  the  complement  of  middle  latitude, 
on  the  line  of  sines  to  a  point  opposite  2J-  points  on  the 
scale  of  tangent  rhumbs,  will  reach  from  the  difference 
of  latitude  270,  to  the  difference  of  longitude  193  on  the 
line  of  numbers. 

Case  IV.  Given  the  distance  between  two  filaces,  and 
their  difference  of  latitude,  to^nd  the  course  and  difference 
t^f  longitude. 

Example.  A  ship  from  latitude  37°  56'  N.  longitude 
20°  15'  W.  has  sailed  428  miles  on  a  north-westerly 
course,  until  she  has  arrived  in  Lat.  42?  25'.  N.  What 
course  did  she  steer,  and  in  what  longitude  is  she  ar- 
rived ? 


Lat.  left 
Lat.  come  to 

37° 
42 

56'  N. 

25  N. 

4 

29=269  m, 

Sum  of  latitudes 

80 

21 

Middle  lat. 

40 

10* 

1.  By  Construction — With  the  difference  of  latitude 
269,  and  the  distance  428,  construct  the  right  angle  tri- 
angle ABC,  (Plate  CCCCIV.  Fig.  17.)  and  angle  BAG 
being  measured  will  give  the  course;  then  make  angle 
BCD  40°  10',  and  having  produced  AB  until  it  inter- 
sects CD  in  D,  the  hypothenuse  CD  will  be  the  dif- 
ference of  longitude. 


2.  By  Calculation. 
To  find  the  course. 


The  distance  428  m. 
Is  to  the  diff.  lat.  269  m. 
As  radius 


2.63144 

2.42975 

10.00000 

12  42975 


Is  tocos. course  51°  3'  36"       .       9.79831 
To  find  the  difference  of  Longitude. 


Cos.  mid.  lat.  40°  10^' 

Is  to  lang.  course  51°  3'  36" 

As  diff.  iat.  269  m. 


To  diff.  long.  435.7  m. 


9.88314 

10.0925  5 

2.42975 

12.52230 

2.63916 


Hence  the  course  is  N.  51°  3|'  W. 

The  difference  of  longitude  may  also  be  found  by  the 
following  analogy,  which,  in  the  present  case,  is  more 
convenient  than  the  last,  when  it  is  applied  to  Gunier's 
scale. 


Cos.  mid.  lat.  40°  \0\' 

Is  to  sine  of  course  51°  3'  36" 

As  the  dist.  428 


To  the  dif.  long.  435.7 


9.88314 
9.89087 
2.63144 

12.52231 

2.63917 


3.  By  Insfiection.— To  the  distance  428,  and  difference 
of  latitude  269,  find  a  course  and  departure  ;  and  then, 
with  the  departure  in  its  proper  column,  and  the  com- 
plement of  middle  latitude  as  a  course,  find  a  distance, 
which  will  be  the  difference  of  longitude. 

4.  By  Gunter's  Scale. — From  the  distance  428,  to  the 
difference  of  latitude  269  on  the  line  of  numbers,  will 
reach  from  90°  to  39°,  the  complement  of  the  course,  on 
the  scale  of  sines  ;  also  from  49°|,  the  complement  of 
middle  latitude,  to  51°,  the  course  on  the  scale  of  sines, 
will  reach  from  428  the  distance,  to  436  the  difference  of 
longitude. 


Long,  left 
Diff.  long. 

Long,  in 


20° 
7 


IS'     0" 
15    42 


W. 
W. 


27     30    42      W. 


A  variety  of  other  cases  might  be  given  in  middle  la- 
titude sailing;  but  those  which  we  have  already  cunsi- 
dered  are  sufficient  for  every  practical  purpose;  anri,  at 
any  rate,  the  method  of  solution  is  so  much  the  sa;ne  in 
all  of  them,  that  it  is  quite  unnecessary  to  dwell  longer 
on  so  trite  a  subject. 

Sect.  IV. — Mercator  sailing-. 

Though  the  principles  on  which  middle  latitude  sail- 
ing is  founded,  so  far  as  ihty  depend  on  the  figure  ot 
the  earth,  are  free  from  every  otijeclion,  yet  tlie  method 
of  finding  the  difference  of  loni^ilude  by  the  mean  ol  the 
two  extreme  latitudes,  being  only  an  approximation  to 
Rr  2 
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ihetrutli,  the  results  to  which  it  leads  cannot  be  impli- 
citly relied  upon,  cither  in  very  high  latitudes,  or  indeed 
in  any  case  when  the  distance  is  considerable,  and  the 
course  on  a  rhumb,  nearly  intermediate  between  the 
cardinal  points. 

Mercator  Sailing,  so  denominated  from  its  sup- 
posed inventor,  Gerard  Mercator,  also  proceeds  on  the 
globular  figure  of  the  eailli,  with  this  important  circum- 
stance to  recommend  it  in  preference  to  middle  laiiiude 
sailing,  that  the  conclusions  dcducible  from  its  first  prin- 
ciples are  not  qualified  by  any  subsequent  assumption 
which  is  calculated  to  affect  cither  their  generality  or 
their  accuracy.  Uniting  all  the  advantages  of  globular 
sailing,  with  the  simplicity,  in  regard  to  its  practical  de- 
tails, of  supposing  the  surface  of  the  earth  to  be  an  ex- 
tended plane,  it  conducts  to  a  rigid  solution  of  every 
problem  in  geographical  navigation,  without  having  re- 
course to  any  higher  principles  than  such  as  have  alrea- 
dy been  employed  in  plane  sailing.  Nor  must  it  be 
overlooked,  tliat  by  enabling  the  mariner  to  delineate 
the  various  quantities  connected  with  the  determination 
of  a  ship's  track  and  position,  by  means  of  straight  lines 
only,  it  affords  a  method  of  exhibiting  those  quantities 
far  more  simply  and  correctly  tiian  can  be  attained  by 
any  other  projection  of  the  sphere.  This  object,  of  so 
much  consequence  to  Navigation,  is  happily  accom- 
piislicd  by  a  very  ingenious  mode  of  transferring  the  lines 
on  the  surface  of  a  sphere  to  a  plane,  without  changing, 
in  any  degree,  the  relation  of  their  magnitudes,  and  may 
be  conceived  to  be  effected  mechanically  in  the  follow- 
ing manner:  Let  the  sphere  be  placed  in  a  hollow  cir- 
cumscribing cylinder,  the  axis  of  which  is  of  unlimited 
extent,  and  while  the  equator  of  the  sphere  is  in  contact 
with  the  internal  surface  of  the  cylinder,  let  both  hemi- 
spheres be  supposed  to  be  gradually  distended,  so  that 
the  meridians  may  be  enlarged,  at  every  point,  in  the 
same  proportion  as  the  corresponding  meridional  dis- 
tances, until  the  latter  become  equal,  everywhere,  to  the 
distances  of  the  meridians  at  the  equator.  When  this 
takes  place,  it  is  evident  that  the  meridians  will  all  be- 
come parallel,  and  that  the  surface  of  the  sphere  will,  at 
the  same  time,  be  brought  in  contact  with  the  internal 
surface  of  the  cylinder.  It  now  only  remains  to  conceive, 
that  each  point  on  the  distended  surface  of  the  sphere  is 
applied  to  the  point  with  which  it  coincides  on  the  cylin- 
drical surface,  and  that  the  latter  is  afterwards  unfolded 
until  it  becomes  a  rectangular  plane.  In  this  state  it 
would  exhibit  a  projection  of  the  lines  belonging  to  the 
sphere,  on  the  principles  of  Mercator  sailing.  SeeGEO- 

GKAPHT. 

We  have  already  stated,  in  the  history  of  Navigation, 
that  though  charts  constructed  from  these  considerations 
bear  the  name  of  Mercator,  the  principles  of  the  pro- 
jections were  first  explained  in  a  distinct  and  accurate 
manner  by  Edward  Wright.  The  design  of  the  projec- 
tion being  to  combine  the  advantages  of  a  plane  chart, 
in  which  the  meridians  are  all  parallel  straight  lines,  as 
far  as  that  can  be  done  in  accommodation  to  the  actual 
magnitude,  and  angular  position  of  lines  on  the  surface 
of  the  terrestrial  sphere;  Wright  justly  conceived,  that 
the  end  in  view  might  be  attained  by  enlarging  each  por- 
tion of  the  meridian  exactly  on  the  same  degree  as  the 
corresponding  meridional  distance  was  increased,  to 
vender  the  meridians  parallel.  But  any  meridional  dis- 
tance in  a  given  latitude,  being  to  the  corresponding  dif- 
ference of  longitude,  or  distance  of  the  meridians  at  the 


equator,  as  the  cosiue  of  the  latitude  to  radius,  or  as  the 
radius  of  the  secant  to  the  latitude,  it  occurred  to  him, 
that  if  each  successive  portion  of  the  meridian,  from  the 
equator  to  either  pole,  was  enlarged  in  the  proportion  of 
the  radius  to  the  secant  of  the  latitude,  an  adequate  com- 
pensation would  thus  be  made  for  the  increase  of  the 
several  parallels  of  latitude ;  and  the  different  parts  of 
the  projection  wo jkl  everywhere  retain  the  same  rela- 
tive magnitude  which  they  possessed  on  the  surface  of 
the  sphere.  The  only  circumstance  which,  in  the  state 
of  mathematical  science  at  that  period,  might  be  consi- 
dered as  forming  an  insurmountable  difliculty  to  a  per- 
fect solution  of  this  apparently  simple  problem,  was, 
that  as  each  portion  of  the  meridian,  however  indefin- 
itely small,  required  a  degree  of  enlargement  peculiar 
to  itself,  the  total  increase  could  not  be  obtained  without 
an  infinite  number  of  calculations.  This  dilliculty,  which 
is  rather  of  a  theoretical  than  a  practical  nature,  was  not 
entirely  overcome  by  Wright,  but  it  was  at  least  so  far 
obviated  as  not  to  aflcct  materially  the  results  of  the  cal- 
culations suggested  by  his  method.  He  supposed  a 
quadrant  of  the  meridian  to  be  subdivided  into  arcs, each 
a  single  minute,  and  having  computed,  on  the  piinciples 
we  have  described,  the  increase  which  each  of  the  small 
portions  of  the  terrestrial  meridian  ought  to  receive, 
according  to  its  mean  latitude,  he  afterwards  added  them 
together,  in  order  to  ol)tain  for  each  respective  latitude, 
the  enlargement  belonging  to  it, reckoned  from  the  equa- 
tor. The  results  of  the  calculation  were  then  arranged 
in  a  table,  each  enlargement  being  placed  opposite  the 
corresponding  latitude,  and  in  this  manner  was  obtained 
the  first  constructed  table  of  meridional  partis. 

The  calculation  of  a  table  of  meridional  parts,  by  this 
method,  is  greatly  facilitated  by  means  of  a  table  of  natu- 
ral secants,  the  radius  being  unity ;  as  the  operation  is 
then  reduced  to  the  addition  of  the  natural  secants  of  the 
successive  arcs  of  1',  2',  3',  &c. 

Thus  merid.  parts  for  1'  =  sec.  1' 

2'  =  sec.  r  +  sec.  2' 

3'  =  sec.  1'  -J-  sec.  2'-}-  sec.  3' 

&c.  Sec. 

This  method  of  computing  the  meridional  parts,  an- 
swers perfectly  well  for  all  the  ordinary  purposes  of 
Navigation  ;  though  it  must  be  admitted,  it  would  give 
rise  to  slight  errors  in  very  high  latitudes.  The  enlarge- 
ment due  to  each  latitude  has  therefore  been  calculated 
on  more  rigid  principles,  by  means  of  an  analytical  ex- 
pression, according  to  which  the  meridional  parts  for 
one  latitude  are  deduced,  without  being  in  the  slightest 
degree  dependent  on  the  meridional  parts  for  the  pre- 
ceding latitudes. 

Before  the  invention  of  the  fluxionary  calculus,  Henry 
Bond  discovered,  in  1650,  that  the  sums  of  the  secants 
follow  the  same  relation  as  the  logarithms  of  the  tan- 
gents of  half  the  complements  of  the  latitudes;  but  he 
seems  to  have  made  this  curious  discovery  in  an  empiri- 
cal manner,  as  lie  never  gave  a  demonstration  of  it. 
This  was  afterwards  done,  however,  in  various  ways,  by 
different  mathematicians,  particularly  by  (Jregory,  Wal- 
lis,  and  Halley.  The  demonstration  of  Halley,  which 
was  first  published  in  the  Philosophical  Transactions  for 
1 696,  being  one  which  may  easily  be  understood  by  such 
as  possess  a  knowledge  of  the  first  principles  of  loga- 
rithms, and  the  general  properties  of  the  stereographic 
projection  of  the  sphere,  is  perhaps  the  simplest  that 
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has  yet  been  proposed  of  Bond's  proposilion.  We  shall, 
therefore,  give  its  leading  steps,  with  some  slight  modi- 
fications to  render  the  resulting  expression  more  com- 
modious for  calculation. 

We  have  already  shewn,  that  the  instrument  which 
the  mariner  employs  for  the  direction  of  his  course  is 
such,  that  it  causes  the  distance  line  to  cut  all  the  meri- 
dians at  the  same  angle.  Let  P,  therefore,  be  the  pole; 
AB  a  portion  of  the  equator;  Acdeb  the  ship's  course, 
or  the  loxodromic  line  cutting  the  equidistant  meridians, 
PA,  PC,  PD,  &c.  at  the  same  angle,  the  whole  being 
represented  on  the  plane  of  the  equator,  according  to 
the  principles  of  the  stereographic  projection  of  the 
sphere.  See  Projection.  By  the  nature  of  that  pio- 
jeclion,  when  the  equator  is  the  primiiive,  the  meridians 
are  projected  into  straight  lines,  and  every  angle  on  the 
surface  of  the  sphere  is  also  projected  into  an  equal 
angle,  on  the  plane  of  projection.  Hence,  all  the  trian- 
gles, PAc,  Pcrf,  Prff ,  &c.  are  similar,  and,  therefore.  Pa, 
Pf,  Prf,  &c.  are  evidently  in  geometrical  progression, 
while  AC,  AD,  AE,  &c.  are  in  arithmetical  progres- 
sion. 

Consequently,  by  the  nature  of  logarithms,  AC  is  the 
logarithm  of  Pc,  AD  the  logarithm  of  Pt/,  Sec. ;  but  Pc 
is,  by  the  stereographic  projection,  the  tangent  of  half 
the  complement  of  Cc,  the  latitude  of  c  ;  Vd,  the  tangent 
of  half  the  complement  of  Drf,  the  latitude  of  rf,  &c. ; 
and  AC,  AD,  Sec.  are  the  successive  differences  of  lon- 
gitude reckoned  from  A,  by  sailing  from  A  to  b.  Hence, 
these  differences  of  longitude  become  the  logarithmic 
tangents  of  half  the  complements  of  the  successive  lati- 
tudes, when  the  course  is  on  any  oblique  rhumb.  The 
curve  Acdeb  representing  the  ship's  course,  is,  in  this 
projection,  the  same  as  the  logarithmic  spiral,  so  that  a 
ship  sailing  on  any  oblique  rhumb,  would,  if  circum- 
stances permitted,  always  approach  the  pole  towards 
which  her  course  inclined,  without  ever  reaching  it. 
Hence,  we  may  draw  this  paradoxical  conclusion,  that 
unless  a  ship  sail  on  some  parallel  of  latitude,  that  is, 
unless  she  sail  either  due  east,  or  due  west,  any  other 
course  intersecting  the  meridians  would  carry  her  always 
nearer  and  nearer  one  of  the  poles,  around  which  her 
track  would  be  a  spiral ;  and  yet,  though  she  gradually 
advanced  nearer  the  pole,  she  would  never  actually 
arrive  at  it,  as  this  would  imply  that  her  direction  could, 
at  the  same  time,  make  the  same  angle  with  an  infinite 
number  of  diverging  lines. 

The  loxodromic  curve,  or  rather  the  logarithmic  spi- 
ral, into  which  it  is  projected  stereographically,  may 
give  rise,  according  to  the  magnitude  of  the  angle  which 
it  makes  with  the  meridian,  to  an  infinite  variety  of  sys- 
tems of  logarithms.  If  the  course  be  an  angle  of  45°, 
the  resulting  logarithms  are  of  the  kind  denominated 
Neperean  or  Hyperbolic  ;  but  in  that  case  the  difference 
of  longitude  being  exactly  equal  to  the  corresponding 
enlarged  meridian,  it  follows,  that  the  meridional  parts 
belonging  to  that  enlargement,  must  also  be  equal  to 
the  Neperean  logarithms  of  the  tangents  of  half  the 
complements  of  the  latitudes.  So  that  if  R  denote  the 
radius,  which  may  be  supposed  unity;  L  the  hyperbo- 
lic, and  /  the  common  logarillim  of  a  number  ;  and  if  / 
be  the  latitude  of  a  place,  and  M  the  corresponding  me- 
ridional parts,  in  terms  of  the  radius,  we  have 


And,  for  any  other  latitude, 

90— A' 


M  =  L  tan, 


90 — A 


M'^L.  tan. 


Hence, 

M'sprMzrL.  tan. 


90— a' 


L.  tan. 


90 — A 


(2) 


according  as  the  latitudes  are  of  the  same,  or  opposite 
denominations. 

And  if  a'i^O,  in  which  case  the  enlargement  of  the 
meridian  will  be  reckoned  from  the  equator. 

MziL.  tan.  45° — L.  tan.  (45° — f  a) 
or  MzzL.  R— L.  tan.  (45— ^a)      .     .     (3) 


And  M=:L.  ( ^- \ 

\un.  (45— p.)/ 

But  tan.  (45 — iA)  r= 


(45— p.)> 
R — tan.JA 


w 


(0 


R-f  lan.^A 

Therefore,  M=L.f^i^i^Min 
V     R— tan.^A     / 

And  if  R  =  1 

M^L.r'"^''"-^-")    .    .    . 

Vl— tan.^A/ 

This  expression  is  easily  developed  in  the  form  of  a 

series,  and  becomes,   in  the  hyperbolic  system,  tan.  ^a 
being  the  natural  tan.  \x, 

M  =  2    Jtan.  |A-j-j(tan.iA)3H-i(tan.iA)«-f,  &c.   I 

■    ■    •    (s.) 

If  M  is  expressed  in  minutes,  its  value  in  these  dif- 
ferent expressions  must  be  multiplied  by  the  number  of 
minutes  contained  in  an  arc  equal  to  the  radius;  that  is, 
it  must  be  multiplied  by  3437.75,  &c.  that  being  the 
number  of  minutes  in  the  radius  when  the  circumfer- 
ence is  360°x60,  or  21600'.  We  shall  thus  obtain  for 
(3)  and  (4) 

]VI=:3437.75     $L.  R— L,  tan.  (45°— JA)    I     ..(6) 

M  =  3437.75  L.  (\±^^) (7) 

\l+ian.  ^a/  ^  J 

The  two  last  expressions,  which  are  very  commodious 
for  the  calculation  of  the  meridional  parts,  may  be 
brought  to  a  form  adapted  to  the  common  logarithms, 
by  dividing  the  co-efficient  3437.75,  Sec.  by  the  modulus 
of  the  common  system  .43429448,  Jcc.  which  reduces  it 
to  7915.71,  Sec.     We  thus  obtain, 

M  =  7915.71    $ /.  R— /.  tan.  (45°— iA  ^      .     .     (8) 

AndM=79l5.71/.  fi±i^--i^)     .     .       .      (9) 
VI — tan.  iA/  *■  '' 

The  expression  (8)  may  be  reduced  to  a  form  still 
more   convenient    for    calculation,    by   substituting    for 

R  2 

tan.   (45 — iA)  its  equal — -,   by  which  we 

""  ^  ^        cot.  (45° — ^A)'      ' 

obtain, 

M  =  7915.71  $/.  cot.  (45'~— iA)  — AR.^  (10) 

This  expression,  exhibited  in  common  language,  gives 
us  the  following  rules  for  the  calculation  of  the  meri- 
dional parts : 
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I.  From  the  logarithmk  cotangent  of  half  the  comple- 
ment of  the  latitude,  subtract  the  logarithm  of  the  radius, 
and  multifily  the  difference  by  7915.71. 

II.  Or,  Add  45°  to  half  the  latitude,  and  from  the  lo- 
garithmic tangent  of  the  sum  subtract  the  logarithm  of  the 
radius,  and  then  multiply  the  difference,  as  before,  by 
7915.71. 

Examples. — What  are  the  meridional  parts  for  57° 

30' J 

By  Uule  I. 

90 — 57"  SC         32°  30' 
Half  complement  of  iat.  := ~  — - — — 

16°  15'. 

Log.  cot.  16°  15',  deducting  the  log.  of  rad.  =  5354. 

Hence,  mer.  parts  of  57°  30'  =  .5354  X  7915.71  = 
4238.07. 

What  are  the  meridional  parts  for  85"  35'  f 


1.  By  Construction. — Draw  the  meridian  line  AD, 
(Fig.  19.  Plate  CCCCIV.)  equal  to  the  meridional  dif- 
ference of  latitude  210,  and  AB  equal  to  the  actual,  or 
proper  diflerence  of  latitude  120;  from  D  draw  DE  at 
right  angles  to  AD,  and  make  it  equal  to  the  difference 
of  longitude  626  :  lastly,  through  13,  draw  BC  parallel 
to  DE,  and  AC  will  be  the  distance,  and  angle  DAE 
the  course. 


Half  the  lat.zi 


By  Rule  11. 
85°  36' 


:z:  42°  48'. 


Log.  tan.  (42°  48'+45°)=Log.  tan.  87°  4S'=1 1.41549. 
From  which,  subtracting  10,  there  remains,  1.41549. 

And,  1.41549X7915.71  =  11204.6  =  mer.  parts  for 
85°  36'. 

From  the  principles  we  have  deduced  above,  the  me- 
thod of  constructing  charts  by  Mercalor's  projection,  is 
easily  derived;  but  as  we  have  already  explained  very 
fully  the  nature  of  this  projection,  so  far  as  the  construc- 
tion of  maps  is  concerned,  we  must  refer  to  Geography, 
for  farther  information  on  the  subject. 

To  afford  an  opportunity  of  comparing  the  results  ob- 
tained by  Middle  Latitude  Sailing,  with  those  deduced 
from  Mercator  Sailing,  we  shall  employ,  in  solving  the 
different  cases,  the  same  examples  which  we  have  already 
given  under  the  former  of  these  branches  of  geographi- 
cal navigation.  It  is  unnecessary  to  observe,  that  the 
difference  of  latitude  and  departure  will  preserve,  in 
Mercator  Sailing,  the  same  relation  to  the  course  and 
distance  which  we  showed  they  possessed  in  Middle  la- 
titude sailing,  and  that  the  former  will  be  to  the  latter 
as  the  meridional  difference  of  latitude  to  the  difference 
of  longitude. 

Case  \.— Given  the  latitudes  and  longitudes  of  two 
places,  to  find  the  course  and  distance  from  the  one  to 
the  other. 

Example.— -What  is  the  course  and  distance  from  the 
Isle  of  May  to  the  Island  of  Heligoland  ? 

Lai.  Isle  of  May  .  56°   11'   22" 

Lat.  Isle  of  Heligoland  54     11     34 


Diff.  of  lat. 

Merid.  parts  56° 

54 

Mer.  diff.  lat. 


I     59     43=1 19.8  m. 

W    22"  .  4094 

11      34  .  3884 


210 


Long.  Isle  of  May 
Long.  Isle  of  Heligoland 

Diff,  long. 


2° 
7 


32' 
53 


47"  W. 
13     E. 


2.  By  Calculation. 


Mer.  difF.  lat. 
Is  to  diff.  long. 
As  rad. 


210 
626 


2.32222 
2.79657 
10. 


12.79657 

To  tan.  course     71°  27' 

Radius 

Is  to  sec.  course  71°  27' 

As  diff.  lat.  119.8 

10.47435 

10. 

1049739 
2.07846 

12.57585 

To  the  dist.  376.6  m. 


2.57585 


Hence,  the  course  is  S.  71°  27'  E.  and  distance  376.6 
miles. 

3.  By  Lispection. — To  the  meridional  different  lati- 
tude, in  the  different  latitude  column,  and  the  difference 
of  longitude  in  the  dep.  column,  find  a  course  ;  and  then 
with  that  course,  and  the  proper  difference  of  latitude, 
find  a  distance. 

4.  By  Gunter's  Scale. — The  extent  from  210  to  626 
on  the  line  of  numbers  will  reach  from  45°  to  18°  30", 
or  rather  to  the  complement  of  18°  30',  viz.  71°  30'  the 
course  on  the  scale  of  tangents.  The  distance  is  found 
as  in  middle  latitude  sailing. 

Case  II. — Given  one  latitude  with  the  course  and  dis- 
tance, to  find  the  difference  of  latitude  and  difference  of 
longitude. 

Example. —  A  ship  from  a  place  in  latitude  57°  15' 
N.  longitude,  1°  15'  W.  has  sailed  N.  E.  by  N.  195  miles. 
What  is  the  latitude  and  longitude  of  the  place  she  has 
arrived  at  ? 

1.  By  Construction. — With  the  given  course  and  dis- 
tance, construct  the  right-angled  triangle  ABC,  (Fig. 
20.  Plate  CCCCIV.)  as  in  plane  sailing.  The  differ- 
ence of  latitude  AB,  being  measured,  will  be  found 
245  m.,  and  hence  the  ship  having  arrived  in  latitude 
61°  20',  the  meridional  difference  of  latitude  is,  by  the 
Table  of  meridional  parts,  483.  Make  AD,  therefore, 
483,  and  having  drawn  DE  parallel  to  BD,  it  will  give, 
by  measurement,  the  difference  of  longitude  321  miles. 

2.  By  Calculation. — To  find  the  difference  of  latitude. 


10     26       0  =326 


Radius 

Is  to  cos.  course  3  p. 

As  the  dist.  295  m. 


To  the  diff.  lat.  245.3 


10.00000 
9.91985 
2.46982 

12.38967 

2.38967 
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Lat.  left 
Diff.  lat. 


57°  15'    0"  N.     Mer.  parts  4210 
4      5   18    N. 


Lat.  come  to     61   20  18    N. 


4691 


Mer.  difF.  lat.     481 

To  find  the  difference  of  longitude. 

Radius  .  .  10.00000 

Is  to  the  tan.  course  3  p. 
As  mer.  diff.  lat.  481. 


9,82489 
2.68215 

12.50704 

1° 

5 

2.50704 

15'  0"  W. 
21  24  E. 

4 

6  24  E. 

To  diff.  long.  321.4 

Long,  left 
Diff!  long. 

Long,  in 

3.  By  Ins/iection. — To  the  course  3  points,  and  dis- 
tance 295,  find  the  difference  of  latitude  245.  Then, 
having  found  the  latitude  come  to,  and  consequently  also 
the  meridional  difference  of  latitude  ;  with  the  course, 
find  the  meridional  difference  of  latitude  in  the  differ- 
ence of  latitude  column,  and  opposite  to  it,  in  the  de- 
parture column,  will  be  found  the  difference  of  longi- 
tude. 

4.  £y  Gunter's  Scale. — From  8  points  to  5  points,  on 
the  scale  of  sine  rhumbs,  will  reach  from  the  distance 
295  to  the  difference  of  latitude  245,  on  the  line  of  num- 
bers. Also,  from  8  points  to  three  points,  on  the  scale  of 
tangent  rhumbs,  will  reach  from  the  meridional  differ- 
ence of  latitude  481  to  the  difference  of  longitude  321, 
on  the  line  of  numbers. 

Case  IIL  Given  the  bearing  and  latitude  of  two 
filaces,  to  find  their  distance  ayid  difference  of  longitude. 

Example.  A  ship  from  lat.  43°  45'  N.  long.  48"  SO' 
W.  has  sailed  SSE.  i  E.  and  is  now  found  by  observa- 
tion to  be  in  lat.  39°  15'  N.  What  distance  has  she  run, 
and  in  what  longitude  is  she  ariived  ? 

Latitude  left  .  ,  43°    45'  N. 

Latitude  come  to       .         .         39     IS  N. 


Difference  latitude 

Meridional  43°  45' 
39    15 


4       3  =270  m. 


2925 
2564 

361 


Meridional  difference  latitude 

1.  By  Construction.  Draw  the  meridian  line  AD, 
(Plate  CCCCIV.  Fig.  21.)  and  on  it  lay  off  AB  and  AD, 
equal  to  the  proper  and  meridional  differences  of  lati- 
tude, the  for'iier  being  270,  and  the  latter  361.  Make 
the  angle  DAE  equal  to  the  course  2A  points,  and  from 
B  and  D,  draw  BC  and  DE,  each  at  right  angles  to  AD  ; 
then  AC  will  be  the  distance,  and  DE  the  difference  of 
longitude. 

1.  By  Calculation. 

To  find  the  distance  AC. 

Radius  .  .  .  10.00000 

Is  to  sec.  course  2^  p.  .         10.05457 

As  diff,  lat.  270        .  .  2.43136 


12.48593 


To  the  dist.  306.2         .  .  2.48593 

To  find  the  difference  of  longitude. 
Radius         .         .         .         .  lo. 

Is  to  tan.  course  2 J        .         .         9.72796 
As  mer.  diff.  lat.  351       .         .         2.55751 


12.28547 


To  diff.  long.  193 
Long,  left 
Diff.  long. 

Long,  in 


. 

2.28547 

48 

50  W. 

3 

13 

E. 

45     37  W. 


3.  By  Inspection. — With  the  course  2A  points,  and  the 
diff.  of  lat.  270,  find  the  distance  306,  and  then,  with  the 
course  and  mer.  diff.  lat.  in  the  diff.  of  lat.  column,  find, 
in  the  departure  column,  the  difference  of  longitude. 

4.  By  Gunter's  Scale From  the  complement  of  the 

course  5|  points,  to  8  points,  on  the  scale  of  Sine  rhumbs, 
will  reach  from  the  dif.  lat.  270,  the  dist.  306  on  the  line 
of  Numbers.  Again,  from  4  points  to  2J-  points,  on  the 
scale  of  Tangent  rhumbs,  will  reach  from  the  meridional 
difference  of  latitude  361,  to  the  difference  of  longitude 
193,  on  the  line  of  Numbers. 

Case  IV.  Given  the  distance  betiveen  two  places,  and 
their  difference  ofi  latitude,  to  find  the  course  and  difference 
of  longitude. 

Example. — A  ship  from  latitude  37°  56'  North,  longi- 
tude 20°  15'  West,  has  sailed  428  miles  in  a  north- 
westerly direction,  until  she  has  arrived  in  latitude  42° 
25'  North.  What  course  did  she  steer,  and  what  longi- 
tude is  she  come  to  ? 


Lat.  left     .     37  56'  N. 
Lat.  come  to  42  25  N. 


Diff.  lat. 


4    29  = 
=  269  m. 


Mer.  parts     . 
Mer.  parts     . 

Mer.  diff.  lat. 


2463 
2815 

352 


1.  By  Construction. — Draw  the  meridian  line  AD, 
(Fig.  22.  Plate  CCCCIV.)  making  it  equal  lo  352,  and 
from  A  lay  off  AB,  equal  to  269.  From  B  and  D,  draw 
BC  and  DE,  at  right  angles  to  AD,  and  of  indefinite 
length.  Then,  from  the  point  A,  with  an  extent  equal 
to  428.  intersect  BC  in  C  ;  join  AC,  and  prolong  it  to  E, 
The  angle  BAC  will  be  the  course,  and  DE  the  differ- 
ence of  longitude. 

2.  By  Calculation. 


To  find  the  Course. 
Diff.  of  lat.  269,     . 
Is  to  Dist.  428, 
As  Radius, 


To  Sec.  Course  51°  3'  36", 


2.42975 
2.63144 

10.00000 

12.63144 
10.20169 


To  find  the  difference  of  Longitude. 

Radius         ....  10.00000 

Is  to  tan.  course,  51°  3'  36",  10.09255 

As  mer.  diff.  lat.  352,  .  3  54654 


To  diff.  long.  455.6 


12.63909 


2.63909 
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Long.  left 
Diff.  long. 


20°  15'0"W. 
r  IS  36  W. 


Long,  come  to,  .  27  30  35  W. 

3.  By  Insfiection. — To  the  distance  428,  and  differ- 
ence ol  latitude  269,  find  a  course;  then  with  the  same 
course,  and  meridional  difference  of  latitude  352,  found 
on  the  diff.  of  latitude  column,  o|iposite  to  it,  in  the 
departure  column,  will  be  found  tlie  difference  of  lon- 
gitude. 

4.  By  Gunter'a  Scale. — From  the  distance  428,  to  the 
difference  of  hit.  269,  will  extend,  on  the  scale  of  sines, 
from  90°  to  39°,  the  complement  of  the  course.  Again, 
from  45°  to  51°,  or  its  complement  39°,  on  the  scale  of 
tangents,  that  is,  in  the  present  case,  from  left  to  right 
on  the  scale,  will  reach  from  the  meridional  difference 
of  lat.  352  to  the  diff.  long.  436. 

Various  other  cases  might  be  given,  but  being  of  no 
practical  use,  thty  are  to  be  considered  rather  as  trigo- 
nometrical exercises,  than  nautical  problems. 

Sec.   V.   Traverse  Sailing. 

When  a  ship  has  sailed  successively  upon  several 
courses,  the  distances  belonging  to  which  are  of  no  con- 
siderable extent,  it  is  usual,  instead  of  computing  the 
ship's  place  for  each  of  them  separately,  to  calculate 
the  course  and  distance  from  the  aggregate  amount  of 
the  several  differences  of  latitude  and  departures,  found 
by  inspection  ;  and  then  to  deduce,  either  by  the  princi- 
ples of  Middle  latilude  or  Mercator  sailing,  the  corres- 
ponding difference  of  longitude. 

The  irregular  line  described,  in  such  cases,  by  the 
ship,  is  called  a  Traverse  ;  and  it  is  said  to  be  solved  when 
the  several  courses  and  distances  of  which  it  is  com- 
pounded, are  reduced  to  a  single  course  and  distance, 
which  would  have  led  to  the  same  point. 

The  determination  of  the  resulting  course  and  dis- 
tance, commonly  called  the  course  and  distance  made 
good,  being  the  same  both  for  Middle  latitude,  and 
Mercator  sailing,  we  shall  first  give  an  example  of  the 
method  of  solving  or  working  a  traverse,  without  ex- 
tending the  solution  beyond  the  principle  of  Plane  sail- 
ing, and  afterwards  explain  the  more  rigid  mode  of  do- 
ing the  same  thing,  by  means  of  Middle  latitude,  and 
^lercator  sailing. 

The  quantities  given  in  a  traverse,  are  the  different 
courses,  duly  corrected  for  variation  and  leeway,  and 
the  corresponding  distances.  These  are  arranged  in 
two  separate  colunms  of  a  Table,  called  the  Traverse 
Table,  which  is  furnished  with  two  other  columns,  one 
for  difference  of  latitude,  and  the  other  for  departure, 
each  of  the  last  being  subdivided  into  two  others,  to 
contain  the  two  different  denominations  of  difference  of 
latitude  and  departure.  The  difference  of  latitude  and 
departure  belonging  to  each  course  and  distance,  after 
being  obtained  by  inspection,  are  placed  in  their  appro- 
priate columns,  indicated  by  the  course;  and  the  num- 
bers inserted  in  each  column  are  then  added  separately. 
The  difference  of  the  northing  and  southing  is  the  dif- 
ference of  latitude;  while  the  difference  of  the  easting 
and  westing  is  the  departure  made  good,  each  receiving 
its  denomination  from  the  name  of  the  greater  sum. 
The  corresponding  course  and  distance  made  good, 
may  be  computed  by  Plane  sailing,  or  found  by  inspection. 

The  construction  of  a  traverse,  in   which  the  several 


courses  and  distances  are  exhibited  geometrically,  is 
effected  in  the  following  manner:  Describe,  in  the  first 
place,  with  tiie  chord  of  60°,  a  circle  to  represent  the 
horizon  ;  and  draw  through  it  two  diameters,  at  right 
angles  to  each  other,  to  denote  the  direction  of  the  car- 
dinal points.  Lay  off  the  first  course  and  distance  from 
the  centre,  considered  as  the  point  troin  wliich  the  ship 
sets  out;  and  from  tlie  extremity  of  the  first  distance, 
draw  a  line  parallel  to  the  direction  of  the  second  course, 
and  apply  to  it  the  length  of  the  second  distance,  taken 
from  the  same  scale  of  equal  parts.  Proceed  in  like 
manner,  with  all  the  remaining  distances,  until  the  whole 
traverse  is  completed.  Join  the  ccnirc  of  the  circle  and 
the  remotest  extiemiiy  of  the  last  tlislance,  and  the  line 
thus  drawn  will  exhibit  the  di^iiioce  made  good;  while 
the  angle  which  it  forms  with  (he  meridian  will  repre- 
sent the  course  made  good.  The  corresponding  differ- 
ence of  latitude  and  departure  will  be  the  difference  of 
latitude  and  departure  macie  good. 

Example. — A  ship  from  the  Lizard  Point  lighthouse, 
bearing  N.N.E  J  E.  15  miles,  hos  s.iiled  on  'he  follow- 
ing courses:  N.E.by  E.  18  miles  ;  S.W^  VV  24  miles; 
S.E.  by  S.  10  miles  ;  W.  28  miles  ;  W.N.W.  20  miles. 
Required  her  course,  and  dislance  made  good. 

I.  By  Construction. — Describe  the  arch  NESW. 
(Fig.  23,  Plate  CCCCIV.)  with  the  chord  of  60°,  and 
draw  the  two  diameters  NS  and  WE  at  right  angles  to 
each  other.  Then  the  point  A  being  considered  as  re- 
presenting both  the  centre  of  the  compass,  and  the  point 
from  which  the  ship  takes  her  departure,  N.  will  be 
north,  S.  south,  E.  east,  and  W.  west.  The  first  course 
will  be  the  opposite  to  the  bearing  of  the  Lizard  Point, 
or  S.S.  W.  i  W.  or  2A  points  from  S.  Makini;  S  6,  there- 
fore, 21  points  by  the  scale  of  rhumbs,  join  A  6.  and  on 
it  lay  off  AB,  equal  to  15,  taken  from  some  scale  of 
equal  parts.  The  next  course  being  N  E.  by  E.  or  5 
points,  make  N  c  5  by  the  scale  of  rliumbs,  and  through 
B  draw  BC  parallel  to  Ac,  and  equal  to  18.  Again, 
through  C  draw  CD  parallel  to  the  S.W.  |  W.  rhumb,  or 
4|  points  from  S.  towards  W.  and  make  it  equal  to  24. 
Draw,  in  like  manner,  DE  parallel  to  the  S.  E.  by  S. 
rhumb,  and  equal  to  10  ;  EF,  parallel  to  N.E.  and  equal 
to  28  ;  and,  lastly,  FG,  parallel  to  the  W.N.W.  rhumb, 
and  equal  to  20.  Join  AG,  and  AG  will  be  the  distance, 
and  the  angle  GAS  the  course  made  good.  Also,  AH 
will  be  the  difference  of  latitude,  and  GH  the  departure 
made  good. 

2.  By  Insfiection. 


Courses. 

Distances. 

Ditf. 

ot  l.at. 

Departures.       | 

N. 

S. 

E. 

w. 

S.S.W.  \  W. 

15 

... 

13.2 

7.1 

N.E.  by  E. 

18 

10.0 

■  •• 

15.0 

... 

S.W.  i  W. 

24 

15.2 

... 

18.5 

S.E.  by  S. 

10 

8.3 

5.6 

... 

W. 

28 

... 

•  •. 

28.0 

W.N.W. 

20 

7.7 

... 

... 

18.5 

17.7 

36.7 

20.6 

72.1 

17.7 

20.6 

19.0 

51.5 

It  appears  by  the  traverse  table,  that  the  difference  of 
latitude  made  good  is  19  miles,  and  the  corresponding 
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departure  51.5  miles.  The  course  and  distance  niade 
good  may  be  found  by  inspection,  or  more  accurately 
by  calculation. 

To  find  the  course  made  good. 
Diff.  of  lal.  19         .         .  .  1.27875 

Is  to  the  dep.  51.5  .  .  1.71181 

As  radius     ....         lO.OOOOO 


11.71181 


To  the  tan.  course  eg""  45',  10.43306 

To  find  the  distance  made  good. 
Rtdius  ....  10.00000 

Is  to  sec.  course  .         .  10.46078 

As  diff.  of  lat.       .  .         .  1.S7875 


11.73953 


To  the  dist.  54.95  .  1.73953 

Hence  the  course  is  S.  69°  45'  W.  being  W.S.W. 
i  W.  nearly. 

The  difference  of  latitude  and  departure  made  good 
being  determined  as  above  by  the  principles  of  Plane 
sailing,  the  difference  of  longitude  may  now  be  found 
either  by  Middle  latitude,  or  Mercator  sailjnij. 

Bv  middle  latitude  sailing. 
Lal.  of  Lizard  Point  .         49"  57'  44"  N. 

Diff.  of  lat.  ...  19     0  S. 


Lat.  come  to 


Sum  of  lat. 


49     38  44  N. 


99     36  28 


49°  48'  14" 


Half  sum 

Cos.  mid.  lat. 

Is  to  tan.  course  69    45 

As  diff.  lat.         19  miles 


49     48   14 

9.80983 

10.43306 

1.27875 

11.71181 

To  diff.  long.  79.79  miles  1.90198 

Or,  without  finding  the  course,  the  difference  of  loiigi- 

tuge  may  be  computed  by  the  following  analogy  : 

Cos.  mid.  lat.  49^  48'  14"         .       9.80983 

Is  to  radius         .         .         .  10.00000 

As  the  dep.  made  good  5 1 .5  miles  1.71181 


11.71181 


To  the  diff.  long.  79.79  miles  1.80198 


2.  By  Mercator  sailing. 
49°  57' 44"        mer.  parts     3471.0 
49    38   44  3441.6 


Lat.  left 
Lat.  come  to 

Mer.  diff.  lat.  2971 

Radius  .  .  .  10.00000 

Is  to  tan.  course  69°  45'  .  10.43506 

As  mer.  diff.  lat.  29.4  miles  .  1.46835 

11 .90 1 4 1 


To  diff.  long.  79.69  miles  19014  1 

Or,  without  using  the  course,  the  difference  of  longitude 
may  be  found  thus  : 

Diff.  lat.  19  miles 

Is  10  mer.  diff.  lat.  29.4  miles 

As  dep.  made  good  51.5  miles 


1.27875 
1.46835 
1.71  181 
3.I80T6" 


To  the  diff.  long.  79.69  miles  1.90141 

The  difference  of  longitude  is  usually  found,  either 
by  Middle  latitude,  or  Mercator  sailing,  by  means  of  the 
difference  of  latitude  and  departure  made  good,  as  in 
the  preceding  example;  and  it  may  be  affirmed,  that 
this  method  will  always  answer  the  purpose,  to  a  degree 
of  accuracy  within  the  limits  of  the  data  from  which  the 
difference  of  longitude  is  determined,  unless  the  distances 
be  of  great  extent,  or  the  sailing  in  very  high  latitudes. 
In  either  of  these  cases,  however,  it  is  necessary  to  have 
recourse  to  the  special  determination  of  the  difference 
of  longitude  for  each  course  and  distance  ;  and  to  arrange 
the  several  results  in  two  columns,  according  to  their 
denomination.  The  difference  of  the  two  amounts, 
reckoned  of  the  same  name  with  the  greater,  will  be  the 
correct  difference  of  longitude.  We  shall  give  an  ex- 
ample of  the  method  of  finding  the  difference  of  longi- 
tude, in  the  cases  alluded  to,  both  by  Middle  latitude 
and  Mercator  sailing. 

Ex.\MPLE  — A  ship  from  Peterhead  in  lat.  57°  32'  X. 
long.  1°  46'  W.  has  sailed  the  following  courses  N.N.E. 
i  E.  118  miles;  N.W.  by  N  |  W.  45  miles;  E.N.E. 
115  miles;  W.  by  S.  I  W.  63  miles;  N.E.  |  E.  130 
miles;  and  W.S.W.  120  nailes.  In  what  latitude  and 
longitude  is  she  arrived? 

1.  By  Middk  latitude  saiting. — In  addition  to  the  six 
columns  usually  assigned  to  the  traverse  table,  it  will 
be  necessary,  according  to  the  method  of  solution  we  are 
now  to  employ,  to  annex  four  others  ;  one  for  the  suc- 
cessive latitudes  ;  a  second  for  the  middle  or  mean  la- 
titudes; and  the  remaining  two  for  the  resulting  differ- 
ences of  longitude,  which,  after  being  found  by  inspec- 
tion, must  be  disposed  in  their  respective  columns,  as 
indicated  by  the  course. 


Traverse  Tabic. 

Longitude  Table.                           j 

Courses. 

Hist. 

Diff.  of  Lat. 

Dep. 

Successive 
Latitudes. 

Middle 
Latitudes. 

Diff.   of  Long.       1 

N. 

S. 

E. 

•w. 

E. 

W. 

N.N.E.  J  E 

N.W.  by  N.  1  W 

E.N.E. 

W.  by  S.  1  W. 

N.E.  1  E. 

W.S.W. 

lis 

45 
115 

63 
130 
120 

104.1 
33.3 
44.0 

774 

3.1 
45.9 

55.6 
106.3 
104.4 

30.2 

62.9 

110.9 

Deg.     Min. 
57   32 
59    16.1 

59  49.4 

60  33  4 

60  30.3 

61  47.7 
61    1.8 

Deg.     Min. 

58  24 

59  37.7 

60  11.4 

60  31.8 

61  9 
61    247 

106.2 
213.8 
216.4 

59.7 
127.9 

231,8 

2588 
49.0 

49.0 

256  3 
204.0 

204.0 

536.4 
419.4 

419.4 

209.8 

62.3 

117.0 
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Lat.  of  Peleihcad  57°    32'       N.     Long.  1°  46'\V. 

Diir.  of  lat.  3°  29'. 8  N.  Diff.  of   long.  1°  57' E. 


endeavour  to  reduce  the  most  useful  and  impoitant  ol 
them  under  a  few  general  cases. 


Lat.  come  to  61°   1'.8  N.       Long,    in  0"   11'   E. 

If  the  dlfrcreiice  of  longitude  be  found  in  the  usuiil 
way,  that  is,  by  the  mean  ot  ll>c  hililudc  left  and  the  lati- 
tude come  to,  with  the  depamirc  m;ule  good,  it  will  be 
found  122',  differing  5'  from  the  difference  of  longitude, 
determined  more  correctly  by  the  method  of  succcsbi\c 
latitudes. 

2.  By  Mercalor  iailing. — The  traverse  table  being  com- 
pleted in  the  common  form,  the  lorigilude  table  must  be 
furnished  with  three  columns,  referring  more  immediate- 
ly to  Mercator  sailing,  viz.  one  for  successive  latitudes, 
a  second  for  meridional  parts,  and  a  third  for  meridional 
differences  of  latitude.  The  difference  of  longitude  co- 
lumn is  divided,  as  before,  into  two  subordinate  columns. 

The  table  being  thus  furnished  with  all  the  necessary 
columns, it  only  remains  to  fill  up  the  easting  and  west- 
ing of  the  longitude  columns,  by  means  of  the  several 
courses,  and  the  corresponding  meridional  differences  of 
latitude. 


Lfj?igiiu(le    Table.                            \ 

Success. 
Latitudes. 

Meridional 
Parts. 

Meridional 
Diff.  Lat. 

Uiff.  of 

Long. 

E. 

W. 

57°  2' 

4241.8 

59    16.1 

4440.6 

198.8 

106.3 

59    49.4 

4506.3 

65.7 

59.5 

60  33.4 

4594.7 

88.4 

213.4 

60   30.3 

4588.4 

6.3 

129.1 

61    47.7 

4748.8 

160.4 

216.3 

61      1.1 

4653.0 

95.8 

23L3 

536.0 

419,9 

L 

419.9 

I  16  1 

Case  L      'Fa   determine  the  distance  between  two  ob- 
jects, one  of  w/iic/i  is  accessible. 

Method. — Measure  a  base-line  running  from  the  ac- 
cessible object,  in  any  direction  except  a  straight  line, 
either  from  or  towards  the  other  otjject;  and  at  each  e.':- 
tremity  of  the  base-line,  take  the  angles  which  it  forms 
with  imaginary  lines  proceeding  to  that  object,  either  by 
means  of  the  coinpass,  or  Hadley's  sextant. 

Example. — Sailin.g  along  a  coast,  I  took  the  bearing 
of  a  lighthouse,  and  found  it  N.  N.  E.  i  E. ;  I  then  ran 
61  miles  on  a  N.  E.  by  E.  course,  after  which  I  observed 
it  to  bear  N.  W.  ^  W .  What  was  the  distance  of  tlie 
lighthouse  at  the  last  time  of  setting  it  ? 

1.  Sy  Constniction.^Dc&cnbc  a  circle,  with  the  chord 
of  60°  to  represent  tiie  horizon,  and  draw  the  cardinal 
lines  N.  S.  and  W.  E.  at  right  angles  to  each  other. 
Then,  A  being  supposed  the  ship's  place  when  the  bear- 
ing of  the  lighthouse  was  first  observed,  draw  AL,  mak- 
ing with  AN  an  angle  of  2>-  points,  Next,  draw  AB, 
making  with  AN  an  angle  of  5  points,  and  make  AB 
equal  to  6.5  by  some  scale  of  equal  parts.  Lastly,  through 
B  draw  BL,  parallel  to  the  N.  W.  -•  W.  rhumb,  and  the 
point  L  will  be  the  position  of  the  lighthouse  ;  so  that  if 
BL  be  applied  to  the  same  scale  from  which  AB  was 
taken,  the  distance  BL  will  be  found  3.12  miles. 

2.  By  Calculation. — In  the  tii.mgle  ABL  are  given 
AB— 6J-  m  ;  angle  ABL^angle  b  A  /—angle  W  A  b  + 
angle  W  A  1^3 /i  -f  3i/i:^6^fi ;  and  angle  BALl^S/; 
— 2i/J  =  2i/i.  Hence,  angle  ALBzi  16/z— 6J-  +  2^rr 
16 /J — 9/i^z7  points. 

To  find  BL. 


Sine  angle  ALB  7  /i 

Is  to  sine  angle  BAL  2\fi 

As  AB  6.5  m 


l>ong.  of  Peterhead 
Diff.  of  long. 


1"  46' 
1°  56'.1 


W. 
E. 


9.99157 

9.67339 

.81291 

10.48630 

.49473 


To  BL  3.124  miles 
Hence  the  distance  is  3|  miles. 

In   approaching  a  coast,  of  which  the  mariner  is  in 


Long,  in  .  .  0°   10'.  1     E. 

We  shall  conclude  the  subject  of  Traverse  Sailing,  by  possession  of  a  good  chart,  this  case  may  be  applied  to 

remarking,  that  if  the  ship  has  sailed,  during  the  whole  the  determination  of  the  distance  of  a  ship  from  any  two 

lime  she  has  taken  to  complete  the  traverse,  in  a  current,  objects  laid  down  in  the  chart,  by  simply  observing  the 

the  setting  and  diift  of  which  are  known,  the   setting  of  bearing  of  each,  and  then  deducing  from  these  data,  and 

the  current  must  be  inserted  among  the  courses,  and  the  the  mutual  bearing  of  the  objects  on  the  chart,  the  three 

product  of  its  drift  per  hour  by  the  number  of  hours  the  angles  of  a  triangle,  the  given  side  of  which  is  the  dis- 

ihip  has  been  exposed  to   it,  as  the  corresponding  dis-  tance  of  the  objects  on  the  chart.     It  may  also  be  used 

tance.     A  similar  allowance  must  be  made  for  the  direc-  with  great   advantage   in  laying  down  soundings,  rocks, 

tio.n  of  a  swell  of  sea,  and  the  drift  which  it  occasions.  Sec.  in   marine   surveying,  after  an  accurate  delineation 


has  been  made  of  the  position  and  bearing  of  the  princi- 
pal objects  to  be  introduced  in  a  chart. 

Example. — Approaching  a  coast  from  sea,  a  good 
chart  of  which  I  had  in  my  possession,  I  took  the  bear- 
ing of  a   steeple  and  a  lighthouse,  which  I  found  by  the 


Sect.  VI.     Oblique  Sailing. 

Oblique  Sailing  is  chiefly  employed  in  marine  survey- 
ing, and  the  solution  of  such  nautical   problems  as  are 

connected  with   coasting,  and  the  calculation  of  the  dis-  chart  lay  S.  E.  and  N.  W.  of  each  other,  the  distance  be- 

tances  of  visible  objects.     In  these  cases,  the  surface  of  tween  them  being  5  J  miles.  What  was  my  distance  from 

the  earth  may  be  regarded  as  an  extended  plane,  without  the  steeple  and  the  lighthouse,  at  the  time  of  observation, 

leading  to  any  error  of  sufficient  magnitude  to  affect  the  the  former  having  bore  W.  S.  W.  j  W.,  and  the  latter 

practical  results  derived  from  that  supposition.  S.  S.  W.  |  W.  ? 

The  problems  which  admit  of  being  solved  by  Oblique  1.  By  Construction. — Describe  a  circle  with  the  chord 

sailing,  or  rather  by  the  application   of  Oblique  Plane  of  60°,  and  draw,  as  before,  the  two  diameters  N.  S.  and 

Trigonometry,  may  be  greatly  diversified  ;  but  we  shall  W.  E.  at  right  angles  to  each  other.     From  A,  repre- 
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senting  llie  place  of  the  steeple,  diaw  AB  ~  the  S.  E. 
rhumb,  and  make  it  equal  to  5.25,  by  some  convenient 
scale  of  equal  parts.  From  A,  draw  AC  in  the  opposite 
direction  to  the  bearing  of  the  steeple,  that  is,  E.  S.  E.  -i 
E.  and  through  B,  representing  the  position  of  the  light- 
house, draw  BC  also  in  an  opposite  direction  to  its  bear- 
ing, or  parallel  to  tlie  N.  N.  E.  5  E.  rhumb.  The  in- 
tersection of  AC  and  BC  will  give  the  point  C,  the  po- 
sition of  the  ship;  so  that  AC  and  BC  being  applied  to 
the  same  scale  from  which  AB  was  taken,  their  lengths 
will  give  the  distance  of  the  steeple  and  the  lighthouse 
from  the  ship. 

2.  By  Calculation. — In  the  triangle  ABC  are  given 
the  side  AB  5.25  ;  angle  BAC,  the  angle  contained  by 
the  rhumbs  S.  E.  and  E.  N.  E.  A  E.  being  4  p.  -f  1|  p. 
or  5}  points  ;  angle  ACB,  tlie  angle  contained  by  the 
rhumbs  \V.  S.  W,  j  W.  and  S.  S.  W.  i"  W.  being  6i  p. 
— 2|  p.  or  3J  points  ;  and  lastly,  the  angle  ABC,  the  dif- 
ference between  16  p.  and  the  sum  of  the  angles  BAC 
and  ACB,  being  16  p. — 9i  p.  or  6J  points.  This  last  an- 
gle might  also  have  been  found  by  taking  the  angle  con- 
tained by  the  rhumbs  N.  W.  and  N.  X.  E  |  E.  being  4  p. 
-f-  2|p.  or  6|  points,  as  before. 

To  find  AC,  the  distance  of  the  steeple. 

Sine  angle  ACB  3|  p.  .  9.82708 

Is  to  sine  angle  ABC  6|  p.  9.98679 

As  AB  5.25  m.  .  .  0.72016 


10.70695 


To  AC  7.583  m.         .  .  0.87983 

To  find  BC,  the  distance  of  the  lighthouse. 
Sine  angle  ACB  3|  p.  .         9.82708 

Is  to  sine  angle  BAC  5^  p.  9.94543 

As  AB  5.25         .         .         .  0.72016 


10.66559 


To  BC  6.852  m         .         .  0.83851 

Case  II. —  To  determine  the  distance  bctiveen  two  ob- 
jects, both  of  which  are  inaccessible. 

Method. — Measure  a  base  line,  from  each  extremity 
of  which  both  objects  are  at  the  same  time  visible,  and 
take  the  angles  which  this  line  makes  with  the  lines 
running  to  each  object. 

Example. — Sailing  along  an  unfrequented  coast,  I 
observed  two  remarkable  promontories  C  and  D,  whose 
distance  I  resolved  to  determine.  Having  taken  the  bear- 
ing of  each,  I  found  C  bore  N.  |  E.  and  D,  W.  N.  W.  j 
W.  I  then  ran  12  miles  on  a  S.  W.  by  W.  course,  after 
which  I  observed  C  bore  N.  E.  ^  E.  and  D,  N.  W.  by 
N.  ^  W.  Required  the  distance  of  the  two  promonto- 
ries from  each  other  ? 

1.  By  Construction. — Describe  a  circle  with  the  chord 
of  60°,  and  draw,  as  before,  the  two  diameters  N.  S.  and 
W.  E.  at  right  angles  to  each  other.  From  A  represent- 
ing the  ship's  place  when  the  bearing  of  the  objects  were 
first  taken,  draw  AB,  making  with  AS  an  angle  of  5  p. 
and  equal  to  12  by  some  scale  of  equal  parts  ;  through  A 
draw  also  AC,  making  with  AN  an  angle  of  -J  p.  and  AD, 
making  with  the  same  line  an  angle  of  6|  p.  Lastly, 
through  B  draw  BC  and  BD  parallel,  respectively,  to  the 
N.  E.  ^  E.  ai.d  N.  W.  by  N.  *  W.  rhumbs,  and  DC 
will  be  the  distance  required. 

2.  By  Calculation. — The  calculation  may  be  conducted 


in  two  ways  :  AC  may  be  found  in  the  triangle  ABC, 
and  then  AD  in  the  triangle  ABD,  after  which  two  sides 
of  the  triangle  CAD  would  be  given,  together  with  the 
contained  angle  CAD,  from  which  the  third  side  BC 
could  be  determined  ;  or,  BC  may  be  found  in  the  first 
of  these  triangles,  and  BD  in  the  second,  after  which  two 
sides  of  the  triangle  BDC  would  be  given,  together  with" 
the  contained  angle,  from  which  BC  could  be  determin- 
ed as  before.  We  shall  employ  the  former  of  these 
ways. 

In  the  triangle  ABC  are  given  AB  —  12  m.  angle 
BAC  =:  }  p.  +  8  p.  -f  5  p.  i::  13J  p.  angle  ABC,  the 
angle  contained  by  the  rhumbs  X.  E.  by  N.  and  N.  E.  ;^ 
E.  or  1  •- ;  consequently  the  remaining  angle  ACB  is  1 
point. 

Again,  in  the  triangle  ABD  are  given  AB  z^  12  m.  an- 
gle BAD  6^  p.  angle  ABD,  the  angle  contained  by  the 
rhumbs  X.  \V.  by  X.  ^  W.  and  X.  E.  by  X'^.  the  opposite 
to  S.  W.  by  S.  being  6J  p.  consequently  the  remaining 
angle  ADB  is  3^  points. 

-■Mso  the  angle  CAD  is  6|  p.  -j-  *  or  7^  points. 
To  find  the  side  AC. 


Sine  angle  ACB  1  p. 

Is  the  sine  angle  1 J  p. 
As  AB  12  . 


To  AC  17.855 

To  find  the  side  AD. 
Sine  angle  ADB  3^  p. 
Is  to  sine  angle  ABD  6| 
As  AB  12 


9.29024 
9.46282 
I  079 1 8 

10.54200 

1.25176 

9.77503 
9.98088 
1.07918 

11.06006 


To  AD  19.277         .  .  1.28503 

To  find  the  angles  ACD  and  ADC. 

Sum  of  AC  and  AD  37.132  .  1.5997.1 

Is  to  their  difference  .  .  .15290 

As  tan.  i  sum  op.  angles') 

16—74  ,  >•  =49°  13'  10.06416 

J 


-or  4|  p. 


_          ACD— ADC    „ 
To  tan. 2° 


10  21706 


8.64732 


Hence  angle  ACD  zr  49°  13'  +  2" 
angle  ADC  =  49°  13'  —  2° 

To  find  DC. 
Sine  angle  ADC  46°  40'^ 
Is  to  sine  angle  CAD  7J  p. 
As  AC   17.855 


32'i=:  5  1° 
32'J  =  46° 

9.86182 
9.99527 
1.25176 

11.24703 


45'^ 
40'^ 


To  DC  24.28  m.         .  .  1.38521 

Case  III. — Giving  the  bearing  and  distance  of  a /lort 
to  ivindivard,  and  the  direction  of  the  viind,  to  find  the 
distance  a  shift  must  sail,  on  each  of  two  tacks,  to  reach 
the  fiort  by  the  nearest  method. 

Method. — Having  laid  down  the  ship's  place,  and  the 
S  s2 
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position  of  the  port,  draw,  through  the  points  by  which 
they  are  represented,  two  straight  lines  parallel  to  the 
rhumbs  on  whicli  the  ship  can  siil  on  each  tack,  accord- 
•ng  to  the  wind;  and   their  intersection  will  be  ihe   point 

it  which  she  must  be  brought   from  tiie   first  to  the  s 

I  .„„i. 


in 

a 

cond  lack 


nt 
sc- 


ExAMPLE. — A  ship  running  at  the  rate  of  6^  miles  per 
hour,  apparently  in  a  S.  S.  \V  1  S.  course,  finds  she  has 
been  sailin;j;  five  hours  in  a  current  setting  N.  W.  by 
W.  J-  W.  21  milts  per  hour:  What  was  her  actual 
course  and  distance  ? 

Apparent  distance  —  6.5   X5ZI32.5  miles. 
Drift   of    current  —2.25  X  5—  11.25  miles. 

1.  Bij  Construction. — Having  described  the  circle 
N.  W.  S.  E.  representing  the  horizon,  as  in  the  prece- 
ding examples,  through  A  draw  AC,  a  S.  S.  W.  A  S. 
rhumb,  and  make  A  equal  to  32.5,  by  some  scale  of  equal 
parts.  Next,  through  A  draw  AD,  a  N.  VV.  i  VV.  rhumb, 
and  equal,  by  the  same  scale,  to  11.25.  C^omplele  the 
parallelogram  ABCD.  by  drawing  CD  parallel  to  AB, 
and  BC  p;irallel  to  AD;  join  AC,  and  AC  will  be  the 
distance,  while  angit  CAS  will  be  the  course  made  good, 
witn  tne  rnumo  r..  oy  in.  -i  r..  incxi,  irom  u  lay  on  ur  2.   By  Calculation.— \n    the    triangle  ABC  are  given 

6i  points,  and  through  B   draw    BC  parallel  to  FA,  and     AB  =z  32.5.  m.  BC  ZZ  AD  rr  1  1.25  m.  nnc!  ai.i<le  ABC 
C^will  be  liie  point  where  the  ship  must  lack.  =  -'"^''  ^AF  =  angle  DAN  +  angle  NAF=:  5i  p  + 

2.   By    Calculation. — In  the    triangle   ABC   are  given      'i  P  —  7  points. 
ABr:21   m.  ;  angle   BAC  =  r|  p. — 2ip.  ZI4|  points; 

—         •'"*■'        •"'         '    '  "-    ■    ■ To  find  the  angles  ACB  and  BAC. 

ACB  +  angle  BAC  _     16p.  — 7  p._  9  p. 


cond  lack. 

Example. — A  ship  which  can  lie  within  6j  points  of 
ihe  wind,  is  bound  to  a  port  21  ndles  oft',  bearing 
N.  N.  E.  ^  E.  what  distance  must  she  run,  on  each  of 
two  lacks,  lo  reach  the  pori,  the  wind  being  N.  by  E. 

1.  By  Construction. — About  the  point  A,  (Fig.  26. 
Plate  CCCCIV.)  represenong  the  ship's  place,  describe 
a  circle  with  the  chord  of  60°,  and  draw  the  diameters 
N.  S.  and  W.  E.  iniersectins^  each  other  at  rij^ht  ani^les. 
From  A,  draw  AB  in  the  directions  of  N.  N.  E.  4-  E. 
and  having  made  il  equal  to  21,  the  point  B  will  be  the 
intended  port.  If  the  fit  st  tack  is  to  be  with  the  lai  board 
tacks  on  board,  from  A  draw  AC,  making,  with  DA,  the 
direction  of  tlie  wind,  an  angle  of  6^  points,  or  coincidini^ 
with  the  rhumb  E.  by  N.  i  E.  Next,  from  D  lay  off  DF 
6J-  points,  and  thiough  B  draw  BC  parallel  lo  FA,  and 
C  will  be  ti>e  point  where  the  ship  must  lack. 

2.  By  Calculation. — In  the  triangle  ABC  are  given 
ABr:21  m.  ;  angle  BAC  =  7^  p. — 2^p.  ZI4|  points; 
angle  ACB  =  angle  GAF  =  2|  j..  +  |  p.  =  3^  points ; 
and  therefore  the  remaining  angle  ABC  =  16  p.  —  (4|  p. 
+  3^  p.)  =  1 6  p.  —  8^  p.  =  7|  points. 


Angle 


To  find  AC. 

Sine  angle  ACB  3^  p. 

Is  to  sine  angle  ABC  7^  p. 

AsAB2l 

9.80236 

9.99948 

.       1.32222 

. 

11.32170 

To  AC  33.06  m. 

1.51934 

To  find  BC. 

Sine  angle  ACB  3i  p. 

Is  to  sine  angle  BAC  4i  p. 

As  AB  21 

9.80236 
9.90483 
1.32222 

11.22705 

=  4|  points ^50°  37'i. 

The  sum  of  AB  and  BC  43.75 
Is  to  their  difference  21.25 

ACB  +  BAC         „      ,. 

As  tan. — 50°  37'^  10.08583 


1.64098 
1.32736 


To  tan.^^^-^A£-30°  37'  8" 


11.41319 


9.77221 


To  BC  26.59  m. 


1.42469 


if  the  first  tack  had  been  made  with  the  starboard 
lacks  on  board,  it  would  have  been  26.59  miles,  and  the 
second  33.06  miles. 

Case  IV. — Given  the  course  and  distance  by  account, 
and  the  drift  and  setting  of  a  current,  to  find  the  course  and 
distance  made  good. 

Method. — If  a  body  be  under  the  simultaneous  in- 
fluence of  two  motions,  or  two  solicitations  to  nio.ion,  it 
is  demonstrable,  on  the  principles  of  mechanics,  that  it 
will,  in  these  circumstances,  describe  the  diai^onal  of  a 
parallelogram,  the  sides  of  which  represent  the  directions 
and  m:!gniludes  of  the  two  motions.  Hence,  if  a  ship 
sail  in  a  known  current,  her  course  and  distance  made 
o-ood  will  be  determined  by  the  direction  and  \nagnitude 
of  the  diagonal  of  a  parallelogram,  of  two  adjacent  sides 
of  which,  one  represents  the  ship's  apparent  course  and 
distance,  and  the  other  the  drift  and  setting  of  the  current 
durin'-  the  same  time. 


Hence  angle  ACB  =:  50°  37'  36"  +  30°   37'  8"  = 
81°  14'  38". 
angle   BAC  =.  50°  37'  30"  —  30°  37'  8"  =:  20° 
0'22". 

So  that  the  course  made  good,  viz.  angle  CAS  =  1^  p. 
f  20"  0'  22"  =  16°  52'  30"  +  20°  0'  22"  1=  36°  52'  52", 
being  about  3^  points,  or  S.  W.  by  S.  |  W.  nearly. 

To  find  AC,  the  distance  made  good. 


Sine  angle  BAC  20°  0'  22" 
Is  to  sine  angle  ABC,  7  p. 
As  BC  11 .25  m. 


To  AC  32.25  m. 


9.53418 
9.99157 
1.05115 

11.04272 

1.50854 


When  a  ship  sails  in  a  current,  her  course  and  dis- 
tance made  good  may  be  found  by  means  of  a  traverse, 
the  setting  and  drift  of  the  current  being  inserted  as  a 
course  and  distance,  and  computed  for  accordingly,  in 
the  following  manner: 
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Traverse  Table. 


Courses. 

Dist. 

Difl-. 

I.at. 

Dep, 

N. 

S. 

E. 

W. 

S.  S.  W.  J^S 

N.W.hy  VV.|  W. 

32.5 
1  1.2.i 

5.3 
5.3 

9.5 
9.9 

31.1 

31.1 

5.3 

19.4 

25.8 

To  the  diff.  of  lat.  25.8,  and  dep.  made  good    19.4, 
the  course  is  S.  37°  W.  and  the  distance  32.3  miles. 


CHAP.  IV. 

Of  the  Constructiun  and  Use  of  Sea  Charts. 

The  position  of  places,  however  accurately  determined 
by  their  latitude  aiid  longitude,  can  be  very  imperfectly 
conceived,  without  the  aid  of  a  visible  representation  of 
their  mutual  bearings  and  situation.  A  map,  or  chart, 
by  exhibiting  a  reduced  but  faithful  delineation  of  the 
boundaries  of  land  and  water — of  the  outlines  of  islands, 
bays,  and  headlands — and  of  the  various  natural  objects 
on  the  suiface  of  the  globe,  whos&  magnitude  is  such  as 
to  admit  of  geometrical  representation,  conveys  a  more 
accurate  notion  of  form  and  position  than  can  be  derived 
from  the  most  minute  and  laboured  description.  Hence 
it  is  of  the  utmost  importance  to  the  mariner,  to  be 
furnished  not  only  with  a  correct  and  e.xtensive  table  of 
the  latitudes  and  longitudes  of  places,  but  also  with  ac- 
curate maps  or  charis  of  ail  the  more  remarkable  har- 
bours, bays,  and  creeks,  which  he  may,  either  from  choice 
or  necessity,  have  occasion  to  visit. 

The  charts  employed  for  nautical  purposes  are  of 
two  descriptions  :  one  of  these  is  used  to  find  the  course 
and  distance  between  two  places  considerably  remote 
from  each  other,  as  well  as  to  give  notice  of  the  cases  in 
which  it  is  impracticable  to  sail  on  the  course  and  dis- 
tance found  by  calculation  from  geographical  position  ; 
the  other  is  intended  to  guide  the  seaman  in  his  approach 
to  his  destined  port,  or  place  of  shelter,  and  to  point  out 
vaiious  local  circumstances  connected  with  it,  without 
the  knowledge  of  which,  it  would  IVequently  be  hazardous 
to  attempt  to  enter  it.  Charts,  having  the  latter  object 
in  view,  embrace  but  a  small  portion  of  a  coast,  and  are 
generally  constructed  on  the  supposition,  that  the  surface 
of  the  earth  is  an  extended  plane  ;  whereas,  when  they 
are  used  for  the  former  purpose,  tliey  must  be  projected 
on  principles  consis'.ent  with  the  spherical  form  of  the 
earth,  and  the  exhibition  of  its  surface  on  a  plane.  Hence 
nautical  charts  are  divided  into  Plane  charis  and  Mercator 
charts,  each  cf  which  wc  shall  consider  in  order. 


Section  I.     Of  Plane  Charts. 

The  Plane  Chart,  being  constructed  on  principles 
which,  if  they  were  followed  out  on  a  large  scale,  would 
lead  to  considerable  errors  in  the  representation  of  the 
position  of  places,  is  confined  entirely  to  the  delineation 
of  harbours,  small   bays,  or   limited   portions  of  coast. 


The  importance,  however,  of  such  charis,  when  they  are 
duly  restricted  in  point  of  extent,  demands  a  particular 
explanation  of  the  methods  which  ought  to  be  observed, 
for  obtaining  the  elements  requisite  to  construct  them  in 
an  accurate  and  expeditious  manner. 

No  survey  whatever  can  be  conducted  with  sufficient 
precision  without  an  instrument  for  measuring  lines,  and 
another  for  taking  angles ;  but  to  these  must  be  added,  in 
marine  surveying,  a  lead,  for  delineating  the  depth  of 
water  at  all  the  remarkable  points  included  in  the  chart. 
Belore  proceeding  to  the  measurement  of  a  single  line 
or  angle,  the  outline  of  the  harbour  or  bay  should  be 
carefully  examined,  and  every  prominent  point  noted  by 
the  erection  of  a  pole,  or  other  fixed  mark,  capable  of 
being  recognized  at  a  distance.  The  subsequent  de- 
leneation  will  also  be  greatly  assisted  by  as  accurate  an 
eye-sketch  of  the  whole  as  can  be  obtained  by  connecting 
together  the  different  points  at  which  the  poles  have  been 
set  up.  By  means  of  this  eye-sketcU,  and  the  general 
character  of  the  outline,  it  will,  for  the  most  part,  be 
easy  to  fix  on  two  stations,  from  each  of  which  the  dif- 
ferent poles  are  visible.  Let  the  distance  between  these 
two  stations,  represented  by  A  and  B,  be  carefully 
measured  in  feet,  by  help  of  a  chain,  or  other  measure  of 
length  ;  and  then  at  A  take,  either  with  an  azimuth  com- 
pass, or  Hadley's  quadrant,  all  the  angles  formed  by  the 
base-line  AB,  and  imaginary  lines  running  to  the  different 
poles,  C,  D,  E,  F,  G,  Sec.  Proceed  next  to  the  station  B, 
and  at  that  point  take,  in  like  manner,  all  the  angles 
formed  by  BA,  and  imaginary  lines  running  from  B  to 
each  of  the  poles.  There  will  thus  be  obtained  by 
measurement,  in  each  of  the  triangles  ABC,  ABD,  ABE, 
Sec.  a  side,  and  all  the  angles,  from  which  the  remaining 
two  sides,  and  consequently  the  position  of  the  points  C, 
D,  E,  8cc.  may  be  determined  either  by  calculation  cr 
construction.  The  position  of  any  rock  or  island  R, 
may  be  laid  down  in  the  same  manner. 

If  all  the  remarkable  points  to  be  included  in  the 
survey,  arc  not  visible  from  each  of  the  stations  A  and 
B,  a  new  base-line,  as  AB',  must  be  connected  with  the 
former,  by  measuring  the  angle  B.-\B',  and  then  the  an- 
gles at  each  of  the  stations  A  and  B',  as  before.  After 
which  the  intermediate  points  are  to  be  laid  down,  partly 
by  measurement,  and  partly  by  the  eye,  according  to 
their  importance  in  the  intended  chart.  Before  re- 
moving, however,  from  the  stations  A  and  B,  it  will  be 
proper  to  lay  down,  by  means  of  the  base-line  AB,  the 
position  of  any  steeple,  tower,  or  other  remarkable  object 
of  a  permanent  nature,  which  may  serve  as  a  landmark 
at  sea;  and  also  to  fix  the  position  of  the  base-line  in  re- 
ference to  the  true  meridian.  The  last  object  will  be 
most  easily  attained  by  observing  the  angle  which  the 
direction  of  the  sun  makes  with  the  base-line  at  his 
rising  or  setting,  and  then  to  compute  the  bearing  by  the 
method  of  determining  his  amplitude,  to  be  afterwards 
explained  under  Nautical  Astronomy.  If  the  variation 
is  known,  the  true  meridian  may  be  ascertained  at  once 
by  the  azimuth  compass.  The  position  of  the  meridian, 
in  whatever  way  it  is  determined,  must  be  connected 
with  some  known  line  in  the  survey,  by  means  of  which 
it  may  be  afterwards  exhibited  in  the  chart. 

After  a  sufficient  number  of  measurements  have  been 
taken  for  laying  down  the  position  of  every  land  object 
to  be  represented  in  the  chart,  it  next  becomes  necessary 
to  fix  the  nature,  bearings,  and  positions  of  objects  at 
sea,  such  as  the  depth  of  water,  the  quality  of  the  bottom 
or  ground,  the  direction  and  rate  of  the  tide  of  flood,  &r 
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Having  procured  a  boat,  therefore,  with  proper  sounding 
lines,  let  her  be  roNvcd  backward  and  forward  during  the 
time  of  low  water,  and  at  every  point  where  soundings 
are  taken,  observe,  by  means  of  an  azimuth  compass, 
the  bearings  of  each  of  the  stations  A  and  H,  or  of  any 
two  other  objects,  whose  position  has  been  fixed  in  re- 
ference to  the  original  hase  line.  At  each  point  of  ob- 
servation the  quality  of  the  ground,  whether  rocky,  muddy, 
sandy,  or  of  any  other  description,  must  be  marked  in  an 
appropriate  raanner  on  the  sketch,  in  order  that  it  may 
afterwards  be  transferred  to  the  chart,  together  with  the 
depth  of  water,  and  any  other  local  circumstance  of  im- 
portance to  be  known. 

The  survey  being  completed,  it  only  remains  to  ap- 
ply the  different  measurements,  on  a  suitable  scale,  to 
paper,  so  as  to  give  a  proper  delineation  of  the  appear- 
ances of  the  sliores,  whether  bold  and  precipitous,  or  low 
lying  and  shoaly  ;  of  the  outlines  of  isles,  rocks,  sands, 
kc.  according  to  their  several  positions ;  of  the  best 
anchoring  places,  with  tlicir  soundings  at  low  water  ;  of 
the  land-marks  to  be  observed  for  avoiding  sunk  rocks, 
shallows,  &C.  of  the  setting  and  drift  of  currents,  and  the 
time  of  high  water  on  the  days  of  new  and  full  moon. 
It  may  be  proper  also  to  lay  down  the  situation  of  the 
most  convenient  places  for  obtaining  a  supply  of  fresh 
Avater,  if  there  arc  any  such  within  the  limits  of  the 
suivey,  together  with  any  thing  else  of  a  topical  nature, 
which  can  add  to  the  value  of  the  chait.  A  compass 
must  also  be  inserted  in  some  part  of  the  chart,  where 
the  representation  of  it  will  not  interfere  with  the  rest 
of  the  delineation  ;  and  lastly,  a  scale  of  nautical  miles, 
duly  subdivided,  by  allowing  6076  feet  to  a  mile.  It  is 
scarcely  necessary  to  add,  that  the  north  and  south  line 
of  the  compass  must  either  be  parallel  to,  or  coincide 
■with  the  true  meridian;  and  that,  in  laying  down  the  dif- 
ferent bearings  taken  with  the  azimuth  compass,  all  of 
them  must  be  corrected  for  variation  before  they  are  ap- 
plied to  the  chart. 

With  respect  to  the  manner  of  representing  the  dif- 
ferent objects  usually  exhibited  in  a  chart,  it  is  not  easy 
to  give  directions  which  can  be  rendered  intelligible  with- 
out a  reference  to  a  particular  delineation  ;  but  it  may 
be  remarked  in  general,  that  most  of  the  objects  are  so 
represented  as  to  bear  some  kind  of  resemblance  to  their 
actual  appearance  in  nature,  as  far  as  that  can  be  done, 
in  conformity  with  their  supposed  projection  on  a  hori- 
zontal plane.  Thus,  in  Fig.  28,  PL  CCCCIV.  No.  1, 
represents  a  low  sandy  shore  ;  Xo.  3,  a  bold  rocky  coast; 
Mo.  3,  a  rock  always  above  water;  No.  4,  rocks  covered 
at  high  water,  but  dry  at  low  water  ;  No.  5,  rocks  al- 
ways below  water  ;  No.  6,  sand  banks  dry  at  low  water, 
but  covered  each  tide  ;  No.  7,  sand  banks  always  under 
water  ;  No.  8,  good  anchoring  giound;  No.  9,  where  a 
ship  may  ride  occasionally;  No.  10,  the  safest  channel  ; 
No.  U,  the  settinp;  of  flood  tide;  No.  12,  an  eddy;  No. 
13,  a  whirlpool  ;  No.  14,  a  beacon  ;   No.  15,  a  buoy. 

A  survey  of  a  coast,  made  by  sailing  along  it,  must 
necessarily  be  conducted  with  a  less  scrupulous  atten- 
tion to  the  position  of  the  subordinate  points  in  the  out- 
line. All  that  can  be  done  in  such  cases  is  to  determine 
the  geographical  position  of  the  more  prominent  objects 
of  the  survey,  such  as  the  mouths  of  rivers,  headlands, 
bays,  creeks,  &c.  by  means  of  the  first  and  second  cases 
in  Oblique  Sailing.  Their  latitudes  and  longitudes  may 
then  be  deduced  from  the  latitude  and  longitude  of  the 
ship,  found  by  celestial  ubscrvation. 


With  regard  to  the  manner  of  using  a  plane  chart,  for 
the  purposes  to  which  it  is  commonly,  and  almost  exclu- 
sively applied,  few  directions  can  be  necessary.  The 
object  of  the  chart  being  chiefly  to  point  out  the  best 
way  of  entering  a  bay,  creek,  harbour,  8cc.  and  to  indicate 
the  position  of  the  safest  anchoring  ground  within  it,  the 
ship  must  be  guided  in  the  former  case  by  the  direction 
of  the  tracks  referred  to  in  No.  10.  Fig.  29.  PI.  CCCCIV. 
and  in  the  latter  by  the  bearing  from  the  ship  of  two  ob- 
jects laid  down  in  the  chart.  These  objects  should  be 
selected,  so  that  their  respective  bearings  may  not  make 
with  each  other  a  very  acute  angle,  both  being  duly  cor- 
rected for  variation,  in  order  that  their  actual  bearing  in 
reference  to  the  ship's  place  at  the  time  of  setting  the 
objects,  may  be  accurately  ascertained  in  the  chart.  Lines 
drawn  through  each  of  the  objects,  in  an  opposite  direc- 
tion to  that  of  their  corrected  bearings  from  the  ship, 
will  determine,  by  their  intersection,  the  ship's  place  on 
the  chart,  and  consequently  render  it  easy  to  find  after- 
wards the  true  course  and  distance  to  the  intended  an- 
choring ground. 

Section  II.     Of  Mercatcr  Charts. 

The  method  of  constructing  charts,  on  the  principle 
of  Mercator's  projection,  has  been  already  so  fully  ex- 
plained under  the  article  Geogr.'Vphy,  that  it  is  alto- 
gether unnecessary  to  resume  the  subject  in  this  place. 
We  shall  therefore  deem  it  sufficient  to  state,  that  after 
the  meridians  and  parallels  of  latitude  have  been  cor- 
rectly drawn,  and  the  graduation  extended  to  a  necessary 
degree  of  minuteness  at  the  sides,  as  well  as  at  the  top 
and  bottom  of  the  chart,  the  next  object  is  to  lay  down 
every  remarkable  place,  promontory,  bay,  &c.  according 
to  its  latitude  and  longitude,  taken  from  the  most  authen- 
tic tables.  This  is  easily  done  by  means  of  the  inter- 
section of  a  meridian  passing  through  the  longitude  at 
the  top  and  bottom,  and  a  parallel  of  latitude  passing 
through  the  latitude,  at  the  sides  of  the  chart.  The  out- 
line of  the  coast  between  two  places  whose  position  is 
laid  down  in  the  chart,  must  be  supplied  from  plane 
charts,  if  these  can  be  procured,  or,  in  the  absence  of 
other  information,  from  the  best  maps  already  extant. 
Lastly,  from  some  point  of  the  chart,  as  a  centre,  the 
several  rhumb  lines  must  be  drawn  witii  the  utmost  ac- 
curacy ;  and  if  the  projection  be  on  a  very  large  scale,  it 
may  be  necessary  to  have  recourse  to  more  tlian  one 
point  lor  ihat  purpose.  Having  made  these  general  ob- 
servations on  the  construction  of  a  Mercator  chart,  we 
shall  now  explain  the  manner  of  using  it,  for  solving  the 
more  important  cases  in  geographical  navigation. 

Problem  I. 

To  find  the  course  and  distance  between  two  given 
filaccs  on  the  chart. 

Case  I.  When  the  two  places  are  under  the  same  ?ne- 
ridian. 

The  difi'erence  of  the  latitudes,  found  in  the  ordinary 
way,  and  reduced  to  minutes,  is  their  distance  in  nautical 
miles. 

C.\SE  II.  When  the  two  filaces  are  on  the  same  paral- 
lel. 

This  case  can  be  solved  on  the  map  only  by  approxi- 
mation. It  is  better  therefore  to  convert  the  difference 
of  longitude  into  meridional  distance,  by  parallel  sailing, 
than  to  employ  for  that  purpose  a  mechanical  method 
equally  tedious,  and  much  less  correct. 
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Case  Ilf.  ^Vlten  the  two  fdacrs  are  under  different  me- 
ridians, and  on  different  ftarulleU  of  latitude. 

Draw,  Willi  a  black  Jcad  pencil,  a  sin\ii^ht  line  IVom 
one  of  llie  places  to  the  otiier,  and  also  through  the  place 
Irom  which  the  distance  is  to  he  estimated,  a  meridian 
line.  I'rom  this  place  lay  oil"  on  the  meridian  line  the 
difference  of  latitude  between  the  two  places,  taken  from 
the  equator,  or  graduated  parallel  at  the  top  or  bottom 
of  the  chart;  and  lastly,  through  the  point  to  which  this 
distance  extends  on  the  meridian,  draw  a  line  parallel  to 
the  nearest  parallel  of  latitude.  The  distance  between 
the  point  where  this  line  intersects  the  line  joining  the 
two  places,  and  the  place  from  which  the  distance  is  to 
be  reckoned,  being  applied  lo  the  graduated  parallel  at 
the  lop  or  bottom  of  the  projection,  will  give,  in  degrees 
and  minutes,  the  distance ;  and  these  degrees  and  minutes 
being  reduced  to  minutes,  will  be  the  distance  in  nauti- 
cal miles. 

Prob.  II. 

Given  tlw  latitude  sailed  from,  luith  the  course  and  dis- 
tance, to  find  the  shifi's  filace  on  the  chart. 

Case  1.    When  the  course  is  due  north  or  south. 

The  distance  being  reduced  to  degrees  and  minutes, 
and  added  to,  or  subtracted  from,  tlie  latitude  left,  ac- 
cording as  the  ship  has  been  increasing  or  decreasing 
her  latitude,  the  sum  or  difference  will  be  the  latitude 
come  to;  a  parallel  through  which,  on  the  chart,  will  in- 
tersect the  meridian  the  ship  has  sailed  on,  in  a  point  cor- 
responding to  her  place. 

Case  II.    li'ken  the  course  is  due  cast  or  west. 

Reduce  the  distance  to  difference  of  longitude,  by 
parallel  sailing,  and  then  lay  off  the  result,  taken  from 
the  graduated  parallel  at  the  top  or  bottom  of  the  chart, 
along  the  parallel  of  the  ship's  latitude.  The  point  to 
which  it  extends  will  be  the  ship's  place. 

Case  III.    IVhen  the  course  is  oblique  to  the  meridian. 

From  a  point  in  the  chart,  denoting  the  place  sailed 
from,  draw,  with  a  black  lead  pencil,  a  line  parallel  to 
the  rhumb  of  the  ship's  course,  and,  having  taken  the 
distance  from  the  graduated  parallel,  lay  it  off  on  the  line 
representing  the  direction  in  which  the  ship  has  sailed. 
From  the  point  to  which  the  distance  extends,  describe  a 
parallel  of  latitude  intersecting  the  meridian,  drawn 
through  the  place  sailed  from.  Take  the  distance  of 
this  parallel  from  the  place  sailed  from,  and  apply  it  to 
the  graduated  parallel.  The  degrees,  &c.  intercepted 
will  be  the  difference  of  latitude.  The  latitude  come  to 
being  thus  known,  the  point  where  the  corresponding 
parallel  intersects  the  distance  produced,  will  be  the 
ship's  place  on  the  chart. 

The  other  problems  in  Mercator  sailing  may  be 
solved,  in  like  manner,  on  the  chart ;  but  the  two  which 
we  have  given  are  sufficient  to  illustrate  the  principles 
of  the  method  to  be  observed  in  other  cases.  They  are 
also  the  only  problems  usually  solved  on  the  chart. 

CHAP.  V. 

Of  the  Methods  of  finding  the  Time  of  High  ll'atcr. 

In  the  last  chapter,  we  explained  the  construction  and 
use  of  sea  charts  ;  we  now  propose  to  tuke  a  practical 
view  of  those  great  periodical  fluctuations  in  the  waters 
of  the  ocean,  denominated  the  tides,  without  a  knowledge 
of  which,  the  most  accurate  charts  would,  on  many  oc- 
casions, not  only  prove  useless,  but  be  liable  to  mislead. 

The  phenomena,  as  well  as  the  causes  of  the  tides, 
have  been  amply  described  and  explained  under  the  arti- 


cle Astronomy.  That  these  alternate  elevations  and 
depressions  of  the  ocean  are  owing  lo  the  joint  influence 
ol  the  sun  and  moon,  more  especially  of  the  latter  body, 
is  a  physical  fact,  so  well  established,  and  so  consistent, 
in  every  respect,  with  the  demonstrable  effects  of  univer- 
sil  gravitation,  that  the  stale  of  the  tides  can  easily  be 
dtlermiacd,  at  any  lime,  from  the  relative  posilion  of 
Ihcse  two  great  luminaries.  The  greatest  elevation  of 
Ihe  water  lakes  place  in  different  situations,  a  longer  or  a 
shorter  period  after  the  moon  has  passed  the  meridian  ; 
but  this  interval  being  once  known,  the  time  of  high 
water  may  be  comptited  from  the  moon's  age,  with  a 
degree  of  accuracy  sufficient  for  all  nautical  purposes. 

li  ihs  moon's  motion  in  her  orbit  were  uniform,  and 
the  distance  of  the  sun  from  the  earth  considerably 
greater,  the  tides  would  succeed  each  other  nearly  at 
equal  intervals,  and  with  the  same  regulaiiiy,  every  luna- 
tion. In  consequence,  however,  of  the  numerous  anoma- 
lies lo  wliich  the  moon's  motion  is  subject,  and  the 
attractive  influence  wliich  she  exerts  on  the  waters  of 
the  ocean,  being  sometimes  aided,  and  sometimes  coun- 
teracted, by  the  action  of  the  sun,  tlie  interval  between 
successive  tides  is  extremely  variable.  The  following 
table,  from  IM.  de  La  Caille,  exhibits  the  retardation  of 
the  tides,  corresponding  to  the  different  states  of  the 
moon's  age,  and  being  used  with  the  time  of  liigh  water 
at  the  full  and  change,  will  point  out  the  lime  of  high 
water,  at  any  place  where  the  former  time  is  known,  so 
as  seldem  lo  deviate  many  minutes  from  the  trulh.  The 
correction  to  be  applietl  is  adapted  to  every  six  hours  of 
difference  in  the  moon's  age  ;  but  it  must  be  increased 
by  12  hours  after  full  moon.  Thus  the  correction,  when 
the  moon's  age  is  20  days  6  hours,  is  15  hours  21  mi- 
nutes.* 

Correction  to  be  ajifilied  to  the  time  of  High  Water,  at 
Full  and  Change. 


Moon's 

Correc- 

Mo 

on's 

Moon's 

Correc- 

Moon's 

Age. 

Djiys.  Hours. 

tion. 

H.       M. 

Age. 

Days.  Hours. 

Age. 

tion. 

Age. 

Days.  Hours 

H.       M. 

Days. 

Hours. 

0             0 

0       0 

12 

5       6 

6 

6 

8 

15 

0 

18 

32 

12 

12 

17 

6 

8         0 

40 

18 

18 

26 

12 

6 

6      0 

23 

0 

1           0 

36 

18 

12 

20 

6 

6 

45 
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0 

18 

39 

12 

12 

54 

6 

18 
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12 

9          0 

58 

18 
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11 

18 

6 
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24 

0 

6 

19 

ir 

0 

12 

37 

6 

12 
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6 

18 

56 

12 

18 

o7 

12 

10        0 
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IS 

6 

31 

25 

0 
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46 

18 

12 

47 

6 

6 

54 
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18 
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12 

12 
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6 

11        0 

17 

18 
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6 

31 

26 
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20 
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18 
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12 
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6 
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0 

6           0 

44 

18 

12 

13 
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12 

4       9 

6 
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18 

18 

23 

12 

6 
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0 
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37 

IS 

12 

51 

6 

6 

51      22 
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18 

2      0 

12,, 

•  A  method  of  determining  very  correctly  die  time  of  high  Water  has  been  just  published  by  General  Sir  Thomas  Brisbane,  in  the 
Edinburgh  Philosophical  Journal,  vol.  iv.  p.  54. 
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The  two  elements  to  be  used  with  this  table  for  de- 
termining the  time  of  higb  water  aic  the  moon's  age,  and 
the  lime  of  high  water  at  full  and  change,  at  the  place 
for  wliicli  tlie  calculation  is  made.  The  latter  is  an  ob- 
ject of  observation,  and  is  generally  inserted  in  elemen- 
tary works  on  navigation,  with  the  latitude  and  longitude 
of  places;  the  former  is  ascertained  with  the  utmost  ac- 
curacy by  a  method  wliich  \vc  have  explained  in  Asrno- 
NOMY.  In  the  present  case,  however,  very  great  accu- 
racy is  not  necessaiy,  it  being  quite  suflicient  for  the 
purpose  to  find  the  moon's  age  witiiin  a  few  hours  ol  the 
truth,  as  the  problem,  from  its  nature,  does  not  admit  of 
being  solved  with  perfect  precision,  on  account  of  the 
contingent  causes  by  which  the  tides  are  occasionally  re- 
tarded or  accelerated.  In  finding  the  moon's  age,  there- 
fore, we  shall  employ  only  one  argument,  the  sun's  ano- 
maly;  the  corresponding  e(iuation  to  be  applied  to  the 
time  of  the  mean  new  moon  in  March,  laid  down  in  Ta- 
ble I.  Astronomy,  being  generally  fitted  to  give  the  time 
of  new  moon,  within  a  lew  hours  of  what  would  be  ob- 
tained by  the  most  rigid  calculation. 

Prob.  I. — To  find  the  Time  of  Miu  Moon  nearly. 

When  the  new  moon  is  souglu  for  Maicli,  or  any  of 
ihe  following  montlis,  wiiie  out  from  Table  I.  Asruo- 
NOMY,  the  time  of  mean  new  moon  in  March  lor  the 
given  year,  and  also  the  sun's  mean  anomaly  in  the  right 
hand  column  of  the  table  ;  but  if  the  new  moon  is  re- 
quired for  January  or  February,  these  quantities  must  be 
taken  for  the  preceding  year.  Take  next  from  Table 
III.  as  many  mean  lunations  as,  with  the  time  of  new 
moon  for  Mirch,  may  be  equal  to  some  of  the  numbers, 
under  the  given  month  in  Table  IV.  and  add  the  corre- 
sponding anomaly  of  the  sun,  in  the  right  hand  column 
of  the  table,  to  his  anomaly  formerly  found.  The  num- 
ber on  the  left  hand  of  Table  IV.  corresponding  to  the 
sum  of  the  lunations  and  the  mean  new  moon  in  Maich, 
is  the  day  of  the  month,  and  must  be  placed  before  the 
hours,  minutes,  &c.  of  thiit  sum.  Add  to  or  subtract 
from  the  time  thus  found,  according  as  the  sign  is  -}-  or 
—  the  equation  in  Table  VII.  corresponding  to  the  sum 
of  the  two  anomalies,  rejecting  12  signs  if  the  sum  of 
the  anomalies  exceeds  that  number,  and  the  sum  or  dil- 
ference  will  be  the  time  of  new  moon  nearly. 

Example  I — Required  the  time  of  new  moon  for  Sep- 
tember 1821. 


Mean  new  moon  in  March,  1821, 
Seven  lunations  from  Tab.  III. 


Sun's  anomaly  in  Tab.  I. 
in  Tab.  HI. 


D.    h.    m. 

3  10  27 

206  17     8 


210     3 


8  s.  1^ 
6     23 

2     24     15 


li' 

44 


35 
46 


Sum,  rejecting  12  signs. 
Opposite  to  210,  in  Table  IV.  is  26  days. 

Hence  approximated  time  of  new  moon  is  Sept.  26  3 
Equation  to  23.  24°  15' in  Table  VII.  .  .  —  3 
Time  of  new  moon  nearly,  .  •         25  23  49 

Example  II. — Required  the  time  of  new  moon  in  Ja- 
nuary, 1821. 

Mean  new  moon  in  March  1820, 
10  mean  lunations,  Tab.  III. 

Corresponding  sun's  anomaly 


Sum,  rejecting  12s. 


D. 

h. 

ni. 

14 

1 

39 

295 

7 

20 

309 

8 

59 

8s. 

12° 

15 

9 

21 

3 

D.  b.  m. 
Hence  the  approximate  time  of  new  moon  is  January,  3  8  59 
Equation  for  6s.  3°  18',  Table  VII.  .  -f    0  13 

Time  of  new  moon  in  Jan.  nearly,  .  .  3     9  12 

Hence  the  time  is  18  m.  past  3  o'clock  P.  M.  of  January  6. 

These  calculations,  though  of  an  approximated  nature, 
being  adapted  to  the  meridian  of  Greenwicli,  if  the  place 
for  wliich  the  calculation  is  made  be  under  a  difl'trent 
meritlian,  a  correction  must  be  made  for  the  dilTcrence 
of  longitude,  in  all  cases  where  that  diU'ercnce  would  ma- 
terially affect  the  result.  If  the  longitude  be  east  from 
Greenwich,  the  calculated  time  of  new  moon  must  be 
increased  an  hour  for  every  15°  of  dill'crence  of  longi- 
tude, but  diminished  in  the  same  proportion,  if  the  longi- 
tude be  of  an  opposite  denomination. 

Example. — What  is  the  time  of  new  monn  in  Octo- 
ber, 1830,  at  Bridgeton,  Barbadoes,  in  Long.  59°  41'  W 

Mean  new  moon,  March,  1830,  .         23  20  40 

Six  mean  lunations,  Table  III.  .      206  17    8 


Corresponding  suo's  anomaly, 


230  13  48 
8s.  21°"T9' 
6     23    44 


Sum,  rejecting  l2s.  .  3     15      3 

Opposite  to  230,  in  the  left  hand  column  of  Table  IV.  is  16 

D.    h.    m. 
Hence  the  approximate  time  of  new  moon 

at  Greenwich  is,  Oct.  .  .         16  13  48 

Equation  from  Tab.  VH.   for  39.  13°  3',     —     3  41 
Time  of  new  moon  at  Greenwich  nearly,  16  10     7 

Diff.  of  long,  in  time  for  given  place,      4  59  W. 

Time  of  new  moon  at  Bridgeton,  16     5     a 

Hence  the  time  is  8  m.  past  5  o'clock  P.  M.  of  Oct.  16. 

Prob.  II. —  To  find  the  moon's  age,  for  the  noon  of  a 
given  day,  at  a  given  filace. 

Find,  by  the  last  problem,  the  time  of  the  preceding 
change,  and  then  subtract  the  days,  hours.  Sec.  corre- 
sponding to  it,  from  the  given  day  of  the  month,  reck- 
oned forward  from  the  time  of  new  moon. 

Example  I. — What  is  the  moon's  age  at  Port  Royal, 

Jamaica,  for  the  noon  of  May  25,  1840  ? 

D.  h.  m. 

Mean  new  Moon,  March,  1840,                    3  2  58 

Two  mean  lunations,  Table  HI.                 59  1  28 


Corresponding  sun's  anomaly. 


62  4  26 
8s.  1°  16' 
1     28     13 


9     29     29 
The  number  opposite  to  62,  on  the  left  hand  column  of  Table 

rv.isi. 

D.     h.    ID. 

Hence  the  approximate  time  at  Greenwich  is.  May   1  4  26 

Equation  for  9s.  29°  29'  in  Table  VII.             .  +  3  16 

Time  of  new  moon  in  Mav,  at  Greenwich          .  1  7  42 

Ditr.  of  long,  in  time  for  76°  45'           .             .  0  5     7  W. 

Time  of  new  moon  at  Port  Royal  in  May          .  1  2  35 

Given  day,         .....  25  0     0 

Moon's  age  at  Port  Royal,  noon  of  May  25, 1840,  23  21  25 

Required  the  moon's  age  for  the  noon  of  February  IB, 
1837,  at  Batavia,  in  Long.  106°  52'  E. 

D.     b.    m. 

17     3     0 

324  20    4 


Mean  new  moon,  March,  1836, 
11  mean  lunations,  Tab.  III. 


Corresponding  sun's  anomaly 


341  23     4 

8s.    15°  6' 

10     20  10 


18 


Opposite  to  309,  in  the  left  hand  column  of  Table  IV.  is  ; 


Sum,  rejecting  12s.         .  .         •  7       5    16 

Opposite  to  341,  on  the  left  hand  column  of  Table  IV.  is  4. 
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D.    h.    m. 


xf.     ii.     ni. 

Hence  the  approximate  time  at  Greenwich  is,  Feb.   4  23    4 


+    2  14 


5 
0 

1  18 
7    r  E 

5 
18 

8  25 
(J     0 

12 

15  35 

Equation  for  7s.  5=  16'  in  Tab.  VII. 
Time  of  mean  new  moon  at  Greenwich, 
Diff.  of  long,  in  time  for  106°  52' 
Time  of  new  moon  at  Port  Royal, 
Given  day,  ..... 

Moon's  age  at  Batavia,  noon  of  Feb.  18,  1837, 


Prob.  III. —  To  find  the  time  of  High  Water  on  a  given 
day,  at  a  place  -where  the  time  of  High  Water  at  full  and 
change  is  known. 

Find,  by  the  last  problem,  the  moon's  age  on  the  given 
day,  at  the  proposed  place.  Take  the  corresponding  cor- 
rection from  the  table,  and  add  it  to  the  time  of  high  wa- 
ter at  full  and  change ;  tlie  sum  will  be  the  time  of  high 
water  on  the  given  day.  If  the  sum  exceeds  12A  hours, 
subtract  the  allowance  for  a  tide,  according  to  the  moon's 
age,  found  in  the  above  table  ;  and  if  it  exceeds  25  hours, 
subtract  the  corresponding  allowance  for  two  tides. 

Examples. 

Required  the  time  of  high  water  at  Botany  Bay,  in 
Long.  151"  23'  E.  on  the  21st  September,  1825;  the 
time  of  high  water  at  full  and  change  being  8  h.  Om.  ? 

The  moon's  age  at  Botany  Bay,  noon,  Sept.  21,  1825, 
is  by  the  last  problem,  8  d.  13  h.  55  m. 

Corresponding  correction  for  8d.  13h.  55m.  in  table,  p. 

192,  .....  .        6li-  26in- 

Time  of  high  water  at  full  and  change,  .80 


Allowance  for  preceding  tide. 
Time  of  high  water. 


14    26 

12    35 

2    51 


Hence  the  time  of  high  water  at  Botany  Bay,  on  the 
21st  September,  is  51  m.  past  2  o'clock  P.M. 

Required  the  time  of  high  water  at  Belfast,  July  10, 
1848. 

The  moon's  age  for  the  given  day  at  Belfast  is,  by 
Prob.  II.  9  d.   1  h.  8  m. 

Correction  for  9d.  Ih.  8m.  by  the  table  in  page  192,  is      7^  2™- 
High  water  at  full  and  change,  .  .       10      0 

~17      2 
Allowance  for  preceding  tide  .  .  .        12    39 

Time  of  high  water  ....  4    23 

Hence  the  time  of  high  water  is  23  m.  past  4  P.M. 

Prob.  IV. —  Given  the  whole  extent  of  the  flowing  s  at 
a  particular  place,  to  find  the  height  above  low  water  at  a 
given  time  of  the  tide. 

Muldply  the  whole  extent  of  the  flowings  for  high 
water,  by  the  square  .>f  the  natural  cosine  of  the  horary 
angle,  reckoned  from  the  time  of  hii^h  Water,  and  the 
product  will  he  the  height  of  the  tides  nearly.  The  ne- 
cessary culcuUtioiis  will  be  i^reatly  simplified  by  the  fo|. 
lowing  table,  in  which  the  flowings  are  computed  for  in- 
terv.ils  of  half  an  hour,  reckoned  tiom  ihv  time  of  high 
water.  The  hei.ghts  of  ihe  tides  an-  given  for  every  10 
feet,  but  the  hei>;his  lor  ilie  inter  ir  diaie  u  ,:!s  aie  easily 
obi  lined,  by  removing  the  decimal  point  one  place  to- 
Warcs  'he  left  hand. 
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Total 
flowing 

Time  from  high  water  in  hours  and  half  hours. 

above  the 

level  of 

i 

1 

IJ 

2 

2i 

3 

3A 

4 

ih 

5 

low  water. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feel. 

Feet.-  Feet. 

Feet.[  Feet. 

10 

9  8 

9.3 

8  5 

7.5 

6.1 

5.0 

3.7 

2.5 

.151   .07 

20 

19.7 

18.7 

171 

15.U 

12  6 

10.0 

7.4 

5.0 

.29     .13 

30 

29.5 

28.0 

25.6 

22  5 

i8.y 

15.0 

11.1 

7.5 

44 

.20 

40 

39.3 

37.3 

34.2 

30.0 

35.2 

20  0  14.8 

10.0 

58 

.27 

50 

49  2 

46.6 

42.7 

57.3 

314 

25.0  18.5 

12.5 

.7?^ 

..33 

60 

39.0 

56.0 

51.2 

45.0 

37.7 

30.0  22.3 

15.0 

.88 

40 

70 

68.8 

65.3,59.8 

52.5 

44.0 

35.0  26.0 

17.5 

1.02 

.47 

80 

78.6 

74.6  ,68.3 

60.0 

50.3 

40.0  29.7 

20.0 

1.17 

.,54 

90 

88.5  ]84.0  |76.9 

67.5 

56.6 

45.0  .53.4 

22.5 

1.31 

.60 

Examples.  At  a  place  where  the  tide  rises  on  a  par- 
ticular day  48  feet  above  the  level  of  low  water,  what 
is  the  height  of  the  tide  an  hour  and  a  half  before  high 
water. 

Feet. 

34.2 

6.8 

41.0 

What  is  the  height  of  the  tide  2  hours  after  high  wa- 
ter, at  a  place  where  the  tide  flows  on  a  particular  day 
25  feet? 


Opposite  40  feet,  and  under  1^  hours,  stands 
Proportional  part  for  8  feet 
Height  of  the  tide 


Opposite  20  feet,  and  under  2  hours,  stands 
Prop,  part  for  5  feet 


Feet. 
15 


.75 


Ft.  In. 

18.75=18.9 


Height  of  the  tide 

The  depth  of  water  laid  down  on  sea  charts  having  a 
reference  to  low  water,  this  problem  will  often  be  of 
great  use  for  determining  the  state  of  the  tide  at  a  place, 
where  the  extent  of  the  flowings,  and  the  lime  of  high 
water  are  known.  It  appears  by  the  table,  that  the  dif- 
ference between  the  height  of  the  tide  at  high  water,  and 
an  hour  before  or  after  that  event,  is  very  inconsiderable, 
— a  circumstance  which  fortunately  renders  it  less  neces- 
sary to  calculate  the  lime  of  high  water  with  a  \cry  scru- 
pulous exactness, 

CHAP.  VI. 

Of  the  great  Currents  in  the  Ocean. 

A  knowledge  of  the  horizontal  motion  of  the  waters 
of  the  ocean,  denominated  currents,  is  scarcely  less  im- 
portant to  the  navigator  than  that  of  the  diuinal  alterna- 
tions of  depth  to  which  they  are  lianle  by  the  flux  and  re- 
flux of  the  tides.  In  some  respects,  intonnaliuii  with 
regard  to  the  former  is  even  more  essential  to  his  s;ifety 
than  a  knowledge  of  the  latter;  an  acquainiance  witn  the 
state  of  the  tides  hcini;  only  useful  in  sailing  alon.^  a  coast, 
or  entering  a  harbour,  whereas  a  knouledjfe  ol  the  set- 
ting antl  drift  of  currents  is  necessary  fur  the  tiailv  de- 
termii.aiion  of  a  ship's  place,  from  the  beginning  to  the 
end  of  her  voyage. 

The  currents  of  the  ocean,  though  exceedingly  <liver- 
sified  both  in  velocity  and  direciion.  ap|)ear  to  lesult  from 
the  operation  of  two  great  causes,  the  rotation  ol  the  earth 
on  its  axis,  and  the  inequalit)  of  temperature.  To  mese 
may  be  added  the  attractive  influence  of  the  sun  and  moon, 
which,  by  continually  dislurbiiis  iIh  equiiibiium  of  the 
waiers  of  the  ocean,  gives  rise  daily  to  1  ijreat  lariiiv  of 
partial  currents,  which  can  only  be  thoroughly  explaiticd 
T  t 
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l)y  an  attentive  examination  of  the  local  circumstances 
by  which  they  are  moclificti. 

By  the  daily  rotation  of  the  carlh  on  its  axis,  the  equa- 
torial parts  of  the  globe  are  carried  from  west  to  east  at 
the  rate  of  upwards  of  a  thousand  miles  per  hour.  The 
•waters  of  the  ocean  arc  not  allowed  to  partake  ot  the 
•whole  of  this  velocity,  on  account  of  their  mobility,  and 
the  attraction  of  the  two  great  luminaries,  which  ioces- 
santly  acting  on  their  panicles,  prevents  them  from  ac- 
quiring that  stable  condition  of  revolution,  which  they 
must  otherwise  have  ultimately  attained.  Hence  the  so- 
lid parts  of  the  globe  being  carried  faster  to  tlie  eastward 
than  the  waters  of  the  ocean,  the  latter  appear  to  have  a 
motion  in  a  contrary  direction;  and  by  this  is  produced 
that  great  cquatori  d  current  from  east  to  west,  which  is 
known  to  prevail  in  the  tropical  regions. 

The  other  cause,  the  inequality  of  temperature,  gives 
rise  to  a  current  from  the  poles  towards  the  equatorial 
parts,  Ihougli  its  effects  are  neither  so  unequivocal,  nor 
so  extensively  developed.  The  superior  temperature  of 
the  atmosphere  within  the  tropical  zone,  causes  a  much 
greater  quantity  of  water  to  be  evaporated  from  the  sur- 
face of  the  ocean  in  that  quarter  than  is  subsequently  re- 
stored by  the  rains,  and  the  discharge  of  rivers.  By  the 
atmospherical  currents,  which  we  shall  afterwards  consi- 
der, the  water  thus  evaporated  is  incessantly  transported 
towards  both  poles.  During  its  progress,  however,  in 
these  opposite  directions,  it  is  gradually  exposed  to  a 
temperature  more  and  more  reduced,  by  which  it  is 
slowly  converted  to  the  state  of  water;  and,  descending 
in  the  form  of  rain,  supplies  the  various  zones  at  a  dis- 
tance from  the  equator,  with  a  greater  quantity  of  mois- 
ture than  they  lose  by  evaporation.  By  this  means  the 
polar  and  temperate  zones  being  furnished  with  a  larger 
supply  of  water  than  is  consistent  with  that  form  which 
the  earth  should  possess,  by  the  joint  action  of  gravity 
and  the  centrifugal  force  of  revolution,  a  current  of  the 
superfluous  water  must  take  place  from  the  poles  to  the 
equator.  This  current,  from  the  small  quantity  of  wa- 
ter by  which  it  is  determined,  is  not  very  perceptible  in 
the  open  ocean,  but  its  actual  existence  is  demonstrated 
by  the  floating  masses  of  ice  which  are  annually  trans- 
ported from  each  of  the  frigid  zones  towards  the  tropical 
regions. 

The  great  equatorial  current  which  we  have  already 
alluiled  to,  has  even  been  ascribed  entirely  to  the  same 
cause.  The  waters  flowing  from  the  colder  zones,  to 
supply  the  quantity  carried  off  by  evaporation  within  the 
tropics,  coming  from  regions  where  they  were  endowed 
Avith  a  smaller  velocity  of  rotation,  cannot,  it  must  be 
admitted,  suddenly  ac()uire  the  same  velocity  as  the  more 
solid  parts  of  the  globe  at  the  equator;  and  hence,  like 
the  great  aerial  fluid  by  %vhich  it  is  surrounded,  they 
must  appear  to  have  a  slow  motion  from  east  to  west. 
That  the  equatorial  current  is  partly  owing  to  this,  is 
very  probable  ;  but  it  seems  too  much  to  ascribe  it  en- 
tirely to  a  cause  so  apparently  inadequate. 

In  endeavouring  to  trace  the  directions  of  the  subor- 
dinate currtius,  produced  by  the  equatorial  and  polar 
streams,  we  sluiU  begin  at  the  western  coast  of  Ameri- 
ca, both  because  the  outline  which  it  forms  is  the  lar- 
gest in  one  direction,  which  marks  the  boundary  of  land 
and  water  on  the  surface  of  the  globe,  and  because,  be- 
ing nearly  at  right  angles  to  the  principal  current,  it 
seems,  on  that  account,  a  better  line  of  reference  than 
any  other.     The  Pacific  Ocean,  extending  with  little  in- 


terruption to  ilie  westward  of  this  line,  the  equatorial 
current  fiom  east  to  west  appears  to  prevail  almost  uni- 
versally over  this  vast  expanse  of  water.  Having  reach- 
ed, in  its  motion  round  the  globe,  the  eastern  coasts  of 
Asia  and  New  Holland,  its  direction  is  considerably 
modified  by  the  various  obstacles  which  suddenly  op- 
pose its  progress  to  the  Indian  Ocean.  One  portion 
of  the  water  forcing  its  way  round  the  southern  point 
of  New  Holland,  occasions  the  strong  currents  which 
have  bcKti  experienced  by  navigators  in  the  straits  be- 
tween that  island  and  Van  Diemcn's  Land  ;  while  ano- 
ther portion  of  it,  escaping  thiough  the  various  winding 
channels,  formed  by  the  clustered  islands  situate  between 
the  nortliern  extremity  of  New  Holland  and  the  coasts 
of  Asia,  produces  a  great  variety  of  subordinate  cur- 
rents, whose  directions  are  affected  by  local  circumstan- 
ces, a  particular  detail  of  which  it  is  unnecessary  to  en- 
ter upon.  After  entering  the  Indian  Oct;an,  the  equa- 
torial current,  influenced  probably  by  the  polar  current 
from  the  south,  takes  a  north-westerly  course,  and  pro- 
ceeds towards  ilie  Gulf  of  Bengal.  Having  doubled 
Cape  Comorin,  it  advances  to  the  coasts  ol  Africa,  and 
sweeping  along  the  shores  of  that  continent  with  aug- 
mented velocity,  it  again  joins  the  general  current  in  the 
Southern  Atlantic,  and  resumes  its  westerly  course.  , 

In  the  Atlantic  Ocean,  the  efTecls  of  the  equatorial 
current  are  distinctly  recognised  between  the  tropics  : 
and  within  that  range  prevail,  with  very  little  exception, 
from  the  western  coast  of  Afiica  to  the  eastern  shores 
of  America.  On  reaching  the  coast  of  Brazil,  it  di- 
verges at  Cape  St.  Augustine  into  two  streams,  one  of 
which,  proceeding  in  a  south-west  direction,  runs  paral- 
lel to  the  coast  till  it  falls  into  the  Pacific  beyond  C^ape 
Horn;  the  other,  following  a  north-westerly  course,  en- 
ters the  Caribbean  Sea,  and  afterwards  penetrates  into 
the  Gulf  of  Mexico,  between  Yucatan  and  the  island  of 
Cuba.  The  former  of  these  branches  being  resisted  by 
the  polar  current  from  the  south,  occasions  several  op- 
posite currents  between  Sandwich  Land  and  the  island  of 
Terra  del  Fuego. 

The  other  branch,  which  enters  the  Gulf  of  Mexico, 
conspires  with  the  large  rivers  that  pour  themselves  in- 
to it,  to  raise  the  waters  of  the  ocean  considerably  above 
their  natural  level  along  the  shores  which  oppose  their 
progress  lo  the  westward,  in  consequence  of  which  they 
are  forced  to  escape,  with  increased  velocity,  betweer* 
Florida  and  Cuba.  This  powerful  current,  so  well  known 
to  seamen  under  the  name  of  the  Gulf  Stream,  is  alter- 
wards  compelled  to  flow  towards  the  north-east,  by  the 
direction  of  the  Ainericar>  coast.  In  its  progress  to  a 
colder  climate,  it  is  distinguished  from  the  waters  of  the 
Northern  Atlantic,  by  its  superior  temperature,  and 
beautiful  blue  colour.  Its  influence  is  even  felt  as  far 
to  the  northward  as  Newfoundland,  where  it  produces, 
by  the  copious  exhalations  from  its  suiface,  the  dense 
fogs  which  generally  hang  over  the  surface  of  that  inhos- 
pitable island.  After  reaching  Newfoundland,  however, 
it  becomes  more  exposed  to  the  effects  of  the  polar  cur- 
rent from  the  north,  by  which  its  direction  is  determined 
more  and  more  towards  the  east,  and,  aided  by  the  west- 
erly winds  which  prevail  in  thai  latitude,  it  shoots  across 
the  Atlantic  to  the  coasts  of  Norway  and  the  British 
isles.  Here  it  is  constrained,  by  the  superior  influence 
of  the  polar  current,  to  assume  a  direction  more  south- 
erly, and,  after  advancing  along  the  western  shores  of 
Europe  and  Africa,  to  join  the  great  equatorial  stream, 
probably  a  little  beyond  the  Cape  Verd  Islands. 
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Contiguous  currents,  flowing  in  opposite  directions  at 
the  surface,  are  far  from  being  of  rare  occurrence.  Thus 
in  the  Caltegate,  it  is  well  known  that  one  current  enters 
the  Baltic  along  the  coasts  of  Jutland,  while  another 
glides  out  of  it  by  the  opposite  shores  of  Sweden.  In 
like  manner,  a  current  seems  to  proceed  along  the  east- 
ern coast  of  Britain  towards  the  south,  while  another, 
flowing  in  an  opposite  direction,  advances  along  the 
coast  of  Holland.  The  existence  of  opposite  currents 
at  different  depths,  though  less  frequent,  is  established 
by  observation.  Even  in  some  parts  of  the  Caribbean 
Sea,  where  the  equatorial  current  is  strongly  felt,  it  is 
affirmed  a  boat  may  be  retained  in  a  fixed  position,  by 
suspending  from  it  a  heavy  body,  at  a  depth  sufficient  to 
place  it  beyond  the  influence  of  the  superficial  stream. 
The  stability  of  the  boat,  in  such  circumstances,  must 
be  ascribed  to  the  operation  of  a  contrary  current  below, 
which  tends  to  carry  the  immersed  body  in  an  opposite 
direction  to  that  in  which  the  boat  would  be  carried  by 
the  sole  action  of  the  stream  at  the  surface.  The  eddies, 
formed  by  ledges  of  rocks,  running  transversely  to  the 
direction  of  the  stream,  aflbid  a  sufficient  explanation  of 
the  cause  of  these  opposite  currents  at  different  depths. 

The  usual  method  of  determininji;  the  setting  and 
drift  of  a  current,  is,  on  account  of  what  has  just  been 
stated,  liable  to  much  uncertainty.  A  boat  being  com- 
monly employed  for  the  purpose,  is  rowed,  during  a 
calm,  to  a  small  distance  from  the  slaip,  wliere  she  is 
brought  up,  by  sinking  with  a  sufficient  length  of  line 
some  heavy  object,  as  a  pot,  to  a  depth  where  it  is  sup- 
posed to  be  beyond  the  influence  of  superficial  currents. 
The  log  being  then  hove,  the  number  of  knots  run  out 
in  half  a  minute  gives  the  drift,  while  the  bearing  of  the 
log  itself  determines  the  setting  of  the  current. 

In  estimating  the  direction  and  velocity  of  currents, 
on  the  large  scale,  the  practice  among  seamen  is,  to  lay 
down  the  position  of  the  ship,  as  inferred  from  dead 
reckoning,  and  to  compare  it  on  the  chart  with  her  place 
as  deduced  by  celestial  observation  ;  but  in  following  out 
this  method  during  a  long  voyage,  the  ship's  tract,  in 
each  of  these  cases,  soon  assumes  a  very  different  ap- 
pearance, so  that  the  influence  of  a  current  which  may 
have  affected  the  ship's  course,  made  good  at  any  parti- 
cular time,  cannot  be  detected  without  a  good  deal  of 
trouble.  To  obviate  this  inconvenience,  it  has  been  pro- 
posed by  Captain  Basil  Hall,  to  take  on  all  occasions 
when  the  ship's  place  has  been  determined  accurately  by 
celestial  observation,  a  fresh  departure,  and  to  draw  from 
the  point  on  the  chart,  marking  the  ship's  position,  two 
lines,  one  to  the  next  true  place,  and  the  other  to  the 
•  place  by  dead  reckoning,  at  the  same  time.  By  adopt- 
ing this  plan,  the  true  tract  of  the  ship,  as  indicated  by 
the  course  and  distance  made  good  between  the  celes- 
tial observations,  would  form  a  series  of  continuous  lines  ; 
whereas  the  several  distances  made  good  by  dead  reck- 
oning would  be  a  number  of  detached  lines,  each  run- 
ning off  from  the  respective  true  place  of  the  ship  to 
which  it  had  a  more  immediate  reference.  The  princi- 
pal advantage  derived  from  this  mode  of  procedure  is, 
that  the  line  joining  the  ship's  place  by  celestial  obser- 
♦alion,  and  her  place  by  dead  reckoning,  will  always  in- 
dicate both  the  setting  and  drift  of  the  current,  for  the 
interval  of  time  between  consecutive  observations.  See 
£clin.  Fhil.  Journal,  vol.  ii.  p.  277. 

The  only  objection  of  any  weight  that  may  be  urged 
against  this  method  of  finding  the  direction  and  velocity 
of  currents  is,   that  it  proceeds  on    two  suppositions, 


neither  of  which  is  strictly  true  :  namely,  that  the  data 
from  which  the  ship's  place  is  determined,  whether  by 
observation  or  dead  reckoning,  are  in  both  cases  per- 
fectly correct.  It  is  scarcely  necessary  to  observe,  that 
the  course  given  by  the  compass,  after  every  allowance 
has  been  made  upon  it  for  variation,  leeway,  and  local 
attraction,  must,  from  the  imperfect  nature  of  the  instru- 
ment, be  often  wide  of  the  truth  ;  while  the  ship's  run, 
on  account  of  the  errors  to  which  it  is  liable  from  the 
mode  of  estimating  it  by  the  log,  must  be  considered  at 
best  as  only  an  approximation  to  the  actual  distance.  On 
the  other  hand,  the  errors  inseparable  from  celestial  ob- 
servations for  finding  the  idngitude,  even  when  they  are 
made  by  the  most  experienced  practitioners,  are  certain- 
ly beyond  the  limits  of  that  degree  of  precision  that 
would  seem  to  be  required,  for  determini:ig  a  ship's  true 
place  with  sufficient  accuracy  to  ascertain  the  drift  of  a 
current,  for  so  short  an  interval  of  time  as  that  in  which 
nautical  observations  are  usually  made.  These  objec- 
tions, indeed,  so  far  as  the  ship's  place  by  celestial  ob- 
servations is  concerned,  may  be  got  over  by  the  use  of  a 
chronometer,  which,  if  it  goes  with  tolerable  accuracy, 
cannot  deviate  far  fr-oin  true  time,  in  the  course  of  twen- 
ty-four hours;  but  they  apply  with  equal  force  to  the 
place  assigned  by  dead  reckoning;  and,  in  the  present 
case,  an  error  in  the  one  is  no  less  liable  to  mislead  than 
in  the  other.  On  the  whole,  however,  the  above  method 
of  ascertaining  the  setting  and  drift  of  currents,  when 
every  precaution  is  used  to  guard  against  the  sources  of 
error  we  have  noticed,  is  perhaps  the  only  one  that  can 
be  employed,  with  success,  for  finding  the  direction  and 
velocity  of  the  more  extensive  currents  which  prevail  in 
different  places  of  the  ocean. 

CHAP.  VII. 

Of  Winds. 

Winds  being  the  grand  agents  by  which  a  ship  is  im- 
pelled acr-oss  the  ocean,  as  well  as  seas  of  more  limited 
extent,  some  knowledge  of  their  general  characters  can- 
not fail  to  be  highly  useful  to  the  seaman.  As  they  are 
aerial  currents,  set  in  motion  by  the  same  causes  which 
give  rise  to  currents  in  the  ocean,  they  will  be  found 
to  possess,  in  many  respects,  a  considerable  resemblance 
to  the  latter.  In  designating  their  direction,  however,  a 
method  is  adopted  the  very  reverse  of  that  which  is  ap- 
plied to  the  currents  of  the  ocean  ;  as  they  are  describ- 
ed, not  by  their  setting,  but  by  the  name  of  the  quarter 
of  the  horizon  from  which  they  proceed. 

Winds  are  naturally  distinguished  into  constant  and 
variable.  The  former,  which  are  better  known  by  the 
name  of  trade  ivinds,  prevail,  with  little  exception,  be- 
tween the  tropics,  and,  like  the  great  equatorial  current 
of  the  ocean,  circulate  r-ound  the  globe  from  east  to  west ; 
the  latter  are  to  be  found  on  the  north  of  the  tropic  of 
Cancel-,  and  the  south  of  the  tropic  of  Capricorn,  though 
their  limits  with  respect  to  these  circles  are  not  always 
the  same  in  either  hemisphere. 

The  trade  winds  extend  to  about  30°  on  each  side  of 
the  equator,  and  blow  with  a  steady  breeze  almost  the 
whole  year  from  east  to  west.  Their  direction,  how- 
ever, declines  a  little  from  due  east,  toward  the  parallel 
to  which  the  sun  is  vertical  at  different  seasons  of  the 
year,  being  a  little  northerly  when  the  sun's  declination 
is  north,  and  a  little  southerly  when  it  is  of  an  opposite 
denomination.  The  cause  of  this  wind,  so  remarkable 
on  account  of  its  uniformity,  is  principally  owing  to  the 
T  t  2 
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joint  influence  of  the  superior  temperature  of  the  toriid 
zone,  and  the  rotation  of  the  earUi  on  its  axis.  By  the 
former  condition,  the  air  at  the  surface  of  the  earth  with- 
in tlic  tropics  being  greatly  rarified,  ascends  by  its  ac- 
quired levity  into  tlie  higher  regions  of  the  atmosphere. 
Its  place  is  supplied  by  the  colder  air  rusliing  from  the 
poles  towaids  the  equator,  which,  being  also  rarefied, 
ascends  in  its  turn,  and  is  ultimately  carried  towards  the 
two  poles  to  supply  the  stream  from  these  points.  An 
aerial  current  is  thus  established,  proceeding  from  the 
poles  towards  the  equator  in  the  lower  regions.  Each 
of  these  polar  currents  moving  in  its  progress  towards 
the  equator,  from  zones  where  the  earth's  motion  on  its 
axis  is  slower,  to  others  where  it  is  more  rapid,  cannot 
liavc  the  same  velocity  eastward  as  the  solid  parts  of 
the  globe  ;  and  therefore  the  aerial  particles  of  which  it 
is  composed  gradually  acquire  a  relative  motion  in  an 
opposite  direction.  'J"he  currents  from  the  two  hemis- 
pheres meeting  near  the  equator,  and  verging  each  of 
them  towards  the  west,  their  meridional  motions  are  de- 
stroyed by  being  in  opposite  directions,  and  they  there- 
fore advance  together  with  the  remaining  motion  from 
the  eastward  all  round  the  globe. 

The  regularity  of  the  trade  wind  is,  in  some  places, 
disturbed  by  the  operations  of  certain  causes  of  a  local 
description,  which  it  is  not  easy  to  explain.  As  the  sun 
advances  towards  the  tropic  of  Cancer,  the  trade  wind 
becomes  less  steady  over  the  whole  of  the  Indian  Ocean, 
and  in  certain  situations  is  succeeded  by  a  wind  blowing 
in  an  opposite  direction,  which  continues  with  great  re- 
gularity for  several  months.  These  periodical  winds, 
which  have  received  the  appellation  of  Monsoons,  have 
been  ascribed  to  the  superior  temperature  acquired  by 
the  southern  pait  of  the  African  and  Asiatic  continent 
during  the  time  the  sun  is  vertical  to  it,  in  consequence 
of  which  an  aerial  current  takes  place  from  the  sea  to- 
wards the  land.  The  following  facts,  for  which  we  are 
chiefly  indebted  to  the  celebrated  Dr.  Halley,  comprise 
almost  all  that  is  known  respecting  these  winds. 

In  that  portion  of  the  Indian  Ocean  lying  between 
Sumatra  and  the  African  coast,  and  from  3°  of  south 
latitude  to  the  Asiatic  coast,  including  the  Arabian  Sea 
and  the  Gulf  of  Bengal,  the  monsoons  blow  from  Sep- 
tember to  April  north-east,  or  nearly  in  the  general  di- 
rection of  the  trade  wind  ;  bvit  from  April  to  September 
they  change  to  the  south-west,  and  more  in  with  the  land 
to  the  west  south-west.  During  the  former  period  it  is 
remarked  that  the  wind  is  more  steady,  and  the  weather 
less  liable  to  sudden  changes. 

Another  of  these  monsoons  is  observed  to  take  place 
between  the  island  of  Madagascar  and  the  coast  of  Ajan, 
north  of  the  equator.  In  that  tract  of  sea,  from  April 
to  October,  the  wind  blows  with  a  steady  breeze  about 
S.S.W.  but  from  October  to  April  it  resumes  the  gene- 
ral direction  of  the  trade  wind,  and  varies  from  N.  E. 
to  E.  N.  E. 

A  monsoon  of  a  less  determined  character  occurs  in 
the  Chinese  seas,  extending  from  Sumatra  to  Japan. 
The  periodical  winds  in  this  tract  seem  to  be  greatly 
influenced  by  the  large  islands  which  bound  it  on  the 
south,  particularly  Java,  Borneo,  and  perhaps  we  may 
add.  New  Holland.  Their  prevailing  directions  from 
October  to  May  is  from  north  to  south,  inclining  a  little 
vvestward. 

When  a  change  is  about  to  take  place  in  the  direction 
of  the  monsoons,  it  is  usually  i)rccedcd  by  calms  and 
variable  winds.    In  some  cases,  particularly  along  the 


Coromandel  coast,  and  the  shores  of  China,  the  transi- 
tion is  accompanied  with  violent  gales,  resembling  the 
hurricanes  in  the  West  Indies,  and  which  are  no  less 
fatal  to  vessels,  unfoiiunately  exposed  at  that  time  to 
their  destructive  effects. 

Having  'bus  taken  a  general  view  of  the  modifications 
produced  un  the  trade  wind  in  the  Indian  seas,  by  cir- 
cumstances of  a  local  description,  we  shall  briefly  con- 
sider the  efTects  of  similar  causes  on  this  great  aerial 
current,  in  its  passage  across  the  Atlantic  Ocean.  Wa 
have  already  stated,  that  the  general  direction  of  the 
trade  wind  is  from  east  to  west.  This  is  loinid  to  hold 
true  within  the  tropics  in  the  Atlantic  Ocean,  at  the  dis- 
tance of  about  300  miles  from  the  African  coast ;  but 
from  Sierra  Leone  to  the  inland  of  St.  Thomas,  the  trade 
wind  yields  to  southerly  and  south-westerly  breezes 
which  prevail  there  the  whole  year  with  little  interrup- 
tion. A  little  more  to  the  nortliward,  from  the  latitude 
of  4°  to  tO°  north,  in  conse(|ueiice  of  the  general  trade 
wind  in  that  quarter  l)eing  counteracted  by  the  breezes 
towards  the  African  shores,  there  is  a  pretty  extensive 
tract  of  the  ocean  which  is  subject  to  perpetual  calms, 
attended  with  dreadful  thunder  storms,  and  almost  in- 
cessant  rains.  The  portion  of  the  Atlantic  which  is 
known  by  the  name  of  the  Rains,  extend  in  breadth  from 
the  longitude  of  Cape  Verd  to  the  longitude  of  the  east- 
ermost  of  the  Cape  Verd  islands,  and  is  carefully  avoid- 
ed by  vessels  trading  to  the  coast  of  Guinea,  on  ac- 
count of  the  danger  and  delay  to  which  it  at  once  ex- 
poses them. 

On  the  American  coast  the  trade  wind  reigns  with 
scarcely  any  control.  Hence  its  influence  is  felt  in 
both  hemispheres  at  a  greater  distance  from  the  equa- 
tor on  the  western,  than  on  the  eastern  side  of  the  At- 
lantic ;  for  whereas  this  regular  wind  extends  on  the 
African  side  only  as  far  as  28°,  on  the  American  side 
it  is  experienced  as  high  as  the  latitude  of  32°. 

In  the  great  Pacific  Ocean  the  trade  wind  blows  with 
an  uniform  gentle  breeze  during  the  whole  year.  Span- 
ish vessels  trading  between  the  western  coast  of  South 
America  and  the  Manilla  islands,  are  said  to  traverse 
this  vast  ocean  in  ten  weeks  without  having  once  occa- 
sion to  alter  a  sail  ;  and  accordingly  it  is  supposed,  that 
ships  sailing  from  Europe  might  reach  the  Chinese  seas 
in  as  short  a  time  by  doubling  the  southern  promontory 
of  America,  as  by  proceeding  round  the  Cape  of  Good 
Hope. 

The  variable  winds  possess  no  character  in  common, 
except  that  of  irregularity.  They  commence  at  no  stat- 
ed periods,  and  blow  at  the  same  season  with  various 
degrees  of  intensity,  and  in  the  most  opposite  directions. 
At  the  same  time,  they  are  not  so  utterly  anomalous  as 
to  be  altogether  destitute  of  certain  distinguishing  pecu- 
liarities in  different  places.  Thus,  in  both  hemispheres, 
a  little  beyond  the  limits  of  the  trade  wind,  a  westerly 
wind  prevails  more  frequently  than  any  other;  and  hence 
ships  sailing  to  the  eastward  always  endeavour  to  reach 
the  parallel  of  34°  or  35°  before  they  attempt  to  alter 
their  longitude.  In  higher  latitudes  the  variable  winds 
become  more  and  more  irregular;  but  even  over  the 
whole  of  the  temperate  zones,  it  may  be  said  of  them 
that  they  blow  more  rarely  from  the  east  than  the  west 
side  of  the  meridian. 

From  the  general  facts  we  have  stated,  it  is  easy  to 
perceive  a  very  striking  analogy  between  the  prevailing 
currents  of  the  ocean  and  those  of  the  atrnospliere.  Both 
are  produced  by  the  operation  of  the  same  causes,  and 
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both  seem  to  be  modified  nearly  in  the  same  manner 
by  tlie  influence  of  local  ciiciinistances.  It  is  tven 
highly  prouable  that  they  have  a  mutual  inllueiice  on 
each  other,  though  it  would  be  advancing  too  niucii  to 
affirm,  that  the  great  equatorial  current  of  ti'e  ocean 
has  arisen  entirely  from  the  ceaseless  operation  of  the 
trade  wind. 

The  velocity  of  the  wind  varies,  in  every  possible  de- 
gree, from  the  gentle  motion  of  the  breeze  that  is  barely 
peiceptible,  to  the  overwnelmuig  blast  of  Uie  hurricane 
which  sweeps  every  thing  before  it.  According  to  the 
experiments  of  Mr.  Rouse,  published  by  Snieaton  in  the 
51st  volume  oi  the  Transactions  of  the  Royal  Society  of 
London.,  a  gentle  light  breeze  moving  witii  a  velocity  of 
about  five  miles  un  hour,  presses  on  a.  surtuce  of  a  square 
foot,  placed  ai  right  angles  to  its  diieciion,  with  a  force 
of  nearly  two  ounces  avoirdupois  ;  a  pleasant  brisk  gale, 
having  a  velocity  of  10  to  15  miles  an  hour,  with  a  force 
of  from  half  a  pound  to  ciouble  that  quantity  ;  a  high 
wind,  sweeping  with  a  velocity  of  50  mil  s  an  hour,  with 
a  force  of  upwards  ol  12  pounds;  and  a  hurricane  hav- 
ing the  enormous  velocity  of  lOu  miles  an  hour,  that 
tears  up  trees,  and  overturns  housts,  with  a  force  of 
about  49  pounds.  It  may  be  concluUv-d  from  these  facts, 
as  well  as  from  theory,  that  llie  force  ot  the  wind  must 
be  nearly  in  the  duplicate  ratio  of  its  velocity  ;  and  hence 
the  reason  why  a  gale,  when  it  reaches  a  certain  pitch 
of  intensity,  has  its  violence  greatly  augmented  by  a  com- 
paratively small  increase  of  its  velocity.  Thus  a  gale 
having  a  velocity  of  60  miles  an  hour,  would  press 
against  any  obstacle  opposed  to  it  with  more  than  double 
the  force  of  one  which  has  only  a  velocity  of  forty  miles 
an  hour. 

When  the  direction  of  the  wind  is  oblique  to  the  sur- 
face against  which  it  impinges,  the  force  with  which  it 
strikes  against  it  is  less  than  that  of  its  direct  impulse, 
in  the  proportion  of  the  square  of  the  radius  to  the 
square  of  the  natural  sine  of  the  angle  of  obliquity. 
Thus  the  natural  sine  of  30°  being  .5  when  the  radius 
is  unity,  a  sail  which  would  be  impressed  with  a  force  of 
one  pound  on  every  square  foot,  when  the  wind  struck 
it  at  right  angles,  would  only  be  exposed  to  a  pressure 
of  a  quarter  of  a  pound  on  every  square  foot,  when  brac- 
ed to  an  angle  ol  30°  to  the  direction  of  the  wind  ;  the 
square  of  .5  being  .25  or  equal  to  the  fraction  \. 

When  a  ship  sails  before  the  wind,  that  is,  with  the 
wind  right  a-stern,  the  effect  of  the  moving  fluid  is  pro- 
portional, not  to  its  velocity,  but  to  the  square  of  the 
difference  of  the  velocity  of  the  wind  and  that  of  the 
ship.  Thus  if  two  ships,  whose  rates  of  sailing  were, 
in  similar  circumstances,  as  3  to  4,  should  both  sail  be- 
fore the  wind,  the  one  moving  9  knots,  and  the  other 
12,  while  the  Absolute  velocity  of  the  wind  was  33  miles 
an  hour,  the  effect  of  the  wind  on  the  two  ships  would 
be  very  different;  for,  whereas  the  former  would  be 
impelled  with  a  force  proportional  to  the  square  of  the 
difl'erence  of  35  and  9  ;  that  is,  the  square  of  26  or  676, 
the  latter  would  be  impelled  only  with  a  force  propor- 
tional to  the  si|u.ire  of  the  difference  of  35  and  12,  that 
is,  the  square  of  23  or  529.  Hence  the  effect  of  the 
wind  on  the  two  ships  would  be  nearly  as  9  to  7,  so  that 
the  heavy  sailtr  might  nearly  keep  up  with  the  other, 
though  slie  would  soon  be  left  far  behind  if  she  sailed  with 
her  on  a  wind. 

Sudden  and  violent  gales  of  wind,  having  their  im- 
mediate cause  in  soi;u  lapid  diminution  of  the  pressure 
of  the  air  in  the  vicinity  of  the  quarter  where  they  take 


place,  are  invariably  accompanied  or  preceded  by  a 
sinking  of  the  mercury  in  the  barometer  ;  and  hence 
this  instrument  never  fails  to  indicate,  particularly  with- 
in the  tropical  regions,  the  approach  of  a  storm.  The 
best  form  of  the  instrument  for  marine  purposes,  is  that 
of  the  sympiesometer,  invented  by  Mr.  Adie,  the  great 
value  of  which,  it  may  be  hoped,  will  S"on  oiing  it  into 
general   use.     See    Bauometer,   Meteohologv,  and 

SyMPlESOMETER. 

CHAP.  VIII. 

Of  the  Methods  of  determining  geografihical  Positions  by 
means  of  physical  Relations. 

Though  we  have  allotted  an  entire  chapter  to  this 
branch  of  geographical  navigation,  it  is  rather  with  the 
view  of  exciting  attention  to  the  subject,  than  from  the 
hopes  of  being  able  to  communicate  much  useful  or 
satisfactory  information  respecting  it.  It  is  only  of  late, 
indeed,  that  what  may  be  called  the  physiology  of  the 
globe  has  been  studied  with  that  minuteness  of  obser- 
vation, and  at  the  same  time  comprehensiveness  of  in- 
quiry, which  are  necessary  to  establish  general  relations; 
and  though  many  important  facts  have  been  brought  to 
light  by  the  industry  of  intelligent  and  well-informed 
voyagers,  much  still  remains  to  be  done  before  we  can 
acquire  that  accurate  knowledge  of  the  physical  condi- 
tion of  the  various  zones,  which  is  necessary  to  mark 
with  precision  their  geographical  position. 

In  the  concise  view  which  we  mean  to  take  of  the 
subject,  we  shall  first  consider  the  methods  of  a  more 
general  application,  by  which  a  ship's  place  may  be  in- 
ferred from  the  temperature  of  the  ocean;  and  second- 
ly, the  indications  which,  in  certain  cases,  announce  the 
vicinity  of  land. 

The  determination  of  a  ship's  place  in  general,  by 
means  of  the  temperature  of  the  ocean,  admits  of  little 
precision,  and  is  only  to  be  resorted  to  when  every 
other  method  has  left  us  in  uncertainty.  The  therino- 
meter,  the  instrument  to  be  used  for  obtaining  the  ne- 
cessary data,  should  be  of  the  most  delicate  construc- 
tion ;  and  the  graduation  of  it  should  extend  at  least  to 
half  degrees.  The  water  whose  temperature  is  to  be 
examined,  for  the  purpose  of  finding  either  the  latitude 
or  the  longitude,  should  be  taken  from  a  depth  at  which 
it  may  be  supposed  to  possess  a  temperature  peculiar 
to  its  geographical  situation.  When  it  is  taken  too  near 
the  surface,  it  is  liable  to  be  affected  by  temporary 
changes  in  the  atmospheric  temperature  ;  and,  on  the 
other  hand,  when  it  is  brought  up  from  too  great  a 
depth,  it  may  have  been  beyond  the  influence  of  those 
superficial  communications  of  heat,  by  means  of  which 
the  temperature  of  each  zoni-  acquires  a  certain  condi- 
tion, which  has,  within  assignable  limits,  a  pretty  con- 
stant relation  to  the  latitude.  The  effects  of  winds  and 
currents  may  render  it  necessary  to  take  the  water  from 
various  depths,  in  different  situations;  but  in  general, 
it  may  be  recommended  to  bring  it  up  from  the  depth 
of  about  5  fathoms.  The  moment  the  water  is  got  on 
board,  it  should  be  ex;imined  by  plunging  the  thermo- 
meter into  it,  and  the  instrument,  after  being  gently 
moved  backwards  and  forwarda  tor  the  space  of  a  minute, 
should  be  observed,  without  removing  the  bulb  fiom 
the  water.  The  temperature  of  the  water  being  thus 
obtained,  it  remains  to  deduce  from  it  the  latitude,  and 
in   certain  cases  the  longitude.     Here,  however,  it   is 
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exceedingly  difficult  to  give  rules  of  general  application; 
for  though  the  ocean  is  by  no  means  liable  to  the  sudden 
changes  to  which  the  air,  by  its  more  perfect  mobility, 
is  exposed,  its  temperature  varies  in  each  latitude,  with 
the  sun's  declination,  and  observations  are  yet  wanting 
to  establish  the  limits  within  which  it  ranges,  as  well  as 
the  rate  of  its  periodical  increase  and  diminution.  In- 
stead, therefore,  of  attempting  to  give  a  general  rule  for 
deducing  the  latitude  from  the  temperature,  we  shall 
subjoin  a  table  of  the  temperature  of  a  considerable 
number  of  positions  in  each  hemisphere,  with  the  au- 
thorities on  which  they  re*'. 


Table  of  Temfierature   of  the 

Seas 

in  both  Hemispheres. 

Latitude. 

Longitude. 

Period  of  the 
obser\'ation. 

Temp, 
of  the 
ocean 
at  its 

Oceans. 

Names  of 

the 
obierver. 

surface. 

o'  53'N. 

90° 

26'  W. 

Feb. 

1803 

83''.6 

I  South  Sea. 

Humbt. 

3     16  S. 

S6 

23  VV. 

Jan. 

1803 

80.6 

Idem. 

4       8N. 

22 

54  W 

Oct. 

1788 

81.5 

i  Atlantic. 

Churruca 

3     44  S 

28 

10  AV 

Nov. 

1788 

80.6 

Idem. 

4     36  N. 

53 

50  E 

May 

180U 

81.7 

Ind.  Sea. 

Ferrins. 

4     44  S. 

24 

51   \V 

Apiil 

1800 

79.5 

Atlantic. 

Idem. 

11     12  N. 

37 

34  W- 

April 

18U0 

80.8 

Do. 

Quevedo 

11     32  S. 

29 

41  W- 

.March 

1803 

80.6 

Do. 

Idem. 

11     58  N 

25 

46  W- 

March 

1800 

73.8 

Do. 

Ferrins. 

12     30  S. 

27 

20  W 

April 

1800 

78.4 

Do. 

Idem. 

15     24  N, 

39 

44  AV- 

April 

1803 

74.8 

Do. 

Uuevedo 

15     50  S 

30 

34  W 

March 

1803 

79.9 

Do. 

Idem. 

23       ON 

26 

50  M-. 

March 

1800 

69.8 

Do. 

Ferrins. 

23     40  N. 

41 

6  W. 

April 

1803 

71.8 

Do. 

Quevedo 

22    52  N. 

22 

13   VV 

June 

1799 

68.0 

Do. 

Humbt. 

23     23  S. 

28 

58   W 

March 

1803 

'80.6 

Do. 

Quevedo 

23     28  S. 

29 

40  W. 

.\pril 

1800 

75.9 

Do. 

Ferrins. 

23     30  S 

50 

10  E 

May 

1800 

71.6 

Ind.  Sea. 

Idem. 

31       6  N. 

79 

37  W. 

May 

1804 

70.7 

Atlantic. 

Humbt. 

31     22  N 

15 

7  W 

Oct. 

1788 

74.5 

Do. 

Churruca 

31     58  N. 

20 

10  w 

March 

1800 

63.9 

Do. 

Ferrins. 

31     30  N. 

38 

45  W. 

April 

1803 

69.3 

Do. 

Quevedo 

31     34  S. 

28 

29  W 

March 

1803 

757 

Do. 

Idem. 

31       OS. 

26 

20  W. 

April 

1800 

689 

Do. 

Ferrins. 

31     34  S. 

46 

56  V, 

Nov. 

1788 

68.9 

Do. 

Churruca 

31       4  S 

47 

40  E. 

May 

1800 

66.9 

Ind.  Sea. 

Ferrins. 

36     38  N. 

41 

2  W. 

May 

18o3 

66.7 

Atlantic. 

Quevedo 

36       5K 

76 

41  AV 

May 

1803 

68.0 

Do. 

Hnmbt. 

36      4N. 

17 

5  AV. 

June 

1799 

59.4 

Do. 

Idem. 

33     16  N. 

10 

24  A\'. 

Oct. 

178B 

72  •> 

Do. 

Churruca 

.35     22  S. 

50 

32  A\'. 

Nov. 

1788 

63.0 

Do. 

Idem. 

36      3  S- 

17 

8  AV. 

April 

1800 

658 

Do, 

Ferrins. 

36      5  S. 

41 

58  W. 

May 

1803 

68.0 

Do. 

Quevedo 

33     52  S. 

94 

52  \V. 

Feb. 

1803 

71.6 

South   Sea. 

Idem. 

40     28  N 

33 

35   W. 

May 

1803 

62  s 

Atlantic. 

Idem. 

40     30  N. 

68 

36  VV. 

July 

1804 

65  7 

Do. 

Humbt. 

42     34  N. 

15 

45  AV. 

Feb. 

1800 

57.6 

Do. 

I'errins. 

42     30  S. 

50 

30  AV 

March 

1803 

55.8 

Do. 

Quevedo 

40     36  S. 

48 

20  AV. 

March 

1803 

59.9 

Do. 

Idem. 

40     48  S. 

93 

56  AV 

Feb. 

1803 

62  6 

South  Sea. 

Idem. 

for  the  mean  temperature  of  a  place,  suggested  by  Dr, 
Brewster,  viz.  T— 81.5  cos.  lat.t  in  which  T.  denotes 
the  mean  temperature,  according  to  Fahrenheit's  scale, 
we  might  have  the  following  analogy  for  finding  the 
latitude.  As  81.5  is  to  the  temp,  in  deg.  of  Fahr.  so  is 
radius  to  cos.  latitude. | 

It  is  proper  to  slate,  however,  that  a  slight  inaccu- 
racy in  the  observation  of  the  temperature,  would  lead  to 
a  considerable  error  in  the  calculation  of  the  latitude,  by 
means  of  it ;  and,  in  short,  that  little  reliance  could  be 
placed  upon  the  result,  unless  it  were  confirmed  by  other 
methods. 

The  determination  of  the  longitude  by  the  temperature 
of  the  ocean  is,  in  some  cases,  attended  with  less  uncer- 
tainty. The  great  currents  of  the  ocean,  which  tend  so 
much  to  disturb  the  temperature  belonging  to  the  differ- 
ent zones,  by  urging  along  certain  coasts,  streams  at  a 
more  elevated  temperature  than  that  of  the  adjacent  seas, 
afford  the  means,  particularly  when  they  run  north  and 
south,  of  fixing  the  longitude  of  a  given  ])arallel  with 
a  good  deal  of  precision.  Thus  the  gulf  stream  of 
Florida,  setting  along  the  American  coast,  and  retaining, 
as  far  north  as  the  parallel  of  45°,  a  ten)per;iturc  which 
is  frequently  more  than  10°  higher  than  the  temperature 
of  the  Atlantic,  on  either  side  of  the  stream,  forms  a  kind  of 
physical  barrier,  which  cannot  be  crossed  without  being 
discovered  by  the  most  careless  observations  ;  and  hence, 
after  a  long  voyage  from  Europe,  it  enables  the  mariner 
to  rectify  his  longitude,  at  the  very  time  when  he  has 
most  occasion  to  know  it  with  accuracy.  The  truth  of 
these  remarks  will  be  best  perceived  by  the  following 
extracts  from  the  log  book  of  the  Phebe,  of  Kincardine, 
communicated  by  captain  Anderson,  to  the  writer  of  this 
article. 


First  Voyage^  ajifi 

reaching 

Charleston. 

Period. 

Latitude. 

LiODgitude. 

Temp. 
■Water. 

Temp. 
Air. 

1819. 
Mar.  19- 

20. 

21. 

22. 

32°  41' 
32     53 
.(3     29 
32     48 

76°  52' 

77  52 

78  57 
80    46 

68 
63 

74 
64 

70 
60 
50 
60 

Gulf  stream. 

Second  Voyage  afifiroaching  Charlest07i. 


Period. 

Latitude. 

Longitude. 

Temp* 
Water. 

Temp. 
Air. 

1819. 
Oct.  26 

27. 

28 

N. 
30°  49'  N. 

31  34  N. 

32  44  N. 

AV. 

75°  ll'W. 

76  47  AV. 

77  41  AV. 

72 
74 
77 

72 
72 
72 

Gulf  stream. 

The  above  table  is  taken  from  Humboldt's  Personal 
jXarrativc  of  Travels  in  the  Equinoctial  Regions.  The 
lemperatuie  of  the  waters  under  the  same  parallel,  ap- 
pears to  differ  considerably  at  difi'erent  seasons  of  the 
year;  but  it  is  very  probable  that  if,  in  place  of  being 
taken  at  the  surface,  the  water  had  been  brought  up 
from  the  depth  of  10  or  12  fathoms,  it  would  have  pos- 
sessed a  temperature  more  characteristic  of  its  geogra- 
phical situation,  and  more  nearly  coinciding  with  the 
mean  temperature  of  the  parallel.     From  the  formula 

*  Apparently  too  gre-at.  f  This  formula  is  suited  only  to  the  west  of  Europe. 

i  In  a  subsequent  paper,  he  has  shown  that  the  Isothermal  lines,  or  lines  of  equal  temperature,  are  related  to  two  poles  of  greatest 
cold,  one  on  each  side  of  the  real  pole      See  ICdinb.  Phil.  Trans,  vol.  ix. 

§  The  longitude  was  deduced,  either  directly  or  indirectly,  from  lunar  observations. 


Same 

Voyage  leaving  Charleston. 

Period. 

Latitude. 

Longitude. 

Temp. 
Water. 

Temp. 
Air. 

1820. 
Jan.  20. 

21. 

22, 

23. 

24. 

32°  18' N 

32  23  N. 

33  6  N. 
33     24  N. 
.53     35  N. 

79°    I'AV. 
77    55  AV. 
76    37  AV, 
74    40  AV. 
71    33  AV. 

66 
73^ 

66 
64 

59 
61? 
72  5 
68 
64 

Gulf  stream. 
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It  appears  by  these  extracts,  that  the  limits  of  the  gulf 
stream  are  more  distinctly  observed  when  the  sun  is  in 
the  southern,  than  in  the  northern  hemisphere.  This  is 
evidently  owing  to  the  temperature  of  the  general  mass 
of  waters  in  the  Northern  Atlantic,  being  higher  in  the 
latter  case  than  in  the  former.  At  all  seasons,  however, 
the  difference  is  such  as  to  afford  a  sure  ijidication  of  a 
transition  from  the  contiguous  ocean  to  the  stream,  with 
this  important  advantage,  that  the  necessary  observations 
can  easily  be  made  in  all  states  of  the  weather,  and  at 
every  hour  of  the  day.  With  a  good  observation  of  the 
latitude,  the  longitude  may  be  inferred  by  the  indications 
of  the  thermometer,  generally  within  half  a  degree. 

The  use  of  the  thermometer  for  announcing  the 
vicinity  of  land,  sand  banks,  shoals,  &c.  has  been  establish- 
ed beyond  all  doubt.  At  very  great  depths,  the  tem- 
perature of  the  ocean,  even  within  the  tropical  regions,  is 
found  to  be  greatly  below  its  temperature  at  the  surface  ; 
and  the  rate  of  dimi'iulion  is  observed  to  be  more  rapid 
over  slioals,  and  in  the  vicinity  of  land,  than  in  the  open 
ocean.  It  has  been  ascertained,  that  even  at  the  surface, 
a  considerible  diminution  of  the  temperature  of  the  sea 
talves  pi  ice  on  approaching  a  shoal,  in  so  much,  that  the 
proximity  of  land  may  always  be  discovered  with  great  cer- 


tainty by  the  sudden  descent  of  the  thermometer.  Hum- 
boldt mentions,  that  in  crossing  from  Corunna  to  Ferrol, 
the  temperature  of  the  water  at  the  surface  varied  from 
54.3  to  59.5,  according  as  the  observations  were  made  in 
shallow  or  deep  water  ;  and  Mr.  Livingston,  inihe  £din- 
hurghPhil.  Journal,  vol.  iii.  p.  247,  describes  several  in- 
stances, in  which  similar  variations  were  noticed,  both  on 
the  European  and  American  coasts. 

But  the  thermometer,  however  valuable  for  indicating 
the  approach  of  shoals,  ought  never  to  supersede  the 
more  direct  method  of  ascertaining  the  sarne  thing  by 
sounding.  This  operation,  so  familiar  to  every  practical 
seaman,  consists  in  determining  the  depth  of  the  water, 
and  the  quality  of  the  bottom,  in  any  situation,  by  means 
of  a  heavy  piece  of  lead,  of  a  proper  form,  and  a  line  of 
sufficient  length.  The  lead,  which  is  of  different  weights, 
according  to  the  depth  of  water,  is  furnished  with  a 
cavity  at  the  lower  end,  in  which  is  occasionally  fixed  a 
piece  of  hog's  lard  or  tallow,  for  the  purpose  of  deter- 
mining the  nature  of  the  bottom.  The  shells,  sand,  &c. 
at  the  bottom,  by  adhering  to  the  tallow,  are  brought  up 
with  the  lead,  and  thus  frequently  serve  to  indicate  a 
ship's  position,  on  a  known  coast,  particularly  when  they 
are  taken  in  connection  with  the  soundings  or  depth. 


Part  II.     ASTRONOMICAL  NAVIGATION,  or  NAUTICAL  ASTRONOMY. 


The  imperfect  nature  of  the  instruments  by  which  a 
ship's  course  and  distance  are  estimated,  together  with 
the  unavoidable  errors  arising  from  an  improper  allow- 
ance for  magnetic  variation,  the  heave  of  the  sea,  leeway, 
and  unknown  currents,  frequently  render  the  geographi- 
cal position  inferred  from  dead  reckoning  to  differ  widely 
from  the  truth.  Hence,  it  is  to  the  mariner  a  matter  of 
the  utmost  importance  to  be  able  to  verify  his  reckoning, 
from  time  to  time,  by  celestial  observation,  and  to  deduce 
from  the  altitudes,  and  angular  distances  of  the  heavenly 
bodies,  his  true  latitude  and  longitude. 

Before  commencing  the  study  of  this  branch  of  navi- 
gation, the  reader  must  be  familiarly  acquainted  with  the 
positions  and  relations  of  the  various  imaginary  lines  to 
which  astronomers  refer  the  places  of  celestial  objects; 
and  he  would  do  well  to  peruse  with  care  sect.  iii.  art.  vi. 
Astronomy  ;  and  Geography,  chap.  i.  sect.  ii. 

CHAP.  I. 

Of  the  Instruments  necessary  in  JVautical  Astronomy. 

The  quantities  to  be  determined  by  observation  being 
the  intercepted  arches  of  great  circles  of  the  celestial 
sphere,  the  only  instruments  requisite  in  nautical  astro- 
nomy, besides  a  good  chronometer,  are  such  as  can  be 
employed  with  advantage  for  the  measurement  of  angu- 
lar distance.  Hence  the  circle  itself,  or  some  portion  of 
it  duly  giaduated,  constitutes  the  basis  of  all  the  instru- 
ments used  in  nautical  astronomy,  except  the  watch,  or 
chronometer.  Tlie  principle  of  refleciion  from  two  plane 
mirrors,  firsi  employed  in  the  construction  of  the  nauti- 
cal quadrant  by  Hadley,  is  still  used,  both  in  the  circle, 
and  the  various  sectors  of  it  ;  and  it  must  be  allowed, 
that  no  contrivance  could  have  been  adopted  thai  is  more 
simple,  or  better  calculated  to  answer  the  proposed  end. 

Under  rellectinc:  instruments  used  at  sea,  are  reckon- 
ed, Isi,  The  Octant,  or,  as  it  is  sometimes  called,  the 
Quadrants  2d,  The  Sextant i  and  3d,  The  Circle.   The 


great  value  of  these  instnftments  has  induced  us  to  give 
a  very  particular  account  of  their  construction  and  uses, 
under  their  respective  names  ;  and  we  must,  therefore, 
refer  to  Circle,  and  to  Quadrant,  for  an  ample  account 
of  any  thing  connected  with  these  valuable  and  import- 
ant instruments. 

The  mariner's  compass  has  been  already  noticed, 
under  the  instruments  used  in  geographical  navigation  ; 
that  form  of  the  instrument  which  is  employed  for  de- 
termining the  azimuth  of  objects,  in  order  to  ascertain 
the  magnetic  variation,  will  be  described  under  Vahi.i- 

TION. 

The  only  additional  instrument  which  may  occasionally 
be  necessary  for  the  purposes  of  nautical  astronomy,  is 
what  is  called  an  Anificial  Horizon.  The  design  of  it  is 
to  supply  the  want  of  the  apparent  horizon,  when  the 
farthest  verge  of  the  ocean  is  indistinctly  perceived,  by 

the  haziness  of  the  lower  regions  of  the  atmosphere, a 

circumstance  which  occurs  not  unfrequently  at  sea,  even 
when  objects  at  the  height  of  10°  or  15°  are  clearly  dis- 
cerned, and  well  defined. 

The  simplest,  and  perhaps  the  best  contrivance  that 
has  yet  been  recommended  for  procuring  an  artificial 
horizon,  is  to  pour  into  a  circular  vessel  of  wood  or 
glass,  about  three  inches  in  diameter,  as  much  mercury 
as  will  cover  the  bottom  of  it,  to  the  depth  of  about  ^  of 
an  inch,  and  then  to  suspend  it  in  jimbals,  in  order  to 
counteract,  as  far  as  possible,  the  tremulous  motion  pro- 
duced on  the  surface  of  the  mercury  by  the  agitation  of 
the  ship.     To  screen  the  fluid  from  the  wind,  the  vessel 
which  contains  it  should  have  a  covering  of  glass  ;  but 
to  guard  against  the  erro'-s  arising  from  refraction,  the 
two  sides  of  the  glass  should  be  exactly  parallel.     Per- 
haps it  would  answer  the  purpose  still  better,  to  have  the 
glass  cover  to  rest  on  the  surface  of  the  mercury,  the 
diameter  of  the  glass  being  such  as  to  allow  it  just  to 
play  freely  within   the  vessel    containing  the   mercury. 
This  would  not  only  shelter  the  mercury  from  the  wind, 
but  obviate  the  effects  that  might  be  produced  by  the 
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concave  surface  of  the  metal.  When  mercury  cannot 
be  procured,  tar,  treacle,  or  some  dark-coloured  oil,  of  a 
viscid  consistency,  may  be  substituted  in  its  place. 

A  top,  having  a  plain  mirror  at  right  angles  to  its  axis, 
when  it  is  spun  with  great  velocity,  is  observed  to  afford, 
after  it  has  been  two  minutes  in  motion,  a  very  steady 
horizon.  A  contrivance  for  procuring  an  artificial  hori- 
zon, on  this  principle,  was  accordingly  recommended, 
about  the  middle  of  the  last  century,  by  Mr.  Serson  ;  but 
though  it  answered  extremely  well  on  land,  it  was  found 
to  be  subject  to  so  great  irregularities  at  sea,  that  the  use 
of  it  was  soon  abandoned.  This  instrument,  however, 
has  lately  been  revived  by  Mr.  Troughton,  whose  in- 
genuity has  done  much  to  remove  the  imperfections  to 
which  it  was  subject,  tliough  it  is  to  be  feared  that  even 
this  scientific  artist  will  scarcely  be  able  to  give  it  that 
steadiness  of  horizontaliiy  which  is  necessary  for  obser- 
vations on  board  of  a  ship.  See  Edin  Phil.  Journ.  vol. 
i.  p.  105. 

Whatever  contrivance  is  used  for  obtaining  an  artificial 
horizon,  the  image  of  the  object  in  the  sextant  should  be 
brought  in  contact  with  its  image  on  the  surface  of  the 
mercury,  Sec.  or  speculum  of  the  top.  Then  half  the 
angle  on  the  instrument  will  be  the  apparent  altitude  of 
the  object's  lower  limb,  without  requiring  any  correction 
for  dip. 

CHAP..5T. 

''  6 
Of  the  Corrections  to  be  a/i/ilied  to  the  Quantities  used  in 
JVautical  Astronomy.,  to  firefiare  tkem  for  subsequent 
Calculation. 

The  quantities  employed  in  nautical  astronomy  for 
deducing  a  ship's  place  by  celestial  observation,  are  ob- 
tained either  by  the  actual  measurement,  with  appropri- 
ate instruments,  of  the  arches  of  certain  great  circles  ;  or 
by  means  of  tables,  previously  computed  from  establish- 
ed principles,  in  which  the  necessary  elements  are  laid 
down  for  such  intervals  of  time  as  the  changes  which 
they  undergo  may  require.  Both  these  quantities,  how- 
ever, must  receive  various  corrections  ;  the  former,  that 
they  may  be  divested  of  the  local  and  accidental  peculiari- 
ties under  which  they  were  observed  ;  and  the  latter,  to 
adapt  them  to  the  actual  circumstances  of  the  case  to 
which  they  arc  to  be  applied. 

Sect.  I. — Of  the  Corrections  to  be  afifilied  to  Quantities 

obtained  by  Actual  Observation. 

1.  Of  the  Difi,  or  Defiression  of  the  Horizon. 

The  altitude  of  a  heavenly  object,  as  it  is  obtained  by 
observation,  being  an  arch  of  a  vertical  circle,  intercept- 
ed between  the  object  and  the  apparent  horizon,  it  is 
evident  that  this  qrch  must  be  greater  as  the  eye  of  the 
observer  is  raised  atKive  the  plane  of  the  horizon.  Let  A 
be  any  p.ace  at  the  butface  of  the  earth,  6  AB  the  sensi- 
ble horizon  of  that  place.  A'  a  point  directly  vertical  to 
A,  and  b'  A'li'  the  cnrrespoHding  horizontal  plane  ;  then 
C  being  the  centie  of  the  eartl,,  if  O  be  an  object  at  a 
great  distance,  the  angle  B'A'O  win  not  differ  sensitily 
from  the  angle  BAO,  the  apparent  aliltude  ai  A  ;  but  at 
A'  the  apparent  i.iitude  will  not  be  the  angle  B'A'O, 
bu!  thi-  aiij^lt  OA'F,.  Which  differs  from  the  formei  by 
the  limbic  B'A'E.  Tiiis  difft:rcnce,  which  varies  with 
the  aitituwt  i>f  .':e  ohscrvci,  i->  <:nlied  thi  Difi  cif  the  hori- 
zon, and  is  equal  to  the  angle  at  the  centre  ACE.     We 


shall  compute  the  magnitude  of  it  for  a  particular  alti- 
tude in  feet,  and  then  give  a  general  expression,  by  which 
it  may  be  determined  with  sufficient  accuracy  in  all  other 
cases. 

Let  r  denote  the  radius  of  the  earth,  corresponding  to 
the  mean  parallel  of  45°,  in  which  case  it  is  20972190 
feet;  then,  if  h  be  the  height  of  the  observer,  in  Icet, 
above  the  surface  of  the  ocean,  and  t  the  tangent  at  the 
point  A'. 


/nv'DA'x  AA'=  '•2rA-f  A' 

But  if  the  arch  AE,  which,  from  what  we  have  shown, 
must  measure  the  dip,  be  represented  by  D,  then,  from 
the  well  known  expression  for  an  arch,  in  terins  of  its 
tangent, 

D  —  t~:^t^  +  \t^-~,  &c. 

If  t  be  expressed  in  terms  of  the  radius,  considered  as 
unity,  then  h  must  be  divided  by  20972190.  hy  which 
means  it  will  become  a  very  small  liMction,  and  it  will 
be  quite  unnecessary  to  retain  more  than  two  terms  of 
the  above  series.     We  shall  thus  have  ;~ 

Uh  +  hA^,znA 

D=:  Uh+hA^+  i(^f'+  ^A^i 


or 


D  =  ( 


2/i-f  , 


This  expression  will  give  the  dip  in  minutes,  if  it  be 
multiplied  by  3437  75,  the  number  of  minutes  equal  to 
the  radius,  when  the  circumference  is  350°;  but  before 
it  can  be  used  for  practical  purposes,  it  must  be  cor- 
rected for  atmospherical  refraction,  one  of  the  correc- 
tions which  we  shall  afterwards  consider.  At  present  it 
is  sufficient  to  state,  that,  according  to  La  Place  and  De 
Lambre,  the  effect  of  refraction,  in  the  ordinary  condi- 
tion of  the  atmosphere,  is,  to  increase  angles  of  elevation 
observed  near  the  surface  of  the  earth.  y§^  of  ihc  inter- 
cepted terrestrial  arch  between  the  obj.ct  and  the  place 
of  the  observer.  Hence  the  angle  A  A'E  must  be  mul- 
tiplied by  .Jl^  to  reduce  it  to  its  proper  magnitude 
divested  of  retraction.     We  thus  obtain 

For  elevatioiis  not  exceeding  4uo  feet,  it  will  be  suffi- 
ciently correct  to  give  this  expression  the  form 

D  :ii  3183  V2  A  -f  A%  or  even  D^3183v^2A. 

25 


Thus,  if  Ar:25  feet,  then  h^Z  - 


—  00000119205. 


20972 i 90" 

And  Dz:3183^-000002384Irr3183XO0154=4'-9. 

It  appeiirs  l)y  the  appruxim  .ted  expreS'vio..,  D  ~ 
3183  V2A,  thai  tiie  dip  for  different  elevations  abuv*  ihe 
level  ol  the  sea,  is  nearly  proportional  to  thi;  squ  ir  ■  root 
of  the  height  ;  and  since  we  hjve  found  it  4'.9  lot  25  leet, 
we  obtamfor  any  otiier  height  in  feet  H, 

D=r— v'H  =  v'H  nearly. 

Hence  the  di/i  in  minutes  is  very  nearly  equal  to  the  square 
root  of  the  attirwle  in  feet.  This  iuhoJ  •  fiuilin.;  -.ne 
dip,  II. i;  siiiipi-^i,  we  riciicve,  th  •.  nas),-!  btc,  ,t;n  :n, 
will  seldom  differ  in  result  above  four  or  live  seconds 
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from  the  most  rigid  calculation,  and,  considering  the 
changeable  nature  of  the  height  of  the  observer  at  sea, 
may  be  regarded  as  sufficiently  correct  for  all  practical 
purposes.  We  deduce  from  it  the  following  practical 
rule  for  the  calculation  of  the  dip:  Take  half  the  loga- 
rithm of  the  heighth  of  the  eye  of  the  observer  in  feet, 
and  it  will  be  the  logarithm  of  the  dip  in  minutes. 

Example. — What  is  the  dip  of  the  horizon  for  an 
observation  taken  at  the  height  of  45  feet  above  the  sur- 
face of  the  ocean. 

Log.  45  =  1-65321 

i  of  which  is  -82660 1=  Log.  of  6.7. 
Hence  the  dip  is  6'.7,  or  6'.42". 

The  dips  for  the  different  heights  from  1  foot  to  500 
feet,  are  found  in  Tabic  III. 

When  the  proper  extent  of  the  horizon  is  limited  by  a 
fog,  or  intervening  land,  the  altitude  of  the  object  should 
be  taken  hy  the  b-ick  observation;  or  if  that  be  imprac- 
ticable, the  observer  must  endeavour  to  form  as  accu- 
rate an  estimate  as  he  can  of  the  distance  of  the  line 
which  bounds  his  view  in  miles;  and  then  having  en- 
tered that  distance  in  the  margin  of  Table  IV.  opposite 
to  it,  under  the  altitude  of  the  eye  of  the  observer  at  the 
top,  will  be  found  the  approximated  allowance  for  dip,  in 
minutes.  Thus,  if  the  line  bounding  the  view  were  at 
the  distance  of  two  miles,  and  the  eye  of  the  observer 
20  feet  above  the  water,  the  dip  would  be  6'. 

The  allowance  for  dip,  we  need  hardly  observe,  must 
be  subtracted  from  the  apparent  altitude  taken  by  the 
fore  observation,  but  added  to  it  when  taken  by  the  back 
observation  of  Hadley's  quadrant. 

2.   Of  Refraction. 

The  rays  of  light  emitted  by  the  heavenly  bodies, 
during  their  passage  through  the  atmosphere,  are  con- 
tinually deflected  in  their  course,  and  at  last  enter  the 
eye  of  an  observer  at  the  surface  of  the  earth,  so  as  to 
make  the  object  from  which  they  proceed  appear  more 
elevated  than  it  really  is.  (See  Astronomy.)  The 
allowance  for  refraction  varies  with  the  altitude  of  the 
object,  and  the  state  of  the  barometer,  thermometer,  and 
hygrometer.  The  correction  for  a  particular  state  of 
the  air,  in  respect  of  density  and  temperature,  may  be 
found  by  means  of  Table  xlv.  Astronomy;  but  the 
influence  of  huiTiidity  on  the  altitudes  of  the  heavenly 
bodies  has  not  been  investigated  with  sufficient  precision 
to  be  given  in  a  tabular  form. 

In  consef|uence  of  the  inequalities  of  temperature 
which  sometimes  prevail  at  the  surface  of  the  water, 
and  a  few  feet  above  it,  refraction  may  occasion  very 
considerable  deviations  from  the  allowance  for  the  eleva- 
tion of  the  observer  above  the  sea,  described  under  the 
head  oS.  difi.  The  errors  arising  from  these  causes  vary 
exceedingly  with  the  sudden  changes  produced  on  the 
temperature  of  the  air,  by  the  appearance  or  obscura- 
tion of  the  sun;  though  it  is  to  be  feared  they  are  much 
too  anomalous  to  admit  of  being  duly  estimated  and  cor- 
rected. The  following  general  remarks  on  this  subject, 
which  are  given  by  Rossel  in  Blot's  Jstronomie,  may 
however  prove  useful. 

1st,  If  the  surface  of  the  sea  is  warmer  than  the  air, 
the  altitude  of  an  object  corrected  for  dip,  by  the  allow- 
ance in  the  table,  will  be  too  great;  but  if,  on  the  con- 
trary, the  air  is  warmer  than  the  surface  of  the  sea,  the 
corrected  height  will  be  too  small.  Hence,  in  the  former 
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case  the  usual  allowance  for  dip  is  too  little,  and  in  the 
latter  too  great. 

2d,  When  the  temperature  of  the  sea  differs  from  that 
of  the  air,  taken  at  the  height  of  3  to  6  feet  above  it, 
from  7°  to  14°  of  Fahrenheit's  scale,  the  error  of  the 
observed  altitude  may  amount  to  3'  or  4';  and  a  differ- 
ence of  4°  or  6°  in  the  temperature  may  occasion  an 
error  of  I' or  2'  in  the  altitude. 

3d,  The  water  at  the  surface  of  the  sea  being  heated 
by  the  sun  more  slowly  than  the  atmosphere,  is  colder 
than  the  air  during  the  early  part  of  the  morning,  and 
therefore,  at  tliat  time,  the  usual  allowance  for  dip, 
which  is  deduced  from  the  ordinary  refractive  power  of 
the  air,  is  too  great.  In  the  evening  an  opposite  state  of 
things  takes  place,  and  the  common  allowance  for  dip  is 
then  too  small.  These  conclusions  are  confirmed  by 
the  observations  of  Dr.  Wollaston.  See  Phil.  Tram. 
1803. 

The  effect  of  refraction  being  to  increase  the  appa- 
rent altitudes  of  the  heavenly  bodies,  the  allowance  for 
it  must  always  be  subtracted  from  the  observed  altitude, 
or  added  to  the  apparent  zenith  distance. 

Example. — When  the  apparent  altitude  of  the  sun's 
centre  was  24°  3',  what  was  its  true  altitude,  the  baro- 
meter at  the  time  standing  at  30.85  inches,  and  the  ther- 
mometer at  72°  Fahrenheit  ? 

The  altitude  being  24°  3',  the  zenith  distance  is 
65°  57',  the  correction  for  which  in  Tab.  xlv.  As- 
tronomy, is  2'  2".6,  being  the  refraction  when  the 
barometer  is  at  29.6,  and  thermometer  at  50°  ;  but  the 
barometer  being  1.25  inches  higher  than  the  stale  of  the 
atmospherical  pressure  for  which  the  Table  is  calculated, 
an  allowance  of  3".7  for  every  -jglhs  of  an  inch,  must  be 
made,  to  adapt  it  to  the  supposed  height  of  the  barometer. 

.9  in.  :  1.25  in.  =   3."7  :  5'.  1,  which  is  additive,  because 
the  barometer  is  higher  than  in  the  table. 

Again,  the  variation  in  the  Table  for  every  20*  of  the 
thermometer,  is  5".9,  and  the  thermometer  staading  25« 
higher  tljan  50°,  for  which  the  table  is  computed,  we 
have 

20°  :  25°  =:  5.9  :  7".3  which  is  subtractive,  because  the 
temperature  is  higher  than  that  given  in  the  table. 

Hence  the  refraction  is  2'  2".6  -|-5".l  —  7  ".3  or  '2  0.4. 
Apparent  zenith  distance  65°  5"'     0 

Refraction        -        .        -        +  2     0.4 

t 

65     59    0.4 
90 


Corrected  altitude 


24      0    59.6 


When  the  observer  is  not  furnished  with  a  barometer 
or  thermometer,  the  correction  for  refraction  in  the  table 
for  the  corresponding  zenith  distance  will,  for  the  most 
part,  answer  sufficiently  well  for  all  nautical  purposes. 
Thus,  in  the  above  example,  the  refraction  found  by 
immediate  inspection  in  the  table,  differs  only  2"  from 
the  corrected  refraction,  after  a  due  allowance  has  been 
made  for  the  changes  produced  by  the  differences  of 
pressure  and  temperature. 

3.   Of  the  Semidiameters  of  the  Sun  and  Moon. 

Astronomical  calculations  connected  with  the  posi- 
tions of  the  sun  and  moon,  having  a  reference  to  the 
centres  of  these  luminaries,  it  becomes  necessary,  when 
their  altitude  or  angular  distance  is  to  be  determined  by 
observation,  that  their  semidiameters  should  be  accu- 
rately known,  in  order  that  they  may  be  added  to,  or 
U  u 
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subtracted  from,  the  quantities  obtained  by  actual  mea- 
surements, which  must  always  have  a  regard,  in  the  first 
instance,  to  some  part  of  their  discs. 

These  semidiamcters,  which  are  in  fact  the  halves  of 
tlie  ans^les  sul)lendcd  by  the  sun  and  moon,  vary  with  the 
distance  of  these  bodies  from  the  earth  ;  but  being  in- 
serted in  the  Nautical  Almanack  at  intervals,  between 
which  lliey  may  be  considered  as  increasing  or  decreas- 
ing uniformly,  it  is  easy  to  compute  them  for  any  inter- 
medi  lie  instant  of  time. 

\Vhen  the  altitude  of  the  sun  or  moon  is  taken  by  a 
fore-nbservation  with  Hadley's  quadrant,  and  the  lower 
limb  is  brought  in  contact  with  ihe  horizon,  the  semi- 
diameter  of  the  observed  body  must  be  added  to  its  alti- 
tude ;  but  if  the  upper  limb  be  made  to  coincide  with  the 
liorixon,  the  semidiameter  must  be  subtracted.  On  the 
contrary,  if  tlie  altitude  be  taken  by  a  back  observation, 
and  the  apparently  lower  limb  of  the  sun  or  moon  be 
brought  in  contact  with  the  horizon,  the  semidiameter 
must  be  subtracted ;  but  added,  if  the  apparently  upper 
limb  be  made  to  coincide  with  the  horizon. 

The  diameter  of  the  moon,  besides  the  synodical 
changes  to  which  it  is  liable,  receives  a  small  augmen- 
tation as  she  advances  towards  the  meridian,  in  conse- 
quence of  her  diminished  distance  from  the  place  of  the 
observer.  The  requisite  correction  is  contained  in  Table 
XXXIl.  AsTBONOMv.  The  horizontal  semidiameter  of 
the  moon,  on  the  given  day,  taken  from  the  Nautical 
Almanack,  being  found  at  the  top  of  the  table,  the  quan- 
tity to  be  added  to  it  is  to  be  sought  immediately  under 
it,  and  opposite  the  moon's  altitude. 

Sect.  II.   Of  the  Corrections  to  be  afifilied  to  Quantities 
taken  from  the  ?ieceasary  Tables. 

1.   Of  Parallax. 

If  all  the  heavenly  bodies  were  very  remote,  and 
equally  distant  from  the  earth,  their  relative  positions 
with  respect  to  one  another  would  be  little  affected  whe- 
ther they  were  viewed  at  the  centre,  or  the  surface  of 
our  globe;  but  some  of  them,  particularly  the  sun  and 
the  moon,  being  considerably  nearer  than  the  stars,  a 
sensible  alteration  of  their  place,  in  reference  to  the  last 
men'ioned  bodies,  is  produced  by  a  change  of  position 
on  the  surface  of  the  earth.  This  circumstance  has  ren- 
dered it  necessary  for  astronomers  to  refer  their  obser- 
vations to  the  centre  of  the  earth,  the  only  point  which 
can  be  regarded  as  alike  common  to  its  different  inhabi- 
tants, and  to  the  globe  itself.  Sec  Astronomy.  The 
difference  between  the  altitude  of  an  object,  accord- 
ing as  it  is  made  to  refer  to  the  true,  or  the  sensi- 
ble horizon,  is  called  the  fiarallax  in  altitude,  and  is  the 
same  as  the  angle  subtended  by  tlie  semidiameter  of  the 
eartli,  drawn  at  right  angles  to  the  real  horizon  of  the 
observer. 

The  parallax  of  an  object,  when  it  is  in  the  horizon,  is 
the  greatest  possible,  and  is  called  the  horizontal  fiaral- 
lax. In  the  case  of  the  moon,  the  horizoiital  parallax  lor 
the  mean  parallel  of  45°,  varies  from  61'  29"  vo  53' 45", 
and  is  given  in  the  Nautical  Almanack  for  every  noon 
and  midnight.  Its  value  for  any  intermediate  instant  of 
time  may  be  accurately  computed  by  interpolation,  ac- 
cording to  the  method  of  differences  ;  but  as  the  varia- 
tion is  nearly  uniform  for  a  short  interval  of  time,  it  will 
generally  be  obtained  with  sufficient  accuracy,  by  taking 
the  difference  between  the  parallax  for  the  noon  and  mid- 


night before  and  after  the  given  time,  and  calculating  a 
proportional  part  for  the  elapsed  time,  which  must  be 
added  to,  or  subtracted  from,  the  parallax  for  the  pre- 
ceding noon  or  midnight,  according  as  the  parallax  is 
increasing  or  decreasing.  Thus,  if  it  were  required  to 
find  the  moon's  horizontal  paralfix  at  Greenock,  on  the 
I5lh.  Feb.  1820,  at  18  h.  15  m.  which  corresponds  to  15 
minutes  past  6  o'clock  in  the  morning  of  the  16th  day,  it 
would  be  necessary  to  take  from  the  Nautical  Ahnandck 
the  horizontal  parallax  for  the  midnight  of  the  l5th  and 
the  noon  of  the  16th  day.  The  former  is  55'  0",  and  the 
latter  54' 49";  so  that  the  difference  for  12  hours  is  11". 
The  proportional  part  for  6  h.  15  ni.  the  time  elapsed 
from  midnight,  is  found  to  be  nearly  6"  by  saying  12  li. : 
6h.  I5mizn":6".  As  the  paralla.x  is  decreasing,  6" 
must  be  subtracted  from  55' 0",  which  reduces  it  to  54' 
54".  When  the  utmost  accuracy  is  aimed  at,  a  correc- 
tion must  be  applied  on  account  of  the  oblate  figure  of 
the  earth,  which  renders  the  parallax  less  as  the  latitude 
increases.  This  correction,  which  may  be  neglected  in 
ordinary  cases,  is  found  for  every  6°  of  latitude  in  Table 
XXX.  Astronomy. 

The  correction  from  this  table  to  be  applied  to  the 
parallax  deduced  by  the  above  example,  would  be  9"  sub- 
tractive  ;  that  number  being  found  under  54',  the  nearest 
equatorial  parallax,  and  opposite  5li°,  the  nearest  in 
round  numbers  to  the  latitude  of  Greenwich.  Hence 
the  corrected  parallax  would  be  54'  54" — C/  9",  or  54' 
45". 

As  the  altitude  of  an  object  increases,  its  parallax  di- 
minishes, till  it  becomes  nothing  at  the  time  the  object 
reaches  the  zenith.  The  law,  according  to  which  the 
diminution  proceeds,  is  easily  determined.  Let  C  (Plate 
CCCCIV.  Fig.  30.)  be  the  centre  of  the  earth;  A  the 
place  of  an  observer ;  AH  the  sensible  horizon,  and  C  k 
the  real  or  true  horizon  ;  also  let  H  be  an  object  in  the 
horizon.  The  altitude  of  H,  seen  from  A,  would  evi- 
dently be  nothing  ;  but  its  altitude  at  C  would  be  the 
angle  HC  A,  or  its  equal  the  angle  AHC, — This  angle  is 
the  horizontal  parallax.  Let  the  object  now  be  at  B  ;  its 
apparent  altitude  at  A  is  the  angle  BAH,  whereas  its 
altitude  at  C  is  the  angle  BCA,  which  exceeds  the  for- 
mer by  the  angle  ABC,  the  parallax  in  altitude.  But  in 
the  two  triangles  AHC  and  ABC,  we  have 

CH:  AC=iMdius:   sine  AHC, 
And  BC  :  ACz^sine  BAC  :  sine  ABC; 

Hence  radius  :  sine  BACn ^ute  AHC  :  sine  ABC. 
But  sine  BAC— sine  BAZzicos.  BAH; 

Also  angle  AHC  is  the  horizoiit.tl  parallax,  and  angle 
ABC  the  parallax  for  the  altitude  BAH. 

Therefore  radius  :  cos.  BAH— sine  AHC:sineABC; 
that  is,  radius  is  to  t/ie  cosine  of  the  altitude ,  as  the  sine  of  the 
horizontal  fiarallax  to  the  sine  of  the  fiarallax  in  altitude. 

This  analogy  must  be  ernpi>)yed  to  find  the  parallax: 
corresponding  to  any  observed  altitude,  after  the  latter 
has  been  duly  corrected  for  dip  and  refraction. 

Example.  When  the  apparent  altitude  of  the  moon's 
centre,  after  the  proper  allowances  have  been  made  for 
dip  and  refraction,  is  62°  15',  what  is  the  parallax  in  al- 
titude, the  horizontal  parallax  being  58'  41"  ? 

Kadius         ...         -       10. 
Is  to  003.  alt.  62°  15'  -  9.66803 

As  sine  hor.  par.  in  alt.  58'  41"     8.23221 

17.9U024 
To  sine  par.  in  alt.  2T  19"  "^90024 

The  parallax  of  the  moon,  as  well  as  the  parallax  of 


NAVIGATION. 


219 


the  sun,  being  always  a  very  small  quantity,  and  the 
sines  of  very  small  arches  differing  but  little  from  the 
arches  themselves,  the  parallax  in  altitude  both  of  the 
sun  and  moon  may  be  computed  with  sufficient  accuracy, 
by  multiplying  the  horizontal  parallax  by  the  natural 
cosine  of  the  altitude.     Thus  in  the  above  example, 

Par.  in  alt.— hor.  par.  Xnat.  003.62°  15'— 58'.7x.4656  = 
27'.33=:27'  20"  nearly. 

The  effect  of  parallax  being  to  render  the  altitude  of  an 
object  less  than  it  really  is,  the  correction  for  it  must  al- 
ways be  added  to  the  apparent  altitude. 

2.  Of  difference  of  time  as  estimated  at  two  filacea,  and 
the  necessary  corrections  luhich  it  imfities. 

The  various  quantities  inserted  in  the  Nautical  Al- 
manack being  computed  to  particular  periods  of  time, 
all  of  which  have  a  reference  to  the  meridian  of  Green- 
wich, if  any  of  them  are  to  be  used  in  a  calculation  for  a 
difTerent  meridian,  a  suitable  correction  must  be  made 
for  the  difference  ef  longitude,  to  adapt  them  to  this 
change  of  circumstances.  The  time  which  the  earth 
takes  to  make  a  revolution  on  its  axis  in  respect  of  the 
sun,  or,  in  other  words,  the  lime  which  elapses  between 
two  consecutive  transits  of  the  sun  across  the  meridian 
of  any  place,  being  24  hours,  it  follows  that  24  hours  in 
time  must  correspond  to  360°  of  longitude.  When  the 
sun  is  on  the  first  meridian,  all  the  places  under  this 
meridian  on  one  side  have  noon,  whereas  all  those  places 
•which  are  under  the  opposite  half  of  it  must  have  mid- 
night. In  like  manner,  since  an  hour  of  time  corres- 
ponds to  15°  of  difference  of  longitude,  every  place  lying 
under  a  meridian  1 5°  to  the  eastward  of  the  first  meridian, 
must  have  its  apparent  time,  accordhig  to  the  sun,  an 
hour  in  advance  of  the  time  at  Greenwich;  so  that  these 
places  will  have  1  o'clock  when  it  is  only  noon  at  Green- 
wich. On  the  contrary,  every  place  lying  under  a  meri- 
dian 15"  to  the  westward  of  the  first  meridian,  must  have 
its  apparent  time  an  hour  later  than  the  time  at  the  first 
meridian,  and  therefore  must  reckon  11  o'clock  when  it 
is  noon  at  Greenwich.  So  that,  in  general,  if  a  place  be 
to  the  eastward  of  the  first  meridian,  the  time  at  Green- 
wich corresponding  to  a  given  hour  at  that  place  will  be 
found,  by  subtracting  from  it  the  portion  of  time  answer- 
ing to  the  difference  of  longitude,  by  allowing  an  hour 
for  every  15°  ;  but  if  to  the  westward,  by  adding  to  it  a 
like  proportional  quantity. 

From  the  simple  relation  subsisting  between  the  dif- 
ference of  time  at  two  places  and  their  difference  of  lon- 
gitude, it  is  obvious  that  the  important  problem  of  de- 
termining the  difference  of  longitude  between  two  places 
may  be  resolved  into  some  method  of  finding  by  observa- 
tion the  hour  of  the  place  whose  longitude  is  sought,  and 
the  hour  at  the  same  time  of  the  first  meridian.  The 
former  is  easily  ascertained  by  various  means;  the  latter 
is  found  with  greater  difficulty,  but  it  may  be  computed 
from  accurate  observations  made,  at  a  particular  instant 
of  time,  on  the  angular  distance  between  the  moon  and 
the  sun,  or  between  the  moon  and  certain  fixed  stars,  as 
we  shall  afterwards  fully  explain.  Several  of  the  quan- 
tities, however,  to  be  employed  in  the  calculation,  being 
taken  from  the  Nuutical  Almanack,  and  adapted,  as  we 
have  already  stated,  to  the  meridian  of  Greenwich,  must 
be  corrected  for  difference  of  longitude  in  so  far  as  the 
longitude  is  known.  For  this  purpose,  it  is  not  necessary 
to  be  sure  of  the  longitude  within  less  than  10°  or  12°, 


as  the  daily  change  of  the  quantities  to  be  corrected  is  for 
the  most  part  so  small,  that  a  mistake  in  the  time,  not 
exceeding  an  hour,  can  seldom  occasion  an  error  of  great 
importance  in  the  result  of  the  calculation.  Before  ap- 
plying these  corrections,  we  shall  give  the  methods  of 
converting  degrees  and  lime  mutually  into  each  other. 

To  convert  Time  into  corresftonding  Degrees,  is'c. 

Multiply  the  given  time  by  15,  carrying  at  60  in  the 
different  denominations ;  or  multiply  successively  by  3 
and  5. 

Ueduce  3  h.  48  m.  12  s.  to  degrees.  Sec. 

3h.  48  m.  12  s. 

5 

19        1         0 


57         3         0 
Hence  the  given  time  answers  to  57°  3'  0" 

To  convert  Degrees,  is'c.  into  corresfionding   Tims. 

Multiply  the  given  degrees,  minutes,  and  seconds  by 
4,  reckoning  the  seconds,  thirds;  the  minutes,  seconds, 
and  the  degrees,  minutes. 

Keduce  56°  13'  12"  to  hours,  minutes,  &e. 
56°  13'  12" 

4 

3  h.  44'  52"  48'". 
Hence  the  corresponding  time  is  3  h.  44'  52"  8. 

3.  Reduction  of  the  Quantities  in  the  Atutical  Almanacs 
to  a  given  time,  under  the  same  or  a  different  Meridian. 

The  general  rule  to  be  observed  in  these  reductions 
is,  first  to  find  the  time  at  Greenwich  corresponding  to 
the  hour  of  the  given  place,  and  then  to  take  from  the 
Nautical  Almanack  the  element  to  be  corrected,  for  the 
nearest  time  immediately  before  and  immediately  after 
the  reduced  time.  The  difference  in  the  state  of  it  at 
these  two  instants  of  time,  will  be  the  change  for  the  in- 
terval between  them ;  and  a  proportional  part  of  it  being 
found  for  the  excess  of  the  reduced  time  above  the  next 
lowest  time  in  the  table,  and  added  to  or  subtracted  from 
the  state  of  the  element  answering  to  the  next  lowest 
time,  the  sum  or  difference,  according  as  it  is  increasing 
or  diminishing,  will  be  the  quantity  corrected  to  the  re- 
duced time. 

Examples. — I.  What  is  the  declination  of  the  sun  for 
the  noon  of  a  place  which  is  in  longitude  36°  15'  W.  on 
the  24li!  May  1821  ? 

36°  15'  reduced  to  time  become  2  h.  25  m.  so  that 
when  it  is  noon  at  the  given  place  it  is  2  h.  25  m.  past  it 
at  Greenwich. 

Sun's  declin.  May  24,  1821,  noon  of  Greenwich,  20°  45'  56"  N. 

25, 25    55  55    N. 

'9~59 
Then  24  h.  :  2  li.  25  m.iz9'  59"  :   1'  0"  correciion  for 

2  h.  25  m.   which  being  added  to  20°  45'  56",  gives  20° 
46'  56"  for  the  declinaiion  at  the  given  imie. 

II.  Required  the  sun's  declination  at  9  h.  30  m.  A.  M. 
on  the  15th  of  Octohtr  1821,  for  a  place  which  is  76" 
15'  E.  from  Grteiiwicli. 

9  h.  30  m.  A.  M.  of  the  civil  day  corresponds  to  21  h. 
30  m.  reckdiied  from  the  noon  of  the  preceding  d;iy  ;  and 

3  h.  5  m.  the  time  corresponding  to  the  difference  of 
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longitude,  being  subtracted  from  2 1  h.  30  m.  gives  IS  h. 
25  ni.  for  the  time  at  Greenwich,  Oct.  14. 

Sun's  decliii.  Oct.  14, 1821,  for  iiooii  of  Greenwich,  8°     7'     53"  S. 

15, : 8    30      12   S. 

Change  in  24  h.        .        -        .        -     "  .  22      19 

Then  24  h.  :  18  h.  25  m.— 22'  19"  :  17'  8",  correction 
for  18  h.  23  m.  which  being  added  to  8*  7'  53",  because 
the  declination  is  increasing,  gives  8°  25'  1"  S.  for  the 
sun's  declination  at  the  given  place  and  hour. 

III.  What  is  the  moon's  declination  at  a  place  135"  20' 
east  from  Greenwich,  at  15  ni.  past  10  o'clock  on  the 
evening  of  the  29th  June,  1821  ? 

The  long.  135°  20'  reduced  to  time  is  9  h.  1  m.  20  s. 
which  subtracted  from  10  h.  15  m.  leaves  the  13  m.  40  s. 
for  the  time  past  noon  at  Greenwich  on  the  given  day. 

Moon's  dedin.  June  29,  1821,  for  noon  of  Greenwich  27°    48'  N- 

midnight 27        0  N- 

Change  of  declination  in  12  h.        -        -        -        -        0      48 

Hence  the  correction  for  1  h.  13  m.  40s.  is  5'  subirac- 
tive,  and  being  taken  from  27°  48',  leaves  27°  43'  for  the 
corrected  declination. 

IV.  Required  thj  right  ascension  of  the  moon  for  a 
place  153°  45'  \V.  of  Greenwich,  on  the  19th  September, 
1821,  at  15  m.  past  5  o'clock  in  the  morning. 

The  Long.  153*  4i',  reduced  to  time,  is  10  h.  15  m. 
which,  being  added  to  17  h.  15  m.  the  time  at  the  given 
place,  reckoned  from  the  noon  of  the  18th,  gives  27  h. 
30  m.  being  3  h.  30  m.  past  the  noon  of  Greenwich  on 
the  19tb. 

Moon's  R.  A.  Sep.  19,  1821,  for  noon  of  Greenwich        98"  46' 

midnight 106       9 

Change  of  R.  A.  in  12  h 7    23 

Hence  the  correction  for  3  h.  30  m.  is  2°  9'  additive, 
and  being  added  to  98°  46',  gives  100°  55'  for  the  cor- 
rected right  ascension. 

V.  Required  the  moon's  horizontal  parallax  on  the 
10th  July,  1821,  at  40  m.  past  9  o'clock  in  the  evening, 
for  a  place  whose  longitude  is  137°  40'  \V.  from  Green- 
wich. 

The  Long.  137°  40',  reduced  to  time,  is  9  h.  1 1  m.  and 
being  added  to  9  h.  40  m.  the  hour  of  the  day  at  the 
given  place,  gives  18  h.  5  1  m.  lor  the  time  at  Greenwich. 

Moon's  hor.  par.  July  10, 1821,  for  midnight  of  Green.      54'  14" 

11, noon 54  19 

Change  of  hor.  par.  in  12  h.        -        -        -        -        -     ~0     5~ 

Hence  the  correction  for  6  h.  51  m.  the  time  past 
midnight,  is  3"  nearly,  which,  being  added  to  54'  14", 
gives  54'  17"  for  the  corrected  horizontal  parallax. 

The  positions  of  the  fixed  stars  (see  Astronomy,) 
are  determined  either  by  their  latitudes  and  longi- 
tudes, or  by  their  declinations  and  right  ascensions.  The 
latter  method  is  best  adapted  to  the  purposes  of  the 
mariner,  as  being  more  immediately  connected  with  the 
great  circles,  by  means  of  which  he  estimates  his  geo- 
graphical place.  In  consequence,  however,  of  a  slow 
motion  which  the  equinoctial  points  have  from  east  to 
west,  amounting  to  about  50"  annually,  (see  Astronomy,) 
both  the  right  ascensions  and  declinations  of  the  stars  are 
subject  to  a  small  change,  which,  though  very  inconsi- 
derable for  a  short  period  of  time,  yet,  after  a  lapse  of 
years,  becomes  sufficiently  great  to  affect,  in  a  very  ma- 
terial degree,  their  place  in  the  heavens,  in  reference  to 
the  equator.  In  the  catalogues  of  the  stars,  the  right  as- 
censions and  declinations  of  these  bodies  are  brought  up 
to  some  particular  year ;  but  the  means  are  given  of 


adapting  these  quantities  to  any  other  period  of  time,  by 
annexing  in  a  separate  column  the  annual  changes  of 
each,  with  the  sign  -|-  prefixed,  to  denote  that  it  is  addi- 
tive for  following  years,  or  — ,  if  it  be  subtractive.  The 
right  ascensions  and  declinations  are  to  be  understood, 
as  referring,  in  the  catalogue  in  which  they  are  given,  to 
the  commencement  of  the  year. 

The  right  ascension  of  a  star,  for  any  time  subsequent 
to  the  year  for  which  the  table  is  adapted,  is  easily  found 
by  adding  to  the  right  ascension  for  that  year,  the  prg- 
duct  of  the  annual  change  of  right  ascension,  by  the  nuir.- 
ber  of  elapsed  years  and  fractional  parts  of  a  year.  The 
declinatioi/is  found  in  the  same  manner  :  only  the  cor- 
rection for  the  elapsed  time  is  added  when  the  sign  of 
annual  variation  is  -f,  and  subtracted  when  it  is  — . 

Examples. — Recjuired  the  R.  A.  of  the  star  Regulus 
for  the  15th  June  1836. 

R.  A.  of  Regulus  in  Naut.  Almanack,  Jan.  1828,  9h  58'  40" 

Correction  for  IShj  years,  the  annual  var.  being  3".21  -  59.5 
Corrected  R.  A.  forgiven  time         -         -         -        -       9   59  39.5 

What  is  the  declination  of  Arcturus  for  the  5th  Aug 
1850? 

Declination  of  Arcturus,  Jan.  1.  1818,        -  20°  8'     5"9.  N. 

Cor.  for  32 JL  years,  the  annual  var.  being  78" .99        10    18.8 
Cor.  dec.  for g'ven  time        -        -        .        -         19    57    47.1    N. 

CHAP.  IIL 

Of  finding  the  Latitude  of  a  Place. 

The  methods  of  finding  the  latitude  of  a  place  by 
celestial  observation  may  be  indefinitely  varied  ;  but,  on 
the  present  occasion,  we  can  only  consider  such  as  are 
the  easiest,  as  well  as  the  most  practicable  at  sea. 

The  method  most  generally  resorted  to,  because  it  is 
the  simplest,  is  by  an  observation  of  the  meridian  altitude 
of  the  sun,  or  any  of  the  other  heavenly  bodies  whose 
declination  is  known.  But  as  this  method,  though  the 
best  when  it  can  be  reduced  to  practice,  may  occasion- 
ally be  rendered  unavailable  by  the  obscuration  of  the 
heavenly  object,  at  the  time  of  its  meridian  transit,  we 
shall  give  a  second  method,  that  may  be  considered  as 
supplementary  to  it,  by  which  the  meridian  altitude  may 
be  determined  with  considerable  accuracy,  and  conse- 
quently also  the  latitude,  provided  an  altitude  of  the  ob- 
ject can  be  obtained  within  10  minutes  of  the  time  of  its 
passing  the  meridian.  Lastly,  We  shall  give  a  third 
method,  which  may  be  employed  when  the  other  two  fail, 
namely,  by  means  of  two  altitudes  of  a  heavenly  body, 
and  the  elapsed  time  between  the  observations. 

Section  I. — Method  of  finding    the    Latitude    by    the 
Meridian  Altitude  of  a  known  heavenly  body. 

It  has  been  shown  in  Astronomy,  that  the  latitude  of 
a  place  is  always  equal  to  the  altitude  of  the  nearest 
pole,  and  also  that  the  distance  of  the  equator  from  the 
horizon,  that  distance  being  reckoned  on  the  celestial 
meridian  of  the  place,  is  equal  to  the  co-lalitudc.  This 
obvious  proposition  furnishes  the  following  easy  method 
of  finding  the  latitude  from  the  meridian  altitude  of  a 
known  heavenly  object. 

1.  Let  the  altitude  be  reckoned  north  or  south,  ac- 
cording as  the  object  is  to  the  north  or  south  of  the  ob- 
server, at  the  time  of  its  meridian  transit. 

2.  If  the  declination  be  of  a  different  name  from  the  al- 
titude thus  denominated,  subtract  it  from  the  altitude,  duly 
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corrected  for  dip,  refraction,  Sec.  and  the  difference  will  3.  By  the  Meridiem  Mcitude  of  a  Planet,  or  Star. 
be  the  complement  of  the  latitude,  of  the  same  name  with 

the  declination.  About  the  begmnmgof  November  1820,  the  meridian 

3.  If  the  declination  is  of  the  same  name  with  the  altitude  of  Aldebaran  was  observed  to  be  72°  30' ;  the 

altitude,  their  sum,  when  less  than  90°,  is  the  comple-  eye  being  30  feet  above  the  water,  and  the  star  south  of 

ment  of  the  latitude,  which,  in  that  case,  is  of  an  oppo-  '^e  observer.     Required  the  latitude  of  the  place  of  ob- 

site  name  with  the  declination ;  but  when  greater  than  servation  . 

90°,  the  excess  is  the  complement  of  the  latitude,  of  a  I"  ^^^  Nautical  Almanack,  the  north  polar  distance  of 

contrary  name  with  the  declination.  Aldebaran  was  73°  51' 55".5,  at  the  beginning  of  January 

1818  ;  and  as  the  annual  variation  is  then  stated  to  be — 

Examples.  7".95,  the  change  for  2  years  and  10  months,  or  2|  years, 

is — 22". 6.     Hence  the  corrected  N.  P.  distance  is  73° 

1.  By  the  Meridian  jlttitude  of  the  Sun.  5  1'    32".9,   and  consequently  the    declination  is  16°   8' 

27".  1  N. 

At  a  place  in  Long.  63°  18'  VV.  the  sun's  meridian  ..    . ,     ,,.,   ,     „  .,,  ,                                     r,-,a-,rj    rj. 

...     K         r          i_           •>•        •        u-   u  .u     I             1-     u  Mend,  altitude  of  Aldebaran        .         .         .         72°  30'     0 

altitude,  by  a  fore  observation,  in  which  the  lower  limb  ijefraction               0'  18"? 

was  brought  to  the  horizon  south  of  the  observer,  was  Dip  for  30  f.        .    5  12  5        •               ■           0    5  30 

29°   35';    required  the   latitude,  the  observation  having  True  altitude  of  Aldebaran        .         .        .        .    72  24    30  S. 

been  made  on  the  18th  July,  1820,  when  the  eye  of  the  Declination 16    8  27  N. 

observer  was  35  feet  above  the  ocean.  CoKititude 56  16      3 

The  dec.  of  the  sun  for  the  noon  of  Greenwich,  July  _90 

28,  1820,  is,  by  the  Naut.  Almanack,  21°    1' 52"  N.  and  Latitude 3343    57jf_ 

the  daily  diff.  at  that  time  being  9' 46",  the  correction  for  r.       ,^       j    y  ^ 

4  h.  13  m.  (the  difF.    long,  reduced  to   time,)  is   1'  43".  t^ECT.  n.-.M«/;od  of  finding  the  Latitude  by  the  Alti- 

Hence  the  corrected  dec.  is  20°  59'  9".  '""^  °J  "  heavenly  body,  taken  near  the  Meridian. 

Alt.  sun's  lower  limb       -         -         29°  35'    0"  To  apply  this  method  with  advantage,  the  time  must 

Refraction       -       -              ^  fJ"^            7     5  be  previously  determined,  (in  a  way  we  shall  afterwards 

DiptoroSteet       -       -                 -^    „„  describe,)  so  that  the  watch  may  not  deviate  more  than 

Sun's  semidiameter              15  45?              'l^  a  minute  from  the  instant  of  true  noon      During  the  in- 

parallax       -       -             8  5            15    54  terval  between  10  minutes  before,  and  10  minutes  after 

True  alt.  sun's  centre        -        -        -      29   26    11  S.  10°"  by  the  watch,  let   as  many  altitudes  as  possible  be 

Corrected  declination        -        •              20    49     9N.  observed,  and  the  times  at  which  they  are  taken  carefully 

Colatitude       .       .       -       -'               8    27     2  noted  by  the  watch.     Add  together  the  several  altitudes, 

90 and  divide  their  sum  by  the  number  of  them,  for  a  mean 

Latitude 81    32  58  N.  altitude.     Correct  this  altitude  for  dip,   refraction,  8cc. 

and  retain  the  result,  in  order  that  it  may  afterwards  be 

2.  By  the  Meridian  .Altitude  of  the  Moon.  augmented  by  a  quantity  to  be  found  in  the  following 

T\,i      ,r    10, n   k-       -1       ■,  A    -rno.ofi^    .u  manner,  by  means  of  the  Computed  latitude  and  the  sun's 

May  15,  1819,  bemg  in  longitude  79°  42'E.,  the  moon  declination.     Take  the  difference  between   the  time  of 

was  observed  to  cross  the  meridian  south  of  the  observer,  each  observation  and  noon,  for  the  several  altitudes    and 

12  minutes  past  5  o'clock  m  the  mormng,  when  the  alti-  search  in  Table  VI.  for  a  corresponding  multiplier  to 

tudeof  her  lower  limb  was  observed  to  be  59°  16'.     Re-  each,  by  finding  the  minutes  at  the  top,  and  the  seconds 

quired  the  latitude,  the  eye  of  the  observer  having  been  at  the  side :  Under  the  one,  and  opposite  the  other,  is  its 

15  feet  above  the  sea                           •    ,  k    ,0            au  '""'Mier.     Add  together  these  multipliers,  and  divide 

The  longitude,  reduced  to  time,  is  5  h.  19  m.  and  the  their  sum  by  their  number,  as  in  the  case  of  the  altitudes, 

time  of  the  observation,  reckoned  from  the  preceding  calling  the  result  the  mean  muttifUier.     Next  search  in 

noon,  being  17  h.   12  m.  the  time  at  Greenwich  is  17  h.  Table  V.  for  the  computed  latitude  at  the  side,  and  the 

12m.-5h.  19m.:=llh   53m.ofMay  I4th.  declination  of  the  object  at  the  top  ;  and  opposite  the  one. 

The  moon  s  hor    par   for  the  14th  at  noon,  is,  by  the  and  under  the  other,  will  be  found  the  change  of  altitude 

Nautical  Almanack,  59'  48',  and  at  midmght  59'  39":  of  the  object,  for  a  minute,  before   or  after  the  time  it 

Hence  her  hor.  par.  at  1  1  h.  5  m.  past  noon  may  be  taken  reaches   the  meridian.     Multiply    this    quantity   by  the 

at  59' 39''.     From  which  her  par.  in  altitude  is  found  to  mean  multiplier,  and  the  product  will  be  a  correction,  in 

be  30  29   .                              ,  .     ,.,                     .        „       ,  seconds,  to  be  added  to  the  mean  altitude,  to  obtain  the 

Her  declinatior,  corrected  in  like  manner,  is  26°  20'  meridian  altitude.    The  meridian  altitude  beintr  thus  de- 

S.;   and  her  semidiameter  16'    17";   to  which   14",  the  termined,  the  latitude  is  found  as  in  Sect    I 

equation  from  Table  XXXII.  Astronomy,  for  the  alti-  if  the  time  given  by  the  watch  can  be  relied  upon,  a 

tude,  being  added,  becomes  1 6'  3 1 ".  single  aUHude  with  the  corresponding  interval  from  noon 

Alt.  moon's  lower  limb        .        .         59°  16'      0"  is  quite  sufficient ;   but  if  the  ship  has  altered  her  longi- 

UipfoilS  feet        .        .        3' 42"-^            4    .,  tude  since  the  watch  was  adjusted,  a  suitable  correction 

liefraction        .        .        .          34  ^  must  be  made  for  the  difference,  as  explained  in  Sect.  II. 

59     11    44  Chap.  II.  p.  203. 

Moon's  semidiameter           16    31   ?           ,.,      „  „ 

Parallax        .        .        .       30    29   5           47      0  Example. — April  23,  1820,  being  in  lat.  32°  15'.  N. 

True  alt.  moon's  centre        .        ,        59    58    44  s.  1°".?-  ^'3°  48'  by  account,  it  was  ascertained  that  at  9  h. 

Corrected  declin.-ition        .        .           26    20      OS.'  30  m.  A.  M.  the  watch  was  18  m.  15  s.  behind  solar  time  ; 

86    Is    44  at  noon,  the  ship  having  then  altered  her  longitude  12' 

Colatitude 90 W.  the  following  altitudes  of  the  sun's  lower  limb  were 

Latitude 3    41    igjj^  observed,  at  the  annexed  times  by  the  watch. 
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Altitudes. 
69°     8'      10" 

69  12  30 

69  15  20 

69  14  10 

69  9  '30 


Time  by  the  Watch. 
11  h.  32  m.  40  s. 
11        36       12 
11        42         0 
11        45       10 
11        50         5 


Required  the  latitude,  the  eye  of  the  observer  having 
been  20  feet  above  the  surface  of  the  sea. 

The  sum  of  the  altitudes  is  345°  59'  40",  which,  divided 
by  5,  the  number  of  them  gives  69°  11'  56"  for  the  mean 
altitude. 

The  times,  after  correcting  for  the  error  of  the  watch, 
and  making  an  allowance  for  the  change  of  longitude,  by 
adding  to  18  m.  25  s.  the  time  corresponding  to  12',  viz. 
48",  (because  the  meridian  transit  will  happen  so  much 
later  at  a  place  12'  more  to  the  westward,)  and  then  add- 
ing the  sum    19  m.  13  s.  to  each  of  the  above    times, 


Multip.  rrom  Tab.  VI. 

65.9 

21.0 

1.5 

19.2 
86.5 


5)194.1 

Mean  Multiplier  ....  38.8 
The  change  of  altitude  for  one  minute  in  Table  V.  for 
the  computed  latitude  32°  15' and  corrected  declination, 
12°  39'  58"  N.  by  allowing  for  the  difference  of  longitude, 
is  4".9,  which,  multiplied  by  38.8,  gives  190",  or  3'  10"  to 
be  added  to  the  mean  altitude.  The  rest  of  the  operation 
is  then  as  follows  : 

Mean  altitude  of  O 'slower  limb         .        -        69°  11'  56"  S. 
Dip  for  20  f.  4' 18"?                                               0      4   25 
Kefraction  7  S  '  '  


become 

True  Times. 
11  h.51  m.  53  S. 

11  55         25 

12  1        13 
12        4        23 
12        9        18 

Interval  fvom  Nooi 

8  m.     7  s. 
4         35 

1        13 
4        23 

9  18 

Q's  Semidiameter 
Mean  alt.  Q's  centre 
Correction /o!;nrf  abovt 
Mer.  alt  Q's  centre 
Declination 
Colatitude 
Latitude 


69  7  31 

0  15  56 

69  23  27 

0  3  10 

69  25  i7   S. 

12  39  58  N. 

56  46  39 

33  13  21 N. 


The  log.  cos.  of  the  declination. 

The  log.  COS.  of  the  latitude  by  account. 

Twice  the  log.  sine  of  half  time  from  noon,  in  degrees,  &c. 

The  luiniber  corresponding  to  the  sum,  (rejecting 
the  tens  both  in  this  and  the  preceding  amount,)  being 
doubled,  is  a  correction,  which,  added  to  the  natural 
sine  of  that  observed  altitude,  half  the  time  of  which 
from  noon  was  taken,  gives  the  natural  sine  of  the  me- 
ridian altitude.  The  latitude  is  thence  found,  as  in  Sec- 
tion I. 

If  the  latitude  ^esultit^g  from  these  operations  differs 
much  from  the  latitude  by  account,  it  will  be  proper  to 
repeat  the  calculation,  substituting  the  latitude  found 
for  the  latitude  by  account,  until  the  computed  latitude 
agrees,  either  exactly  or  nearly,  with  the  latitude  used  in 
the  operation. 

Example. — June  4,  1819,  in  latitude  by  account  37?, 
N.  at  10  h.  29  m.  A.  M.  by  the  watch,  the  corrected  al- 
titude of  the  sun  was  65°  24',  and  at  12  h.  31m.  the  al- 
titude was  74»  8'.     Required  the  true  latitude. 

First  alt.  sun's  centre 

Second 

Sum  of  altitudes 

One-half  sum  of  altitudes 

Diff.  of  altitudes  .  

One-halfdiff.  of  altitudes  .  .  4    22 

The  interval  between  the  observations  2  h.  2  m.  re- 
duced to  degrees,  &c.  and  halved,  is  15°  15'  and  the  de- 
clination, without  making  any  allowance  for  difference 
of  longitude,  is  22°  22'  N. 

Log.  cos.  one-half  sum  altitudes  69°  46'  .        .         9.53888 

Log.  sine  one-halfdiff.  altitudes  4°  22'  .             8.88161 

Ar.  comp.  log.  sine  one-half  interval  15°  15'        .  .57999 

Ar.  comp.log.  cos.  Decl.22°  22'      .  .        .              .03397 

Ar.  comp.  log.  cos.  lat.  by  account,  37°  .         .            .09765 

Log.  sine  of  an  arc,    7°  47'  25"      .  .        .            9.13210 
One-half  interval,     12     15      0 
DiflTerence, 
One-half  diff. 


65° 

74 

24' 
8 

139 

33 

69 

46 

8 

44 

7     27    35 

3    43    47  =half   time    from  noon  when 
greater  altitude  was  taken,  in  degrees,  &c. 


Sec.  III. —  To Jind  the  Latitude  by  two  Altitudes  of  the 
Sun,  and  the  eiafised  lime  between  the  observations, 
together  with  the  Latitude  by  Account. 

Case  I. —  IVhen  both  altitudes  are  taken  at  the  same 
fdace. 

\st,  Take  half  the  sum,  and  half  the  difference  of  the 
two  altitudes,  duly  corrected  for  dip,  refraction,  &c. ; 
and  having  reduced  the  elapsed  time  to  degrees,  &c. 
take  its  half,  and  call  it  the  half  interval. 

2dly,  Add  together  the  five  following  logarithms. 

The  log.  cos.  of  one-half  sum  of  the  altitudes. 
The  log.  sine  of  one-halfdiff.  of  the  altitudes. 
The  arith  comp.  log.  sine  of  one-half  interval. 
The  arith.  comp.  log.  cos.  of  Declination. 
Tlie  arith.  comp.  log.  cos.  latitude  by  account. 
Their  sum  is  log.  sine  of  an  arc. 

3rf/y,  Take  the  difftience  between  this  arc,  and  the 
one-half  interval ;  half  of  this  difference  is  half  the  time 
from  noon,  when  the  greater  altitude  was  taken  ;  or  half 
of  the  sum  is  the  time  from  noon  when  the  less  altitude 
was  taksn. 

Athly,  Add  together  the  three  following  logarithms. 


Log.  cos.  dec.  22°  22'  .... 

Log.  COS.  lat.  by  account  37°  .        > 

2  Log.  sine  one-half  time  from  noon  3°  43'  47" 

Log.  one.half  correction 


9.96603 
9.90235 
8.81325 
S1325 


C8.f 


Correction     .... 
Nat.  sine  gl-.  alt.  74°  8' 
Nat.  sine  of  75°  30' 

Hence  the  mean  altitude  is 

Declination 

Co.  lat. 

Latitude 


.003125 

2 

.006250 
.961900 
.968150 


7.49488 


75°  30*  S. 

22     22  N. 


53 
90 


36    52 


There  being  little  difference  between  the  latitude 
found,  and  the  latitude  by  account,  it  is  unnecessary  to 
repeat  the  operation. 

When  both  the  observations  are  taken  on  the  same 
side  of  the  meridian,  the  half  interval  is  half  the  dif- 
ference of  the  times  from  noon,  and  the  first  found  arc 
is  half  the  sum  of  the  times  from  noon  ;  but  wlien  the 
observations  are  taken  on  different  sides  of  tlie  meridian, 
the  hall  interval  is  half  the  sum,  and  the  fii  st  found  arc 
half  the  diffeience  of  the  times  from  noon.  Hem  e,  half 
the  difference,  added  to  half  the  sum,  gives  the  time  of 
the  observation  farthest  from  noon ;  and  half  the  dif- 
ference, subtracted  from  half  the  sum,  gives  the  time  of 
the  observation  nearest  to  noon. 
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The  times  indicated  by  the  watch  should  be  observed 
to  seconds;  and  the  most  convenieni  lime  for  making 
the  observation  is  between  three  hours  before,  and  three 
hours  alter  noon.  The  interval  between  the  observations 
should  not  exceed  five  hours,  nor  be  les>s  than  the  time 
from  noon  at  which  the  greatest  altitude  is  taken  ;  and 
the  accuracy  of  the  watch  should  be  such,  as  not  to  lead 
to  an  error  of  one  minute  in  six  hours. 

The  least  altitude  should  not  be  less  than  7°  or  8°,  nor 
its  azimuth  greater  than  75°.  The  nearer  the  greater 
altitude  is  to  the  meridian,  the  more  likely  is  the  result 
to  be  correct,  and  its  azimuih  should  not  exceed  15°. 
Wlien  the  meridian  altitude  of  the  sun  is  greater  than 
84°  this  method  of  findmg  the  latitude  should  not  be  em- 
ployed. 

Case  II.  XVhen  the  ahifi  has  changed  her fiositiondur- 
ing  the  interval  betiveen  the  observations. 

\st,  Find  the  latitude  by  account,  at  the  time  the 
greuiest  altitude  was  taken. 

2dly-  Take  the  bearing  of  the  sun  by  the  compass,  at 
the  lime  the  least  altitude  was  observed,  and  also  the  dif- 
ference between  that  bearing  and  the  ship's  course  by 
the  compass. 

3dly,  With  this  angle,  or  its  supplement,  if  it  exceeds 
90°,  and  the  distance  run  by  the  ship  between  the  ob- 
servations, find  the  difference  of  latitude  in  the  traverse 
table. 

4thlt/,  Add  the  difference  of  latitude  thus  found,  to 
the  first  altitude,  if  the  angle  between  the  sun  and  the 
ship's  tract  be  less  than  90°  ;  but  subtract  it,  if  that 
angle  be  greater  th^n  90°,  to  reduce  the  first  altitude  to 
what  it  would  have  been  found  by  observation,  had  it 
been  taken  at  the  same  place  as  the  second. 

Sthly.  VVith  these  altitudes  thus  adapted  to  the  same 
zenith,  the  observed  interval  of  time,  and  the  declinaiion 
and  the  latitude  by  account,  when  the  greatest  altitude 
was  taken,  find  the  meiidian  altitude,  as  in  Case  I.  and 
compute  the  altitude  accordingly. 

Example. — June  6th,  1804,  being  in  lat.  58°  14'  N.  by 
account,  at  lOh.  54m.  A.  M.  by  the  watch,  the  altitude  of 
the  sun's  lower  limb  was  53°  17',  and  at  Ih.  17in.  P.  M. 
the  altitude  was  52°  51',  and  bearing,  by  the  compass,  S> 
W.  by  W.  The  ship's  course  during  the  interval  be- 
tween the  observations,  was  S.  by  W.  -^  W.  and  rate  of 
sailing  eight  knots.  Required  the'  true  latitude  at  the 
time  of  observing  the  greater  altitude,  the  height  of  the 
eye  having  been  16  feet. 

The  angle  formed  by  the  sun's  bearing  at  2d  observa- 
tion, and  the  ship's  course,  is  the  difference  between  5 
and  1^  points,  or  3^  points;  and  the  distance  run  during 
the  interval  between  the  obsci  vations,  is  19m.  The  diff. 
lat.  Lonesponding  to  that  course  and  distance,  is  15  miles 
nearly. 

First  alt.  Q  lower  limb 
Dip.  4'  ? 

^        Refraction  1'  5 

Q  Semidiamcter        .... 
True  .lit.  Q  centre         .... 

Second  alt.  Q  lower  limb 
Dip.  4^^ 

Eefraction  I'S 


O  Semidiameter     .... 
Reduction  for  clianp;e  of  ship's  place 
Corrected  alt  Q  centre 


1  sum  .f,U-53°28'-f52°4r'_106°15'^,,o  y,, 

2  2  * 

53°  28'— 52°  47'_0°  41'      „„  „„„ 
i  diff.  of  alt.  = =-—=0°  20'A 


Also,  I  (lapsed  time  Ih.  ll|m.  reduced  to  degrees,  Sec. 
is  17°  5^'i. 


Log.  COS.  i  sum  alts.  53°  7'i  ... 

Log.  sine  i  dift'.  alt.  0°  2U'4       . 
Aiitli.  comp   log.  sine  A  interval  17°  52'J 
Arith.  conip.  log.  cos.  decl-  22°  40' 
Arith.  com, J.  log.  cos.  lat.  by  account  58°  14' 
Log.  sine  of  an  arc         .         •         1°  22'i 
Half  interval       .         .         .  17     52  ^ 

Difference  .         .         .        16     30 

Half  difference 


977820 

7.77534, 

.51295 

.63491 

.27863 

8.38003 


when  the  greater  altitude  was  taken. 

Log.  cos.  decl.  22°  40' 

Log.  cos  lat.  by  account  58°  14' 

2  log.  sin.  half  time  fr.  noon  8°  15' 
Log  half  correction 


8     15  =i  time  from  noon. 


9.96509 
9.72137 
3683 
15683 


C9.1J68 
d  9. 1568 


.01000 
2 


8.00012 


Correction 

Nat.  sine  gr.  alt.  53°  28' 

Nat.  sine  55°  26'  15" 


.02000 
.80351 

.82351 


Hence,  the  meridian  altitude  is  55°  26'  15". 

With  this  meridian  altitude  and  the  declination,  the 
latitude  is  found  to  be  57°  13'  45",  which,  differing  about 
60m.  from  the  latitude  by  account,  renders  a  repetition 
of  the  operation  necessary,  the  computed  latitude  being 
used  in  place  of  the  latitude  by  account. 


Sum  of  first  four  logs. 

8.10140 

Ar.  com.  log.  cos.  computed  lat  57°  14' 

.      .26663 

Log.  sine  of  an  arc             .             .         1  20J 

8.36803 

Half  interval                              .               17  32  J 

Diff'erence             .             .             .lb  .!2i 

Half  difference            .            .               8  16 

Log.  cos.  dec.  22°  40'         .             .             . 

9.96509 

Log.  COS.  comp.  lat.  57°  14'        .        . 

9.73337 

2  log.  sin.  8°  16' 

C9.15770 
19  15770 

Log.  half  correction              .            .01032 

2 

8.01386 

Correction            .            .               .02064 

Nat.  sin.  gr.  alt.          .            .          .80851 

Nat.  sine  55°  30'              .          .         .82415 

O  Meiid.  alt. 

55°  30'  S. 

O  Declination             .... 

22     40  N. 

Co-latitude              

32     50 

90 

Latitude 


S7       10    N 


52     47 


The  If •,uit  differing  now  only  about  4  miles  from  the 
latitude  used  in  the  calculation,  may  be  considered  as  the 
true  iutiiude. 

When  great  accuracy  is  aimed  at,  the  sun's  declina- 
tion must  be  duly  corrected,  not  only  for  the  difference 
of  longitude,  but  the  (nean  hour  of  the  djy  to  which  the 
altitudes  refer  ;  and  the  elapsed  time  itself  must  be  cor- 
rcctt;(l  for  the  difffieiice  of  lon;.;itude  which  the  shij)  may 
have  madeduriiitj  the  interval  between  the  observations. 
If  the  ship's  place  be  referred  to  the  time  of  the  greater 
al'itiirle.  the  diffcrei:cc  nf  longitude  reduced  to  time  'nust 
be  added  to  the  time  of  tlie  least  altitude,  when  the  lat- 
ter was  observed  east  of  the  former  ;  but  subtracted  from 
it,  if  the  contrary.     By   this   means,  the   lime  will    be: 
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adapted,  in  both  cases,  as  well  as  the  altitudes,  to  the 
meridian  of  tlie  place  where  the  greatest  altitude  was 
taken.  For  the  demonstration  of  the  method  of  findint^ 
the  latitude  laid  down  in  this  Section,  see  Sjiherical 
Trigonometry. 

CHAP.  W. 

Methods  of  finding  Che  Horary  Angle,  and  the  Altitudes 
of  the  Heavenly  Bodies,  by  calculation. 

The  exact  time,  in  reference  to  the  meridian  of  a 
place,  is  one  of  llie  most  important  elements  which  enter 
into  the  calculation,  not  only  of  its  latitude  and  longitude, 
but  also  of' the  altitudes  and  azimuths  of  the  heavenly 
bodies.  We  have  already  described,  at  great  length, 
(Astronomy,)  the  more  rigid  methods  by  which  the 
true  time  may  be  determined  by  observations  on  land  ; 
and  we  now  propose  to  explain  the  means  to  be  employ- 
ed for  ascertaining  the  same  thing  at  sea,  where  less  ac- 
curacy is  attainable.  The  time  being  deduced  from  llie 
altitudes  of  the  heavenly  bodies,  the  altitudes  may,  in 
their  turn,  be  calculated  by  means  of  the  true  time,  when 
the  latter  has  been  previously  deterinined. 

Sect.  I — To  find  the  Horary  Angle  of  a  Heavenly  Body, 

The  astronomical  day,  being  the  interval  of  time  be- 
tween two  successive  passages  of  the  sun's  centre  across 
the  meridian,  commences  at  noon,  and  terminates  the 
following  day  at  the  same  instant.  It  is  divided  into  24 
equal  parts,  called  hours,  each  of  which  corresponds 
to  15°  of  the  equator,  the  portions  of  that  circle  measur- 
ing the  horary  angles  formed  by  the  different  meridians. 

The  hours  of  the  astronomical  day,  reduced  to  de- 
grees. Sec.  correspond  with  the  horary  angle  from  noon 
to  midnight  ;  thus,  four  o'clock  in  the  afternoon  is,  in 
regard  to  the  sun,  the  same  as  the  horary  angle  60°  ; 
but  from  midnight  to  noon,  the  hours,  when  reckoned  in 
the  ordinary  way,  must  be  subtracted  from  twelve  hours, 
and  the  difference  reduced  to  degrees,  &c.  is  the  horary 
angle.  In  short,  whether  the  time  is  reckoned  by  the 
civil  or  astronomical  method,  the  interval  from  noon  is 
always  to  be  accounted  the  horary  angle. 

By  the  rotation  of  the  earth  on  its  axis,  the  sun,  as 
well  as  the  other  heavenly  bodies,  seem  to  have  a  daily 
motion  in  an  opposite  direction.  The  angles  of  elevation 
which  they  possess,  in  reference  to  the  horizon,  are  thus 
perpetually  changing,  from  the  moment  they  make  their 
appearance  in  the  east,  till  they  finally  disappear  in  the 
west.  The  change  of  altitude,  however,  is  not  uniform, 
being  greatest  at  the  instant  the  body  passes  the  prime 
vertical,  and  gradually  diminishing  as  it  advances  to  the 
meridian.  Hence,  though  the  hour  from  noon  may  be 
obtained  by  means  of  an  altitude  of  a  known  heavenly 
object,  taken  at  any  period  of  its  daily  revolution,  the 
most  suitable  time  will  evidently  be  when  its  change  of 
altitude  is  most  rapid. 

Together  with  the  sun's  altitude,  or  that  of  some  other 
heavenly  body,  the  latitude  of  the  place  of  observation 
must  also  be  known,  to  deduce,  by  calculation,  the  ho- 
rary angle.  When  the  altitude  is  taken  at  the  time  the 
object  crosses  the  prime  vertical,  that  is,  when  it  is  due 
east,  or  due  west,  any  error  in  the  latitude  has  less  influ- 
ence on  the  result,  than  when  it  is  taken  near  the  me- 
ridian. Unless  circumstances  render  it  absolutely  ne- 
cessaty,  the  interval  from  noon,  when  the  sun's  altitude 
is  observed,   should  not  be  less  than  two  hours  ;  though 


a  good  observation,  taken  an  hour  from  noon,  will  seive 
to  determine  the  time  within  ten  seconds,  provided  the 
altitude  is  accurately  known,  and  the  sun's  azimuth  not 
less  than  20°. 

1.   To  find  the  Horary  Angle  by  the  Altitude  of  the  Sun. 

Having  made  the  necessary  corrections  on  the  altitude, 
and  the  declination,  arrange  the  elements  of  the  calcula- 
tion in  the  following  order: 

\st.  Add  together  the  latitude,  the  true  altitude,  and 
the  polar  distance,  or  co-declination.  Take  half  their 
sum,  and  fiom  the  half  sum  subtract  the  true  altitude. 

2dly,  Then  add  together 

The  arith.  comp.  log.  cos.  latitude 

Tlie  aritli.  comp  log.  sine,  Polar  distance 

The  log.  cos.  ot*  the  ha'f  sum 

The  log.  sine  dift'.  of  half  sum  and  true  altitude. 

odly,  Take  half  the  sum  of  these  four  logarithms, 
and  it  will  be  the  log.  sine  of  half  the  horary  angle  in 
degrees,  Sec. 

If  the  observation  was  made  in  the  afternoon,  the  cor- 
responding time  to  the  horary  angle  will  be  the  hour 
reckoned  from  the  noon  of  the  same  day  ;  but  if  it  was 
made  in  the  forenoon,  the  corresponding  hour  will  be 
found  by  subtracting  the  horary  angle  in  time,  from  12 
hours,  according  to  the  civil  mode  of  reckoning  time,  or 
from  24  hours,  according  to  the  astronomical  mode.  In 
the  last  case,  the  time  will  be  reckoned  from  the  noon  of 
the  preceding  day. 

The  lim;  thus  found,  is  what  is  called  by  astrono- 
meis  True  time,  or  Atiparent  time,  to  distinguish  it  from 
the  time  that  would  be  indicated  by  a  chronometer,  or  a 
true  going  clock,  which  is  called  Mean  time.  See  As- 
tronomy. 

Example. — June  21,  1820,  at  8  h.  20  m.  a.  m.  being 
in  Lat.  25°  13'  20"  N.  Long.  49°  15'  W.  the  altitude  of 
the  sun's  lower  limb  was  observed  to  be  39°  15'  40". 
Required  the  true  or  apparent  time  of  the  observation, 
the  eye  having  been  18  feet  above  the  surface  of  the 
water,  and  also  the  error  of  the  watch  ? 

39°  IS'  40" 

.      ^    r  .  -  4    23 

Dip 


App.  alt.  sun's  lower  limb 
Refraction      0'  17"? 
4     6   5 


Sun's  semidiameter 
True  alt.  sun's  centre 


39     11    17 
15    46 


39     17     3 

The  sun's  declination,  June  20,  1820,  is,  by  the  Nau- 
tical Almanack,  23°  27'  43",  and  the  daily  change  be- 
ing 15",  the  correction  for  20  h.  20  m.  the  astronomical 
time  of  the  observation,  reckoned  from  the  noon  of  June 
20,  together  with  the  difference  of  longitude  in  time 
3  h.  17  m.  is  such  as  to  bring  it  to  the  noon  of  June  21, 
nearly.  Hence  the  corrected  declination  is  23°  27'  58", 
and  Polar  distance  65°  32'  2".  The  calculation  is,  there- 
fore, as  follows. 

The  latitude            ...  25°  13'   20" 

Sun's  true  altitude            .  .  29     27     3 

Polar  distance          .          .  .  66     32      2 

Sun             ...  .  131     12    25 

Half  sum             .             .  .  .       65     36    12 

Uiif.  alt.  and  half  sum            .  .         26      9     9 

Arith.  comp.  log.  cos.  lat.  25°  13'  20"  .04351 
Arith.comp.log.sinepol.  dist.  66    32     2  .03749 

Log.  COS.  >,  sum.  .  .  65  36  12  9.61600 
Log.  sine  dift'.  alt.  and  i  sum  25  9  9  9.64421 
Sun 19.34121 
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li  sum  =  lo^;.  sine  A  hor.  angle  27    55    45        9.670C0 


Horary  angle  .  55    51    30 

AV'hicli,  reduced  lo  time,  is  3  li.  43  m.  26  s.  and  corres- 
ponds lo  8  I).  16  m.  34  s.  A.  M.  of  the  civil  day,  or  to 
20  1).  16  m.  34  s.  reckoned  irom  li.c  noon  of  June  20lli. 

Time  by  the  watch 

Apparent  time 

Watch  before  apparent  time 


81i.  20  m.  Os. 
8       16    34 


H.  m.     s. 

U.  A.  of  Fomalhaut,  Jan.  1,  1808  .  22  i7  33.97 

Change  in  U.  A.  for  1  year  8J  months  + ^^ 

Cor.  K.  A.  of  Fomalhaut,  Aug.  15,  1819         22  47  39.67 

N.  pol.  dist.  of  Fomalhaut,  Jan.  1,  1818  120°  35'    4" 

Change  for  1  year  8J  months        .        .  -— 32.6 

Cor.  N.  pol.  dist.  of  Fomalhaut,  Aug.  15, 1S19  J20     35  31.4 

180 


2.    To  find  the  Horary  Angle,  by  the  Altitude  of  a  known 
fixed   Star. 

If  the  sun  had  no  apparent  motion  among  the  stars, 
the  difi'erence  between  his  right  ascension,  and  the  right 
ascension  of  a  star,  would  be  the  difference  of  time  be- 
tween the  periods  of  their  passing  the  meridian  ;  and 
since  the  right  ascension  of  each  is  reckoned  on  the 
e(iuator,  from  west  to  east,  the  star  would  pass  the  me- 
ridian before  the  sun,  when  its  right  ascension  was  less 
than  that  oi  the  sun,  but  after  it,  when  it  was  greater. 
If  the  horary  angle  of  the  star,  therefore,  was  computed 
at  any  time  when  it  had  a  given  altitude,  it  would  be 
easy  to  deduce  from  it  the  true  time  in  reference  to  the 
sun's  meridian  transit.  The  only  correction  to  be  made 
on  the  time  thus  computed  is  but  a  slight  one,  on  ac- 
count of  the  apparent  diurnal  motion  of  the  sun  among 
the  stars,  by  which  his  right  ascension  increases  daily 
from  the  vernal  equinox,  when  it  is  nothing,  imtil  he  ar- 
rives, after  the  interval  of  a  year,  at  the  same  point 
again,  when  it  is  360°,  or  24  hours.  From  these  consi- 
derations we  may  deduce  the  following  method  of  find- 
ing the  horary  angle  by  the  altitude  of  a  star. 

Calculate  the  sun's  right  ascension  for  the  estimated 
time,  and  longitude  of  the  ship,  by  taking  from  the  Nau- 
tical Almanack  the  right  ascensions  for  the  preceding 
and  following  noon,  and  adding  a  proportional  part  of 
their  difference  for  the  elapsed  time,  to  the  right  ascen- 
sion of  the  preceding  noon.  The  sum  will  be  the  sun's 
right  ascension  for  the  estimated  time  nearly.  If  the 
altitude  of  the  star  has  been  observed  to  the  west  of  the 
meridian,  add  its  horary  angle  to  its  right  ascension,  in 
time,  and  the  sum  will  be  the  right  ascension  of  the  me- 
ridian ;  but  if  it  has  been  observed  to  the  cast  of  the 
meridian,  subtract  the  horary  angle  from  its  right  ascen- 
sion, and  the  difference  will  be  the  right  ascension  of  the 
meridian.  Lastly,  from  the  right  ascension  of  the  me- 
ridian, increased  by  24  h.  if  necessary,  subtract  the  sun's 
right  ascension,  and  the  difference  will  be  the  apparent 
time  of  observation.  If  the  apparent  time  thus  comput- 
ed differ  more  than  10  minutes  from  the  estimated  time 
of  the  place  of  observation,  by  the  watch,  it  will  be  pro- 
per to  calculate  a  second  time  the  sun's  right  ascension, 
or  to  add  to,  or  subtract  from  the  time  already  found,  a 
proportional  part  of  the  sun's  right  ascension,  according 
as  the  estimated  time  is  less  or  greater  than  the  com- 
))uled  time.  It  is  almost  unnecessary  to  observe,  that 
the  horary  angle  of  a  star  is  found  in  the  same  manner 
as  that  of  the  sun,  the  elements  being  the  same  in  both 
cases,  .viz.  the  latitude  of  the  place  of  observation,  the 
true  altitude  of  the  star,  and  its  correct  polar  distance. 

August  15,  1819,  at  10  h.  20  m.  p.m.  by  the  watch, 
being  in  Lat.  24°  15'  30"  S.  Long.  61°  20'  E.  the  alti- 
tude of  Fomalhaut  on  the  east  side  of  the  meridian  was 
53"  15'  2C/',  the  eye  having  been  28  feet  above  the  sur- 
face of  the  sea.  Required  the  apparent  time  of  the  ob- 
servation. 
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Cor.  S.  pol.  dist.  ...  59     2o  2U.6 

The  esiimaltd  lime  at  the  ship  being  10  h.  20  m.  and 
the  time  corresponding  to  the  difference  of  longitude 
4h.  5  m.  20  s.  the  time  at  Greenwich,  according  to  the 
watch,  is  6  h.  14  m.  40  s. 


Sun's  R.  A.  Aug.  15,  1819,  for  meridian 

of  Greenwich 
Change  in  R.  A.  for  6  h.  15  m. 
Sun's  R.  A.  for  estimated  time  at  ship 

App.  alt.  of  Fomalhaut 
Refraction  .  0'  43"  J 

Dip  .  .  5     0    5 

True  alt.  of  Fomalhaut 

The  latitude 

True  alt.  of  Fomalhaut 

Pol.  dist.  .... 

Sum  .... 

J  Sum  .... 

Diff.  of  alt.  and  i  sum 

Arith.  comp.  log.  cos.  lat.  24°  15' 

Arith.  comp.  log.  sine  pol.  dist.  59     25 
Log.  cos.  i  sum         .         .  68    25 

Log.  sine  difl.  alt.  and  i  sum      15    15 

Sum 

i  Sum  =  Log.  sine  >_,  hor.  angle  20°  33' 


H.  m. 

9  36     3 
0     15 


s. 


9 

38 

30 

53° 

15' 

20" 

fi 

5 

41 

53° 

9' 

37" 

24' 

15' 

30" 

53 

9 

37 

59 

25 

29 

136 
68 
15 


30" 
29 
18 
41 

34"i 
2 


50 
25    18 
15    41 

.04015 

.06503 

9.56558 

9.4203: 

19.09107 

9.54553 


Horary  angle 

time  is  2h.  44  m.  28  s. 


41     7      9  which  reduced  to 


H.  m.    s. 

2     44   28 
22    47  40 


20 
9 


38 


12 

30 


10  24  42 
10  20  0 
0      4     42 


Hor.  angle  of  the  star 

Its  R.  A. 

R.  A.  of  the  meridian 

Sun's  R.  A. 

App.  time  at  place  of  observation 

Time  by  the  watch 

Watch  behind  app.  time 

For  the  method  of  finding  the  apparent  time  by  equal 
altitudes  of  the  sun,  see  Astronomy.  • 

Sect.  II.   To  find  the  Altitude  of  a  Hea-uenly  Body. 

The  horary  angle  of  an  object,  its  polar  distance,  and 
the  latitude  of  the  place,  are  the  three  elements  usual- 
ly employed  for  calculating  its  altitude.  The  first 
of  these  quantities  is  known  by  the  apparent  time  ;  and 
in  the  case  of  the  sun  is  the  lime  reckoned  from  the 
nearest  noon,  reduced  to  degrees,  &c.  When  the  hora- 
ry angle  refers  to  the  moon  or  a  star,  it  is  found  in  the 
following  manner:  To  the  ship's  time,  whicli  is  sup- 
posed lo  be  accurartly  known,  add  the  sun's  right  as- 
cension duly  corrected,  rejecting  24  h.  if  the  sum  ex- 
ceeds that  number,  and  it  will  give  the  right  ascension 
of  the  meridian.  Then  take  the  difference  between  the 
right  ascension  of  the  moon  or  star,  and  that  of  the 
meridian,  and  it  will  be  the  moon  or  star's  horary  angle. 

The  ship's  time  must  be  carefully  distinguished  from 
the  time  given  by  a  chronometer,  which  (generally  has  a 
reference  to  some  other  meridian.  The  ship's  time  is 
the  time  in  regard  to  the  noon  of  the  ship's  place,  as 
determined  by  the  last  section,  for  computing  the  horary 
angle. 

^  Xx 
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Tlie  polar  distance,  reckoned  from  the  elevated  pole 
of  the  hcmispliere  in  wliicli  the  ship  is,  and  the  horary 
angle,  being  both  adapted  to  the  lime  ot  the  ship,  tlie  rc- 
inaindcr  of  llic  calcuhition  is  to  be  performed  in  the  fol- 
lowing manner. 

1.  To  the  log.  cos.  of  half  the  horary  angle  in  degrees, 
&c.  add  halfliie  los'.  sine  of  the  polar  distance,  ball  the 
log.  cosine  of  the  latiuidc,  and  the  log.  secant  (rcjeciing 
the  index)  of  half  the  complement  of  the  difieience  be- 
tween the  polar  distance  and  the  latitude.  The  sum 
will  be  the  log.  sine  of  an  auxiliary  angle. 

2.  Fiom  the  log.  cosine  of  this  auxiliary  angle,  sub- 
tract the  above  log.  secant  of  half  the  complement  of 
the  diflerence  between  the  polar  distance  and  the  lati- 
tude, and  the  remainder  will  be  the  log.  cosine  of  an  an- 
gle, wl>ich  being  doubled,  and  then  diminished  by  90°, 
the  difference  will  be  the  true  altitude. 

Example  I.— May  25,  1820,  being  in  Lat.  10°  45' 30" 
N.  Long.  53"  47'  W.  I  was  desirous  of  finding  the  al- 
titude of  Castor,  at  9  h.  5  m.  15  s.  by  the  watch,  it  hav- 
ing been  ascertained  the  same  day  by  an  altitude  of  the 
sun,  that  the  watch  was  1  h.  20  m.  15  s.  fast  of  apparent 
time.  What  was  the  altitude  of  the  star  at  the  time 
mentioned,  the  ship  having  changed  her  longitude  35 
miles  to  the  westward  since  the  apparent  time  was  de- 
termined ? 

Time  by  the  watch 

Watch  fast 

Apparent  time 

Correction  in  time  for  change  of  longitude 

Corp.  app.  time  of  ship 

.Ship's  longitude  reduced  to  time 

App.  time  at  Greenwich 

The  sun's  right  ascension  adapted  to  this  time,  is  4  h. 
lOm.  9  s.  Also  the  right  ascension  of  Castor  adapted 
to  the  year  and  month,  is  7  h.  23  m.  7  s.  and  his  north 
polar  distance  57°  43'  39". 


App.  time  of  the  altitude 
Sun's  right  ascension 
night  ascension  of  meridian 
Right  ascension  of  Castor 
Castor's  horary  angle  W.  of  meridian 
which,  reduced  to  degrees,  is  67°  25'  30". 

Polar  dist.  of  Castor 

Latitude 

Difference  .  .  , 

Complement  difT. 
One-half  comp.  diff. 

Log.  cos.  4  hor.  angle 
i  log.  sine  polar  distance 
A  log.  cos.  latitude 
Log.  sec.  i  comp.  {rejecting  inckx)  21 
Log.  sine  of  auxiliary  angle 
Log.  COS.  auxiliary  angle 
Log.  sec.  i  comp.  {rejecting  index) 
Log.  cos.        .        .        57°  22'  18" 

2 


H.  m. 
9  5 

1  20 

s. 
15 
15 

7  45 
0  2 

0 
20 

T   42 
3  35 

4u 
8 

10  17     48 


4  29  42 


57° 
10 

43' 
45 

39" 
30 

46 
90 

58 

9 

43 

1  51 

21 

30  55 

33° 

42' 

45" 

9.92004 

57 

43 

39 

4.96356 

10 

45 

30 

4.99615 

21 

30 

55 

.03137 

54 

34 

47 

9.91142 

9.76311 

.03137 

9.73174 


114    44    36 

90 


True  alt.  of  Castor         24    44    36 

Example  II — The  circumstances  being  the  same  as 
in  the  last  example,  what  was  then  the  altitude  of  the 
moon  ? 


18°  3'  S. 
90 

108°  3' 
lu  45 

0'' 
30 

97  17 
90 

30 

K.  A  of  the  merid.  formerly  found  11  h  52' 
R.  A.  of  the  moon  duly  corrected 
Moon's  hor.  angle  E.  of  Meridian 
J  hor.  angle 

Moon's  declination  corrected,  is 

Moon's  N.  Pol.  dist. 

Latitude 

Uifi'erence        .... 


i  Complement  of  did'. 

Log.  cos.  i  hor.  angle 

A  log.  sine  polar  dist. 

I  log.  cos.  latitude 

Log  sec.  J  comp. 

Log.  sine  aux.  angle  65°  55'  50" 

Log.  Cos.  aux.  angle 

Log.  sec.  J  comp. 

Log.  cos 65°  58'   38" 


49"=ir8°  12'  15'' 
217      9    0 
38°  56' 45" 
19    28   22 


7  17 

30 

3  38 

45 

19° 

28' 

22" 

9.97442 

108 

o 

0 

4.98904 

10 

45 

30 

4.99615 

3 

38 

45 

.00088 
9.96049 

9.61051 
00088 

y.6u963 


IJl 
90 


57      16 
0       0 


Moon's  true  ah 41     57     16 

By  means  of  a  table  of  natural  sinijs,  and  logarithmic 
versed  sines,  the  altitude  may  be  found  more  expedi- 
tiously in  the  following  manner  : 

To  the  cosine  of  the  latitude,  add  the  sine  of  the  polar 
distance,  and  the  versed  sine  of  the  horary  angle;  tlie 
sum  rejecting  20  is  the  logarithm  of  a  number,  whicli 
being  subtracted  from  the  natural  cosine  of  the  difference 
between  the  colatitude  and  polar  distance,  gives  the  na- 
tural sine  of  the  altitude.  "I'he  first  example  solved  by 
these  precepts  will  be  as  under: 

Cos.  lat.  10°  45'  30" 
Sine  pol.  dist.  57°  43'  39" 
V.sine  hor.  angle  67°  25' 30" 
Log.  of        .        .        .  51176 

Nat.  cos.  (colat. — P.  dist.)?„„„^„ 
21°  30'  5"  ^yjujj 


9.99230 
9.92712 
4  78965 
4.70907 


41857  =  nat.  sine  24°  44'  39"  alt.  of 
Castor. 

The  result  differs  only  3"  from  the  former  calcula- 
tion, and  is  greatly  more  simple. 

CHAP.  V. 

OF    THE    LONGITLDE. 

The  various  methods  which  have  been  proposed  for 
finding  the  longitude  at  sea,  depend  either  diiectly  or 
indirectly  on  the  determination  of  the  difference  of  time 
between  the  meridian  of  the  ship,  and  the  first  meridian ; 
or  any  other  from  which  the  ship's  departure  may  have 
been  taken. 

The  time  of  the  first  meridian  may  be  ascertained, 
either  by  an  accurate  chronometer  previously  adjusted 
to  the  mean  time  of  that  meridian,  or  by  astronomical 
calculations,  adapted  in  poini  of  time  to  the  first  meri- 
dian. And  the  lime  at  the  meridian  of  the  ship  may  be 
computed  by  the  methods  explained  under  the  first  sec- 
tion of  Chap.  IV.  The  difference  of  time  between  the 
first  meridian,  and  the  meridian  of  the  ship  being  thus 
known,  the  difference  of  longitude  is  easily  found  by 
reducing  the  diffL^ence  of  time  to  degrees,  Sec.  to  be 
reckoned,  of  an  easterly  denomination,  when  the  time  of 
the  ship  exceeds  the  time  of  the  first  rneiidian,  but  wi?s- 
terly  when  the  latter  exceeds  the  former. 
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Sect.  I. —  To  find  the  difference  of  LonffUude  by  a 
Chronometer, 

From  the  advanced  state  of  the  arts  in  modern  times, 
the  construction  of  chronometers  or  timekeepers  has 
heen  carried  to  such  a  pitch  of  perfection,  that  these 
instruments,  if  they  do  not  measure  time  with  absolute 
exactness,  move  at  least  wilh  sufficient  uniformity  for 
several  montlis,  to  indicate,  after  a  calculated  correc- 
tion, the  instant  of  lime  at  which  they  arc  observed,  so 
as  to  answer,  with  the  aid  of  a  simple  calculation  of  the 
apparent  lime,  the  purpose  of  determining  the  longitude, 
liefore  we  can  explain,  however,  the  manner  of  using 
clironometers  at  sea  for  that  important  end,  we  must 
briefly  consider  the  different  modes  which  are  usually 
employed  for  eslimating  lime,  without  a  correct  know- 
ledge of  which  we  sliould  be  liable  to  commit  very  great 
errors  in  computing  Ihc  longitude  by  these  instruments. 

The  rotation  of  the  earth  on  its  axis  being  performed, 
at  all  seasons  of  the  year,  wilh  perfect  uniformity,  the 
fixed  slars  appear  to  describe  their  diurnal  revolution 
with  the  most  undeviating  regularity  ;  so  that  if  a  paiti- 
cular  star  be  observed  to  cross  the  meridian  on  any  niglit, 
at  a  given  hour,  it  will  be  found  to  return  to  the  meri- 
dian the  following  night,  after  an  interval  of  23  h.  5  6  m. 
3  4  s.  or  .3  m.  56.6  s.  earlier.  This  interval  is  called  a 
sidereal  day  ;  and  time,  computed  in  portions  of  it,  is  de- 
nominated sidereal  time.  By  the  apparent  annual  motion 
of  the  sun  from  west  to  east,  the  time  which  that  lumi- 
nary takes  to  perform  a  daily  revolution,  called  a  solar  or 
astronomical  day,  is  a  little  greater  than  a  sidereal  day  ; 
insomuch  that,  in  the  course  of  a  year,  the  sun  crosses 
the  meridian  once  less  than  the  stars.  Nor  is  the  inter- 
val between  two  consecutive  transits  of  the  sun  the  same 
from  day  to  day,  but  perpetually  varying,  so  as  to  make 
the  noon  by  the  sun  sometimes  before  and  sometimes  be- 
hind the  noon  that  would  be  indicated  by  a  perfect  chro- 
nometer. This  irregularity  in  the  apparent  motion  of  the 
sun  arises  from  the  obliquity  of  his  path  to  the  celestial 
equator,  and  the  eccentricity  of  the  earth's  orbit ;  but  the 
difference  which  it  causes  between  solar  time,  and  the 
time  marked  by  an  accurate  chronometer,  being  known, 
it  will  be  easy  at  any  time  to  deduce  the  one  from  the 
other.  The  difference  alluded  to,  which  is  called  the 
equation  of  time,  is  inserted  for  every  day  of  the  month, 
in  the  second  page  of  each  month,  in  the  nautical  Alma- 
nack, the  word  add  being  placed  at  the  top  of  liie  co- 
lumn, wlun  the  equation  is  to  be  added  to  the  lime  de- 
duced from  an  observation  of  the  sun,  to  bring  it  to  the 
time  of  a  perfect  chronometer  ;  and  subtract,  when  the 
contrary.  The  time  indicated  by  the  chronometer  is  de- 
nominated mean  lime  ;  while  that  deduced  from  an  obser- 
vation of  the  sun,  or  any  of  the  heavenly  bodies,  is  called 
af}fiaren:  time,  and  by  some  writers,  though  very  impro- 
perly, true  time,  as  this  appellation  renders  it  liable  to 
be  confounded  with  mean  time.  In  the  nautical  alma- 
nack, all  the  quantities  arc  adapted  to  the  apparent  lime 
of  the  meridian  of  Greenwich,  except  the  immersions 
and  emersions  of  Jupitei's  satellites,  which  are  calcu- 
lated to  mean  time. 

Chronometers  are  regulated  to  the  mean  lime  of  some 
particular  meridian,  either  l)y  means  of  etjual  altitudes, 
(as  explained  in  Astuono.my,)  or  by  calculating  the  ho- 
rary angle  by  the  methods  laid  down  in  Chap.  IV.  The 
proper  allowance  being  made  in  cither  case,  for  the  equa- 
tion of  lime  on  the  given  day,  by  adding  or  subtracting 
it,  as  pointed  out  in  ihe  nautical  almanack,  the  apparent 


time  will  be  reduced  to  mean  lime  ;  and  the  chronome- 
ter may  either  be  regulated  accordingly,  or  the  differ- 
ence between  it  and  the  calculated  mean  lime  may  be 
inserted,  with  the  corresponding  day  of  the  month,  in  a 
small  book  kept  for  registering  the  going  of  the  chiono- 
meter,  and  any  thing  else  respecting  it  that  may  be  deem- 
ed of  importance.  Thus,  in  the  example  given  under  the 
last  chapter  for  finding  the  hoiary  angle  by  the  sun's  alti- 
tude on  ihe  20th  June  1820,  we  would  proceed  to  find 
the  Mean  lime  in  the  following  manner: 

JI.  m.  s. 
Calculated  apparent  time,  June  20tli,  .  20  16  34 
Equation  of  time  noon  of  June  2l3t,  thaf^      a.       i     ^n 


being  Greenwich  time 

Mean  time 

Time  by  the  watch 

Watch  before  mean  time 


s 


+ 


20     17     54 
20     20       0 


The  equation  of  lime  is  taken  for  June  2l3t,  because 
the  difference  of  longitude,  together  with  the  time  of  the 
observation,  make  the  lime  when  the  altitude  was  taken 
to  correspond  almost  exactly  with  the  noon  of  Green- 
wich that  day. 

The  chronometer  being  thus  adjus'ed  to  mean  time, 
or  at  least  its  deviation  from  it  being  known,  a  corre- 
sponding set  of  observations  ought  to  be  made  at  the 
same  place,  after  a  lapse  of  several  days  :  and  if  the  lime 
by  the  chronometer  is  still  found  to  agree  wilh  the  mean 
time  deduced  from  the  calculated  apparent  lime,  or  to 
differ  from  it  by  the  same  quantity  as  before,  (in  case  no 
alteration  was  made  on  the  chronometer)  it  would  be  a 
proof  that  tlie  instrument  was  in  the  best  order,  and  re- 
quired no  correction.  But  if,  on  the  other  hand,  and 
which  is  far  more  probable,  the  chronometer  should  be 
found  to  have  advanced  before,  or  fallen  behind  mean 
lime,  by  a  certain  number  of  seconds,  or  even  minutes, 
let  the  interval  between  the  observations  be  taken,  and 
also  the  amount  of  the  deviation,  and  from  these  let  a 
proportional  part  be  found  for  24  hours.  Thus,  suppose 
the  chronometer  had  been  adjusted  to  mean  time  June 
20,  1820,  at  20  h.  40  m.,  that  is,  as  early  as  possible,  after 
the  calculation  of  the  horary  angle  for  that  day,  and  ihe 
reduction  of  the  apparent  to  mean  time;  and  suppose 
farther  it  had  been  afterwards  found  by  a  similar  calcu- 
lation of  the  horary  angle,  from  observations  made  at  the 
same  place,  July  2,  at  5  h.  15  m.  10  s.  it  had  retarded  3 
m.  12  s.  Then  the  interval  between  June  20  d.  20  m. 
40  s.  and  July  2d,  5  h.  15  m.  10  s.  being  9  d.  3  li.  40  m. 
+  2  d.  5  h.    15  m.    10  s.  or  1 1  d.  8  h.  55  m.   10  s. 

Ud.  8h.  55  m.  10s.  :  1  d. =3  m.  12  s. :  16.88  seconds. 

Hence  the  retardation  of  the  chronometer  would,  in  the 
above  case,  be  16.88  seconds  a  day.  The  daily  deviation 
of  the  chronometer,  which  is  called  its  rate,  being  thus 
known,  the  amount  of  the  deviation  at  any  subsequent 
period  from  the  mean  lime  of  the  meridian  to  which  it  was 
originally  regulated,  may  be  computed  by  multiplying 
the  daily  rate  by  the  elapsed  time  in  days,  and  fractional 
parts  of  a  day.  Let  it  be  supposed,  for  example,  that 
the  chronometer  had  been  duly  regulated  to  the  noon  of 
Portsmouth,  February  8,  1820,  its  rale  having  been  pre- 
viously found,  by  the  method  we  have  explained,  lo  be 
7.56  seconds  in  advance,  and  it  were  required  to  find  the 
mean  time  of  Portsmouth,  June  I,  1820,  at  a  place  in 
longitude  "2°  12'  west  from  Greenwich,  by  account, 
where  the  chionometer  at  noon,  by  mean  time,  gave  the 
time  4  h.  53  m.  12  s. 

The  interval  of  lime  between  Feb.  8,  1820,  and  June 
X  x2 
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I,  1820,  (it  being  leap-yeai)  is  114  days.  Then  7."  55 
X  1 14=861. "8  =  14  m.  21.8  s.  to  which  adding  l."4  for 
the  small  propovtional  part  corresponding  to  the  time  past 
noon,  that  is,  in  the  present  case,  for  the  difference  be- 
tween 4  h.  53  m.  12  s.  and  14  m.  21.8  s.  the  whole  acce- 
leration of  the  chronometer,  is  14  m.  23  s. 


Time  by  the  chronometer 

Acceler.ition 

Mean  time  of  Portsmouth 


H.    m.  s. 

4    53  12 

0     14  23 

4     58  4y 


wliich  reduced  to  degrees,  &c.  gives  65"  42'  15"  west 
from  Portsmouth.  The  mean  time  of  Portsmouth  being 
thus  found,  together  with  the  ship's  lo'.igitude  in  refer- 
ence to  that  place,  which  is  7i>est,  liecause  the  ship's  lime 
is  behind  the  time  at  Portsmouth,  the  longitude  reck- 
oned from  the  meridian  of  Greenwich  is  easily  deter- 
mined. 

Long-,  of  Poitsmouth  .  .  .        1»     6'     1"  W. 

Dili',  of  long',  between  ship  and  Portsmouth     69    42    15    W. 
Long,  of  ship,  In  reference  to  Gicemvicli  70    48    16    W. 

Instead  of  having  the  time  of  the  chronometer  regu- 
lated to  the  mean  lime  of  the  place  fiom  wliich  the  ship 
lakes  her  deparlure,  it  will,  in  gencial,  be  more  conve- 
nient to  have  it  adapted  to  the  noon  of  Greenwich.  This 
can  easily  be  done  at  any  place,  the  longitude  of  which 
is  well  established,  by  making  an  allowance  of  lime  cor- 
responding to  the  diiTerence  of  longitude  between  the 
place  and  the  first  meridian.  Thus,  suppose  the  sun's 
horary  angle  had  been  found,  by  a  set  of  good  observa- 
lions  al  Plymouth,  to  be  4  h.  25  m.  36  s.  on  the  15th  Oct. 
1  820,  al  the  instant  when  the  chronometer  gave  4  h.  1  m. 
15  s.  and  it  were  required  to  find  the  correction  to  be 
niade  on  the  chronometer  to  adapt  it  to  the  meridian  of 
Greenwich. 


App.  time  at  Plymouth 
Kquatioii  of  time  {siiblracUve) 

Long,  of  Plymouth  4°  7'  31"  W.  in  time 
Mean  time  of  Greenwich  nearly 
Correction  of  equation  of  time  for  interval  from  ^ 
noon  5 

Mean  time  of  Greenwich 
Time  by  the  chronometer 
Chronometer  behind  mean  time  of  Greenwich 


H. 

4 
0 


m.  s. 
25  36 
14      9.7 


4 
0 

11 

16 

26.3 
oO.O 

4 
0 

27 
0 

56.3 
2.4 

4 

4 

27 

1 

53.9 
15 

0    26    38.9 


In  making  the  observations  for  computing  the  sun's 
horary  angle,  for  Ihe  purpose  of  regulating  the  chrono- 
meters, every  precaution  should  be  employed  that  can 
insure  accuracy  in  the  result.  The  observer  should  take 
the  necessary  altitudes  as  soon  as  the  season  of  the  year 
•will  permit,  after  the  sjn  has  passed  the  prime  vertical 
in  the  morning,  or  before  he  has  reached  it  in  the  even- 
ing ;  and  instead  of  being  satisfied  with  a  single  altitude, 
he  should  take  four  or  six  of  them  in  close  succession, 
at  as  short  intervals  as  just  to  leave  sudicient  time  to 
read  off,  without  confusion,  the  indications  of  the  inslru- 
mcnl;  and  the  lime  of  each  observation  should  be  care- 
fully noted  by  an  assistant,  either  by  means  of  the  chro- 
nometer itself,  or  a  good  watch  furnished  with  a  second 
hand,  and  compared  with  the  ciiionomcter  before  and  after 
the  obsci  vatiot.s.  The  bum  of  tl;e  several  altitudes,  and 
also  the  sum  of  the  corresponding  times,  being  each  di- 
vided by  the  number  of  observations,  a  mean  altitude, 
^'ith  its  corresponding  time,  will  be  obtained,  which  will 


probably  be  nearer  ihe  truth  than  any  of  those  actually 
observed,  taken  singly.  The  mean  altitude,  thus  found, 
being  duly  corrected  for  refraction,  dip.  Sec.  is  to  be  used 
in  the  calculation  of  the  horary  angle  for  adjusting  the 
chronometer.  It  inight  even  be  recommended  to  take 
two  or  three  sets  of  such  observations  on  the  same  day, 
at  an  interval  of  a  quarter  of  an  hour  between  each  set, 
and  to  calculate  the  horpry  angle  for  each  of  them  sc- 
])aratcly,  making  due  allowance  for  the  change  of  de- 
clination, according  as  it  is  increasing  or  decreasing.  Let 
the  corresponding  times  lo  the  several  horary  angles, 
reckoned  from  the  preceding  noon,  be  then  added  toge- 
ther, and  divided  by  the  number  of  sets  of  observations. 
The  mean  thus  deduced  being  corrected  for  difference 
of  longitude;  the  efjuation  of  time  for  the  preceding 
noon  ;  and  the  proportional  pat  t  of  the  equ.ilion  of  time 
for  the  interval  between  noon  and  the  approximated  time, 
thus  computed,  the  result  will  be  the  mean  time  of  Green- 
wich at  the  instant  corresponding  lo  the  mean  of  the  times 
given  by  the  chronometer.  'I'he  difference  will,  there- 
fore, be  the  deviation  of  the  chronometer  before  or  be- 
hind the  time  at  Greenwich,  according  as  the  mean  of 
the  times  of  the  chronometer  is  greater  or  less  than  the 
mean  result  deduced  by  calculation. 

To  illustrate  this  by  example,  let  us  suppose  that  on 
the  26th  Sept.  1820,  the  following  sets  of  observations 
had  been  inade  in  tlie  morning  at  Leilh,  with  the  view 
of  regulating  a  chronometer  lo  the  mean  lime  of  Green- 
wich. 


1st  set. 
2d  do. 
3d  do. 


Means  of  Chronometer 

at  the  instant  of 

Observations. 


19  h.  30  m.  29  s. 
iv       48        37 

20  1        16 


Cnlcbhtfd  Horary  Angles, 

in  Time,  iVu;n  Means  of  observed 

Altitudes. 


19  h.   45  m.     37  s. 

20  3         46 
20        16         26 


from  pre- 
ceding 
noon. 


In  the  Nautical  Almanack  the  equation  of  time  for 
Sept.  25,  1820,  is  8  m.  2  4.2  s.  subcractive,  and  the  daily 
difference -4- 20"-3,  the  equation  of  time  being  increasing; 
also  the  difi'erence  of  longitude  between  Lcith  and  Green- 
wich being  3°  11'  W.  the  corresponding  time  is  12  m. 
44  s.     Hence  the  calculation  will  be  as  follows: 


Hor.  angle,  in  time,  by  1  si  set  of  observa- 
tions, 

2d,         .  . 

3d, 


3"!60 


49 


Mean  of  the  several  times         .         .  20       1     55.3 

Diff.  of  long,  between  Greenwich  &.  Leilh    -f     12     44 


20      14 

Equation  of  time  Sept.  25,  1820,  noon,  — - 8_ 

Approx.  mean  lime  of  Greenwich  .        20       6 

Cor.  of  equation  of  lime  for  20  h.  6  m.    — - 

Cor.  mean  lime  of  Greenwich  .  20 

Mean  of  the  times  by  chronometer       .        19 
Chronometer  behind  mean  time  of  Green 
wicli 


40.3 
24.2 


16  1 

17  0 

~~5~"597r 
46      47.3 


0      19      11.8 


If  the  equation  of  time  be  adttitive,  and  iiicreasing,  the 
proportional  part  of  it  for  the  interval  from  the  preceding 
noon  is  lo  be  added  ;  but  if  decreasing,  the  proportional 
part  is  to  be  subtracted.  In  like  manner,  if  the  equation 
of  lime  be  .'.ubtractive,  and  increasing,  the  proportional 
1)31 1  of  it  for  the  interval  from  the  preceding  noon  is  to 
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be  subtracted  ;  but  if  decreasing,  ilic  proportional  part  is 
to  be  added  to  the  approximated  mean. 

The  calculation  of  the  immersions  and  emersions  of 
Jupiter's  satellites,  as  laid  down  in  the  Nautical  Alma- 
nack, beinfj  adapted  to  the  mean  time  of  Greenwich,  the 
observation  of  these  phenomena  affords  the  means  of  as- 
certaining, on  land,  the  state  of  the  chronometer  with  re- 
spect to  the  mean  lime  of  the  first  meridian.  Tiie  ob- 
served time  by  the  chronometer,  af-ter  making  an  allow- 
ance for  its  rate,  should  always,  if  it  had  been  previously 
regulated  to  the  mean  lime  of  Greenwich,  correspond 
exactly  with  the  calculated  time  of  the  immersion  or 
emersion  in  the  Nautical  Almanack  ;  :;nd  therefore,  if 
the  time  by  the  chroiiomeler  is  greater  or  less,  either  the 
rate  of  the  chronometer  had  been  imperfectly  deter- 
mined, or  some  circumstance  has  occurred  since  its  ad- 
justment, to  derange  the  regularity  of  its  movements. 
For  further  information  on  this  subject,  see  Timekeeper. 

Sect.  II.    To  find  the  difference  of  hongitude  by  Celestial 
Observations. 

The  time  given  by  a  chronometer,  however  admirably 
the  instrument  may  be  executed,  and  however  accurate 
its  movements  may  have  been  found  by  previous  trial, 
never  can  be  trusted  to  with  the  same  degree  of  confi- 
dence as  the  time  deduced  from  celestial  observations 
made  with  good  instruments.  The  latter  may,  no  doubt, 
be  incorrect,  from  various  causes  ;  but  the  errors  to  which 
it  is  liable  are  known,  and  appreciable  in  their  extent ; 
whereas  the  indications  of  a  chronometer,  unless  they  are 
confirmed  by  two  other  time-pieces  of  at  least  equal 
goodness  and  authority,  must  always  be  taken  upon  trust. 
Hence  the  determination  of  the  longitude  by  celestial 
observation,  has  always  been  regarded  as  a  problem  of 
primary  importance  to  navigation. 

The  moon  being,  on  account  of  her  vicinity  to  the 
earth,  of  all  the  heavenly  bodies  the  most  rapid  in  her 
angular  motions,  it  was  soon  perceived  that  the  calcula- 
tion of  her  position  at  certain  intervals,  for  a  given  me- 
ridian, would  aftord  the  means  of  ascertaining,  by  obser- 
vation, the  difference  in  point  of  time,  between  that  me- 
ridian and  any  other,  where  her  position  was  observed  to 
be  the  same.  This  method  of  finding  the  difference  of 
longitude  between  two  places,  was  accordingly  recom- 
mended by  various  writers  so  early  as  the  beginning  of 
the  16'.h  century;  but  the  imperfect  state  of  the  lunar 
theory  at  ihat  period,  as  well  as  the  rude  nature  of  the 
instruments  which  were  then  used  at  sea,  effLXiually  jjre- 
vcnled  any  advantages  resulting  to  navigation  from  a  pro- 
posal, which  has  since  contributed  so  essentially  to  its 
advancement. 

For  determining  the  moon's  position,  the  method  which 
has  been  found  lo  answer  best,  is  that  of  computing  her 
true  distarice  from  the  sun,  or  some  remarkable  stars 
lying  nearly  in  the  plane  of  her  orbit,  with  regard  to  which 
her  angular  motion  at  the  time  is  the  most  rapid.  The 
stars  which  have  been  selected  by  the  British  astronomers 
for  this  purpose,  as  points  of  rcferenre  in  the  heavens, 
are  the  following:  a  Arietis,  Aldebaran,  Pollux,  Rcgulus, 
Spica  Virginis,  Antares,  Altair,  or  « /Xquilae,  Fomalhaut, 
and  a.  Pegasi,  or  Markab.  The  moon's  distance  from  the 
sun,  or  some  one  of  these  stars,  is  calculated  for  every 
3  hours  of  apparent  time  at  Greenwich,  and  inserted  in 
the  Nautical  Almanack  in  the  8th,  9lh,  10th,  and  1  llli 
fjages  of  each  month  ;  so  that  the  time  being  known  at 
at  any  other  place  whcie  the  moon  is  observed  to  have 


the  same  distance,  the  means  are  thus  obtained  of  finding 
the  difference  of  time  beiwten  the  two  meridians,  when 
the  same  phenomenon  takes  place  at  each.  Hence  their 
diflerence  of  longitude  may  be  ccunputcd,  by  reducing 
the  difference  of  time  to  degrees,  to  be  reckoned  cast  or 
•west,  according  as  the  apparent  time  of  the  place  of  ob- 
servation is  greater  or  less  than  the  time  of  Greenwicli. 
When  the  moon's  distance  is  mtcrmediate  between  two 
of  the  distances  g'>'t.n  in  the  Nautical  Almanack,  the  in- 
stant of  time  coricsponding  to  it  must  be  calculated,  by 
taking  a  proportional  part  for  the  excess  above  the  nest 
lowest,  wlicn  the  distance  is  increasing,  or  fur  its  defect 
when  the  disunice  is  decreasing,  as  iiluslrated  in  similar 
cases  under  Cnap.  II.  Sect.  II. 

In  order  to  find  the  true  distance  of  the  moon  from 
the  sun  or  a  star,  at  any  particular  instant  of  lime,  ilie 
apparent  distance  obtained  by  observation,  must  undergo 
certain  corrections  to  divest  it,of  the  effects  of  paiallax 
and  refraction,  and  thus  reduce  it  to  what  it  would  be 
if  observed  at  the  centre  of  the  earth.  For  this  pur- 
pose the  altitude  of  the  moon,  and  that  of  the  sun  or 
star,  must  be  taken  at  the  same  instant  when  the  dis- 
tance is  measured;  or  if  that  be  impracticable,  the  time 
must  be  accurately  observed  by  means  of  a  good  watch, 
previously  regulated  lo  the  noon  of  the  place  of  observa- 
tion, from  which  the  altitudes  of  the  iwo  bodies  may  be 
computed  by  the  melhpd  explained  in  Chap.  IV.  Sect.  II. 
At  any  rate,  the  distance  of  the  moon  from  the  sun  or  star 
being  the  quantity  on  which  the  calculation  of  the  Green- 
wich lime  chiefly  depends,  should  always  be  measured 
with  a  good  Sextant  or  Circle,  well  adjusted  before  the 
time  of  observation  ;  and  the  ship's  lime,  whether  in- 
ferred from  the  sun's  altitude,  taken  at  the  same  lime 
with  the  moon's  distance,  or  some  hours  before  or  after, 
should  albo  be  observed  with  the  most  scrupulous  care. 
Having  given  this  general  view  of  the  method  of  finding 
the  longitude  by  lunar  distance,  we  shall  describe  a  lit- 
tle more  particularly  both  the  manner  of  taking  the  ne- 
cessary observations,  and  of  calculating  from  these,  after 
they  have  been  duly  corrected,  the  true  distance.  In 
the  calculation,  we  shall  employ  none  of  the  auxiliary 
tables  which  have  been  furnished  with  so  much  profusion 
lo  the  practical  seaman,  with  the  design  of  simplifying 
his  labours:  being  persuaded  that  these  Tables  have 
been  multiplied  to  an  extent  which  has  defeated  their 
professed  object,  by  involving  the  subject  in  a  kind  of 
technical  obscurity,  which  is  no  less  lorbidding  to  the 
more  expert,  than  to  the  less  skilful  calculator. 

The  apparent  time  of  the  ship  being  as  essential  lo 
the  determination  of  the  longitude,  as  that  of  Greenwich 
inferred  from  the  lunar  distance,  the  state  of  the  waich 
should  be  ascertained,  if  the  weather  permit,  by  calcu- 
lating the  horary  angle  from  observations  of  the  sun's 
altitude,  taken  according  to  the  directions  laid  down  in 
Chap.  IV.  Sect.  I.  either  in  the  morning  or  evening  of 
the  day  on  which  it  is  proposed  to  observe  the  moon's 
distance  from  the  sun  or  star  ;  and  if  the  ship  should 
alter  htr  longitude  from  the  time  of  observing  the  sun's 
altitude  for  comjiuting  the  horary  Lnglc  lo  the  time  of 
observing  the  disLmce  for  finding  the  lime  at  Greenwich, 
a  corresponding  correction  must  be  made  for  the  differ- 
ence of  longitude.  The  apparent  lime  of  the  ship  being 
thus  known  by  the  watch,  at  the  instant  of  observing  the 
moon's  distance  from  the  sun  or  star,  the  altitudes  of 
both  may  be  deduced  from  the  horary  angle,  if  the  hazi- 
ness of  the  hoiizon  should  render  it  impossible  to  ascer- 
tain them  by  actual  observation  ;  but  in  all  cases,  where 
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the  altiludes  can  be  taken  at  the  instant  of  tiicasuring 
the  distance,  it  would  be  highly  improper  to  neglect  to 
do  so,  both  as  affording  a  check  on  the  going  of  the 
watch,  and  an  additional  security  for  the  correctness  of 
the  horary  angle  previously  calculated. 

When  the  several  observations  can  be  inade  under  the 
most  favourable  circumstances,  four  persons  should  be 
employed.  The  most  experienced  observer  should  mea- 
sure the  distance  of  the  moon  from  the  sun,  when  the 
two  luminaries  are  sulTicicnlly  near  each  other  for  the 
purpose,  by  bringing  the  reflected  image  of  the  latter  in 
contact  with  the  former.  In  doing  this,  the  plane  of  the 
Sextant  or  Circle  should  be  held  in  llic  same  line  with 
the  ol)jects;  and  the  observer  preserving  it  steadily  in 
■  that  position,  should  endeavour,  by  a  gentle  iibiation  of 
the  instrument,  to  cause  the  edge  of  the  reflected  image 
of  the  sun  to  glide  in  contact  wiili  the  actual  disc  of  the 
moon  seen  directly  through  the  unsilvered  part  of  the 
horizon-glass,  until,  by  means  of  the  adjusting  screw,  he 
has  satisVacioiily  completed  the  observation.  When  the 
moon  is  to  the  eastward  of  tlie  sini,  it  is  scarcely  rjeces- 
sary  to  remark,  that  the  instrument  must  be  held  with  its 
face  upwards,  but  when  the  moon  is  to  the  westward  of 
the  sun,  with  its  face  downwards.  Two  other  observers, 
furnished  with  good  sextants  or  quadrants,  should,  at  the 
same  time,  be  engaged  in  taking  tiie  altitudes  of  the  sun 
and  moon,  when  it  is  possible  to  do  so,  and  be  both  rea- 
dy to  finish  their  observations  at  the  exact  instant  the 
person,  who  is  measuring  the  distance,  gives  notice  that 
he  has  completed  his  observation.  The  assistant  with 
the  watch  should  also  be  prepared  to  mark  the  time  to  a 
second,  and  thus  all  the  necessary  observations  would  be 
completed.  The  instruments  having  been  examined, 
and  their  indications  carefully  read  oft'  with  the  help  of 
a  microscope,  another  set  of  observations,  with  tlie  cor- 
responding time,  should  be  made  with  as  little  delay  as 
possible;  and  so  on,  imtil  at  least  four  sets  hate  been  ob- 
tained. The  sum  of  the  several  distances,  and  the  sums 
of  the  altitudes,  taken  separately,  are  then  to  be  divided 
by  the  number  of  sets  of  observations,  in  order  to  pro- 
cupe  a  mean  of  the  whole,  and  thus  guard  against  the  ac- 
cidcnt.ll  errors  to  which  a  single  set  of  observations  is 
liable.  The  sum  of  the  several  times  being  divided  in 
like  manner,  the  lesult  is  to  be  regarded  as  the  time  cor- 
responding to  the  mean  of  the  observations. 

When  the  distance  of  the  moon  from  the  star  is  ob- 
served, the  rtflected  image  of  the  moon  is  made  to  coin- 
cide willi  the  star,  the  face  of  the  instruinent  being  held 
upwards  or  downwards,  according  to  the  relative  position 
of  the  two  objects,  as  in  the  case  of  the  sun  and  moon.  In 
!)oth  cases,  however,  the  observer  must  be  careful  to  re- 
tain, at  the  instant  of  completing  his  observations,  the 
disc  ot  the  real  object,  and  the  reflected  image  brought 
in  contact  with  it,  as  exactly  as  possible  in  the  middle 
between  the  two  wires,  placed  in  the  focus  of  the  eye- 
piece of  the  telescope  ;  as  by  this  means,  if  the  instru- 
ment has  been  previously  adjusted,  it  will  be  unneces- 
sary to  make  any  correction  for  deviation  froin  the  axis 
of  the  telescope,  or  line  of  sight. 

All  the  requisite  observations,  though  they  cannot  be 
made  at  the  same  instant  of  time  by  a  single  observer, 
may  vet  be  taken  in  succession  with  sufticient  accuracy, 
so  as  to  determine  the  longitude  within  the  litnils  neces- 
sary, on  ordinary  occasions,  for  the  safely  of  navigation, 
by  proceeding  in  the  following  manner  :  Let  the  altitude 
of  the  object  which  is  nearest  the  meridian  be  taken  first, 
and  the  instant  of  time  carefully  observed  ;  and  then  let 


the  altitude  of  the  other  be  observed  in  like  manner  with 
the  corresponding  time.  These  observations  being  made 
as  expeditiously  as  is  consistent  with  accuracy,  let  the 
distance  be  next  measured,  and  the  instant  at  which  the 
observation  is  completed,  carefully  noted.  Lastly,  let  the 
altitudes  of  the  two  objects  be  again  observed,  beginning 
with  the  one  farthest  from  the  meridian,  and  let  the  in- 
stant of  each  observation  be  marked  as  before.  With 
these  elements,  compute  the  difference  upon  each  alti- 
tude, from  the  time  of  the  first  observations  to  the  in- 
stant of  time  at  which  the  distance  was  observed,  and  add 
it  to,  or  subtract  it  from  the  first  observed  altitudes,  ac- 
cording as  the  respective  altitude  was  increasing  or  de- 
creasing. By  this  means  the  altitudes  will  be  adapted 
to  the  time  at  which  the  distance  was  observed. 

ExAMi'i.E.  On  a  particular  day,  the  following  observa- 
tions were  made,  with  the  view  of  finding  the  altitude 
of  the  sun  and  moon  at  the  instant  of  lime  when  their 
distance  vvas  observed  : 

II.  m.  s. 

1st  alt.  sun       .  45°  10'  15"  Timcofobs.  5  50  15 

1st  alt.  moon      .  39     47  20  5  32  40 
Disl.  of  sun  and") 

moon's  nearest    l  102     l,";  10  5  34  56 
lirnbs                    J 

2d  alt.  moon  40    42  15  5  36  40 

2d  alt.  sun          .  43     5  1  10  5  38  42 

What  were  the  altitudes  of  the  sun  and  moon  at  the 
time  when  the  distance  was  observed  .' 


1st.  alt.  sun       45°   10'   15" 
2d  alt.  sun         43     51     10 
Diff.  of  Alt. 


1      19        5 

Time  of  obs. distance  of  the  sun  and 
moon, 


Time  5  h.  30  m.  15  s. 

5       38        42 
Diff.  ~ 


^     5li 


8        27 

34  m.  56  s. 
5        30        15 


1st  alt.  sun 
Difference         .....  4       41 

Hence  8  m.  27  s.     :     4  m.   41  s.=  1°  19'  5"  :    43'  50' 


45°    10'    15" 
43     50 


Alt.  sun.  at  time  of  1st  obs. 

Cl'.ange  of  alt.  subtraetive 

Alt.  sun  at  lime  distance  was  observed      44    26    25 

1st  alt.  moon     39°   47'  20"      Time    5h.  32  m.  40  s. 


2d  alt.  moon      40     42     15 
Diff.  of  alt. 


40 


Diff. 


54     55 

Time  of  obs.  distance  sun  and  moon     5  h.  34  m.  5  6  s. 

1st  alt.  moon         .  .  5       32        40 

Difference         ....  2        16 

Hence  4  m.     :     2  m.  16  s.  =  54' 55"     :     31'  7". 

Alt.  moon  at  time  of  1st  obs.         .  39°  47'  20" 

Change  of  alt.  additive         .  .  31       7 

Alt.  moon  at  time  dist.  was  observed    40     18    27 

Hence  the  elements  thus  obtained  for  calculating  the 
longitude,  are  the  sun's  altitude  4'1°  26'  2o",  moon's  alti- 
tude 40°  18'  27",  distance  of  nearest  limbs  of  sun  and 
moon  102°  13'  10",  and  the  time  common  to  all  the  ob- 
servations, being  the  time  at  which  the  distance  was  mea- 
sured, oh.  34m.  56s.  The  horary  angle  deducible 
from  the  sun's  altitude,  will  form,  as  we  already  observed, 
a  check  upon  the  time  given  by  the  watch,  when  the  ap- 
parent time  has  not  been  obtained  in  a  satisfactory  man- 
ner from  observations  of  the  sun's  aliitude  the  preceding 
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day  ;  but  an  allowance  for  llie  change  of  longitude  must 
in  all  cases,  be  made  before  the  times  are  compared  with 
each  other. 

When  the  longitude  is  to  be  detei  mined  by  the  dis- 
tance of  the  moon  from  a  star,  the  apparent  lime  of  the 
ship  should  be  deduced,  if  possible,  by  ohservations  of 
the  sun's  altitude,  taken  either  on  the  afternoon  before 
observmg  the  distance,  or  on  the  following  morning;  and 
the  altitudes  should  be  computed  by  means  of  the  ho- 
rary angle,  reduced  to  what  it  would  have  been  at  the 
instant  of  obsciving  the  distance,  by  making  a  suitable 
correction  for  the  difference  of  longitude.  The  second 
method,  which  we  liave  given  in  Chap.  IV.  Sect.  II.  for 
computing  the  ahitude  of  a  celestial  object  Irom  the  lati- 
tude, its  declination,  and  the  horary  angk-,  will  increase 
in  a  very  small  degree  the  trouble  of  finding  the  moon's 
true  distance  from  the  star  by  thus  calcuiatmg,  instead 
of  observing  the  altitudes  of  the  two  bodies. 

Ha\ing  described,  vvitli  sufficient  minuteness,  the 
manner  of  obtaining  by  observation  the  necessary  quan- 
tities for  calculating  the  moon's  true  distance  from  the 
sun  or  a  star,  we  shall  now  proceed  to  explain  the  me- 
thods of  performing  the  calculation.  These  methods 
may  be  greatly  varied  ;  but  we  shall  confine  ourselves 
to  two,  one  of  which  has  been  proposed  by  Borda,  and 
the  otlier  by  Delambre.  Both  of  them  are  exceedingly 
simple,  and,  w  hat  is  no  small  recommendation,  neither  of 
them  requires  any  auxiliary  tables. 

The  data  from  which  the  true  distance  is  to  be  infer- 
red are,  the  apparent  altitudes  of  the  centres  of  the  two 
objects,  their  true  altitudes,  and  the  observed  or  appa- 
rent distance  of  their  centres.  Let  HZO,  Plate  CCCCIV. 
Fig.  31,  represent  the  meridian  of  the  place  of  observa- 
tion ;  HO  the  horizon,  and  Z.  the  zenith  ;  also,  let  Sand 
M  be  the  apparent  positions  of  the  sun  and  moon  respec- 
tively. Then  BS  being  the  apparent  altitude  of  the  sun, 
ZS  will  be  tlie  apjjarent  zenith  distance  ;  in  like  manner, 
AM  being  the  apparent  altitude  of  the  moon,  ZM  will  be 
her  apparent  zenith  distance  ;  and  MS  will  be  the  appa- 
rent or  observed  distance.  The  sun's  parallax  being  at 
all  altitudes  less  than  the  correction  for  refraction,  his 
true  zenith  distance  Zs  will  always  be  less  than  his  ap- 
parent zenith  distance  ;  while,  on  the  other  hand,  the 
moons  parallax  in  altitude  being  at  all  altitudes  greater 
than  the  correction  for  refraction,  her  true  zenith  dis- 
tance Z  m  will  always  be  greater  than  her  apparent 
zenith  distance.  Hence,  the  true  distance  to  be  deter- 
mined is  m  s.  From  these  considerations,  it  is  easy  to 
perceive,  that  the  angle  at  Z,  being  common  to  the  two 
triangles  MZS  andmZ«,  that  angle  must  first  be  com- 
puted in  the  former  triangle,  the  three  sides  of  which  are 
given,  viz.  MZ,  SZ,  and  MS,  and  afterwards  employed 
with  the  two  sides  m  Z  and  3  Z,  of  the  triangle  m  Z  s,  to 
calculate  the  true  distance  ms. 

Mel  hod  of  Borda. 

Write  under  one  another  the  apparent  distance  of  the 
centres  of  the  two  objects,  the  apparent  altitude  of  the 
sun  or  star,  and  the  apparent  altitude  of  the  moon  ;  and, 
having  added  them  together,  take  half  their  sum.  Find 
the  difference  of  the  half  sum,  and  the  apparent  distance, 
and  write  under  it  the  true  altitude  of  the  sun  or  star,  and 
the  true  altitude  of  the  moon.  Add  together  the  true 
altitudes,  and  take  half  their  sum.  After  these  prelimi- 
nary arrangements,  search  in  tlie  Tables  for  the  arith- 
metical complements  of  the  logarithmic  cosines  of  the 


apparent  altitudes;  the  logarithmic  cosine  of  the  half 
sum  of  these  altitudes,  and  the  apparent  distance;  the 
logarithmic  cosine  of  the  half  difference  ;  and  the  loga- 
rithmic cosines  of  the  true  altitudes.  Add  together 
these  different  logarithms,  and  from  half  their  sum  sub- 
tract the  logarithmic  cosine  of  half  the  sum  of  the  true 
altitudes,  and  the  remainder  will  be  the  logarithmic  sine 
of  an  auxiliary  angle.  Place  the  logarithmic  cosine  of 
this  auxiliary  angle  under  the  logarithmic  cosine  of  the 
half  sum  of  the  true  altitudes,  and  their  sum,  rejecting 
10  from  the  index,  will  be  the  logarithmic  sine  of  half 
the  true  distance.  The  result,  therefore,  being  doubled, 
will  be  the  distance,  freed  from  the  effects  of  parallax  and 
refraction,  or  the  true  distance  from  which  the  time  at 
Greenwich  is  to  be  deduced  by  help  of  the  Nautical  Al- 
manack. 

Example. — January  10,  1821,  being  in  latitude  26* 
50'  N.  long.  88°  10'  W.  by  account,  at  oh.  35m.  10s.  P. 
M.  by  the  watch,  four  observations  of  the  distance  of  the 
sun  from  the  moon,  and  an  equal  number  of  simultaneous 
observations  of  their  altitudes,  were  taken,  from  which  it 
appeared,  that  the  mean  distance  of  the  nearest  limbs,  at 
the  mean  of  the  times  stated,  was  87°  20'  35",  the  mean 
altitude  of  the  sun's  lower  limb  16"  10'  20",  and  that  of 
the  moon's  lower  limb  60°  35'  15".  What  was  the  lon- 
gitude of  the  place  of  observation,  the  eye  of  each  ob- 
server having  been  24  feet  above  the  surface  of  t!ie  sea  ? 

The  difference  of  longitude  by  account  reduced  to  time, 
is  5h.  52m.  40s.  and  the  time  by  the  watch  being  3h.  35m. 
lOs.  the  approximated  time  at  Greenwich  is  9h.  27m. 
50s.  The  sun's  semidiameter  for  the  given  day  is,  by 
the  Nautical  Almanack,  16'  I  7",  and  the  moon's  16'  6". 
To  the  latter  must  be  added  14",  from  Table  XXXII. 
Astronomy,  for  the  augmentation  on  account  of  altitude, 
which  brings  it  to  16'  20".  These  two  semidiameters 
must  be  added  to  the  respective  altitudes,  after  they  are 
corrected  for  dip,  to  obtain  the  apparent  altitudes  of  the 
centres  of  the  sun  and  moon,  and  also  to  the  apparent  dis- 
tance of  the  limbs,  to  reduce  it  to  the  apparent  distance 
of  the  centres. 

Observed  distance  of  the  nearest  limbs  of  sun  &  moon  87°  20' 35' 
Semidiameter  of  the  sun  .  .  .  -|-   16  17 

Semidiameter  of  the  moon  .  .  .        -4-  16  20 

Apparent  distance  of  centres  of  sun  and  moon     .  87  33  12 

The  sun's  parallax  from  Table  XLV.  Astronomy, 
for  the  altitude  16°  26'  is  8".  The  moon's  equatorial 
parallax  taken  from  the  Nautical  Almanack,  and  re- 
duced to  the  computed  time,  is  59'  7",  from  which,  if 
great  precision  is  aimed  at,  let  3"  be  subtracted  for  the 
latitude  of  the  place  of  observation.  This  correction, 
which  may  for  the  most  part  be  omitted,  is  found  in 
Table  XXX.  Astronomy,  and  reduces  the  moon's  ho- 
rizontal parallax  to  59'  4".  The  parallax  for  the  ob- 
served altitude  is  obtained  by  multiplying  59'  4",  re- 
duced to  seconds  by  the  natural  cosine  of  the  altitude, 
viz.  .487,  which  brings  it  to  1726",  or  38'  46".  From 
these  preliminary  quantities  the  altitudes  are  computed 
as  follows  : 

Obs.  alt.  of  sun's  lower  limb 
Dip  for  24  f 

Semidiameter 

apparent  altihide  of  sun's  centre 
Refr.(Ction  —3'  14"? 

Parallax  +85 

True  ahitude  of  sun's  centre 


16°  W  70" 
4  48 

16 

5 

16 

32 
17 

16 

21 

0 

49 
6 

16 

18 

43 

232 


NAVIGATION. 


Obs.  alt.  of  moon's  lower  limb 
Dip  for  24  f. 


—    0'  32"  J 
■28     46  5 


Scmidlameter 

.Ijifiareiit  nllilmie  of  moon's  centre 

KelVaction 

Parallax  + 

True  altitutlc  of  moon's  centre 
.\pp.dist  oFsiinand  moon.87°  .53'  12" 
App.  alt.  of  sun  .         16     21    49 

App.  alt.  of  moon      .         60     46    4" 
Sum 
i  .sum 
Diff.  app.  dist,  and  J  sum 


60= 

35' 
4 

15" 

48 

+ 

16 

■27 
20 

6U 

46 

28 

47 
14 

61      15       1 

Ar.  com.  cosine     .0ir9581 
Ar.  com.  cosine    .3114301 


165 

I 

48 

S2 

30 

54 

1     5 

22 

18 

16 

IB 

43 

61 

15 

1 

77 

33 

44 

Cosine 
Cosine 
Cosine 
Cosine 
Sum 
jj  sum 
38°  46'  53"  Cosine 


2r 

27 


ir   54     Sine 


9.1148331 
9.9980885 
9.9821567 
9.6821311 
39.1065976 

19.55329«3 
9.8918409 

9.6614579 


17    54    Cosine  C  V  9.9487212 

38     46    52     Cosine  d^"™- 39.8918409 
43     50    47     Sine  .         9.84u56;il 


True  alt.  of  sun 
True  alt.  of  moon 
Sum  true  all'. 

i  sum  true  alt'. 

Auxilidfij  angle 

Auxiliary  an-jJe 
i  sum  true  alt. 
i  true  distance 

Trde  distance  .        "^     41    34 

Tlie  two  lunar  distances  in  the  Nautical  Almanack, 
between  which  the  computed  distance  is  found  fur  the 
given  da.v,  arc  87"  14'  51",  and  88°  52'  36",  the  former 
being  the  distance  of  the  moon  from  the  sun  at  9  o'clock, 
and  the  latter  the  distance  at  midnight.  The  difference 
between  these  distances  is  1°  37'  45",  being  the  change 
of  distance  in  3  hours.  Also,  the  difference  between  the 
first  distance  and  the  computed  distance  is  0°  26' 43",  so 
that  we  have, 

1°  37'  45"  :  26'  43"=3h.  49m.  12s.=time  elap.  from  9  o'clock. 
The  time  at  Greenwich,  when  the  observations  were 
made,  being  thus  ascertained  to  be  9h.  49m.  12s.  it  only 
remains  to  determine  the  time  at  the  place  of  observation, 
by  the  method  explained  in  Chap.  IV.  Sect.  I. 

To  find  the  Time  at  the  place  of  Ohsenation. 

True  alt.  sun's  centre  16°  18'  43" 
Latitude       .         .         26     50      0 
Polar  distance  111     54   38 

Sum 
\  sum 


^  Horary  angle 
Horary  migle 


Ar.  comp.  cosine 
Ar.  comp.  sine 


.0495777 
.0325609 


155 

3 

21 

77 

31 

40 

Cosine 

9.3342145 

)  61 

12 

57 

Sine 
Sum 

99427024 
19.3590555 

28 

33 

43 
2 

Sine 

9.6795^77 

57 


7    26  which,  red.  to  lime,  is  3h.  48m. 
29s. 

9h.  49m.   12s. 
3      48       29 


Time  at  Greenwich 
Time  at  the  ship 

Difference  of  time  .  .  6         O       43 

which,  reduced  to  degrees,  kc.  gives  90°  10'  45"  for  the 
longitude  of  the  ship  westerly,  because  the  ship's  time  is 
behind  that  of  Greenwich. 

Method  af  Delambre. 

One  of  the  methods  which  Delambre  has  proposed  for 
calculating  the  true  distance  of  the  moon  from  the  sim  or 
a  star,  by  means  of  the  apparent  distance,  and  the  alti- 
(tudes  of  the  two  bodies,  may  be  regarded  as  a  simplifica- 
tion of  the  method  of  Borda,  to  which  it  has  a  considerable 
similarity.  It  consists  in  adding  to  the  sum  of  the  first 
six  logarithms  employed  in  Borda's  method,  the  loga- 
rithm of  2,  viz.  .301030,  and  then  finding  the  numberj  in 


the  table  of  the  logarithms  of  numbers,  corresponding  to 
the  sum,  after  rejecting  the  tens  from  the  index.  This 
number  being  found,  the  natural  cosine  of  the  sum  of  the 
true  altitudes  is  to  be  subtracted  from  it  ;  the  difference 
is  the  natural  cosine  of  the  true  distance.  If  the  natural 
cosine  of  the  sum  of  the  altitudes  be  the  greater,  the  dif- 
ference is  still  to  be  taken  as  tlie  natural  cosine  of  the 
true  distance,  only  in  this  case  the  corresponding  arch  is 
the  supplement  of  the  arch  found  in  the  tables.  We  shall 
illustrate  tliis  method,  by  solving,  by  means  of  it,  the 
last  example. 

Sum  offirst  six  logs,  in  Horda's  method          .         .  39.1065976 

Logarithm  of  2                 ....  .3010300 

Log.  of  .2556393         ...              .         .  1.4076276 

■2153792=nat.  cos.  sum  of  true  alt'.  77°  33'  44" 

.0402601=nat.  cos.  tbce  nsTAscE        .  87    41    34 

When  the  moon's  distance  from  a  star  is  observed, 
and  the  altitudes  are  deduced  by  means  of  the  horary 
angle  correspondin.g  to  the  time  of  observation,  the  ap- 
parent altitudes  are  obtained  by  reversing  the  operations 
for  lindmg  the  true  fron)  the  apparent  altitudes.  Hence, 
the  true  altitude  of  the  star  must  be  augmented  by  the 
corresponding  refraction  ;  while  that  of  the  moon  must 
be  diminished  by  the  excess  of  her  parallax  in  altitude 
above  the  refraction  for  that  altitude.  If  the  altitudes 
are  very  small,  it  may  be  necessary  to  take  the  refrac- 
tion and  parallax  in  altitude  corresponding  to  the  alti- 
tude thus  found,  and  apply  them  to  the  true  altitudes  as 
before.  The  operation  for  computing  the  true  distance 
is  then  performed  precisely  in  the  same  manner  as  in  the 
case  of  the  sun. 

Ex.\MPLE. — Feb.  16,  1821,  being  in  lat.  19°  36'  S. 
long.  73°  20'  E.  by  account,  at  8h.  STm.  20s.  P.  M.  by  a 
watch,  which  had  been  adjusted  to  apparent  time  a  little 
before  sunset,  the  distance  of  the  moon's  nearest  limb 
from  Aldebaran,  was  observed  to  be  76°  40'  20"  ;  what 
was  the  longitude  of  the  place  of  observation,  the  ship's 
true  course  and  distance  made  good,  since  the  time  the 
watch  was  adjusted,  having  been  E.  S.  E.  15  miles  ? 

With  the  course  and  distance  since  the  watch  was  ad- 
justed, the  difference  of  longitude  is  found  to  be  1 6  miles, 
which,  reduced  to  time,  is  Im.  4s. 

Time  at  ship  by  the  watch       .  .  .  8h.  37m.  20s. 

Cor.  for  change  of  long.  .  .  .  1         4 

App.  Tijir.  at  ship         .  .  .  8     38       24 

Estimated  longitude  in  time  .  .  4     53       20 

Estimated  time  at  Greenwich  .  .  3     45         4 

The  moon's  semidiameter,  adapted  to  the  estimated 
time  of  Greenwich,  is  14'  56",  so  that  the  apparent  dis- 
tance of  the  star  from  the  moon's  centre  is  76°  55'  15"  ; 
also,  the  moon's  declination,  adapted  in  like  manner,  is 
15°  21' N.  and  hence,  her  polar  distance,  reckoned  from 
the  elevated  pole,  is  105°  21'. 

To  find  the  Moon's  Jltitude. 

App.  time  of  ship         .... 

Sun's  right  ascension  for  estimated  time 

Right  ascension  of  meridiem 

Moon's  right  ascension  corrected 

Moon's  hor.  angle  E.  of  merid. 

which,  reduced  to  degrees,  &c.  is  47°  3'  15". 

Latitude       ...         19°  36'  Cosine 

Moon's  pel.  dist.  .      105     21  Sine 

Moon's  hor.  angle         .         47       3  15"      Vers,  sine 
Sura,  rejecting  30  ==  Log.  of        .        .289517 
Nat.  cos.  (P.  dist.— co-lat.)  34°  57'         .819652 


8h. 
21 

38m. 
59 

24s. 
39 

6 
9 

38 
46 

3 

16 

=  3 

8 

13 

C  52"=true  altitude  of  the  mooB. 


9.9740774 
9-9842242 
95033730 
1.4616746 

5jU135=Nat.  sine  of  32° 
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To  find  the  Altitude  of  Aldebaran. 
The  R.  A.  of  Alclcbaran,  taken  fioiTi  the  Xaut.  Aim 
and  adapiet!  to  the  time,  is  4  h.  25  m.  39  s.  and  his  Pol 
(jist.  106°  8'  29". 

n.  A.  of  meritl.  found  above  6  h.  38  ra.  3  s. 

K.A.  of  Aldeharan         .  .4       25      39 

Hor.  angle  of.\ldeb.  W.  of  merid 
to  degrees,  &c.  is  oj°  8'. 

Latitude        .  19°   36'   0" 

Pol.  dist.         .  106        8  29 

Hor.  angle  of  Aid.     33        8     0 
Sum  rt;jeclin(j30=  Loir,  of 


2      12      24     which,  reduced 


Cosine  9.9740774 

Sine  9.9825329 

Vers,  sine  9.2111182 

.147136  1.1677285 

,811662 


o2°     0'    52" 
—     44     55 

■31    15    57 


41° 

+ 


38' 
1 


41     39 


Arith  comp.  cos.  .1265674 
Arith.comp.cos.   .0681515 


Nat.  cos.  (P.  dis.— CO.  lat.=  nat.  cos. 

35°  44'  29" 

.664526==nit.sine4l°38'4" 
=  true  alt.  of  Aldebaran. 

Havini^  found  the  true  altitudes,  the  apparent  altitudes 
must  be  deduced  from  them,  by  subtracting  from  the 
MoDii's  true  altitude  the  difl'ercnce  of  the  rcfraciion,  and 
parallax  in  altitude,  and  addinij  to  the  Star's  true  alti- 
tude the  correspondini;  retraction.  The  Moon's  hor. 
parallax,  corr;xted  for  the  app.  time  at  Greenwich,  is 
54'  46";  which,  multiplied  by  the  nat.  cosine  of  the  al- 
titude, i^ives  46'  26"  for  the  parallax  in  altitude. 

Moon's  true  alt. 
Refraction  +     1'     31 

Parallax  in  alt.     —  46     26 
Moon's  app.  alt. 
True  alt.  of  Aldeb. 
Itefraction 
App.  alt.  Aldeb. 

To  find  the  true  distance. 

App.  dist.  Moon  and  Star  76°  55'  16" 
App.  alt.  Star  .  41    39     8 

App.  alt.  Moon  .  31    15  57 

Sum 

i  Sum         .  .  

DiflTof jsumandapp.dlst.   2 

'I'rue  alt.  Star 
True  alt.  .Moon 
Sum  of  true  alts. 
Sum  rejecting 40=  5 
Log.  of  5 

.2346U47=N.  cos.  Teck  Dist.  76  25  54 
The  two  lunar  distances  in  the  Naut.  Aim.  between 
which  the  calculated  distance  is  found  for  the  given  day, 
are  76°  13'  10",  and  77°  43'  7",  the  former  being  the 
distance  of  the  Moon  from  Aldebaran  at  III.  and  the 
latter  at  VI.  o'clock.  The  ditFerence  between  these  dis- 
tances is  1°  29'  57",  being  the  change  of  distance  in 
iiiree  hours:  also  the  difference  between  the  first  dis- 
tance and  the  computed  distance  is  12'  44".  Hence  we 
have 

1°  29'  37":   12'  44"  =:  3  h.  :  25  m.  29  s.  =  timejelapsed 
from  III  o'clock. 
App.  time  at  the  ship         .         .     8h.  37  m.  20  s. 
App.  time  at  Greenwich         .         3       25      29 
DiH.  oftime         .         .         .         ~5       TI       51 
which,  reduced  to  degrees,  &c.  is  77°  57'  45",  being  the 
longitude  of  the  ship  east  from  Greenwich,  because  the 
ship's  time  exceeds  that  of  Greenwich. 

These  computations  for  divesting  the  observed  dis- 
tance of  the  effects  of  parallax  and  refraction  being  ne- 
cessarily attended  with  a  considerable  degree  of  labour, 
various  attempts  have  been  made  to  simplify  them  by 
means  of  auxiliary  tables  ;  but,  afier  all,  it  may  be  justly 
questioned,  how  far  any  of  the  methods  which  have  been 
proposed  for  this  purpose  are  to  be  preferred  '.0  the  me- 
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thod  of  Delam'ure.  The  method  of  Dunthorn,  as  it  was 
afterwards  improved  by  Dr.  Maskelyne,  seems  ihe  most 
expeditious,  (see  Kec/uisite  Tables,  and  the  A'aul.  /Alma- 
nack fur  1767  ;)  hut  it  ret|uires  the  assistance  of  a  Table, 
emitled,  L<j,^arithmic  Differences,  and  with  this  aid  item- 
ploys  oidy  tw(j  logarithms  less  than  the  nie.hod  1/  l)e- 
lanibre,  while  it  is  much  less  simple  in  appearance.  See 
La  Lande  Asiron.  torn.  iii.  p.  651  ;  Biot  Astron.  torn.  iiL 

CHAP.  VI. 
Of  the  Variation  of  the  Compass. 

As  we  propose  to  consider  this  subject  in  the  fullest 
manner,  under  the  article  Variation,  it  is  announced  in 
this  place  merely  as  a  branch  of  Nautical  Astronomy. 

The  deviation  of  the  magnetic  from  the  true  meridian, 
is  termed  the  Variation,  and  is  denominated  East  or 
West,  according  as  the  north  end  of  the  co.i.pass  points 
to  the  east  or  west  of  the  true  north.  The  determina- 
tion of  the  variation,  therefore,  consists  in  finding  the  dif- 
ference between  the  true  and  magnetic  bearing  of  a  hea- 
venly object,  at  some  particular  instant  oftime;  the  for- 
mer being  ascertained  by  calculation,  and  llie  latter  by 
means  of  a  compass  duly  fitted  up  for  the  purpose.  See 
Variation. 


149    50   21 

74    55    10 

St.    2      0     6 

Cosine 
Cosine 
Cosine 
Cosine 
Log.  2.         . 

.cos.  sum  true  alts 

9.4153687 
9.9997350 

41   38     4 
32     0     52 
73   38  56 

.5161275 

.2815228=N 

9.8735524 

9,9283520 

.5010300 

1.7127570 
.73°  38' 56" 

Of  a  Sea-Joubnal. 

Having  explained,  in  Part  I.  of  this  article,  the  me- 
thod of  finding  a  ship's  course  and  distance  from  one 
place  to  another,  by  the  various  kinds  of  sailing,  and 
illustrated,  by  numerous  examples,  the  means  which  are 
afforded  by  the  log  line  and  compass  of  determining  the 
ship's  position,  from  time  to  lime,  in  the  course  of  her 
voyage;  and  having  described,  in  Part  II.  the  most  con- 
venient methods  of  ascertaining  the  ship's  place  by  ce- 
lestial observation,  we  shall  devote  this  chapter  to  a  brief 
account  of  the  method  of  keeping  a  Journal  of  the  dif- 
ferent occurrences  and  proceedings  which  may  be  sup- 
posed to  take  place  at  sea. 

The  principal  design  of  a  journal  at  sea  being  to  pre- 
serve a  record  of  the  various  circumstances  by  which 
the  ship's  place  is  to  be  known,  whether  by  dead  reck- 
oning or  celestial  observation,  every  thing  connected 
with  the  ship's  course  and  distance,  and  the  determina- 
tion of  the  latitude  and  longitude,  must  be  caiefully  re- 
gistered, in  a  form  best  adapted  for  discovering  at  any 
time  the  ship's  position. 

The  journal  may  be  greatly  varied  in  form  ;  but  it 
should  always  contain,  arranged  in  appropriate  columns, 
the  ship's  rate  of  sailing  for  every  hour,  or  two  hours  at 
most;  the  winds;  the  courses;  the  lee-way  and  varia- 
tion ;  together  with  an  abstract  from  these  of  the  course 
and  distance  made  good,  from  noon  to  noon  ;  the  differ- 
ence of  latitude  and  departure  ;  the  latitude  and  longi- 
tude in  by  dead  reckoning;  and  the  bearing  and  distance 
of  the  intended  port.  To  these  should  be  added,  as  cir- 
cumstances permit,  the  latitude  and  longitude  of  the  ship, 
inferred  from  celestial  observation,  with  a  short  statement 
of  the  manner  in  which  they  weie  obtained.  A  column 
of  considerable  width  should  also  be  allotted  for  record- 
ing the  ordinary  occurrences  on  board  of  ship,  such  as 
the  state  of  the  weather  ;  the  employment  of  the  crew  ; 
the  alteration  of  the  sails ;  the  ships  fallen  in  with  at  sea  ; 
the  appearance  of  lands  when  visible  ;  the  indications  of 
currents;  the  soundings  and  temperature  of  the  ocean, 
&c. ;  each  event  being  recorded  as  exactly  as  possible  in 
its  proper  order  of  tirac. 
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TABLE  I. 

Traverse  Table  to  Points  and  Quarters  of  the  Compass. 


For  i   Point.                    [ 

F 

)r  i   I'oint.                    I 

Diit, 

U.  Lat. 

Dtp.  DisU 

D.Lat. 

Ucp. 
3.0 

Dili. 

121 

D.  lat 

Dep. 

Din. 

D.  Lat. 

Dep. 

Dist. 

D.  Lnt. 

Dtp. 

Dist. 

D.  Lat. 

Dep. 

6.0 

Disl. 

121 

D.  Lat  Dtp.  IDist.  D.  LaL 
I20.4  ;  1.9?l8lJ80.1 

Dtp. 

1 

1.0 

0  0  hi 

609 

1  20  9 

5  9 

181 

180.8 

8.9 

1 

1.0 

0.1 

61 

6>;.7 

17,7 

2 

2.0 

0.1 

62 

6.  9 

3.0 

122  121.9 

60 

182 

181  8 

8.9 

2 

2.0 

0.2 

62 

61.7 

6.1 

122 

121.4  12.0 

I82!l81.l 

17.8 

3 

3.0 

0.1 

63 

62.9 

3  1 

1  23  1  22.9 

6.0 

183 

182  8 

9.1 

3 

3.0 

0.3 

63 

62.7 

6.2 

123 

122.4  12.1 

183  182.1 

17  9 

4 

4.0 

0.2 

64 

63.9 

3  1 

124  123  9 

6  1 

184 

183.8 

9.0 

4 

4.0 

0.4 

64 

,  63.7 

63 

124 

123.4  12.2 

184  183.1 

18,0 

5 

5.0 

0.2 

65 

64.9 

3.2 

125  124  8 

6.1 

18.i 

184.8 

9.1 

5 

5.0 

0.5 

65 

64.7 

6.4 

125 

124.4  12.3 

185 

18  1.1 

18.1 

6 

6.0 

0.3 

66 

6.1  9 

;•  2 

126  125  8 

6.2 

186 

iS5.8 

9.1 

6 

6.0 

0.6 

66 

65.7 

6  5 

1261125.4  12.4 

186 

183.1 

18.2 

7 

7.0 

0.3 

67 

669 

3.3 

127 

126  8 

6.2 

187 

U6,8 
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TABLE  l— Continued. 

Traverse  Table  to  Points  and  Quarters  of  the  Compass. 
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84  45    ".9 
84.9^^40 
DLat^Dist. 

210.8 

12.7 

60 

54.2 

25.7 

120 

108  5 

5  1 .3 

180 

162.7 

77  0 

240 

2170 

102  fi 

60 

52.9 

28,3 

120 

105.8 

D.Lat 

180 

158.7 

21:7 

li3.1 

Uist. 

Dtp. 

O.La 

Dist. 

1   Dep.     U.Lai 

Diit. 

Dep. 

D.Lat 

Diit.  1    Dep. 

D.Lat. 

!    Dist. 

Dep.    1  D.Lai 

Diit. 

1   Dep. 

Dist, 

Dep. 

Dep. 

D.  Lat. 

Foi'  5^  Points. 

i                                                  For  Si  Points.                                                    } 

NAVIGATION. 
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TABLE  1.— Continued. 

Traverse  Tabk  to  Points  and  Quarters  of  the  Compass. 


l"or  2J  Points. 

For  3  Points. 

Dill. 

D.  l.at 

Dep. 

DiJt. 

U.  Lat. 
52  3 

Dcp. 

3  1 .4 

Diit. 
121 

U.  Lat. 
103  8 

Dep. 

Di«. 

D.  Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Uist. 

D.  Lat. 

Dep.  tpnt. 

33.9I12I 

U.  Lat.  1  Dep. 

Dist.  iD.  Lat. 

Dep. 

100.5 

I 

0.9 

0.5 

61 

62  2 

181 

155.2 

93.1 

1 

0.8 

0.6 

61 

50.7 

100.0 

67. ( 

181 

150.5 

2 

1.7 

1.0 

62 

53.2 

31.9 

122 

104.6 

62.7 

182 

156.1 

93.6 

2 

17 

1.1 

62 

51.6 

34.4 

122 

101.4 

67.8 

182 

151.3 

101.1 

3 

2.6 

1.5 

63 

54  0 

32  4 

123 

105.5 

63.2 

183 

157.0 

94.1 

3 

2.5 

1.7 

63 

52.4 

35.0 

123 

102.3 

68.3 

183 

152.2 

101.7 

4 

3.4 

2.1 

64 

54  9 

32.9 

124 

106.4 

63.7 

184 

157  3 

94.6 

4 

33 

2.2 

64 

53.2 

35.6 

124 

103.1 

68  9 

184 

153.1 

102.2 

5 

43 

2.6 

65 

55  8 

33.4 

125 

1  07.2 

64.3 

185 

158  7 

95  1 

5 

4.2 

2.8 

65 

54.0 

36.1 

125 

103  9 

69.4 

185 

153.8 

102.8 

6 

5.1 

3.1 

66 

56  6 

33  9 

126 

108  1 

64.8 

186 

159.5 

95.6 

6 

5.0 

3.3 

66 

55.9 

36.7 

126 

104.8 

70.0 

IHS 

154.7 

lo3.5 

7 

6.0 

3  6 

67 

57.5 

31.4 

127 

108.9 

65.5 

187 

160  4 

96.1 

7 

5.8 

39 

67 

55.7 

37.2 

127 

105.6 

70.5 

187 

155.5 

103.9 

8 

69 

4.1 

68 

58.3 

35.0 

128 

109. S 

65.8 

188 

161.3 

96.7 

8 

6.7 

4.4 

68 

56.5 

37.8 

128 

106.4 

71.1 

188 

156.3 

104.1 

9 

77 

4.6 

69 

59.2 

35.5 

129 

1  10.6 

66.3 

189 

162.1 

97.2 

9 

7.5 

5.0 

69 

57.4 

08  3 

129 

107.3 

71.7 

189 

157.1 

105.0 

10 

8  6 

5.1 

70 

60.0 

36.0 

13 

111.5 

66  8 
67.3 

190 

1630 

97.7 

10 

8  3 

5.6 

70 

58.3 

38  9 

l.3( 

108  1 

72  2 

190 

158.0 

105.5 

11 

9.4 

5.7 

71 

60  9 

36.5 

131 

1  12.4 

191 

163.8 

98  2 

11 

9.1 

6.1 

71 

59.0 

39.4 

131 

108.9 

72.8 

191 

(58  8 

106.1 

12 

10.3 

6.2 

72 

61.8 

37.' 

132 

113  2 

67.9 

192 

164.7 

98.7 

12 

10.0 

6.7 

72 

59.9 

40.0 

132 

109.8 

73.3 

192 

159.6 

106.7 

13 

!1.2 

67 

73 

62  6 

37.5 

133 

114.1 

68.4 

193 

165.5 

99.2 

13 

10.8 

7  2 

73 

60.7 

40.6 

133 

110.6 

73.9 

193 

160.5 

107.2 

14 

12.0 

7.'.^ 

74 

63.5 

38.0 

134 

1149 

68.9 

194 

166.4 

99  7 

14 

11.6 

7.8 

74 

61.5 

41.1 

134 

1114 

74.4 

194 

161.3 

107.8 

15 

12.9 

7.7 

75 

64  3 

38.6 

135 

115  8 

69  A 

195 

167.3 

100  3 

15 

12.5 

8.3 

75 

62.4 

41  7 

135 

112.2 

75.0 

195 

162.1 

108.3 

16 

13.7 

b.2 

76 

65.2 

39.1 

136 

116.7 

69.9 

196 

168.1 

100  8 

16 

13.3 

8.9 

76 

63.2 

42.2 

136 

113.1 

75.5 

196 

163.0 

108.9 

17 

14.6 

87 

77 

65.0 

39.6 

137 

117.5 

70.4 

197 

169.0 

101.3 

17 

14.1 

9.4 

77 

64.0 

42.8 

137 

113.9 

76  1 

197  163.8 

109.4 

18 

15.4 

9.3 

78 

66.9 

40.1 

138 

118.4 

70.9 

198 

169  8 

101.8 

18 

15.0 

loo 

78 

64.9 

43.3 

138 

114.7 

76.7 

198  164.6 

110.0 

19 

16.3 

9  b 

79 

67.8 

40  6 

139 

1  19.2 

71  5 

199 

170.7 

102.3 

19 

158 

10.6 

79 

65.7 

43  9 

139 

1  15.6 

77.2 

199  165.5 

110.5 

20 

17. i; 

lO.j 
10.8 

80 

68  6 

41.1 

140 

1 20. 1 

72  0 
72.5 

20ij 
201 

171.5 

1(12.8 

20 

16.6 

11. 1 

1  1.7 

80 

66.5 

44  -i 

140 

1164 

77.8 

200 

166.3 

lll.l 

21 

18  0 

81 

69.5 

41.6 

141 

120  9 

172.4 

103  3 

21 

17.5 

81 

67.3 

45  0 

141 

117.2 

78  3 

201 

167  1 

111.7 

22 

18  9 

11.3 

82 

70  3 

42.2 

142 

121.8 

73. (; 

202 

173.3 

103.8 

22 

18.3 

12.2 

82 

68.2 

45.6 

142 

118.1 

78  9 

202 

168.5 

112.2 

23 

19.7 

11.8 

83 

71.2 

42  7 

143 

122.7 

73.5 

203 

174.1 

104.4 

23 

19.1 

12.8 

83 

69  0 

46  1 

143 

118.9 

79.4 

203 

168.8 

112.8 

24 

20.6 

12.3 

84 

72.0 

43  2 

144 

123.5 

74.0 

204 

175.0 

104.9 

24 

20.0 

13.3 

84 

69  8 

46.7 

144 

119.7 

80.0 

204 

169  6 

113.3 

25 

21.4 

12.9 

85 

72.9 

43.7 

145 

124.4 

74. 5 

205 

175  8 

105  4 

25 

20.8 

13.9 

85 

70.7 

47.2 

145 

120.6 

80.5 

205 

170.5 

113.9 

26 

22.3 

13.4 

86 

73.8 

44  2 

146 

125  2 

75  1 

206 

176  7 

105.9 

26 

21.6 

14.4 

86 

71.5 

47.8 

146 

121.4 

81.1 

206 

171  3 

114.4 

27 

23.2 

139 

87 

746 

44  7 

147 

126.1 

75.6 

207 

177.5 

106.4 

27 

22.4 

15.0 

87 

72.3 

48.3 

147 

122.2 

81.7 

207 

172.1 

115.0 

28 

24  0 

14.4 

88 

75.5 

45.2 

148 

126.9 

76  1 

208 

178.4 

106.9 

28 

23.3 

15.6 

88 

73.2 

489 

148 

123.1 

82  2 

203 

172.9 

115.5 

29 

24.9 

U9 

89 

76.3 

45.8 

149 

127.8 

76.6 

209 

179  3 

107.4 

29 

24.1 

16.1 

89 

74.0 

49.4 

149 

123.9 

82.8 

209 

1738 

116.1 

30 

25.7 

15') 

90 

77.2 

46.3 

150 

128.7 

77  1 

210 

180.1 

108.0 

30 

24.9 

16.7 

90 

74.8 

50.0 

150 

124.7 

83.3 

210 
211 

174.6 

115.7 

31 

26.6 

15  <• 

91 

78.1 

46.8 

151 

129.5 

77  6 

211 

181.0 

108.5 

31 

25  8 

17.2 

91 

75.7' 

50.6 

151 

125  6 

83.9 

175.4 

117  2 

32 

27  4 

16.5 

92 

78  9 

47.3 

152 

130.4 

78.1 

212 

181.8 

109.0 

32 

26.6 

17.8 

92 

76.5 

51. 

152 

126.4 

84.4 

212 

176.3 

117.8 

OO 

28." 

17C 

9  3 

79.8 

47.8 

153 

131.2 

78.7 

213 

!82.7 

109.5 

33 

27.4 

18.3 

93 

77.3 

51.7 

153 

127.2 

85.0 

213 

177.1 

118.3 

34 

29  2 

17.5 

94 

80.6 

48..: 

154 

132.1 

79.2 

214 

183  6 

110.0 

34 

28.3 

18.9 

94 

78.2 

52.2 

154 

128  0 

85.5 

214 

177.9 

118.9 

35 

30  0 

18.0 

95 

81.5 

48. h 

155 

132.9 

79.7 

215 

184  4 

110.5 

35 

29.1 

19.4 

95 

79.h 

52  8 

155 

128.9 

86  1 

215 

178  8 

119.4 

36 

30  9 

18.5 

96 

82  3 

49.-1 

156 

133.8 

80.2 

216 

185  3 

111.0 

35 

29.9 

20.0 

96 

79.8 

53.3 

156 

129  7 

86.7 

216  179.6 

120.0 

37 

31  7 

19.0 

97 

83.2 

49.9 

157 

134.7 

80.7 

217 

186.1 

111.6 

57 

30.8 

20.6 

97 

80.7 

53  9 

157 

130.5 

87.2 

217  180.4 

120.5 

38 

32  6 

19.5 

98 

84  1 

50.4 

158 

135.5 

81.2 

218 

187.0 

112.1 

38 

31.6 

21  1 

98 

81.5 

54  4 

158 

131.4 

87  8 

218  181  3 

121.1 

39 

33.5 

20.1 

99 

84.9 

50.9 

159 

136.4 

81  7 

219 

187.8 

1126 

39 

32.4 

21.7 

99 

82.2 

55.0 

159 

132.2 

88  3 

219  182.1 

121.7 

40 

34.3 

20.6 

100 

85.8 

51.4 
5  1.1^ 

160 

137  2 

82  3 

220 

188.7 

113. 1 
1  13.6 

40 

33  3 

22.2 
22"8 

100 

83.1 

55  6 

160 

133.0 

88.9 

220  182.9 

122.2 

41 

35  2 

21  i 

101 

86.6 

16i 

138.1 

a2.8 

221 

189.6 

41 

34.1 

101 

84.0 

56.1 

161 

133.9 

89  4 

221  183.8 

122.8 

42 

36  0 

21.6 

102 

87.5 

52.4 

162 

1390 

83  ? 

<!22 

190.4 

1  14.1 

42 

34  9 

23.3 

102 

848 

56.7 

152 

134.7 

90  0 

222  184.6 

123.3 

43 

36'.) 

22.1 

103 

88.3 

53.: 

163 

1.59.8 

83.!:; 

223 

191.3 

1  14.6 

43 

35.8 

23.9 

103 

85  6 

57  2 

153 

135.5 

90.5 

223  185.4 

123  9 

44 

37.7 

22.f 

104 

89.2 

53.5 

164 

140.7 

84  3 

224 

192.1 

115.2 

44 

36.6 

24.4 

104 

85.5 

57  8 

164 

136.4 

91.1 

224  186  2 

124.4 

45 

3«.- 

23.1 

105 

90.1 

54.(J 

165 

141.5 

84.8 

225 

193.0 

115.7 

45 

37.4 

25.0 

105 

87  3 

58.3 

165 

137.2 

91.7 

225 

187.1 

125.0 

46 

39  5 

23.6 

106 

90  9 

54  5 

ir.6 

142  4 

35.3 

226 

193.8 

1162 

46 

38.2 

25.6 

106 

88  1 

58.9 

166 

138.0 

92.2 

226 

187.9 

125  5 

47 

40.3 

24  2 

107 

91.8 

55.0 

167 

143  2 

83.9 

227 

194.7 

1  16.7 

47 

39.1 

26  1 

107 

89.0 

5V.4 

167 

138.9 

92.8 

227 

188.7 

126.1 

48 

41.2 

24  7 

108 

92.6 

55.5 

168 

144  ) 

86.4 

228 

195.6 

1172 

48 

399 

26.7 

108 

89.8 

60.0 

168 

139.7 

9.3." 

228 

189  6 

125.7 

49 

42.0 

25  2 

109 

93.5 

56.0 

169 

145  0 

86. i' 

229 

1964 

117.7 

49 

40.7 

27  2 

109 

90  5 

60  6 

169 

140.5 

93  9 

229 

190.4 

127.2 

SO 

42  9 

25  7 

ilO 

94  4 

56  6 
57.1 

17(.' 
171 

145  .S 

87  4 
87  9 

230 
231 

197.3 

1  182 
118.8 

50 

41  6 

27  8 

1  10 

91  5 

61.1 

170 

141.3 

94  4 

230 

191.2 

127.8 

5  . 

43.7 

■6  i 

111 

95  2 

146.7 

198.1 

51 

42.4 

28  3 

II  1 

92  3 

61  7 

171 

142.2 

95.( 

231 

192.1 

128.3 

52 

44  6 

d6  i 

1  12 

96  1 

57.6 

172 

147.5 

88.4 

232 

199  0 

119  3 

52 

43.2 

28.9 

112 

93.1 

62  2 

172 

143.0 

95  5 

232 

1929 

128.9 

53 

■15.5 

27.2 

1  13 

96.9 

58. 

73 

148.4 

88  9 

233 

199.9 

1  19  8 

53 

44.1 

29.4 

113 

94.0 

62.8 

173 

1438 

96  1 

233 

1937 

129.4 

54 

46.3 

.7  8 

114 

97  8 

58  6 

174 

149  2 

89.5 

234 

2u0.7 

120.5 

54 

44.9 

30  ( 

114 

94.8 

63.3 

174 

144.7 

96  7 

234 

194.5 

1 30.0 

55 

47.-^ 

28  3  1  !5 

98.6 

59.1 

!75 

150  1 

yo.c 

235 

201.6 

120.8 

55 

45.7 

30.6 

115 

95.6 

63.9 

175 

145.5 

97.2 

235 

195  4 

130.5 

56 

48  ) 

28.8  1  16 

99.5 

59.6 

176 

151  0 

90.5 

236 

202.4 

121.3 

56 

46.6 

31.1 

116 

96  5 

64.4 

176 

146  3 

97.8 

236 

195  2 

131.1 

57 

48.9 

T  3  117 

100.4 

60.2 

177 

151.8 

91  0 

237 

203  3 

121.8 

57 

47.4 

31  7 

117 

97.3 

65  1 

177 

147  2 

98  3 

237 

!97.l 

131.7 

58 

49  7 

1--  8  118 

101.2 

60.7 

178 

152.7 

91.5 

238 

204.1 

12J.4 

58 

48  2 

32  2 

118 

98.  l' 

65  5 

178 

148.0 

98  9 

238 

197  9 

132  2 

59 

50  6 

3,  3  1)9 

102.1 

61.2 

179 

1535 

92.0 

239 

205.0 

122  9 

59 

49.1 

32.8 

119 

98  9'66.1 

179|148.8 

99  4 

239 

198  7 

132.8 

■?- 

5 '..5 

30  S  120 

102.9 

6!. 7 

l.'<0 

bist. 

154.4 

92.5 
D.Lad 

24f 
Ulsr. 

21^5.9 

123.4 

60 

49.9 

33.3  120 

99  8  66.7 

18-1149  7 

1 0.)  ' 

J  40 

199  6 

133.8 

Dist. 

Dtp. 

D.Lai  Disl. 

Dep.   U.Lall 

nep.  ' 

bep.  b.  Lat.  1 

Dist.  1 

Sep.  iD.Uti  Dist.  . 

Dtp.  D.Lat 

Dist. 

Dep.  1 

D.  Lat. 

Dist.  Dep.  Id.  Lat.  f 

Vor  5i  Points.                    ] 

For  5 

'oin 

s. 
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TABLE  l.~Continued. 

Traverse  Tabic  to  Points  and  (garters  of  the  Compass. 


For  oi  Points. 

L 

For  3J  Point. 

n»t. 

D.LaO 

Di-p. 

Dm. 

D.  Lat.  Urp. 

Dili. 

D.  Lat. 

Dcp. 

Uiit. 

D.  Lat. 

Dep. 

Dist. 
1 

D.Lat 

0  8 

Dip. 

Dist. 

D.  Lat.  1  Uep. 

Diit. 

D.  Lat 

Dep. 

Dist.  D.  1.8 1. 

Dep.  1 

1 

O.S 

0.6 

61 

49.0  36.3 

121 

97.2 

72.1 

181 

145.4 

107.8 

0.6 

61 

47.2 

38.7 

121 

93  5 

76.8 

181 

139.9 

114.8 

2 

\.o 

1.2 

62 

49,8  36.9 

122 

98.0 

72.7 

182 

146.2 

108.4 

2 

1.5 

1.3 

62 

47,9 

39.3 

122 

94  3 

774 

182 

140,7 

1  15.5 

3 

2.4 

1.8 

63 

50.6 

37.5 

123 

98.8 

73.3 

183 

1  47.0 

109.0 

3 

2.3 

1.9 

63 

48  7 

40. C 

125 

95.1 

78  0 

183 

141,5 

116  1 

4 

3.2 

2.4 

64 

51.4 

38.1 

124 

99.6 

73.9 

184 

147.8 

109.6 

4 

3.1 

2.5 

64 

43.5 

40.6 

124 

95.9 

78  7 

184 

142.2 

116.7 

5 

4.0 

3.0 

65 

52.2 

38.7 

125 

100.4 

74.5 

185 

148.6 

110.2 

5 

3.9 

3.2 

65 

50.241.2 

125 

96.6 

79  3 

185 

143  0 

1  17.4 

6 

4.8 

3.6 

66 

53.0 

39.3 

126 

101.2 

75.1 

186 

149.4 

1108 

6 

4.6 

3.8 

66 

51.041.9 

126 

97.4 

79,9  186 

1438 

1180 

7- 

5.6 

4.2 

67 

53.8 

39.9 

127 

102  0 

75.7 

187 

150.2|1I1.4 

7 

5.4 

4.4 

57 

51.8  42,5 

127 

98.2 

80.6 

187 

144  6 

118.6 

a 

6.4 

4.8 

68 

54.6 

40.5 

128 

102  8 

76.2 

138 

151.0 

112  0 

8 

6.2 

5.1 

68 

52  6 

43.1 

128 

98.9 

81  2 

188 

145.3 

119.3 

9 

7.2 

5.4 

69 

55.4 

41.1 

129 

103.6 

76.8 

189 

151.8 

112.6 

9 

7.0 

5.7 

69 

53.3 

43.8 

129 

99.7 

8  1.8 

189 

145  1 

119.9 

10 
11 

8.0 
8.8 

6.0 

70 

56.2 

41  7 

130 

104.4 

77.-1 
78  0 

190 
191 

152.6 

113.2 

10 

7.7 

6.3 

70 

54.1 

44.4 

13(, 

100.5 

82.5 

190 

146.9 

120  5 
121.2 

6.6 

71 

57.0 

42.3 

131 

105.2 

153.4 

113.8 

1  1 

3.5 

7.0 

71 

5  4.9 

45.0 

i3l 

101.3 

83.1 

191 

147,6 

12 

9.6 

7.1 

72 

57.8 

42.9 

132 

106.0 

7S.6 

192 

154.2 

114.4 

12 

9.3 

7.6 

72 

55,7 

45.7 

132 

102.0 

83  7 

1 92 

148.4 

121.8 

13 

10.4 

7.7 

73 

58.6 

43.5 

133 

106.8 

79.2 

!93 

155.0 

115.0' 

13 

10.0 

8.2 

73 

56.4 

15  3 

133 

102.8 

84,4 

193 

149.2 

122.4 

14 

11.2 

8.3 

74 

59.4 

44.1 

134 

107.6 

79.8 

194 

155.8 

115.61 

14 

10.8 

8.9 

74 

57.2 

45.9 

134 

103.6 

85.0 

194 

150.0 

123.1 

15 

12.0 

8.9 

75 

60.2 

44.7 

135 

108.4 

80.4 

195 

156.6 

116.2 

15 

1  1.6 

9.5 

75 

58.'. 

47.6 

135 

104.4 

85.6 

195 

150.7 

123.7 

16 

12.9 

9.5 

76 

61.0 

45.3 

136 

109.2 

8  1.0 

196  157.4 

116.8 

16 

12,4 

10.2 

76 

58  7 

48.2 

136 

105  1 

86.3 

196 

151.5 

124.3 

17 

137 

10.1 

77 

61  8 

45.9 

137 

110.0 

81.6 

197  158.2 

117.4 

17 

13  1 

l(v.8 

77 

59.5 

18.8 

137 

105.9 

86.9 

197 

152.3 

125.0 

18 

14.5 

10.7 

78 

62.7 

46.5 

138 

110.8 

82.2 

198  159.0 

117.9 

18 

13,9 

11.4 

78 

60.3 

19.5 

138 

106,7 

87  5 

198 

153.1 

125.6 

19 

15.3 

113 

79 

63.5 

17.1 

139 

111.6 

82.8 

199  159.8 

118.5 

19 

14.7 

12.1 

79 

61.1 

50.1 

139 

107.4 

88.2 

199 

153  8 

126.2 

20 

16.1 
16.9 

11.9 

80 

64.3 

47.7 
48  3 

140 
141 

112.4 

83.4 

200  160.6 

119.1 

119.7 

20 

15.5 

127 

80 

61.8 

50.8 

14> 

iTi 

108.2 

88.8 

200 

154  6 

126.9 
127.5 

21 

125 

81 

65.1 

113.3 

84.0 

201 

161.4 

21 

16.2 

133 

81 

52,6 

5  1.4 

i09.0 

89.4 

201 

155.4 

22 

17.7 

15.1 

82 

65.9 

48.8 

142 

114.1 

84.6 

202 

162.2 

120.3 

22 

17.0 

14.0 

82 

63.4 

5  2.0 

14V 

109.8 

90.1 

202 

156  1 

128.1 

23 

18.5 

13.7 

83 

66.7 

49.4 

143 

114.9 

85.2 

203 

163.1 

120.9 

23 

178 

14.6 

83 

64.2 

52.7 

143 

110.5 

90,7 

203 

156.9 

128  8 

24 

19.3 

14.3 

84 

67.5 

50.(i 

144 

115  7 

85.8 

204  163.9 

121.5 

24 

18  6 

15.2 

84 

64.9 

53  3 

144 

111.3 

91.4 

204 

157.7 

1  29.4 

25 

20.1 

14.9 

85 

68  3 

50.6 

145 

116.5 

86.4 

205 

164  7 

122.1 

25 

19.3 

15.9 

85 

65.7 

5  3.3 

145 

112.1 

92.0 

205 

I5S.5 

130.1 

26 

20.9 

15.5 

86 

69.1 

51.2 

146 

117.3 

87.0 

206 

155.5 

122.7 

26 

20.1 

16.5 

86 

66.5 

54,6ji46 

112,9 

92.6 

2(j6 

159.2 

1.30  7 

27 

21.7 

16.1 

87 

69.9 

51.8 

147 

118.1 

87  6 

207 

166.3 

123.3 

27 

20.9 

17.1 

87 

67. 

55.2 

147 

!  13.5 

93.3 

207 

1  60  0 

151  3 

28 

22.5 

16.7 

88 

70.7 

52.4 

148 

118.9 

88.2 

208 

167.1 

123.9 

28 

21.6 

17.8 

88 

68." 

.■i5  8 

i4S 

114.4 

93.9 

208 

160.8 

1320 

29 

23.3 

17.3 

89 

71.5 

5  3.0 

149 

119.7 

88.8 

209 

167.9 

124.5 

29 

22.4 

18.4 

89 

«3.8 

ST.. 5 

149 

1  15.2 

9*.5 

209 

2K. 

161.6 

132.6 

30 

24.1 

17.9 

90 

72.3 

53.6 

150 

120.5 

89.4 

210 

168  7 

125.1 

30 

23.2 

19.0 

90 

69. D 

57.1 

IdO 

1  16.0 

95.2 

1  62  3 

133  2 

31 

24  9 

18.5 

91 

73.1 

54.2 

151 

121  3 

90.0 

211 

169.5 

125.7 

31 

24.0 

19.7 

91 

70.3 

5/  7 

151 

1!6.7 

95.8 

211 

163.1 

1339 

32 

25.7 

19.1 

92 

73.9 

54.8 

152 

122.1 

90.5 

212 

170.3 

126.3 

32 

24.7 

20.3 

92 

71  1 

58.4 

152 

117.5 

96.4 

2  12 

1G3  9 

134.5 

33 

26.5 

19.7 

93 

74.7 

55.4 

153 

122,9 

91.1 

213 

171.1 

126.9 

33 

25.5 

20.9 

93 

71.9 

yi.v 

153 

118  3 

97  1 

213 

164.7 

135.1 

34 

27.3 

20.3 

94 

75.5 

56.0 

154 

123.7 

91.7 

214 

171.9 

127.5 

34 

26.3 

21.6 

94 

72.7 

59  6 

154 

119.0 

97.7 

2I4 

165.4 

135.8 

35 

28.1 

20.8 

95 

76.3 

56.6 

155 

124.5 

92.3 

215 

172.7 

128.1 

35 

27  1 

22  2 

95 

73.4 

503 

155 

119.8 

98.3 

2  15 

1  60  2 

136.4 

36 

28.9 

J  1.4 

96 

77.1 

57.2 

156 

125.3 

92.9 

216 

173.5 

128.7 

36 

27.8 

22.8 

96 

74.2 

60.9 

156 

120.6 

99. (. 

216 

167.(' 

137.0 

37 

29.7 

22.0 

97 

77.9 

57.8 

157 

126.1 

93.5 

217 

1743 

129.3 

37 

28.6 

23.5 

97 

75.0 

61  5 

157 

121.4 

99.6 

217 

167.7 

137.7 

38 

30.5 

22.6 

98 

78.7 

58.4 

158 

126.9 

94.1 

218 

175.1 

129.9 

38 

29.4 

24  1 

98 

75.8 

62.2 

158 

122.1 

I0(,  2 

218 

168.5 

138.3 

39 

31.3 

23.2 

99 

79.5 

59.0 

159 

127.7 

94.7 

219 

175.9 

130.5 

39 

3i'.l 

24.7 

99 

76.5 

62.8 

159 

122  9 

100.9 

219 

169.3 

138.9 

40 

•32   1 

23.8 

100 

80.3 

59.6 

160 

128.5 

95.3 

220 
22I 

176.7 

131.1 

40 

30.9 

25.4 

100 

77.3 

634 
64.1 

160 

fei 

123.7 
124.5 

inl.5 

102.1 

220 
221 

170.1 

139.6 

41 

32.9 

24  4 

101 

81.1 

50.2 

161 

129.3 

95.9 

177.5 

131.6 

41 

31.7 

26.0 

101 

78.1 

170.8 

140.2 

42 

33.7 

25  0 

102 

81.9 

60  8 

162 

130.1 

96.5 

222 

178.3 

132,2 

42 

32.5 

26.6 

102 

78.8 

64.7 

162 

125.2 

102  8 

222 

171  6 

140.8 

43 

34.5 

25.6 

103 

82.7 

61.4 

163 

130.9 

97.1 

223 

179.1 

132.8 

43 

33.2 

27.3 

103 

79.6 

55.3 

153 

126.0 

103  4 

223 

172  4 

141.5 

44 

iyS.o 

26  2 

104 

83.5 

62  0 

164 

131.7 

97.7 

224 

179.9 

133.4 

44 

34  0 

2  7.9 

104 

80.4 

65.0 

164 

126.8 

104  0 

224 

173  2 

142.1 

45 

36.1 

26.8 

105 

83.3 

52.5 

165 

I32..i 

98.3 

225 

180.7 

134.0 

45 

34.8 

28.5 

105 

81.2 

66  6 

165 

127.5 

104.7 

225 

173.9 

142.7 

46 

36.9 

2  7.4 

106 

85.1 

63.1 

16fi 

1 33.3 

98.9 

226 

181.5 

134  6 

46 

35.6 

29.2 

106 

81.9 

67.2 

166 

128.3 

105.3 

226 

174.7 

143.4 

47 

37.8 

28  0 

107 

85.9 

53.7 

167 

134.1 

99.5 

227 

182.3 

135.2 

47 

36.3 

29.8 

107 

82,7 

67.9 

167 

129.1 

105  ? 

227 

175  5 

144.0 

48 

38.6 

28  6 

108 

86.7 

54.3 

168 

134.9 

ICO.  I 

228 

183.1 

135.8 

48 

37.1 

30.5 

108 

83.5 

63  5 

168 

129.9 

106..' 

228 

176.2 

144.6 

49 

39  4 

29.2 

109 

87.5 

64.9 

169 

135.7 

100.7 

229 

183.9 

136.4 

49 

37.9 

31.1 

109 

84.3 

69.1 

169 

130.6 

107.2 

229 

177.0 

145.3 

50 

40  3 
41.0 

:9.8 
MA 

110 

88.4 

65  5 

170 

136  5 

101  3 

23i: 

184.7 

137.0 

50 

38.7 

31  7 

110 

85.0 

69.8 
70  4 

17t 
171 

1314 

107.8 
108  5 

230 
231 

177.8 

145.9 

51 

111 

89.2 

66.1 

17! 

137.3 

101.9 

231 

185.5 

137  6 

51 

39.4 

32.4 

111 

85.8 

132,-J 

178  6 

145.5 

52 

41.8 

31  0 

112 

90.0 

66.7 

172 

138.2 

102  5 

232 

lrf6.3 

138.2 

52 

40.2 

33.0 

112 

86.6 

71.1 

172 

133.0 

!09.1 

232 

179.3 

147.2 

53 

42.6 

51.6 

113 

90.8 

67.3 

173 

139.0 

103.1 

233 

187.1 

138.8 

53 

41.0 

33.6 

113 

87.5 

71  7 

173 

133.7 

109.8 

233 

180.1 

147.8 

54 

13  4 

32.2 

114 

916 

67.9 

174 

139.8 

103.7 

234 

188.0 

139.4 

54 

41,7 

34.3 

114 

88.1 

72  3 

174 

134.5 

110.4 

234 

180.9 

148.4 

55 

44.2 

32.8 

115 

92.4 

68.5 

175 

140.6 

104.2 

235 

188,8 

140.0 

55 

42.5 

34.9 

115 

88.9 

73.0 

175 

135.3 

III.O 

2  35 

181.7 

14". 1 

56 

45.1) 

33.4 

116 

93.2 

69  1 

176 

141. 4 

104  « 

23t-. 

189  6 

140.6 

56 

43.3 

35.5 

116 

89.7 

73.0 

176 

136.0 

111.7 

236 

182.4 

149.7 

57 

45  8 

34.0 

117 

94.0 

69.7 

177 

142,2 

105.4 

237 

190.4 

141.2 

57 

44.1 

36  2 

117 

90.4 

74.2 

177 

136.8 

112  3 

237 

1832 

150.4 

58 

■16  6 

34.6 

118 

94.8 

70.3 

178 

1430 

1060 

238 

191.2 

141.8 

58 

14.8 

36.8 

lis 

91  2 

74  9 

178 

1376 

1  12  9 

238 

184,0 

15  1.0 

59 

47.4 

35.2 

li9 

95.6 

70.9 

179 

143.8 

106  6 

239 

192.0 

142.4 

59 

45.''. 

37.4 

119 

92  0 

75.5 

179 

138.4 

1  13.6 

239 

184,7 

151.6 

60 

48.2 

Dep. 

357 

120 

96.0 

71.5 

180 

144.6 

107.2 
D.  Lat 

240 

Dist. 

1928 

143  0 

D.Lat. 

60 
Dist. 

46.4 

38.1 

1^ 

Dist. 

92  8 

Dcp 

76  1 

180 

139.1 

1  14,2 

240 

185.5 

152.3 
D.  L.1I. 

Oist. 

D.Lai 

Dist. 

Dtp. 

U.Lat 

Dist. 

Dtp. 

Dep. 

iDep.  D.LatI 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

Dist.   Dep. 

For  4|  Poiuts.                    1 

For  4i  Points.                     \ 
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TABLE  I— Continued. 
*I'raverse  Table  to  Points  and  Quarters  of  the  Compust. 


For  3^  Points.                    ;i 

For  4  Points. 

Disu 
■   1 

D.I. a 

0.7 

D.p. 

Dist. 

D.  Lat.l  Uep. 

Diit. 

D.  Lac 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dbt. 

ID.  La 

Dep. 

Dist. 

1  D.  Lat.l  Dep. 

Disi 
121 

U.  Lat 
85.6 

Dep. 

Di«.  D.  Lat. 

Dep. 

128.0 

07 

61 

45.2 

41.0 

121 

89.7 

81.3 

181 

134.1 

121.6 

1 

0.7 

0.7 

51 

43.1  43.1 

85. e 

181 

1 128.0 

2 

1.3 

1  : 

62 

45.9 

41  6 

122 

90.4 

81  9 

182 

134.9 

122.2 

2 

1.4 

1.4 

62 

43.8'43.t 

122 

86.5 

86.3 

182 

128.7 

1287 

3 

2.2 

2.C 

63 

46.7 

42.3 

123 

91.1 

82. f 

183 

135.6 

122.9 

3 

2.1 

2.1 

63 

44.5|44.5 

123 

87.0 

87.C 

183 

'129.4 

129.4 

4 

3.0 

27 

64 

47.4 

43.0 

124 

91.9 

83  3 

184 

1363 

123.6 

4 

2.S 

2.8 

54 

45  3|45.C 

124 

87.7 

87  7 

181 

;i3o.i 

150.1 

5 

3.7 

3.4 

65 

48  2  43.7 

125 

92.  e 

83.9 

185 

137.1 

124. 2 

5 
6 
7 

3.5 

3.5 

65 

46.C 

46.C 

125 

88.4 

88.4 

185 

!  1.30. 8 

150.8 

6 

4.4 

4.1 

66 

48.9  44.3 

126 

93.4 

84.e 

186 

137  b 

124.9 

42 

42 

66 

46.7 

46  7 

126 

89.1 

89.1 

186 

1I3I.5 

131.5 

7 

52 

4  7 

67 

49.6  45.0 

127 

94.1 

85  5 

187 

138. 6 

!25  6 

4.9 

49 

67 

47.4 

47.4 

127 

89.6 

89.8 

187 

132.2 

1322 

8 

5.9 

5.4 

68 

50.4 

45.7 

128 

94.8 

86.0 

188 

139  3 

126.3 

3 

5.7 

5.7 

68 

48.1 

48.1 

12s 

90.5 

905 

188 

152.9 

132.9 

9 

6.7 

6.0 

69 

51.1 

46.3 

129 

95.6 

86.6 

189 

UO.O 

126.9 

9 

6.4 

6.4 

69 

48.8 

48.8 

129 

91.2 

91.2 

189 

153. e 

133.6 

10 

7.4 

67 

70 

51.9 

47.0 
47.7 

130 
13i 

96.3 

87.5 

190 

140  8 

127.6 

10 

7.1 

7.1 

70 

49.5 

I49.5 

13C 

91.9 

91.9 

190 

134.4 

134.4 
135.1 

11 

8.2 

7.4 

7! 

52.6 

97.1 

88.0 

191 

141.5 

128.3 

11 

7.8 

7.8 

71 

50.2 

50.2 

131 

92.6 

92.6 

191 

135.1 

12 

8.9 

8.1 

72 

53.3 

48.4 

132 

97  8 

88.6 

192 

142.3 

1289 

12 

8.5 

8.5 

72 

50.9 

50.9 

131 

93  3 

93.3 

192 

135  8 

155.8 

13 

9.0 

8.7 

73 

54.1 

49.0 

1 33 

98.5 

89  3 

193 

143.0 

129.6 

13 

9.2 

9.2 

73 

51.6 

51.C 

1 33 

94.0 

94.0 

193 

136.5 

136.5 

14 

10.4 

9.4 

74 

54.3 

49.7 

134 

99  3 

90.0 

194 

143.7 

130.3 

14 

9.9 

9.9 

74 

52.3152.3 

134 

94.8 

94.8 

194 

137.2 

137.2 

15 

11.1 

10.1 

75 

55.6 

50.4 

135 

lOO.O 

90.7 

195 

144.5 

131.0 

15 

10.6 

10  6 

75 

53.0I53.C 

135 

93.5 

95.5 

195 

13/.9 

137.9 

16 

11  9 

10.7 

76 

56.3 

51.0 

136 

100.8 

91.8 

196 

145.2 

131.6 

16 

11.3 

11.3 

76 

53.7I53.7 

136 

95.2 

96.2 

196 

138. f 

138.^ 

139.3 

17 

12.6 

11  4 

77 

57.1 

51.7 

137 

101.5 

92.0 

197 

146.0 

132.3 

17 

13.0 

12. C 

77 

54.4 

|34.4 

137 

96.9 

9  0.9 

197 

159.3 

18 

13  3 

12.1 

78 

57.8 

52.4 

138 

102  3 

92  7 

198 

146.7 

133.0 

18 

12.7 

12.7 

78 

55.2 

55.; 

158 

97.6 

97.6 

198 

140. C 

140.0 

19 

14.1 

12  8 

79 

58.5 

53.1 

139 

103.0 

93  3 

199 

147.4 

1336  19 

13.4 

134 

79 

55.9 

55  9 

159 

98.3 

98.3 

199 

140.7 

140.7 

' 

20 

14.8 

TsTe 

13.4 

80 

59.3 

53.7 

140 

103  7 

94.0 

200 
201 

148.2 
148.9 

134.3  20 

14.1 
14.8 

14.1 

80 

56.6 

56.6 
57.3 

I4( 

99.0 

99.0 

200 

141.4 

141. 4 

21 

14.1 

81 

60.0 

54.4 

141 

104.5 

94.7 

135.0  21 

14.8 

81 

57.3 

141 

99.7 

99.7 

201 

142.1 

142.1 

■22 

16.3 

14.8 

82 

60.8 

55.1 

142 

105.2 

95  4 

202 

149  7 

135.7i  22 

15.6 

15.6 

82 

58.( 

53.0|l42 

100.4 

100.4 

202  142.8 

142.8 

23 

17.0 

15.4 

83 

61  5 

55.7 

N3 

106.(. 

96.0 

203 

150.4 

136.3 

23 

16.3 

163 

83 

58  7 

58.7 

143 

loi.i 

101.1 

203  1  43  5 

143.5 

24 

17.8 

16.1 

84 

62.2 

56.4 

144 

106.7 

96.7 

204 

151.2 

137.0 

24 

17.0 

17.0 

84 

59.4 

59.4 

144 

101  8 

101.8 

204  144  2 

144.2 

25 

185 

16.8 

85 

63  0 

57.1 

145 

107.4 

97.4 

205 

151.9 

137  7 

25 

17.7 

17.7 

85 

60.1 

60.1 

145 

102.5 

102.5 

205  145.C 

145.0 

26 

19.3 

17.5 

86 

63.7 

57.8 

146 

108  2 

9S.C 

206 

152.6 

138  3 

26 

18.4 

184 

85 

60.8 

60.8 

146 

103.2 

103.2 

206  145.7 

145.7 

27 

20.0 

18  1 

87 

64.5 

58.-1 

147 

108.9 

9S.7 

207 

153.4 

139.0 

27 

19.1 

19.1 

87 

61.5 

61.5 

147 

103.9 

103.9 

207  146.4 

146.4 

23 

20.7 

13  8 

88 

65.2 

59.1 

148 

109.7 

99.4 

20S 

154.1 

139.7 

28 

19.8 

19.8 

88 

62.2 

62  2 

148 

104.7 

104  7 

208  147.1 

147.1 

29 

21.5 

19.5 

89 

65.9 

59.8 

149 

110.4 

100.1 

209 

154.9 

140.4 

29 

20  5 

20.5 

89 

62.9 

62.9 

149 

105.4 

105.4 

209  147.8 

147.8 

30 
31 

23.0 

20.  i 

90 

66.7 

60.4 

150|1I1.1 

100.7 

21C 
211 

155.6 
156.3 

141  0 

30 

21.2 

21.2 

90 

63.6 

63  6 

64.5 

130 

106.1 

105.1 

210|l48  5 

148.5 

20.8 

91 

67.4 

61.1 

151 

1119 

101.4 

141.7 

31 

21.9 

21.9 

91 

64.5 

151 

1U6.8 

106.8 

211  149.2 

149.2 

32 

23.7 

21.5 

92 

68  2 

61  8 

152 

112.6 

102.1 

212 

157.1 

142.4 

32 

22.6 

22.0 

92 

65.1 

65.1 

152 

107  5 

107.5 

212,149.9 

149.9 

33 

24  5 

22.2 

93 

68.9 

62.5 

153 

113.4 

102.7 

213 

157.8 

1430 

33 

23.3 

23.3 

93 

65.8 

65.8 

155 

108.2 

108.2 

213,150.6 

150.6 

34 

25.2 

22.8 

94 

69.6 

63.1 

154 

114.1 

103.4 

214 

158.6 

143.7 

34 

24.0 

24.0 

94 

66.5 

66.5 

154 

108.9 

1C8.9 

■2 14' 15  1.5 

151.3 

35 

25.9 

23.5 

95 

70.4  63.8 

155 

114.8 

104.1 

215 

159.3 

144.4 

35 

24." 

24.7 

95 

67.2 

57  2 

155 

109.6 

109.6 

2I5|152.0 

1520 

,  36 

26.7 

24  2 

96 

71.1  64.5 

156 

115.6 

104  8 

216 

160.0 

145.1 

36 

25.5 

25  5 

96 

67.9 

67.9 

156 

1  10.3 

1103 

2I6jl52.7 

152.7 

!  37 

27.4 

24. S 

97 

71  9 

65.1  157 

116.3 

105.4 

217 

160.8 

145.7 

37 

26.2 

26.2 

97 

68.6 

63.6 

157 

111.0 

lU.C 

:317I153.4 

153.4 

!  38 

2S.2 

25.5 

98 

72.6 

65.8  158 

117.1 

106.1 

218 

161.5 

146  4, 

38 

26  9 

26.9 

98 

69  5 

69.5 

158 

111  7 

111.7 

2I8:i54.1 

154.1 

39 
40 

28.9 

26  2 

99 

73.4 

56.5 

159|I17S 

105  8 

219 

162.3 

147.1 

39 

27.6 

27.6 

99 

70.0 

70.0 

I59 

112  4 

112  4 

219;i549 

154.9 

29.6 

26.9 

!00 

74  1 

67  2 

160 

118.6 

107.4 

220 

103. ( 

147.7 

40 

28  3 

28.3 

100 

70.7 

70  7 

150 

1  13.1 

113.1 

220;i55.6 

155.6 

41 

50.4 

27  5 

101 

74.8 

67.8 

161 

1  19  3 

108.1 

22lJ!63.8 

148.4 

41 

29.0 

29.0 

101 

71.4 

71.4 

151 

113  8 

113.8 

221  1563 

156.3 

42 

31.1 

28.2 

102 

75.6 

68.5 

162 

120.0 

108.8 

222  164  5 

149.1 

42 

29.7 

29.7 

102 

72.1 

72.1 

162 

114.6 

1146 

222  157.0 

1S7.0 

43 

31.9 

28  9 

103 

76.3 

69.2 

163 

120.8 

109.5 

225  165.2 

149.8 

43 

30.4 

30.4 

103 

72  8 

72.8 

165 

1  15.3 

115  3 

223  157.7 

157.7 

j  44 

32.6 

29  5 

104 

77.1 

69.8 

164 

121. 5 

110.1 

224  166.0 

150.4 

44 

31  1 

31.1 

104 

73  5 

73.5 

164 

116.0 

116.( 

224  15S.4 

158.4 

43 

o3  5 

30.2 

105 

77.8 

70.5 

165 

122.3 

110.8 

225  166.7 

151.1 

45 

3  1  .o 

31  8 

105 

74.2 

74.2 

165 

116.7 

1167 

225  159.1 

159.1 

46 

34.1 

30.9 

106 

78.5 

71.2 

166 

123  0 

111,5 

226  167.5 

151.8 

46 

32.5 

32.5 

105 

75  0 

75.1 

156 

!17  4 

117.4 

226  159  8 

159.8 

47 

34  8 

31.6 

107 

79  3 

71.9 

167 

1237 

112  2 

227 

168  2 

152.4 

47 

33.2 

33.2 

107 

75.7 

75.7 

157 

IIS  1 

118.1 

227 

160.5 

160.5 

48 

35.6 

32.2 

108 

80.0 

72.5 

168 

124  5 

112.8 

228 

158.9 

153.1 

48 

33.9 

33  9 

108 

76.4 

76  4 

168 

1  18.8 

I13..<^ 

228 

161.2 

161.2 

49 

36.3 

32  9 

1 09 

80.8 

73.2 

109 

125.2 

113.5 

229 

169.7 

153  8' 

49 

34  5 

34.6 

109 

77.1 

77.1 

169 

119.5 

119  5 

229 

161  9 

I6I.9J 

50 

37.0 

33  6 

1  10  1 

81.5 

73.9 

170 

1  26.0 

114  2 

230 

170.4  154.5! 

50 

35.4 

35.4 

110 

77  8 

77.8 
78.5 

17C 
171 

120.2 

120  2 

230 
231 

162.6 
163.5 

162.61 
1  63.5 

51 

37  8 

34.2 

111  1 

82.2 

74.5 

171 

126.7 

114  8 

231 

171.2 

155. ll 

51 

36.1 

36  1 

1  11 

78.5 

120  9 

1 20.9 

52 

3S.5 

34.? 

112  1 

83  0 

75.2 

172 

127.4 

1  15.5 

232 

1719 

155.81 

52 

35  8 

56  & 

112 

79  2 

79.2 

172 

121.6 

121  6 

232 

164.0 

164.0 

53 

39  3 

35.6 

113 

83.7 

75.9 

173 

123.2 

1152 

233 

172  6 

156.5 

53 

37.3 

37.5 

113 

79  9 

79.9 

175 

;223 

122.3 

233 

164  8 

164.8 

54 

lot 

36.3 

114 

845 

76.0 

174 

128  9 

116.9 

234 

173.4 

157.1 

54 

58  2 

38.2 

114 

80.6 

SO  6 

174 

1230 

123. (J 

234 

55.5 

165.5 

55 

40.8 

36.9 

115 

85  2 

77  2 

175 

129.7 

117.5 

235 

174  1 

57.8| 

55 

38.9 

38.9 

115 

81.3 

31  3 

175 

123.7 

123  7 

255 

66  2 

166.2 

56 

41.5 

37.0 

116 

86.0 

779 

176 

1  30.4 

1182 

236 

174  9 

58  5 

56 

39.6 

39.6 

116 

82.0 

32. t; 

176 

24.5 

24.5 

236  1669| 

166  9 

57 

42.2 

38.3 

117 

867 

78.6 

177 

131.1 

I  18.9 

237 

175.6 

59.2 

57  - 

10.3 

10.3 

17 

82.7 

32  7 

77 

25.2 

25  2 

i37 

67.6 

167.0 

58 

13  0 

39.0 

118 

87.4 

79.2 

178  131.9 

1  19.5 

238 

176.3 

59. 8 

58  ' 

11  0, 

11. 1. 

18 

83.4  f 

S3.4 

78 

25.6 

25  9 

!38 

68.3 

168.3 

59 

43.7 

39. 6 

119 

88.2 

79.9 

179  132.6 

120.2 

239 

77.1 

60.5 

59 

11.7^ 

11  7 

19 

84.1  i 

34  1 

79 

26.6 

266 

!59 

69. ( 

69.0 

60 

14  5 
De|>. 

40.3 

120 

88.9 

SO  6 

180  133.4 

Oist.  IJep. 

120.9 

MO 

1778 

61.6| 

60  . 

12.4- 

12  4 
>L«i 

20  ! 

84.9  f 

34  9 
57Lai  i 

80 

27.3 

27  3 

!40 

69.7! 

69  7 

).  !.-.t 

oui. 

D.r.at 

Dist. 

Dep. 

).Lat 

1.  I.«t. 

)i.it. 

Dep.   D.Lai.  |1 

Dijt. 

Dep.  'I 

i)i<t.  ' 

D>>p.  I 

)isi.  n.-i..  'D  Lat.  ll 

Ji;l.  ; 

Dfp.  I 

For  a  I'liims.                  11 

lor  4  Points.                      j 

Vol..  XIV.  Part  I. 
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NAVIGATION. 


TABLE  II. 

Meridional  Paris. 


.  M' 

0° 

1° 

2° 

3° 

4" 

5°    6° 

70 

«"    yo  1  lyo 

11" 

12"  13"  1 

14" 

15° 

16° 

17" 

M.  1 

0 

0 

60 

120 

180 

240 

300  361 

421 

482 

542 

603 

664 

725 

787 

8  48 

910 

973 

1035 

1  1 

1 

1 

61 

121 

181 

241 

301  362 

422 

483 

543 

604 

665 

726 

788 

850 

911 

974 

1036 

2 

2 

2 

62 

122 

182 

242 

302  363 

423 

484 

544 

605 

666 

727  789 

85  1 

913 

975 

1037 

3 

3 

3 

63 

123 

183 

243 

303  364 

424 

485 

545 

606 

667 

728 

790 

852 

914 

976 

1038 

^i 

4 

4 

64 

124 

184 

244 

304  365 

425 

486 

546 

607 

668 

729 

79  1 

853 

915 

977 

1039 

5  • 

5 

5 

65 

125 

IS5 

2-15 

305 

366 

426 

487 

547 

608 

669 

730 

792 

854 

916 

978 

1041 

6  ' 

6 

6 

66 

126 

186 

246 

306 

367 

427 

488 

543 

609 

670 

731 

793 

855 

917 

979 

1042 

7  1 

7 

7 

67 

127 

187 

247 

307 

368 

428 

489 

549 

610 

671 

732 

794 

856 

918 

980 

1043 

8  j 

8 

8 

68 

l'.^8 

188 

248 

308 

369 

429 

490 

550 

611 

672 

734 

795 

857 

919 

98  1 

1044 

9 

9 

9 

69 

129 

189 

249 

309 

370 

430 

491 

55  1 

612 

673 

735 

796 

858 

920 

982 

1043 

10 

10 

10 

70 

130 

190 

250 

310 

371 

431 

4i/2 

552 

613 

674 

736 

797 

859 

921 

983 

1046 

11 

11 

11 

71 

131 

191 

251  31l| 

372 

432 

49  3 

553 

614 

675 

737 

798 

860 

922 

984 

1047 

12 

12 

12 

72 

132 

192 

253 

312 

373 

433 

494 

554 

615 

676 

738 

799 

861 

923 

985 

1048 

13 

13 

13 

73 

133 

193 

253 

313 

374 

434 

495 

335 

615 

677 

739  800 

862 

924 

985 

1049 

14 

14 

14 

74 

134 

194 

254 

314 

375 

435 

496 

556 

617 

678 

740 

801 

863 

923 

987 

1050 

15 

IS 

15 

75 

135 

195 

2,55 

315 

376 

436 

497 

557 

618 

679 

741 

802 

864 

926 

98S 

1051 

16 

16 

16 

76 

136 

196 

256 

316 

377 

437 

498 

553 

619 

680 

742 

803 

865 

927 

989 

1052 

17 

17 

17 

77 

137 

197 

257 

317 

378 

438 

499 

559 

620 

681 

743 

804 

S55 

928 

990 

1053 

18 

18 

18 

78 

138 

198 

258 

318 

379 

439 

500 

5  60 

621 

682 

744 

805 

867 

929 

991 

1054 

19 

19 

19 

79 

139 

199 

259 

319 

380 

440 

501 

361 

622 

683 

745 

806 

868 

930 

993 

1055 

2-0 

20 

20 

SO 

140 

200 

260 

320 

281 

441 

502 

562 

623 

684 

746 

807 

869 

931 

994 

1056 

21 

21 

21 

SI 

141 

201 

261 

321 

382  442 

503 

564 

624 

685 

747  808 

870 

932 

995 

1057 

22 

22 

22 

82 

142 

202 

262 

322 

383  443 

504 

565 

625 

687 

748 

809 

871 

933 

996 

1058 

23 

23 

23 

83 

143 

203 

263 

323 

384 

444 

505 

5  66 

626 

688 

749 

810 

872 

9  34 

997 

1059 

24 

24 

24 

84 

144 

204 

264 

324 

385 

445 

506 

567 

627 

689 

750 

811 

873 

935 

99S 

1060 

25 

25 

25 

85 

145 

205 

265 

325 

386 

446 

507 

568 

628 

690 

751 

812 

874 

936 

999 

1061 

26 

26 

25 

86 

146 

206 

266 

326 

387 

447 

508 

569 

629 

691 

752 

813 

875 

937 

1000 

1053 

27 

27 

27 

87 

147 

207 

267 

327 

388 

448 

509 

57i) 

631 

692 

753 

815 

876 

938 

1001 

1064 

28 

28 

28 

88 

148 

208 

268 

328 

389 

449 

510 

571 

632 

593 

754 

816 

877 

939 

1002 

1053 

29 

29 

29 

89 

149 

209 

269 

330 

390 

450 

511 

572 

633 

694 

755 

817 

878 

941 

1003 

1066 

30 

30 

30 

90 

150 

210 

270 

331 

391 

45  1 

512 

573 

634 

695 

756 

818 

879 

942 

1004 

1067 

31 

31 

31 

91 

151 

211 

271 

332 

392 

452 

513 

574 

635 

596 

757 

819 

880 

943 

1005 

1068 

32 

32 

32 

92 

152 

212 

272 

333 

393 

453 

514 

575 

636 

697 

758 

820 

882 

944 

1006 

1069 

33 

33 

33 

93 

153 

213 

273 

334 

394 

454 

515 

576 

637 

698 

-59 

821 

883 

945 

1007 

1070 

34 

34 

34 

94 

154 

214 

274 

335 

395 

455 

516 

577 

538 

699 

750 

822 

884 

946 

1008 

1071 

35 

35 

35 

95 

155 

215 

275 

336 

396 

456 

517 

578 

639 

700 

761 

823 

885 

947 

1009 

1072 

36 

36 

36 

96 

156 

216 

276 

337 

397 

457 

518 

579 

640 

701 

762 

824 

886 

948 

1010 

1073 

37 

37 

37 

97 

157 

217 

277 

338 

398 

458 

519 

580 

641 

702 

763 

825 

887 

949 

101  1 

1074 

38 

■  38 

38 

98 

158 

218 

278 

339 

399 

459 

520 

581 

642 

703 

764 

826 

888 

950 

1012 

1075 

39 

39 

39 

99 

159 

219 

279 

340 

400 

460 

521 

582 

643 

704 

765 

827 

889 

951 

1013 

1076 

40 

i  40 

40 

100 

160  1  220 

280 

341 

401 

461 

522 

583 

644 

7<.'5 

766 

828 

890 

952 

1014 

1077 

41 

i-41 

41 

101 

161 

221 

281 

342 

402 

462 

523 

584 

645 

'706 

707 

829 

891 

953 

1015 

1078 

42 

42 

42 

102 

162 

222 

282 

343 

403 

463 

524 

585 

646 

707 

76S 

830 

892 

954 

1016 

1079 

43 

43 

43 

103 

163 

223 

283 

344 

404 

464 

525 

586 

647 

708 

769 

S31 

893 

955 

1018 

1080 

44 

i  44 

44 

104 

164 

224 

284 

345 

405 

455 

525 

587 

648 

709 

770 

832 

894 

956 

1019 

103  1 

45 

1  45 

45 

105 

165 

225 

285 

346 

406 

466 

527 

588 

649 

710 

771 

833 

895 

957 

1720 

1082 

46 

!  46 

46 

106 

166 

226 

286 

347 

407 

467 

528 

589 

650 

711 

772 

834 

896 

958 

1021 

1084 

47 

I   47 

47 

107 

167 

227 

287 

348 

408 

468 

529 

590 

651 

712 

773 

835 

897 

959 

1022 

1085 

4  8 

■   48 

48 

108 

1  168 

228 

288 

349 

409 

469 

530 

591 

652 

713 

774 

836 

898 

9  60 

1023 

108  6 

49 

!  49 

49 

109  1  169 

229 

239 

350 

410 

470 

531 

592 

653 

714 

775 

837 

899 

961 

1024 

1087 

50 

50 

50 

110 

170 

230 

■200 

331 

411 

471 

532 

593 

654 

715 

777 

838 

900 

962 

1025 

1088 

51 

51 

51 

111 

171 

231 

291 

352 

412 

472 

533 

594 

655 

716 

778 

839 

901 

963 

1026 

1089 

3  2 

52 

52 

112 

172 

232 

292 

353 

413 

473 

534 

595 

656 

7i7 

779 

840 

902 

964 

1027 

1090 

53 

53 

53 

113 

173 

233 

293 

354 

414 

474 

535 

596 

657 

713 

780 

841 

903 

965 

1028 

109  1 

54 

54 

54 

114 

174 

234 

294 

355 

415 

476 

536 

597 

658 

719 

781 

842 

9(j4 

966 

1029 

1092 

55 

55 

55 

115 

175 

235 

295 

356 

416 

477 

537 

598 

659 

720 

782 

843 

905 

968 

1030 

1093 

56 

56 

56 

116 

176 

236 

296 

357 

417 

478 

538 

599 

660 

721 

783 

844 

905 

9  69 

1031 

1  094 

57 

57 

57 

117 

177 

.237 

297 

358 

418 

479 

539 

600 

661 

722 

784 

845 

907 

970 

1032 

1095 

58 

58 

58 

118 

178 

238 

298 

359 

419 

480 

540 

601 

662 

723 

785 

846 

908 

971 

1033 

1(.96 

59 

59 

59 

119 

179 

239 

299 

360 

420 

481 

541 

602 

663 

724  786 

847 

909 

972 

1034 

1097 

60 

M. 

0° 

1  1° 

2° 

30  1  40 

5°  1  6°  1  7° 

go  1  90  1  n)0   1  j^o|  12°  1  13^  1  14= 

15° 

16"  1  1?"  1  M. 
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TABLE  U.— Continued. 

Meridional  Parts. 


i  M.  1  18°  1  19° 

20° 

21°  1  22° 

23°  1  24°  1 

25°, 

26° 

27°  1  28°  29°  , 

,jQ° 

31°  32° 

33° 

34°  1  35° 

M. 

0 

1098  116! 

1225 

1289  1354 

1419 

1484 

1550 

1616 

1684  175! 

1819 

1888 

1958  2028 

2100 

217! 

2244 

0 

1 

1099  1163 

1226 

1290 

1355 

1420 

1485 

1551 

1618  168511752 

1821 

1890 

1959  2030 

210! 

2173 

2246 

1 

2 

1100 

1164 

1227 

1291 

1356 

1421 

I486 

1552 

1619  1686:1753 

1822 

1891 

1960 

203! 

2102 

2174 

2247 

2 

3 

1101 

1165 

1228 

1292 

1357 

1422 

1487 

1553 

1620 

1587  1755 

1823 

1892 

1962 

2032  2103 

2175 

2248 

3 

4 

1102 

1166 

1229 

1293 

1358 

1423 

1488 

1554 

1621 

1688 

1756 

1824 

1993  1953 

2033  2104 

2176 

2249 

4 

5 

1103 

1167 

1230 

1295 

1359 

1424 

1490 

1556 

1622 

1589 

1757 

1825 

1894 

1964  2034 

2105 

2178 

2250 

5 

6 

1105 

1168 

1232 

1296 

1360 

1425 

149  1 

1557 

1623 

1690 

1758 

1826 

1895 

1965  2035 

2107 

2179 

2252 

6 

7 

1106 

1159 

1233 

1297 

1361 

1425  1492 

1558 

1624 

1691  1759i 

1827 

1896 

1956  2037 

2108 

2180 

2253 

7 

8 

1107 

1170 

1234 

1298  1362 

1427a493 

1559 

1625 

1593 

1760 

1829 

1898 

1967  2038 

2109 

2181 

2254 

8 

9 

1108 

1171 

1255 

1299 

1363 

1428 

1494 

15  60 

1626 

1694 

1761 

1830 

1899 

1969  2039 

2110 

2182 

2255 

9 

10 

1109 

1172 

1236 

1300 

1364 

1430 

1495 

1561 

1628 

1695 

1762 

1831 

1900  !970|2040 

2111 

2184 

2257 

10 

11 

11  10 

1173 

1237 

1301 

1366 

1431 

1496 

1562 

1629 

1696 

1764 

1832 

1901 

1971 2041 

2113 

2185 

2258 

11 

12 

nil 

1174 

1238 

1302 

1367 

1432 

1497 

1563 

1630 

1697  1765 

1833 

1902 

1972  2043 

2114 

2186 

2259 

12 

13 

1112 

1175 

1239 

1303 

1368 

1433 

1498 

1564 

1631 

1698 

1756 

1834 

1903 

1973 

2044 

2115 

2187 

2260 

13 

14 

1113 

1176 

1240  1504 

1369 

I434'l499 

1565 

1652 

1699 

1767 

1835 

1905 

1974 

2045 

2116 

2188 

2261 

14 

15 

1114 

1177 

1241 

1305 

1370 

I435'l500 

1567 

1633 

1700 

1768 

1837 

1906 

1976 

2046 

2117 

2190 

2263 

15 

16 

1115 

1178 

1242 

1306 

1371 

1436!l502 

1568 

1634 

1701 

1769 

1838 

1907 

1977 

2047 

2119 

2191 

2264 

16 

\7 

1116 

1179 

1243 

1307 

1372 

1437 

1503 

1569 

1633 

1703 

1770 

1839 

1908 

1978 

2048 

2120 

2192 

2265 

ir 

IS 

1117 

1181 

1244 1308 

1373 

1438 

1504 

1570 

1637 

1704 

1772 1840 

1909 

1979 

2050 

212! 

2193 

2255 

18 

19 

1118 

1182 

1245  !310 

1374 

1439 

1505 

1571 

1638 

1705 

1773 

1841 

1910 

1980 

2051 

2122 

2194 

2268 

19 

20 

1119 

1183 

1246!l311 

1375 

1440 

1506 

1572 

1639 

1706 

1774 

1842 

1912 

1981 

205  2 

2123 

2196 

2269 

20 

21  1120 

1184 

1248|l312 

1376 

1441 

1507 

1573 

1640 

1707 

1775 

1843 

1915 

1983 

2053 

2125 

2197 

2270 

21 

22 

1121 

1185 

1249il313 

1377 

1443 

1508 

1574 

1641 

1708 

1776 

1845 

1914 

1984 

2054 

2125 

2198 

227! 

22 

23 

1122 

1186 

1250 

13)4 

1379 

1444 

1509 

1575 

1642 

1700 

1777 

1846 

1915 

1985 

2056 

2127 

2199 

2272 

23 

24 

1  123 

1187 

1251 

1315 

1380 

1445 

1510 

1577 

1643 

1711 

1778 

1847 

1915 

1986 

2057 

2128 

2200 

2274 

24 

25 

1125 

1188 

1252 

1316 

13S1 

J446 

1511 

1578 

1644 

1712  1780 

1848 

1917 

1987 

2058 

2129 

2202 

2275 

25 

26 

1126 

1189 

1253 

1317 

1382 

1447 

1513 

1579 

1645 

1713J1781 

1849 

1918 

1988 

2039 

2131 

2203 

2276 

26 

27 

1127 

1  190 

1254 

1318 

1383 

1448 

1514 

1580 

1647 

1714  1783 

1850 

1920 

1990 

2060 

2132 

2204 

2277 

27 

28 

1128 

119i 

1255  1319 

1384 

1449 

1515 

1581 

1648 

1715 

1783 

1852 

192! 

1991 

2061 

2133 

2205 

2279 

28 

29 

1129 

1192 

1256  1320 

1385 

1450 

1516 

1582 

1649 

1716 

1784 

1853 

1922 

1992 

2063 

2134 

2207 

2280 

29 

30 

1130 

119  3 

1257  1321 

1386 

1451 

1517 

1583 

1650 

1717 

1785 

1854 

1923 

1993 

2064 

2135 

2208 

228! 

30 

31 

1131 

1194 

1258  1322 

1387 

1452 

1518 

1584 

1651 

1718 

1786 

1855 

1924 

1994 

2065 

2137 

2209 

2282 

31 

32 

1132  1195 

1259  1324 

1388 

1453 

1519 

1585 

1652 

1720 

1787 

1856 

1925 

1995 

2066 

2138 

2210 

2283 

32 

33 

1133 

1196 

1260 

1523 

1389 

1455 

1520 

1586 

1653 

1721 

1789 

1857 

1927 

1997 

2067 

2139 

2211 

2285 

33 

34 

1  134 

1198|1261 

1326 

1390 

1456 

1521 

1588 

1654 

1722 

1790 

1858 

1928 

1998 

2069 

2140 

2213 

2286 

34 

35 

1135 

1199  1262 

1327 

1392 

1457 

1522 

1589 

1656 

1723 

179  1 

I860 

1929 

1999 

2070 

2141 

2214 

2287 

35 

36 

1136 

1200  12  64 

1328 

1393 

1458 

1524 

1590 

1657 

1724  1792 

1861 

1930 

2000 

2071 

2143 

2215 

2288 

35 

3r 

1137 

1201  1265 

1329 

1394 

1439 

1525 

1591 

1658 

1725 

1793 

1852 

1931 

2001 

2072 

2144 

2216 

2290 

37 

38 

1  138 

1202  1266 

1330 

1395 

1460 

1526 

1592 

1659 

1726 

1794 

1863 

1932 

2002 

2073 

2145 

2217 

2291 

38 

;  39 

1139  1203  1267 

1331 

1396 

1461 

1527 

1593 

I660|!727 

1795 

1864 

1934 

2004 

2075 

2146 

2219 

2292 

39 

40 

1140 

1204  1268 

1332 

1397 

1462 

1528 

1594 

1661 

1729il797i!865 

1935  2005 

2076 

2147 

2220 

2293 

40 

41 

1141 

1205  1269 

1333 

1398 

1463 

1529 

1595 

1662 

1730 

1798|1866 

1935  2006 

207712149 

2221 

2295 

41 

42 

1142 

1206  1270 

1334 

1399 

1464 

1530 

1596 

1663 

1731 

1799!l868 

1937  2007 

2078 

2150 

2222 

2296 

42 

43 

1144 

1207  1271 

1335 

1400  1463 

1531 

1598 

1664 

I752;1800il86i' 

1938  2008 

2079 

2151 

2224 

2297 

43 

44 

1  145 

1208  1272 

1336 

1401  1467 

1532 

1399 

1666 

1733 

1801 

1870 

1939 

2010 

2080 

2152 

2225 

2298 

44 

45 

1146 

1209 

1273 

1338 

1402  1468 

1553 

1600 

1667 

1734 

1802 

1871 

194! 

2011 

2082 

2153 

2226 

2299 

45 

46 

1147 

1210 

1274 

1339 

1403 

1469il533 

1601 

1668 

1735 

1803 

1872 

1942 

2012 

2083|2155 

2227 

2301 

46 

47 

1148 

1211 

1275 

1340 

1405 

1470 

1536 

1602 

1669 

1736 

1805 

1873 

1943 

2013 

2084 

2156 

2228 

2302 

47 

48 

1U9 

1212 

1276 

1341 

U06 

1471 

1537 

1603 

1670 

1738 

1806 

1875 

1944 

2014 

2085 

2157 

223G 

2303 

48 

49 

1150 

1213 

1277 

1342 

1407 

1472 

1538 

1604 

167l|l739 

1807 

1876 

I943I2OI5 

2086 

2158 

2231 

2304 

49 

50 

1151 

1215 

1278 

1343 

1408 

1473 

1539 

1605 

1672 

1740 

1808 

1877 

1946  2017 

2088 

2159 

2231 

2306 

50 

51 

1152 

1216  1280 

1344 

1409 

1474 

1540 

1606 

1673 

1741 

1809 

1878 

1948  2018 

2C89 

2161 

2232 

2307 

51 

52 

1153 

1217  1281 

1345 

1410 

1475'l541 

1608 

1575 

1742 

1810 

1879 

1949  2019 

2090 

2162 

2233 

2308 

52 

53 

1154 

1218  1282 

1346 

1411 

1476J1542 

1609 

1676 

1743 

1811 

1880 

1950  2020 

2091 

2163 

2235 

2309 

53 

54 

1155 

1219  1283 

1347 

1412 

1477 

1543 

1610 

1677 

1744 

1813 

188! 

1951  2021 

2092  2164 

2236 

2311 

54 

55 

1156 

1220  1284 

1348 

1413 

1479 

1544 

161! 

1578 

1746 

1814 

1883 

1952  2022 

2094  2165 

2237 

2313 

55 

56 

1157 

122111285 

1349 

1414 

14S0 

!546|l612 

1679 

1747 

I815il884 

1953  2024 

2095  2167 

2238 

2313 

56 

57  Ill58 

1222 

1286 

1350 

1415 

1481 

1547 

1613 

1680 

1748 

1816  1885 

1955:2025 

2096  2168 

2239 

2314 

57 

58  |ll59il223 

1287 

1352 

1416 

1482 

1548 

1614 

1681 

1749 

1817  1886 

195612026 

2U97  2169 

2242 

2316 

58 

59 

!ll60|l224 

1288 

1353 

1418 

1483 

1549 

1615 

1682 

1750 

1818ll887ll9572027 

2098  2170 

2243 

2417 

59 

M. 

1  18°  1  19°  1  20°  i  21°  1  22° 

1  23°  1  24°  !  35°  1  26° 

27°  t  23°  1  29°  1  30°  '  31° 

52°  i  33°  '  34°  1  35°  !  M.  1 
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TABLE  11— Continued. 
Meridional  Parts. 


M. 

36° 

37°  \  38° 

39° 

40°  1  41° 

42° 

43° 

44°  1  45°  I  46° 

47° 

48°  1  49° 

50° 

51°   52°  53-' 

M. 

0 

2318 

2393 

2468 

2545 

2623 

2702 

2782 

2863 

2946 

3030 

3116 

3203 

3292  3382 

3474 

3569  3665 

3764 

0 

1 

2319 

2394 

2470 

2546 

2624  2703 

2783 

2864 

2947 

3031 

3117 

3204 

3293 

3384 

3476 

3570  3667 

3765 

1 

2 

2320 

2395 

2471 

2548 

2626  2704 

2784 

2866 

2949 

3033 

3118 

3206 

3295 

3385 

3478 

3572  3668  3757 

o 

3 

2322 

2395 

2472 

2549 

2627 

2706 

2786 

2867 

3950 

3034 

3120 

3207 

3296 

33S7 

3479 

3574 

3670 

3769 

3 

4 

2323 

2398 

2473 

2550 

2628 

2707 

2687 

2869 

2951 

3036 

3121 

3209 

3298 

3388 

3481 

3575 

3672 

3770 

4 

5 

2324 

2399 

2475 

2551 

2629 

2708 

2688 

2870 

2953 

3037 

3123 

3210 

3299 

3390 

3482 

3577 

3673 

3772 

5 

6 

2325 

2400 

2476 

2553 

2631 

2710 

2790 

2871 

2955 

3038 

3124 

3212 

3301 

339  1 

3484 

3578 

3675 

3774 

6 

7 

2327 

2401 

2477 

2554 

2632 

2711 

2791 

2873 

2956 

3040 

3126 

3213 

3302 

3393 

3485 

3580 

3677 

3775 

7 

8 

2328 

2403 

2478 

2555 

2633 

2712 

2792 

2374 

2957 

3041 

3127 

3214 

3303 

3394 

3487 

3582 

3678 

3777 

8 

9 

2329 

2404 

2480 

2557  2634 

2714 

2794 

2875 

2958 

3043 

3129 

3216 

3305 

3396 

3488 

3583 

3680 

3779 

9 

10 

2330 

2405 

2481 

2558  2636 

2715 

2795 

2877 

2960 

3044 

3130 

3217 

3306 

3397 

3490 

3585 

3681 

3780 

10 

11 

2332 

2406 

2482 

2559  2637 

2716 

2797 

2878 

2961 

3046 

3131 

3219 

3308 

3399 

8  492 

3586 

368j 

3782 

11 

12 

2333 

2408 

2484 

2560 

2638 

2718 

279S 

2880 

2963 

3047 

3133 

3220 

3309 

3400 

3493 

3588 

3685 

2784 

12 

13 

2334 

2409 

2485 

2562 

2640 

2719 

2799 

2881 

2964 

3048 

3134 

3222 

3311 

3402 

3495 

3590 

3686 

3785 

13- 

14 

2335 

2410 

2486 

2563 

2641 

2720 

2201 

2882 

2965 

3050 

3  I  36 

3223 

3312 

3403 

3496 

3591 

3688 

3787 

14 

15 

2337 

2411 

2487 

2564 

2642 

2722 

2802 

2884 

2967 

3051 

3137 

3225 

3314 

3405 

3498 

3593 

3690 

3739 

15 

16 

2338 

2413 

2480 

2566 

2644 

2723 

2803 

2885 

2968 

3053 

3139 

3226 

3316]3407 

3499 

3594 

3691 

3790 

16 

17 

2339 

2414 

2490 

2567 

2645 

2724 

2805 

2886 

2970 

3054 

3140 

3228 

3317340S 

3501 

3595 

3693 

3792 

17 

18 

2340 

2415 

2491 

2568 

2646 

2726 

2806 

2888 

2971 

3055 

3142 

3229 

331913410 

3503 

3598 

3695 

3794 

18 

19 

2342 

2416 

2492 

2569 

2648 

2727 

2807 

2889 

2972 

3057 

3143 

3231 

3320  3411 

3504 

3599 

3696 

3795 

19 

20 

2343 

2418 

2494 

2571 

2649 

2728 

2809 

2891 

2974 

3058 

3144 

3232 

3322J3413 

3506 

3601 

3698 

3797 

20 

21 

2344 

2419 

2495 

2572 

2650 

2729 

2810 

2892 

2975 

3060 

3146 

3234 

3323 

3414 

3507 

3602 

3699 

3799 

21 

22 

2345 

2420 

2496 

2573 

2651 

2731 

2811 

2893 

2976 

3061 

3147 

3235 

3325 

3416 

3509 

3604 

3701 

3800 

22 

23 

2346 

2422 

2498 

2575 

2653 

2732 

2813 

2895 

2978 

3063 

3149 

3237 

3326 

3417 

3510 

3606 

3703 

3802 

23 

24 

2348 

2423 

2499 

2576 

2654 

2733 

2814 

2896 

2979 

3064 

3150 

3238 

3328|3419 

3512 

3607 

3704 

3804 

24 

25 

2349 

2424 

2500 

2577 

2655 

2735 

2815 

2897 

2981 

3065 

3152 

3240 

3329  3420 

3514 

3609 

3706 

3806 

25 

26 

2350 

2425 

2501 

2578 

2657 

2736 

2817 

2899 

2982 

3067 

3153 

3241 

3331 

3422 

3515 

3510 

3708 

3807 

26 

27 

2351 

2427 

2503 

2580 

2658 

2737 

2818 

290G 

2983 

3068 

3155 

3242 

3332 

3423 

3517 

3612 

3709 

3809 

27 

28 

2353 

2428 

2504 

2581 

2659 

2739 

2820 

2902 

2985 

3070 

3156 

3244 

3334 

3425 

3518 

3614 

371  1 

3811 

28 

29 

2354 

2429 

2505 

2582 

2661 

2740 

2821 

2903 

2986 

3071 

3157 

3245 

3335 

3427 

3520 

3615 

3713 

3812 

29 

30 

2355 

2430 

2506 

2584 

2662 

2742 

2822 

2904 

2988 

3073 

3159 

3247 

3337 

3428 

3521 

3617 

3714 

3814 

30 

31 

2356 

2432 

2508  2585 

2663 

2743 

2824 

2906 

2989 

3074 

3160 

3248 

3338 

3430 

3523 

3618 

3716 

3816 

51 

32 

2358 

2433 

2509 

2586 

2665 

2744 

2325 

2907 

2991 

3075 

3162 

3250 

3340 

3431 

3525 

3620 

3717 

3817 

•32 

33 

2359 

2434 

2510 

2588 

2666 

2646 

28  26 

290S 

2992 

3077 

3163 

325  1 

3341 

3433 

3526 

3622 

3719 

3819 

33 

34 

2360 

2435 

2512 

2589 

2667 

2647 

2828 

2910 

2993 

3078 

3165 

32  53 

3343 

3434 

3528 

3623 

3721 

3821 

34 

35 

236  i 

2437 

2513 

2590 

2669 

2648 

2829 

2911 

2995 

3080 

3166 

3254 

3344 

3436 

3529 

3625 

3722 

3823 

35 

36 

2363 

2438 

25I4|2591 

2670 

2750 

2830 

2913 

299  6 

3081 

3168 

3256 

3346 

3437 

3531 

3626 

3724 

3824 

36 

37 

2364 

2439 

2515 

2593 

2671 

2751 

2832 

2914 

2998 

3083 

3169 

3257 

3347 

8439 

3532 

3628 

3726 

3326 

37 

38 

2365 

2440 

2517 

2594 

2673 

2752 

2833 

2915 

2999 

3034 

3171 

3259 

3349 

3440 

3534 

3630 

3727 

3827 

38 

39 

2356 

2442 

2518 

2595 

2674 

2754 

2834 

2917 

3000 

3085 

3172 

3260 

3350 

3442 

35  36 

5631 

3729 

38  29 

39 

40 

2468 

2443 

2519 

2597 

2675 

2755 

2836 

2918 

3002 

3087 

5173 

326'J 

3352 

3443 

3537 

3635 

3731 

3831 

40 

41 

2369 

2444 

2521 

2598 

2676 

2756 

2837 

2919 

3003 

3088 

3175 

3263 

3353 

3445 

3539 

3634 

3732 

3852 

41 

42 

2371 

2445 

2522 

2599 

2678 

2758 

2839 

2921 

3005 

3090 

3176 

3265 

5355 

3447 

3540 

3636 

3734 

3834 

42 

43 

2371 

2447 

2525 

2601 

2579 

2759 

2840 

2022 

3006 

3091 

3178 

3266 

3356 

3448 

3542 

3638 

3736 

3836 

43 

44 

2373 

2448 

2524 

2602 

2680 

2760 

2841 

2924 

3007 

3093 

3179 

3268 

3358 

3450 

3543 

3639 

3737 

3838 

44 

45 

2374 

2449 

2526 

2603 

2682 

2762 

2843 

2925 

3009 

2094 

3181 

3269 

3359 

3451 

3545 

3641 

3739 

3839 

45 

46 

2375 

2451 

2527 

26u4 

2683 

2763 

2844 

2926 

3010 

3095 

3182 

3271 

3361 

3453 

3547 

3643 

3741 

3341 

46 

47 

2376 

2452 

2528 

2606[2684 

2764 

2845 

2928 

3012 

3097 

3184 

3272 

3362 

3454 

3548 

3644 

3742 

3843 

47 

48 

2378 

2453 

2530 

2607 

2686 

2766 

2847 

2929 

3013 

3098 

3185 

3274 

3364 

3456 

3550 

3646 

3744 

3844 

48 

49 

2379 

2454 

2531 

2608 

2687 

2767 

2848 

2951 

3014 

3 1 00 

3187 

3275 

3365 

3457 

3551 

3647 

3746 

3846 

49 

50 

2380 

245612532 

2610|2688 

2768 

2849 

2932 

3016 

3101 

3188 

3277 

3367 

3459 

3553 

3649;3747 

3848 

50 

1  51 

2381 

2457 

2533 

2611 

2690 

2770 

2851 

2933 

3017 

3103 

3190 

3278 

3368 

3460 

3555 

365l|3749 

3849 

51 

52 

2383 

2458 

2535 

2612 

2691 

2771 

2852 

2935 

3019 

3104 

3191 

32St- 

3370 

3462 

3556 

3652'3750 

3851 

52 

53 

2384 

2459 

2536 

2614 

2692 

2772 

2354 

2936 

3020 

3105 

3192 

3aei 

O^  1     I 

3464 

3558 

3654i3752 

3853 

53 

1  54 

2385 

2461 

2537 

2615 

2694 

2774 

2855 

39  37 

3021 

3107 

3194 

3283 

■3373 

3463 

3559 

3655 

3754 

3854 

54 

55 

2386 

2462 

2538 

2616 

2695 

2775 

2856 

2939 

3023 

3108 

3195 

3284 

3374 

3467 

3561 

3657 

5755 

3856 

55 

56 

2388 

2463 

25  10 

2617 

2696 

2776 

2858 

2940 

3024 

3110 

3197 

3286 

3376 

3468 

3562 

3659 

3757 

3858 

56 

57 

2889 

6464 

254  1 

2619 

2698 

2778 

2859 

2942 

3026 

311  1 

3198 

3287 

3378 

3470 

3564 

3660 

3759 

3860 

57 

58 

2390 

2466 

2542 

2620 

2699 

2779 

2860 

2943 

3027 

3113 

3200 

3239 

3379 

3471 

3566  3662 

3760 

3861 

58 

59 

2591 

2467 

2544 

2621 

2700 

2780 

2862 

2944 

3029 

3114 

3201 

3290l3381 

3473 

3567  3664 

3762 

3863 

59 

M. 

36°   37'' 

38° 

39° 

40°  41° 

42° 

43° 

44° 

45°  i  46°  1  47°  1  48°  1  49° 

50°   51°  1  52°_ 

53^ 

M. 

NATIGATION. 

TABLE  11— Continued. 
Meridional  Parts. 
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'm. 

54° 

55°  1  56°  1  57° 

58°  ,  59°  1  6U° 

61°  ,  62° 

63° 

64-  ,  65°  1  66° 

67°  1  68°  1  69° 

70°  1  71°  1  M.  1 

0 

3865 

396814074 

4183 

4294  4409 

4527 

4649 

4775 

4905 

5039 

517915324 

5474 

563li5795 

5966 

5146 

0 

1 

36(H 

3970U07e 

4184 

4296  441 1 

4529 

465  1 

4777 

4907 

5042 

5181 

5326 

5477 

5633'5797 

5969 

6149 

1 

2 

3868 

3971 

4077 

4186 

4298  4413 

4531 

4653 

4779 

4909 

5C44 

5184 

5328 

5479 

5636  5800 

5972 

6152 

2 

3 

3870 

397C 

4079 

4188 

4300  4415 

4533 

4655 

4781 

4912 

5046 

5186 

533  1 

5482 

5639  5803  5975 

6155 

3 

4 

387: 

3975:4081 

4190 

4302  4417 

4535 

4657 

4784 

4914 

5049 

5188 

5333 

5484 

5642  5806  5978 

6158 

4 

5 

3873 

3977  4083 

4192 

4j04  4419 

4537 

4660 

4786 

4916 

505  1 

5l9i 

5336 

5487 

5644  580t  5981 

6161 

5 

6 

3875|3978|4085 

4194 

4306|442l 

453'? 

4662 

4788 

4918 

5053 

5193 

5338 

5489 

5647  5811 

3984 

6164 

6 

7 

3877 

39804086 

1195 

4308  4423 

4541 

4664 

4790 

4920 

5055 

5195 

5341 

5492l5650|5814 

5986 

6167 

7 

8 

3876 

3982!ti;88 

4197 

43094425 

4543 

4666 

4792 

4923 

3058 

5198 

5343 

5495 

5652  5817 

5989 

5170 

8 

9 

388( 

3984:4090 

4199 

43  11  [4427 

4545 

4668 

1794 

4925 

506r 

520f 

5346 

5497 

5655  5820 

3992 

6173 

9 

10 

3882 

3985  409 i 

42ul 

4313 

4429 

4547 

4  670 

4796 

4927 

5062 

520S 

5348 

5500 

5658 

5823 

5995 

6177 

10 

1  1 

3883 

3987  4094 

4203 

4315 

4431 

4549 

4672 

4798 

4929 

5065 

5205 

5351 

5502 

5660 

5825 

5998 

6180 

li 

12 

3885 

3989  4095 

4205 

4317 

4433 

4551 

4674 

4801 

4931 

5067 

5207 

5353 

5505 

5663 

5828 

6(^01 

6183 

12 

13 

3887 

3991-4097 

4207 

4319 

4434 

4553 

4676 

4803 

4934 

5  (.'69 

5210 

535  (■ 

5507 

5666 

5851 

6004 

5186 

13 

11 

3889 

3992  4099 

4208 

4321 

4436 

4555 

4678 

4805 

4936 

5071 

5212 

535t> 

5510 

5668 

5834 

6007 

6189 

14 

15 

3890 

3994  4101 

4210 

4123 

4438 

4557 

4680 

4807 

49  38 

5('74 

5214 

5361 

5513 

5671 

5837 

6010 

6192 

15 

15 

3892 

399  6  4103 

4212 

4125 

44  40 

4559 

4682 

4809 

4940 

5076 

5217 

5355 

5515 

5  674 

5839 

6013 

6195 

16 

17 

3894 

399 K  4104 

4214 

4327 

4442 

4562 

1684 

4811 

4943 

5078 

5219 

5356 

5518 

5  676 

5842 

6.J16 

6198 

17 

18 

3895 

3999 

4106 

4216 

4328 

4444 

4564 

4687 

4814 

4945 

5081 

5222 

5368 

552 

5679 

5845  6019 

6301 

18 

19 

3897J4001 

4108 

4218 

4330 

4446 

4566 

4689 

4816 

4947 

5083 

5224 

5371 

5523 

5682 

5  848  6022 

5205 

19 

20 

389914003 

4110 

4220 

4332 

4448 

4568 

4691 

481S 

4949 

5085 

5  22  6 

537  3 

5526!56o5 

585l|6025 

62'. '8 

20 

21 

3901 

1005 

41  12 

4221 

4334 

4450 

4570 

4693 

48  20 

495  1 

5088 

5  229 

5376 

3528 

5687 

3854 

6028 

5211 

21 

22 

3902 

4006 

4113 

4223 

4336 

4452 

4572 

4695 

4822 

4954 

509(. 

5231 

537ti 

553  1 

5690 

5856 

6031 

5214 

22 

23 

3904 

4008]' 41  15 

422  5 

4358 

4454 

4574 

4697 

4824 

4956 

5092 

5234 

5380 

5533 

56'J3 

•,839 

6034 

6217 

23 

24 

3906 

4010,41  17 

4227 

4340 

4456 

4576 

4699 

4826 

4958 

5095 

5236J5383 

55365695 

5862 

6037 

6220 

24 

25 

3907 

4012 

4119 

4229 

4342 

4458 

4578 

4701 

4829 

49  6( 

5097 

5238 

5385 

5539 

5698 

5865 

6040 

6223 

25 

26 

;909 

40H 

4121 

4231 

4344 

4460 

4580 

4703 

4831 

4963 

5099 

5241 

5388 

5541 

5701 

5868 

6043 

6226 

25 

27 

3911 

4013 

4122 

4232 

4346 

4462 

4582 

4705 

4833 

4965 

5  1  02 

5243 

5390 

5544 

5704 

5871 

6046 

5230 

27 

28 

39  13 

4017 

4124 

4234 

4347 

4464 

4584 

4707 

4835 

4967 

5  104 

5246 

3393 

5546 

5706 

5874 

6049 

6233 

28 

29 

3914 

4019 

4126 

4236 

4349 

4466 

4586 

4710 

4837 

4969 

5  106 

524S 

5395 

5549 

5709 

5876 

6052 

6236 

29 

30 

39  1  6 

40  il 

4 12s 

4238 

435  1 

4468 

4588 

47  12 

4839 

497- 

5108 

5250 

539fc 

5552 

5712 

5879 

6055 

6239 

30 

31 

3918 

4(22 

4130 

4240 

4353 

4470 

4591 

4714 

4842 

4974 

511  1 

5253 

5401 

5554 

5715 

5882 

6058 

6242 

31 

32 

3919 

4024 

4132  4242 

4355 

4472 

4592 

4716 

4844 

4976 

5113 

5255 

5403 

5557 

5717 

5885 

6061 

6235 

32 

3921 

4-026 

4133 

4244 

4357 

4474 

4594 

4718 

4846 

4978 

5115 

5258 

5406 

5559 

5720 

5888 

6064 

6249 

33 

34 

3923 

4028 

4135 

4246 

4359 

4476 

4596 

4720 

4848 

4981 

5118 

5260 

5408 

5562 

5723 

5891 

6067 

6252 

34 

35 

3925  4C2S 

4137 

4.2 -!  7 

4361 

447.S 

4598 

4722 

4850 

4983 

5120 

5263 

5411 

5565 

5725 

5894 

6070 

6255 

35 

36 

3-26  4031 

4139 

4249 

4363 

448'; 

4600 

4724 

4852 

4985 

5122 

5«65 

54  13 

5567 

5728 

5896  6073|6258 

36 

37 

3928  40S3 

4141 

425  1 

4  3S5 

4482 

4602 

4726 

485:; 

49S7 

5  125 

5267 

5416 

5570  5731 

5899 

6076 

6261 

37 

38 

3930  4035 

4145 

4255 

4367 

4484 

4604 

4728 

4857 

499> 

5127 

5  270 

5418 

5573  5734 

5902 

6079 

6264 

38 

39 

3932 

4037 

4144 

4255 

;36^J4486 

4606 

4731 

485!^' 

4992 

5  129 

5272 

5421 

5575  5736 

5905  6082 

6268 

39 

40 

3933 

4038 

4146 

4257 

437. -4488 

46-.8 

4733 

4861 

499-. 

5  132 

5275 

5423 

5578;5739 

590e]6085 

6271 

40 

41 

3935 

■1040 

4143 

4259 

4372  449f 

1610 

4735 

4863 

4996 

5134 

5277 

5426 

5580;5742 

591  1  6088 

6274 

41 

42 

3937 

4042 

4150 

4260 

4374  4492 

4612 

4737 

4865 

4999  5136 

5280 

5428 

5583  5745 

5914  609  1 

62  7  7 

42 

43 

3938 

4044 

4152 

4262 

4376''4494 

4614 

4739 

4868 

5001 

5  139 

5282 

5431  5586  5747 

5917  6094 

6280 

43 

44 

3940 

4045 

4153 

426! 

4378  4495 

4516 

4741 

487( 

5003 

5141 

5234 

54335588:5750 

5919  6097 

5283 

44 

45 

3942 

4047 

4155 

426f 

4380  4497 

4618 

4743 

4872 

5005 

5143 

5287 

54365591,5753 

59226100 

6287 

45 

46 

39-14 

4049 

4157 

4268 

4382  4499 

4620 

4745 

4874 

5008 

5  146  5289 

543S 

5594:5756 

5925  6103 

6290 

46 

47 

3945 

405  1 

4159 

427' 

438^ 

4501 

4625 

4747 

4876 

5010 

5148  5292 

5441 

5596  5758 

592S6I06 

6293 

47 

48 

3947 

4052 

4161 

4272 

4386 

4505 

4625 

4750 

4879 

5012 

5151 5294 

5443 

559913761 

5931 6109 

6296 

48 

49 

3949 

-1054 

416: 

4274 

438S 

4505 

1627 

4752 

4881 

5014 

51535297 

5446 

5602J5764 

59346112 

6299 

49 

50 

395  1 

405  6 

4I6-;  4275| 

439L 

45U7 

4629 

4754 

4883 

50  17 

5155 

5299 

5448 

5604 

5767 

3937  61  15 

6303 

50 

51 

3952 

4058 

4166 

4277 

4392 

4509 

4631 

47  56 

4885 

5019 

5158 

5301 

5451 

5607 

577(' 

594'  6118 

6305 

51 

52 

390  4 

4060 

4168 

4279 

4394 

4511 

463: 

1758 

488  7 

502  1 

5  150 

5304 

5454 

5610  5772 

5043  6121 

630'-' 1  52  1 

53 

3956 

4C5I 

;iro 

4281 

4396 

45  13 

4635 

4760 

189C 

5023 

5162 

5306 

5456 

56125775 

59466124 

6312!  5Z 

54 

3958 

4063 

4172 

4283 

4398 

4515 

4637 

476- 

1892 

5026 

5165 

5309 

5459 

561515778 

5948 

6127 

53151  54  1 

55 

3959 

4065 

4173 

4285 

4399 

4517 

4639 

4764 

1894 

5028 

5167 

531  1 

545. 

5617.5781 

5931 

6150 

0319 

55 

56 

3961 

4067 

4175 

4287 

4401 

4519 

4641 

4766 

4896 

503<;5169 

5314 

5464 

56205783 

5954 

61336322 

56 

57 

>963 

4069 

4177 

4289 

14(3 

452  i 

4643 

476':- 

4898 

5033 

5172 

5316 

5466 

5623|5786 

5957 

5136  6325 

57 

58 

3964 

4070 

4170 

4291 

4405 

4523 

4645 

4771 

4901 

5L'55 

5174 

53)9 

5469 

5625  578? 

596v 

5140  6328 

58 

59 

3966 

4072 

4181 

4292 

4407 

4525 

4647 

4773 

4903 

5057 

5176 

5321 

5471 

5628'5792 

5963 
69° 

6143 

6332 

59 

.\I.   54°  1 

55«   56° 

57°  '  58° 

59° 

6(,°   61°  1  62°  1  63° 

64° 

65° 

66° 

67°  ' 

6b° 

70°" 

71°  1  M.  1 

Vol.  XlV.  PAnr  i. 
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NAVIGATION, 


TABLE  11— Conlhmed. 

JSleridional  Paris. 


U.    1  72°  ,  TS"     74^  1  75°  | 

76°  1  77°   78°  1  79°  )  80°  81"  |  82"  | 

83" 

84° 

85° 

86° 

87-' 

_88^  1  8^'°  ]  M.  1 

0 

6335 

65^1,6746  697o| 

7210  7467 

7745 

8046;8375j8739 

9  1 45 

96^  6 

10137 

10765 

11533 

12522 

13917 

16300 

0 

1 

6338 

6538 

6749  59  741 

7214  7472 

7749 

8051  8381i8745 

9153 

9614 

I0I47 

10776 

11547 

12541 

13943 

1  6357 

1 

2 

6341 

6541 

6753 

6978 

72187476 

7754 

8055  8387j8752 

9160 

96;2 

10156 

10788 

11561 

12561 

13974 

16416 

2 

3 

6345 

6545 

5757 

5982 

7222  7481 

7759 

8061  8393  S758 

9167 

9531 

10166 

10799 

11576 

12580 

14004 

16476 

3 

4 

6348 

6548 

6760 

5986 

7237 

7485 

7754 

8067 

8398  8765 

9174 

9639 

10173 

1U811 

11590 

12599 

14033 

16537 

4 

5 

635  1 

6552 

5764 

6990 

7231 

7490 

7769 

8072 

840418771 

9182 

9647 

10183 

10823 

11605 

12619 

14063 

16599 

5 

6 

635  4 

6555 

6768 

6994 

7235 

7494 

7774 

8077 

84108778 

9189 

9653 

10195 

10834 

I  1  620 

12539 

1  4093 

16662 

6 

7 

6358 

6558 

ri771 

6997 

7239 

7498 

7778 

8083 

3416  8784 

9196 

9664 

10205 

1(846 

11534 

12559 

14123 

15726 

7 

8 

6361 

6662 

6775 

7001 

7243 

7303 

7783 

8088 

8422  8791 

9203 

9572 

10214 

1U858 

11649 

12679 

14134  16792 

8 

9 

6364 

6565 

6779 

7005 

7247  7507 

7788 

8(;93|8l27 

8797 

921  1 

9680 

10224 

1087 

11664 

12699 

14185  16858 

9 

10 

63*^7 

5569 

6782 

7009 

7252 

7512 

7793 

8099 

8133 

.S804 

9218 

9689 

10234 

1088  1 

1:579 

1.1719 

14216  1692t. 

10 

11 

6371 

6572 

6786 

7013 

7256 

7515 

7798 

8104 

8439 

8810 

9225 

9697 

10244 

10893 

1  1694 

12739 

14247 

1G9P6 

11 

12  6374 

6576 

6790 

7017 

7250 

7521 

7803 

8109 

8445 

8817 

9233 

9706 

1025  4 

10905 

11709 

12759 

14279 

17067 

12 

13  G377 

6579 

6793 

7021 

7264 

7525 

7808 

8115 

845  1 

8823 

924c 

9714 

1(j264 

10917 

11724 

12780 

14311 

1714., 

13 

14 

63811 

6583 

6797  7025 

7268 

7530 

7813 

8120 

8437 

8830 

9248 

9723 

10274 

10929 

11739 

12801 

14343 

17213 

14 

15 

6384 

6386 

6801 

7029 

7273 

7535 

7817 

8125 

8463 

8836 

9255 

9731 

10284 

10941 

11755 

12821 

14376 

,7289 

15 

16 

6387 

6590 

6804 

7033 

7277  7539 

7822 

8131 

8469 

8843 

9262 

9740 

10294 

10953 

11771 

12842 

14409 

17366 

16 

17 

6390 

6593 

6808 

7037 

7281  7544 

7827 

8136 

8474 

8849 

9270 

9748 

10304 

10953 

11785 

12863 

144t2 

17444 

17 

18 

6394 

6597 

6812 

704  1 

7285  7548 

783; 

8141 

8480 

8856 

9277 

9757 

10314 

10978 

11801 

12885 

14175 

17526 

18 

19 

6397 

66!  0 

68  1  5 

7045 

7289 

7553 

7837 

8U7 

8486 

8o63 

9285 

9753 

10324 

10990 

11816 

I29.-.5 

l45o9 

17509 

19 

20 

640U 

6603 

68  1 9 

7048 

7294 

7557 

7842 

3152 

849  2 

8869 

9292 

9774 

I0334 

I  1002 

11832 

12927 

14543  17694 

20 

21 

6403 

66i7 

6823 

7052 

7298 

756; 

7847 

8158 

8498 

8876 

9300 

978.; 

I0344 

1  1014 

1  1848 

12949 

14578 

17781 

21 

22 

6407 

5610 

5826 

7056 

7302 

7566 

7852 

8153 

8504|8883 

9307 

9791 

10354 

11027 

1  1863 

12971 

14513 

17870 

22 

23 

6410 

6614 

5830  7060 

7306 

7571 

7857 

8168  8510  8889 

9315 

9800 

10361 

11039 

11870 

12992 

14648 

17962 

23 

24 

6413 

6617 

6834  7064 

7311 

7576 

7852 

81748516  f^896 

9322 

9809 

10374 

11052 

1  1895Jl3ol4 

14684 

18056 

24 

25 

6417 

6621 

6838  7068 

7315 

75  80 

7867 

8179  8522  8903 

9330 

9817 

10385 

1  1064 

11911 

13037 

14720 

18153 

25 

26 

6420 

6624 

6841 

7072 

7319 

7585 

7872 

8185'8528  8909 

9337 

9826 

10395 

II077 

1  1927 

13039 

14756  18252 

26 

27 

6423 

6628 

6845 

7076 

7323 

7589 

7877 

81908534 

8916 

9345 

9835 

10403 

11089 

11943 

13081 

14793 18355 

27 

28 

6427 

5631 

6849  7080 

7328 

7594 

7882  8  196  85 IC 

8923 

9353 

984i 

10416 

1  1  102 

11959 

13'04 

14830  18461 

28 

29 

643'! 

6635 

6353  7084 

7332 

7599 

7887  8201 

8546 

8930 

93  60 

9S52|l0426 

1  1  1  15 

1  1976 

13126 

14858  18570 

29 

30 

6433 

6639 

685 

7083 

7335  760.; 

7892  8207 

8352 

8936 

9368 

9851 

10437 

11127 

1  1992 

13l49ll4906;18583 

30 

31 

6437 

6642 

6860 

7092 

734! '7608 

7897  8212  8358 

8943 

9376 

9870 

10447 

11140 

12008|l3}72 

14944 

18799 

31 

32 

ei'i) 

5546 

6854 

7096 

7345j7612 

7902  8218,85  65 

8950 

9383 

9879 

10457 

1  1153  I2025I13195 

14983 

18920]  32  1 

33 

6443 

6619 

6868 

7  1 00 

7349 

7617 

7907  8223 

8571 

8957 

9391 

9838 

10468 

11166  12041 

13219 

15022 

19045 

33 

34 

6417 

6653 

6871 

7104 

7353 

7622 

7912 

8229 

8577 

8963 

9399 

9897 

10478 

11179 

12058 

13242 

15062 

19174 

34 

35 

6450 

6636 

5875 

7108 

7358 

7626 

7917 

8234 

8583  897 

9407 

9906 

10489 

11  19: 

12.175 

13266 

15102 

19309  35 

36 

5453 

666C 

5879 

7112 

7362 

7631 

7922 

824<,' 

8589  8977 

9414 

9915 

10500 

11203 

12092 

13290 

15143 

19449  36 

37 

6457 

6653 

6883 

7116 

7355 

7636 

7927 

8245 

8595 

8984 

9422 

9924 

10510 

11218 

12109 

13311 

15184 

19596 

37 

38 

6160 

5657 

6885 

7120 

7371 

7540 

7932 

8-:5l 

8601 

8991 

943'-. 

9933 

10521 

1  I23i 

12126 

1 3338 

15226 

19749 

38 

39 

6t63 

6670 

6890 

7124 

7. -.75 

7545 

7937 

8256 

8607 

899S 

9438 

9942 

10532 

11244 

12143 

13362 

15268 

I9y08|  39  j 

40 

6467 

6674 

6b94 

71:i8 

7379 

7650 

7942 

8262 

8614 

9005 

9445 

9951 

10543 

11257 

i216.. 

1  1387 

15310 

20076 

40 

41 

6470 

6677 

6898 

7132 

7384 

7654 

7948 

3^67 

8620 

9012 

9453 

9960 

10553 

1 127  •  !2177 

1341  1 

15354 

20252 

41 

42 

6473 

6681 

6901 

7136 

7388 

7659 

7953 

8273 

8625 

9018 

9451 

9969 

10564 

1 1284  12194 

13435 

15398 

20439 

42 

43 

6477 

5585 

5905 

7140 

7392 

7664 

7958 

8279 

8632 

9025 

9469 

9978 

1>  573 

11297  12212 

13461 

15442 

20635 

43 

44 

648u 

5688 

690917  145 

7397  7668 

7963 

8284 

8538 

9032 

9477 

9987 

10386 

11310  12229 

13485 

15437 

20843 

44 

45  ' 

6483  6692 

69  13 

7149 

7401  7673 

7968 

S290 

8644 

9039 

9485 

9996 

10597 

11524 

12217 

13512 

15533 

2  1065 

45 

45 

6487  6695 

6917 

7153 

740!'i  7678 

7973 

8295 

8551 

9046 

9493 

10005 

105' 18 

11338 

12265 

13537 

15579 

21302 

46 

47 

6490  6699 

6920 

7157 

74  10|7583 

7978 

8301 

8657 

9053 

9501 

10015 

10619 

1  135  1 

1.2282 

13563 

15625 

21557 

47 

48 

6494 

6702 

6924 

7161 

7414 

7687 

7983 

8307 

8563  9060 

9509 

10024  10630 

11365 

I23o0 

13389 

15673 

21832 

48 

49 

5497 

6706|6928 

7165 

74 '9 

7692 

7989 

8.;  12 

8669  9057 

9517 

10033  10641 

1  1378 

12318 

i3615 

15721 

22132 

49 

50 

6500 

6710 

6932 

7169 

7423 

7597 

7994 

8318 

8676]9074 

9525 

10043  1 0652 

1139;. 

12330 

1  364  1 

15770 

22459 

50 

51 

6504 

6713 

6936 

7173 

7427 

7702 

7999 

8324 

8682 

9081 

9533 

10052  10663 

11406 

12334 

13668 

15819 

22821 

51 

52 

6507 

6717 

6940 

7177 

/43J 

77i!6 

8004 

8329 

8688 

9088 

9541 

10061  10574 

1  1420 

12373 

13694 

15859 

23226 

52 

53 

6511 

6720 

6943 

7181 

7436 

771  1 

8009 

8335 

t.695 

9096 

9549 

10)71  10685 

11434 

12391 

13721 

15920 

23685 

53 

54 

6514 

6724 

5947 

7185 

7441 

7716 

80  U 

8341 

8701 

9103 

9557 

lOOSo]  10696 

11448 

124''9 

15749 

15972 

24215 

54 

55 

15517  6728 

695  1 

7189 

7445 

7721 

8020 

8347 

8707 

9110 

9565 

Io089;i07w8 

11462 

1.'428 

13776 

16023 

21842 

55 

56 

6521  6731 

6955 

7194 

7449 

7725 

8025 

8352 

8714 

91  17 

9573 

10099  10719 

11476 

i2446 

13804 

16078 

23  609 

56 

57 

6524  6735 

6^59 

7198 

7454 

7730 

803'.' 

8358 

8720 

9124 

9581 

10108  1O730 

11490 

12465 

13832 

16132 

26598 

57 

58 

652816738 

5963 

7202 

7458 

7735 

8035 

8354J8726 

9131 

9589 

10118  10742 

1  1504 

12484 

13860 

16187 

27992 

58 

59  653116742 

6966 

7206 

7463 

77408040 

8369  8733 

9138 

9598 

10127,10753 

11518 

12503 

13888 

16243130375 

59 

M.   72°  '  73° 

74° 

75° 

76°  1  77°  1  78° 

79°  i  80°  1  81°  1  82° 

83°  !  84°  '  85° 

86° 

87° 

"88°  1  89° 

M. 
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TABLE  III. 

De/iression  of  the  Horizon. 


TABLE  IV. 

Dill  of  the  Sea,  at  different  Distances  from  the  Ob- 
server. 


Heigl"  of  «ie 
eye. 

Dip. 

Heiglit  of  the 
Eye. 

Dip. 

Height  of  tlie 
Eye. 

Dip. 

1  feet. 

ro 

21  feel. 

4.'4 

110  feel. 

lO.'O 

2 

1.4 

22 

45 

120 

10.5 

1.7 

23 

46 

130 

10.9 

4 

1.9 

24 

47 

140 

11.3 

5 

2.1 

25 

4.8 

150 

11  7 

6 

2.3 

26 

4.9 

160 

12  0 

7 

2.5 

28 

5.0 

170 

124 

8 

2.7 

30 

5.2 

180 

12  8 

9 

29 

35 

5.6 

190 

13.1 

10 

3.0 

40 

6.0 

200 

13.5 

11 

3.2 

45 

6.4 

210 

138 

12 

3.3 

50 

6.7 

220 

U.l 

13 

34 

55 

7.1 

230 

14.4 

14 

36 

60 

7.4 

240 

14.7 

IS 

3.7 

65 

77 

250 

15.1 

16 

3.8 

70 

8.0 

260 

15.4 

17 

40 

75 

8.2 

270 

15.7 

18 

4.1 

80 

85 

280 

16.0 

19 

4.2 

90 

90 

290 

162 

20 

4.3 

100 

9.5 

300 

165 

Dist.  of  Land 
in 

Sea  Milei. 

Height  of  the  Eje  above  the  Sea  in 

Feet. 

5 

10 

15 

20 

25 

30 

35 

40 

J 

0      \ 

ir 

22' 

34' 

45' 

56' 

68' 

79' 

90' 

0    i 

6 

II 

17 

22 

28 

34 

39 

45 

0     ! 

4 

8 

12 

15 

19 

23 

27 

30 

1      0 

4 

6 

9 

12 

15 

17 

20 

23 

I    i 

3 

5 

7 

9 

12 

14 

16 

19 

•    i 

3 

4 

6 

8 

10 

11 

14 

15 

2      0 

2 

3 

5 

6 

8 

10 

11 

12 

2     i 

2 

3 

5 

6 

7 

8 

9 

10 

3     0 

2 

3 

4 

5 

6 

7 

8 

8 

3      k 

2 

3 

4 

5 

6 

6 

7 

7 

4      0 

2 

3 

4 

4 

5 

6 

7 

7 

5      0 

2 

3 

4 

4 

5 

5 

6 

6 

6      0 

2 

3 

4 

4 

5 

5 

6 

6 

TABLE  V. 


Difference  between  the  Meridian  Allilude  of  an  Object,  and  its  Altitude  me  Minute  before  or  after  the  Time 

of  Transit. 


Arg. 
Lat. 

Argument.     Ueclination  of  the  Object,  of  the  same  Name 

with  the 

Latitude 

0° 

2' 

4° 

6° 

8° 

10° 

12° 

14° 

16° 

18^ 

20° 

22° 

24°     1 

0° 

»" 

56".2 

28". 

18".7 

14".0 

11". I 

9".2 

7".9 

6".9 

6".0 

5".4 

4".9 

4".4 

2 

52.2 

« 

56.1 

28.0 

18.6 

13.9 

11.1 

9.2 

7.8 

6.8 

5.9 

5.3 

4.8 

4 

28.1 

56.1 

« 

55.8 

27.3 

18.5 

13.8 

11.0 

9.1 

77 

6.7 

5.9 

5.2 

6 

18.7 

28.0 

55.8 

* 

55.4 

27.5 

18.3 

13.6 

10.8 

89 

7.6 

6.6 

8  8 

8 

14.0 

18.6 

27.8 

55.4 

• 

54  9 

27.3 

18.1 

13.4 

10.7 

88 

r.5 

64 

10 

11.1 

13.9 

18.5 

27  6 

54.9 

» 

54.2 

26.9 

17.8 

132 

10.5 

8.6 

7.3 

12 

9.2 

11.1 

138 

18.3 

27.3 

54.2 

« 

53.4 

26  5 

17.5 

13  0 

10.3 

8.4 

14 

7.9 

9.2 

11.0 

13.6 

18. 1 

26.9 

53.4 

• 

52.5 

26  0 

17  1 

12.7 

9.8 

16 

6.9 

78 

9.1 

10.8 

13.4 

178 

26.5 

52.5 

» 

51  4 

25.4 

16.7 

12  4 

18 

60 

68 

7.7 

8.9 

10  7 

132 

17.5 

360 

51.4 

* 

50.3 

24  8 

16.4 

1      20 

5.4 

5.9 

6.7 

7.6 

8.8 

10.5 

13.0 

17.1 

25.4 

50.3 

* 

49.0 

24.2 

1      22 

4.9 

5.3 

5.9 

6  6 

7.5 

8.6 

10.3 

12.6 

16.8 

24.8 

49.0 

• 

47.7 

i      24 

44 

4.8 

5  2 

5.8 

6.4 

7.3 

8.4 

10.0 

12.4 

163 

34.2 

47.7 

» 

26 

4.0 

43 

4.7 

5.2 

5  7 

6.3 

7  1 

8.4 

9.8 

12.1 

15.9 

23.5 

46.2 

28 

37 

4.0 

4.3 

46 

5.0 

5.5 

6.2 

6.9 

8.0 

9.5 

11.7 

15.4 

22.7 

1     30 

3.4 

36 

39 

4.2 

4.5 

4.9 

5.5 

60 

6.8 

7.8 

9.2 

11.3 

149 

1     32 

3.1 

3.3 

3  5 

38 

41 

4.4 

48 

5.2 

.5.8 

66 

7.5 

8.9 

10.9 

34 

2.9 

3.1 

3.3 

35 

3.7 

4.0 

4.3 

4.6 

5  1 

5.6 

6.3 

7.3 

8.5 

36 

27 

2.8 

3.0 

3.2 

34 

3.6 

3.8 

4.1 

45 

4.9 

5  4 

6.1 

7.0 

38 

2.5 

26 

28 

2.9 

30 

3.2 

3.4 

3  6 

4.0 

4.3 

4.7 

5.2 

6.0 

40 

23 

2.4 

2.6 

2.7 

28 

3.0 

3  1 

3.1 

36 

3  8 

4.1 

4.5 

5.0 

42 

22 

2.3 

2.4 

25 

26 

2.7 

2.9 

30 

3  1 

3.5 

3.6 

4.0 

43 

44 

2.0 

2.1 

2.2 

23 

24 

2.5 

2.6 

2.7 

2.9 

3.1 

33 

3.5 

3.8 

46 

1.9 

2.0 

2.0 

2.1 

2.2 

2.3 

2.4 

2  5 

2.6 

2.8 

3.0 

3.1 

3.3 

48 

1.8 

1  8 

1.9 

2.0 

20 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.8 

30 

50 

1.7 

1.7 

1.8 

1.8 

1.9 

1.9 

2.0 

2.1 

2.2 

2  3 

2.4 

2.5 

2.6 

55 

1.3 

1.3 

1.5 

1.5 

1.5 

1.6 

1  6 

1.7 

1.7 

1.8 

1.9 

1.9 

2.0 

60 

1.1 

1.1 

1.2 

1.2 

1  2 

1.3 

1.3 

1.3 

1.4 

1.4 

1.4 

1.5 

1.5 

70 

0.7 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0.8 

0.8 

08 

0.8 

0.6 

0.9 

80 

0.4 

0.4 

0.4 

04 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

04 

0.4    J 
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TABLE  V .—Continued. 

Difference  between  the  Meridian  Mlitude  of  an  Object,  and  its  Mtitudc  one  Minute  before  or  after  the  Time 

of  Transit. 


Argr. 
Lat. 

Argument.     Declination 

of  the  Object,  of 

.1  contrary  Name  with  the 

latitude 

0° 

2° 

4" 

6° 

8° 

10° 

12° 

14° 

16° 

18" 

20° 

22° 

2-1" 

0° 

»" 

56".2 

28".l 

18".7 

14".0 

H".l 

9".2 

7",9 

6",9 

6".0 

5".4 

4  ".9 

4".4 

2 

56.2 

28.2 

18.7 

14.0 

11.2 

9.3 

7.9 

7.0 

6.2 

5.5 

5.0 

46 

4.1 

I        ^ 

28.1 

18  7 

14.0 

11.2 

9.3 

8.0 

7.0 

6.2 

5.5 

SO 

4.5 

4.1 

3.8 

1        6 

18.7 

U.O 

11.2 

9.3 

8.0 

6.9 

6,1 

5.5 

49 

4.5 

4  2 

3.9 

3.6 

8 

14.0 

11.2 

9.3 

80 

7.0 

6.2 

5.6 

5.0 

46 

4.2 

39 

3  5 

3.4 

11) 

11.1 

9.3 

8.0 

7.0 

6.2 

5.6 

5,0 

4,6 

3.2 

3,9 

3.6 

3,4 

3.2 

12 

9.2 

7  9 

7.0 

6.2 

5.6 

5.1 

4,6 

4.3 

3,9 

3,7 

34 

3,2 

3.0 

U 

7.9 

6.9 

6.1 

5.5 

5.1 

46 

4.2 

3.9 

3,7 

3.4 

3.2 

3.0 

2.8 

16 

6.9 

6.1 

5.5 

5.0 

4.6 

4.2 

39 

3.7 

34 

3,2 

3.0 

2.9 

2,7 

18 

6.0 

5.5 

49 

4.6 

4.2 

3.9 

3,6 

3.4 

3.2 

3,0 

29 

2  7 

2,6    1 

1     20 

5.4 

4.9 

4.5 

4.2 

3.9 

3.5 

3,4 

3.2 

3.0 

2  9 

2.7 

2.6 

2.4 

22 

4.9 

4.5 

4.2 

3.9 

3.6 

3.4 

3.2 

3.0 

29 

2.7 

2.6 

2.4 

23 

24 

4.4 

4.1 

3.8 

3.6 

3.4 

3.2 

3,0 

2.8 

2.7 

2.6 

2.4 

2.4 

2.2 

26 

4.0 

3.8 

3.5 

3.3 

3  2 

3.0 

2,8 

2.7 

2.5 

2.4 

2.3 

2.2 

2.1 

28 

3.7 

3.5 

3.3 

3.1 

2.9 

28 

2.6 

2.5 

2.4 

2.3 

2.2 

2.1 

20 

30 

3.4 

3.2 

3,0 

29 

2.7 

2.6 

2.5 

2.. I 

2.3 

2,2 

2.1 

2.0 

2,0 

32 

3.1 

3.0 

2.8 

2.7 

2.6 

2.5 

2.4 

2.3 

2.2 

2,1 

2.0 

1.9 

18 

34 

2.9 

2.8 

2.6 

2.5 

2.4 

2.3 

2,2 

2.1 

2.0 

2.0 

1.9 

1,8 

1.8 

36 

2  7 

2.6 

2.5 

2.4 

2.3 

2  2 

2,1 

2.0 

1.9 

1.9 

1.8 

1.7 

1.7 

38 

2.5 

2  4 

2  3 

2.2 

2.1 

2.1 

2.0 

1.9 

1.8 

1.8 

1.7 

1.7 

1.6 

40 

2.3 

2.2 

2.2 

2,1 

2.0 

2.0 

1.9 

18 

1.8 

1.7 

1,6 

1  6 

1.5 

j     42 

2.2 

2.1 

2.0 

2.0 

1.9 

1,8 

1.8 

1.7 

1.7 

1.6 

1,6 

1.5 

1.5 

1     44 

2.0 

1.9 

1.9 

1.8 

1.8 

1,7 

17 

1.6 

1,6 

1,5 

1  5 

1.4 

1.4 

46 

1.9 

1.8 

1.8 

1.7 

1.7 

1.6 

1.6 

1.5 

1.5 

1,4 

1.4 

1,4 

1  3 

48 

1.8 

1.7 

1.7 

1.6 

1.6 

1.5 

1.5 

1.4 

1  4 

1,4 

1.3 

13 

1.3 

50 

1.7 

I  6 

1.6 

1.5 

1.5 

1  4 

1.4 

1.4 

1.3 

1,3 

1,3 

1,2 

1.2 

55 

1.3 

1.3 

1.3 

1.3 

1  3 

1,2 

1.2 

1,2 

1.2 

I.I 

1.1 

I  1 

1,0 

60 

1.1 

1.1 

1.1 

1.1 

1.1 

1.0 

1.0 

1,0 

1,0 

1.0 

0.9 

0.9 

0,9 

70 

0.7 

0.7 

0.7 

0.7 

0  7 

0.7 

0,7 

0.7 

0.7 

0.6 

80 

0.4 

0.3 

0  3 

0.3 

0.3 

TABLE  VI. 
To  Reduce  the  numbers  in  the  preceding  Table  to  other  given  intervals  of  Time  from  Jfoon, 


0' 

1' 

2' 

3' 

4' 

5' 

6' 

7' 

8' 

9' 

10' 

0' 

r 

2' 

3' 

12,3 

4' 

5' 

6' 

7' 
56.3 

8' 
73.3 

9' 
90.3 

10' 

0" 

0.0 

1.0 

4.0 

9.0 

1 6.U 

25.0 

36.0 

49.0 

64.0 

81.0 

lOO.t; 

30 

0.3 

2.3 

6.3 

20,3 

30.3 

42.3 

1  10.3 

1 

0.0 

10 

4.1 

9.1 

16.1 

25.2 

362 

49.2 

64.3 

81.3 

100.3 

31 

0.3 

2.3 

63 

12.4 

20.4 

30.4 

42.5 

56.5 

72.5 

t)0.6 

110.6 

2 

0.0 

1.1 

4.1 

9.2 

16.2 

25.3 

36.4 

49.5 

64.5 

81,6 

100.7 

32 

0.3 

2.4 

6.4 

12.5 

20  5 

30.6 

42,7 

55.7 

72,8 

yo.9 

111.0 

3 

0.0 

1.1 

4.2 

9.3 

16.4 

25.5 

36.6 

49  7 

64.8 

81,9 

101.0 

33 

0.3 

2.4 

6.5 

12.6 

20.7 

30  8 

42,9 

57.0 

73.1 

91.2 

111.3 

4 

0.0 

1.1 

4.3 

9.4 

16.5 

25.7 

36.8 

49.9 

65.1 

82.2 

101.3 

34 

0.3 

2.5 

6,6 

12  7 

20.8 

31  0 

43.1 

57.3 

73,4 

91.5 

111.7 

5 

0.0 

1.2 

4.3 

9.5 

16.7 

25.8 

37.0 

50,2 

65.3 

82.5 

101.7 

35 

0,3 

2.5 

67 

12.8 

21.0 

31.2 

43.3!57.5 

73  7 

91,8 

112.0 

6 

0.0 

1.2 

4.4 

9.6 

16.8 

26.0 

37.2 

50.4 

65  6 

82.8 

102.0 

35 

0,4 

2.6 

68 

130 

21.2 

31.4 

43.657.8 

74.0 

92.2 

112,4 

7 

0.0 

1,3 

4.5 

9.7 

16.9 

26.2 

37.4 

50.6 

65.9 

83.1 

102.3 

37 

0.4 

2.6 

6.9 

13.1 

21.3 

31.5 

43,8 

58.0 

74.3 

92,5 

112.7 

8 

00 

1.3 

4.6 

9.8 

17.1 

26.3 

37,6 

50.9 

66.1 

83.4 

102,7 

38 

0.4 

2.7 

6.9 

13  2 

21.5 

■31,7 

4t.O 

58.3 

74.5 

92.8 

113.1 

9 

0.0 

1.3 

4.6 

9.9 

10.0 

17.7 
17.4 

26.5 
26.7 

37.8 
38.0 

51.1 
51.4 

66.4 
66,7 

83.7 
84.0 

103,0 

39 

0.4 
0.4 

27 
2.8 

7.0 
7.1 

13.3 
13  4 

21  6 
21.8 

31  9 
32.1 

44  2 

58.5 

74.8 

9  3.1 

113  4 

10 

0.0 

1.4 

4.7 

103.4 

40 

44.4 

58  8 

75,1 

93.4 

1  13.8 

11 

0.0 

1,4 

4.8 

10. 1 

17.5 

26.9 

38.2 

5l'.6 

67.0 

84.3 

103.7 

41 

0.5 

2.8 

7.2 

13.6 

21,9 

32  3 

44.7  59.0 

75.4 

93.8 

114.1 

12 

0,0 

1.4 

4,8 

10.2 

17.6 

27.0 

38.4 

51.8 

67.2 

84.6 

104.0 

42 

0,5 

29 

7.3 

13  7 

22.1 

32.5 

44.9159,3 

75.7 

94.1 

114.5 

13 

0,0 

1.5 

4.9 

103 

17  8 

27  2 

38.6 

52,1 

67.5 

84.9 

104.4 

43 

05 

2.9 

7.4 

13.8 

22.2 

32.7 

45.1 

59.5 

76  0 

94.4 

114  8 

14 

0,1 

1.5 

50 

104 

17.9 

27,4 

38.8 

52.3 

67  8 

85,31104.7 

44 

05 

3.0 

7.5 

13.9 

22,4 

52.9 

45.3 

59.8 

76  3 

94.7 

115  2 

15 

O.I 

1.6 

5.1 

10.6 

13,1 

27.6 

39  0 

52.5 

68,1  85.6  105.1 

45 

0,6 

3.1 

7.6 

14.1 

22.6 

33.1 

45.5 

50.0 

76.6 

95.1 

115.6 

16 

0.1 

1.6 

5.1 

10  7 

18  2 

27,7 

39.3 

52.8 

68.3  85,9  105,4 

46 

0.6 

3.1 

7.7 

14.2 

22.7 

33  3 

45.8 

60.3 

76.8 

95,4 

115.9 

17 

0.1 

1.6 

5,2 

10.8 

185 

27,9 

39.5 

53.1 

68.6|86,2 

105.7 

47 

0.6 

32 

7.7 

14.3 

22.9 

33.4 

46.0 

60.6 

r/   1 

95.7 

116,3 

18 

0.1 

17 

53 

10.9 

185 

23  1 

39  7 

53.3 

68.9 

86.5 

106,1 

48 

0.6 

32 

7.8 

14.4 

23.0 

33.6 

46  2 

C-,0.8 

77,4 

96.0 

116  6 

19 

0  1 

1  7 

5,4 

110 

18.6 

28.3 
28  4 

39  9 
40.1 

53.5 

53  8 

69  2 

85.8 

106.4 

49 

0  7 

33 

7.9 

14.6 
14.7 

23.2 
23.4 

33.8 
34.U 

46  5 
46.7 

61.1 
61.4 

77.7 
78,0 

96.4 

1  17.0 

20 

0,1 

1.8 

5.4 

11.1 

18  8 

69. 

87.1 

106.8 

50 

0.7 

3.4 

8.0 

95  7 

117.4 

21 

0,1 

1,8 

5  5 

11.2 

18  9 

28  6 

40  3 

54.0 

69, 

87.4 

107.1 

51 

07 

3.4 

8.1 

14»8 

23,5 

34.2 

46.9 

61  6 

78,3 

97.0 

117.7 

22 

0.1 

1.9 

5.6 

11.3 

19.1 

28.8 

40.5 

54  3 

70.0 

87.7 

107.5 

52 

08 

3.5 

8.2 

15.0 

23.7 

34.4 

47.2 

61.9 

78  6  97.4 

118.1 

23 

0.1 

1.9 

5  7 

11.4 

19.2 

29  0 

40.7 

54.5 

70,3 

88.0 

107.8 

53 

0.8 

3.5 

8.3 

15.1 

23.8 

34  6 

47.4 

62.1 

78.9  97.7 

118.4 

24 

0.2 

2.G 

5  8 

11.6 

19.4 

29.2 

41.0 

54.8 

70.6 

88.4 

108.2 

54 

0.8 

3.6 

8.4 

15,2 

24.0 

34.8 

47.6 

52.4 

79. i 

98.0 

118.8 

25 

0.2 

2.0 

5.8 

!1.7 

19.5 

29.3 

•tl.2 

55.0 

70.8 

88.7 

108.5 

55 

0.8 

3  7 

8.5 

15.3 

24.2 

35.0 

47,8 

62.7 

79.5 

98.3 

119.2 

25 

0.2 

2.1 

5.9 

118 

19.7 

29.5 

41.4 

55.3 

71.1 

89  0 

108.9 

56 

0.9 

3.7 

8.6 

15.5 

24.3 

35.2 

48.1 

62.9 

79.3 

98.7 

119.5 

27 

0.2 

2,1 

60 

11,9 

19.8 

297 

41.6 

55.5 

71,4 

89.3 

109.2 

57 

0.9 

3.8 

8.7 

15.6 

24,5 

35.4 

48.3 

53,2 

80.1 

99.0 

119.9 

28 

0,2 

22 

6  1 

120 

19.9 

29. J 

41.8 

55.8 

71,7 

89.6 

109.6 

58 

0.9 

3.9 

8.8 

15,7 

24.7 

35,6 

18,5 

63  5 

80.4 

99.3 

120.3 

'  29 

0.2 

2.2 

6.2 

12.1 

20.1 

30.1 

42.0 

56.0 

72.0 

89.9  109.91 

59 

1.0 

3.9 

8.9 

15.9  24.8! 

35.8 

t3,8 

63  7 

80,7 

99.7 

120.6 

249 


NAVIGATION  INLAND. 


The  subjects  treated  in  this  article,  including  what 
relates  to  rivers  and  lakes,  being  extremely  various,  we 
have  considered  the  term  Canal  as  too  limited  an  expres- 
sion, and  have  therefore  chosen  that  of  Inland  JVaviga- 
fion,  as  more  appropriate  and  comprehensive. 

The  advantages  derived  from  inland  navigation  are 
now  so  generally  known  and  acknowledged,  that  the 
statement  of  a  very  few  facts  seems  quite  sufficient  to 
show  its  utility. 

1.  When  bulky  articles,  or  those  of  great  weight,  are 
to  be  moved  with  great  regularity  in  a  short  time,  inland 
navigation  is  the  best  mode  in  which  this  can  be  accom- 
plished. 

2.  Agriculture  and  manufactures  profit  equally  ;  and 
the  country  at  large  is,  by  this  means,  at  all  times  assur- 
ed of  an  equal  and  ready  distribution  of  food  and  fuel.  By 
diminishing  the  number  of  draught  horses  also,  a  greater 
proportion  of  the  produce  of  the  earth  is  appropriated  to 
the  support  of  man ;  and  the  facility  of  conveyance  af- 
fords the  means  of  opening  districts  which  would  other- 
wise remain  unimproved. 

3.  The  capital  saved  in  the  article  of  transport  is,  of 
course,  appropriated  to  more  productive  labour.  To 
convey  20  tons  upon  a  narrow  canal,  the  horse  and  boat 
generally  cost  about  100/.  and  require  only  one  man  and 
a  boy.  To  carry  the  same  weight  by  land,  more  than 
20  such  horses  are  required,  and  at  least  10  men.  The 
land  establishment  would  therefore  cost  at  least  ten  times 
the  expense  of  that  by  the  canal,  under  a  proportion- 
ably  greater  tear  and  wear. 

4.  Against  this  saving  is  to  be  put  only  the  original  pro- 
per extra  cost  of  the  canal  and  its  appendages,  over  that 
of  a  turnpike  road  and  its  bridges  and  other  works.  The 
results  may  be  distinctly  ascertained,  by  considering  that 
the  total  expense  of  carriage  upon  canals  is  only  about 
one-third  of  that  by  land,  besides  its  enabling  much 
larger  quantities  to  be  conveyed  over  the  same  space  in 
the  same  time  ;  so  that  whenever  an  industrious  popula- 
tion has  increased  to  a  certain  extent,  this  mode  of  con- 
veyance has  invariably  been  resorted  to. 

5.  The  intimate  connection  between  inland  navigation, 
and  irrigation  and  draining,  has  likewise  operated  pow- 
erfully in  promoting  the  former,  as  will  be  seen  in  the 
following  treatise. 

The  banks  and  shores  of  rivers  and  lakes  being  fre- 
quented by  men  in  the  earliest  stages  of  society,  the 
hollowed  trunk  of  a  tree,  or  wicker  baskets,  covered 
■with  the  hides  of  animals,  formed  the  boats  of  the  first 
navigators  ;  and  of  these  rude  vessels,  the  Indian  canoe, 
and  river  coracle,  are  true  specimens.  Between  these 
first  simple  operations,  and  the  construction  of  perfect 
artificial  canals,  much  time  must  have  elapsed,  the  poli- 
tical state  of  society  must  have  improved,  and  various 
mechanical  ails  have  reached  a  considerable  degree  of 
perfection.  The  earliest  operations  of  this  kind,  indeed, 
commenced  by  protecting  the  low  lands  adjacent  to  the 
mouths  of  great  rivers,  and  by  directing  the  flood  waters 
for  the  purposes  of  agriculture  ;  so  that  the  drains  first 
employed  were  afterwards  found  to  afford  the  means  of 
inland  navigation.  It  was  therelore  in  the  Delias  of  the 
Nile,  and  the  Euphrates,  the  Great  Chinese  Rivers,  and 
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the  Estuaries  of  the  Po  and  the  Rhine,  that  systems  of 
this  kind  were  first  established. 

0/£g,jf>c. 

Ancient  iiistorians,  although  they  have  all  expressed, 
in  general  terms,  their  admiration  of  the  canals  of  this 
country,  have  conveyed  no  distinct  information  respect- 
ing their  dimensions,  shape,  or  mechanical  distribution, 
and  their  observations  had  always  more  immediate  refer- 
ence to  the  purposes  of  agriculture. 

The  following  are  the  only  distinct  particulars  we  have 
been  able  to  collect,  viz.  that  its  navigation  consisted  of, 
1st.  The  river  Nile;  2dly,  The  artificial  canals  in  Upper 
and  Lower  Egypt ;  and,  3dly,  The  Great  Canal,  between 
the  Nile  and  the  Red  Sea. 

All  that  regarded  this  river  was  so  intimately  con- 
nected with  the  mythology  of  the  country,  as  to  have 
religious  ceremonies  attendant  upon  all  its  operations  ; 
and  we  have  in  their  hieroglyphics  the  shape  of  the  barks 
anciently  employed. 

From  Cairo,  at  the  top  of  the  Delta,  to  the  Cataracts, 
where  the  river  ceases  to  be  navigable,  the  distance  is 
about  600  miles,  up  a  narrow  valley,  of  which  about  360 
miles  above  Cairo  the  mountains  are  calcareous,  and 
those  to  the  southward  of  that  place  are  granitic. 

The  inundations  of  the  Nile  arise  from  heavy  rains 
and  melting  of  snows  in  Abyssinia,  and  other  mountain- 
ous regions  situated  adjacent  to  the  upper  part  of  its 
source.  Herodotus,  in  his  book  Euterpe,  states,  that 
in  the  reign  of  Moeris,  or  500  years  before  the  Trojan 
War,  a  rise  of  eight  cubits  inundated  the  Delta,  so  as  to 
be  navigable  for  boats,  excepting  the  small  artificial 
eminences  where  the  towns  stood.  In  the  time  of  Hero- 
dotus 15  or  16  cubits  were  required;  this  was  also  the 
case  in  the  time  of  the  Roman  empire  ;  at  present  18  are 
reckoned  the  standard  of  abundance  ;  sometimes  the  in- 
crease is  22  cubits.  The  increase  commences  at  the 
summer  solstice,  and  continues  to  the  end  of  August  or 
September.  At  the  end  of  November,  the  river  has 
returned  within  its  natural  channels.  The  greatest 
breadth  of  the  river  is  about  3000  feet,  its  motion  three 
miles  per  hour;  its  colour  is  a  dirty  red,  even  in  April, 
May  and  June,  when  lowest.  The  perpendicular  rise  is 
one-sixth  more  at  Assouan  or  Syene,  than  at  Cairo,  360 
miles  below  ;  and,  when  the  inundation  is  27  feet  at  this 
latter  place,  it  is  only  about  four  feet  at  Roselta  and 
Damietta  ;  because  in  Upper  Egypt  it  is  confined  between 
high  banks,  and  in  the  Delta  it  spreads  over  the  whole 
country;  at  Cairo,  tlie  banks,  at  low  Nile,  arc  from  13 
to  15  feet  high,  at  Rosetta  they  are  from  four  to  five  only. 

From  the  debased  state  in  which  Egypt  has  coiitir.ued 
for  upwards  of  two  thousand  years,  we  can  form  but  a 
very  indistinct  notion  of  its  ancient  perfection,  when 
under  the  management  of  a  powerful  and  well  regulated 
government  ;  but  from  the  best  modern  authorities,  (es- 
pecially Major  Bryce,)  it  appears  that  during  the  greatest 
part  of  the  year  there  is  in  the  Nile  a  free  channel  for 
vessels  of  40  tons  burthen;  and  it  is  only  during  the 
lowest  state  of  the  river,  in  May  and  June,  that  the  na- 
vigation is  confined  to  small  boats.  In  Upper  Egypt,  as 
far  as  Siout,  the  ancient  Lycopolis,  the  channel  is  clear 
3  C 
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of  rocks.  From  this  place  to  the  Cataracts,  the  intricacy 
of  the  channel,  and  rapidity  of  the  currents,  require  the 
experienced  pilots  of  the  country.  Norden,  in  a  boat 
drawing  three  feet  water,  made  a  voyage  from  Cairo  to 
the  Cataracts  and  back,  including  various  short  stop- 
pages, and  seven  days  detention  at  Assouan,  in  97  days  ; 
tint  is,  from  ISlh  November  to  the  iod  of  February. 

Of  the  canal  of  Joseph,  or  latlitr  Jussef,  which  runs 
parallel  to,  and  on  the  western  side  of  the  Nile,  the  con- 
struction and  purpose  seem  alike  uncertain.  For  in  the 
map  of  M.  d'Anville,  that  constructed  by  the  engineers 
Kttaclied  to  the  French  army,  and  the  excellent  one  com- 
posed by  Arrowsmith,  from  the  itiformatioii  furnished  by 
IMajor  Brycc  and  other  English  officers,  there  arc  con- 
siderable differences  as  to  the  extent  and  direction  of  this 
canal,  and  also  in  regard  to  its  connections  with  tlie  river 
\i!c  and  the  lake  Berkct  Keroun,  (loriiiei  ly  the  lake 
Mceris).  It  appears  to  have  been  drawn  along  the  skirts 
of  the  IJjserl  opposite  Memphis,  and  thence  coiuinucd 
along  the  eastern  side  of  the  pyramids  of  Clhize,  and 
terminated  in  the  wes'.cin  branch  of  the  Nile,  towards 
tije  eastern  extremity  of  the  lake  Mareotis,  and  from 
thence  northward  to  the  ancient  Plinthus,  or  Abouscor, 
round  the  Mourgbam  Point,  where  the  head  of  a  canal 
and  sluice  still  exists. 

Witli  regard  to  the  question,  whether  in  upper  Egypt 
this  canal  is  not  the  channel  of  the  ancient  Nile,  which 
may  have  formerly  passed  through  the  valley  of  Fai- 
oum  and  River  without  Water,  into  the  Lybian  desert : 
It  is  not  improbable,  that  this  may  have  been  the  case 
with  the  whole  or  a  part  of  the  river,  and  that  its  north- 
ern extremity  may  have  been  barred  by  sands  drifting 
from  the  westward,  thereby  turning  the  whole  stream 
into  the  eastern  or  present  valley,  but  leaving  for  many 
centuries  a  part  of  the  ancient  course  an  immense  lake, 
•which  has  itself  in  course  of  time  been  filled  up  by  sands. 
And  the  canal  Jussef  may  be  the  remaining  lowest  parts 
of  the  ancient  channel.  Thus  the  great  features  may 
have  been  formed  by  natural  operations;  but  many  of 
tlie  inferior  have  no  doubt  been,  in  the  course  of  ages, 
accomplished  by  human  art  and  industry  ;  for  Diodorus 
Siculus  informs  us,  that  Nilus,  one  of  the  ancient  kings, 
so  much  improved  the  economy  of  the  river,  as  to  have 
his  name  given  to  it,  instead  of  Egyptus,  its  former  ap- 
pellation. 

From  the  long  neglected  state  of  this  singular  place, 
added  to  the  changes  arising  from  the  great  river  pass- 
ings in  Lower  Egypt  over  a  vast  level  plain,  and  the  con- 
stant operation  of  the  sea  and  west  winds  on  its  coast, 
the  ancient  features  must  have  been  in  general  oblite- 
rated, and  others  formerly  unknown  have  made  their 
appearance.  Formerly,  the  waters  of  the  Nile  were 
discharged  into  the  sea  by  seven  mouths,  viz.  1st,  The 
Pelusiac,  or  Bubastic  ;  2il,  Temitic,  or  Saitic  ;  3d,  Men- 
descan,  or  Dylich  ;  4th,  Phanitic,  or  Bucolic,  (near  Da- 
niietta  ;)  5th,  Sebenitic,  or  Boorlas  ;  6th,  Bolbeiine,  (Ro- 
setla ;)  7th,  Canopus,  or  Aboukir.  At  present  there 
are  only  two  mouths,  viz.  Rosetta  and  Damiclta.  The 
shore  of  the  Delta  consists  of  a  succession  of  shallow 
lakes,  fonned  apparently  by  the  westerly  winds  acting 
upon  the  sands,  when  kept  in  motion  by  the  inundations. 
The  lake  Mareotis,  to  the  south  of  Alexandria,  is  ron- 
nccied  with  the  lake  Aboukir  hy  a  cut  120  yards  wide, 
made  by  the  English  in  18ul.  This  latter  commuwi- 
cates  with  the  bay  of  Aboukir  by  the  ancient  Canopic 
mouth,  about  300  yards  wide,  and  7  feet  deep.  To  the 
eastward  is  lake  Elko,  with  an  entrance   from   the   sea 


about  200  yards  wide,  and  from  6  to  10  feet  deep,  and 
fiom  2^  to  7  within  the  entrance.  The  Rosetta  mouth 
has  from  10  to  3|  feet.  Up  to  Rosetta  the  bar  is  not 
passable  one  day  in  four.  'I'his  branch,  when  confined 
within  its  banks,  is  not  quite  half  a  mile  wide :  the 
banks  are  from  4  to  5  feet  high  at  low  water.  To  the 
eastward  of  Rosetta,  tlie  lake  Boorlas  is  entered  by  the 
ancient  Sebenitic  mouth,  with  7  feet  water.  It  has  at  all 
seasons  a  communication  with  the  interior  by  the  canals 
Tabanc,  Gemassac,and  Harinen.  The  Damietta  branch 
is,  during  the  low  state  of  the  river,  still  more  imper- 
fect than  that  of  Rosetta.  The  great  lake  Menzalecb 
extends  fi'om  near  the  eastern  banks  of  tlie  Dimietta 
branch  to  that  of  the  ancient  Pelusiac,  and  occupies  that 
of  the  Mendesi.in  and  Tanilic.  Its  greatest  length  from 
cast  to  west  is  52  miles;  its  smallest  breadth  is  14^ 
miles.  It  communicates  with  the  sea  by  the  ancient 
Tanilic  and  Mendesian  branches.  The  last  has  7  feet 
water.  During  four  months  of  high  water,  small  ves- 
sels pass  along  the  lake  to  Damietta;  at  other  seasons 
they  discharge  at  Dybeh.  The  Tanitic  mouth  has  6 
feet  water.  It  is  only  navigable  60  days  of  the  Nile's 
increase.  Besides  these,  another  entrance,  called  False 
Mouth,  has  been  formed,  but  the  appro ich  is  intricate. 
The  canal  of  Maez,  or  Moses,  enters  this  great  lake  to 
the  so::th-east  of  the  isles  of  Maihcyeh,  near  the  ancient 
Panephysis.  This  canal  proceeds  from  the  upper  pait 
of  the  Damietta  branch  of  the  Nile,  where  it  is  about 
328  yards  in  breadth.  The  canal  is  164  yards;  the 
depth  for  six  leagues  is  about  16  feet.  Alter  passing 
Fournigheh,  it  contracts  to  65  yards;  the  depth  remains 
t;ie  same  from  Samnah  to  the  lake.  It  is  from  65  to  13  1 
yards  in  breadth,  and  from  10  to  13  feet  in  depth.  Dur- 
ing nine  months,  the  water  of  the  Nile  flows  into  the 
lake.  For  the  latter  three  months  it  reflows  towards  the 
country.  At  full  height  of  the  river  the  largest  vessels 
of  the  interior  have  a  free  navigation  ;  and  for  the  latter 
part  of  the  season,  vessels  navigating  the  lake  can  make 
a  passage  to  Cairo  in  five  days. 

There  arc  numerous  other  canals  or  channels  in  the 
eastern  side  of  the  Damietta  branch  ;  also  between  it 
and  the  Rosetta  branch  they  are  in  general  very  imper- 
fect. The  Tabane  is  said  to  be  90  yards  wide,  and  7 
feet  deej),  but  in  dry  seasons  2|  feet  only.  The  canal 
of  Mahadie,  which  falls  into  the  Boorlas  canal,  is  said  to 
be  30  yards  wide  at  high  waters  of  the  Nile,  and  from  4 
to  5  feet  deep. 

Between  the  Rosetta  Nile  and  Alexandria,  the  whole 
shore  is  occupied  by  lakes  Etho  and  Aboukir.  The 
latter  was  formed  in  1760  by  the  breaking  of  a  wall.  It 
now  approaches  so  near  the  lake  Mareotis,  as  scarcely 
to  leave  room  for  the  canal  of  Alexandria.  This  cele- 
brated canal  leaves  the  Rosetta  Nile  near  Rhameneh. 
It  passes  a  little  south  of  Demanhnur,  (the  ancient  Her- 
mopolis  Parva.)  and  from  thence  by  the  north-east 
shore  of  the  lake  Mareotis  to  Alexandria.  A  little  west 
of  Rhameneh,  a  branch  passes  oil"  to  the  north-west,  as 
does  another  between  that  place  and  Demanhour.  Near 
the  eastern  extremity  of  Mareotis,  a  bi'anch  communi- 
cates with  that  lake.  From  the  memoir  of  the  French 
engineers  Lnnoret  and  Chabrol,  we  learn,  that  in  ap- 
proaching Rhameneh,  the  Rosetta  Nile  separates  into 
two  branches,  forming  a  chain  of  isles.  The  eastern  arm 
is  most  considerable,  and  remains  always  navigable; 
tlie  other  has  been  filled  up  about  12  years  ago,  so  that 
it  remains  dry  about  9  months  in  the  year.  About  I3I2 
yards  below  Rhameneh  the  canal  of  Alexandria   com- 
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mences.  The  wateis  enter  by  Ihe  two  mouths,  elevated 
about  9  feel  above  the  lowest  waters  of  the  liver,  and 
distant  about  656  yards  from  each  other.  The  lowest  is 
the  most  ancient.  It  has  been  abandoned,  because  the 
successive  repairs  had  r.iised  tlie  banks  so  much,  that  the 
sails  of  the  barks  could  not  receive  the  wind.  At  the 
commencement  the  new  branch  is  only  19}  feet  in  width. 
It  afterwards,  at  the  village  of  Lemedis,  has  increased 
to  about  55  yards  in  breadth,  and  continues  so  for  2} 
leagues.  The  banks  are  here  raised  about  13  feet  above 
the  bottom,  and  10  feet  above  the  surface  of  the  ground. 
This  part  bears  the  marks  of  great  antiquity.  There 
are  the  remains  of  a  wharf  and  basin.  It  was  here  all 
the  productions  of  the  province  of  Bakhiroh  were  col- 
lected and  shipped  lor  the  city  of  Alexandria.  For  two 
leagues  more  there  is  nothing  worth  notice.  From  Ga- 
bel  the  canal  for  four  leagues  is  22}  yards  of  mean 
breadth,  and  very  regular.  At  Leloha  it  is  nearly  of 
the  same  breadth  ;  but  the  adjacent  plain  lowers  by  de- 
grees, until  the  bottom  of  the  canal  is  in  the  same  le- 
vel, and  even  above  it;  it  again  falls  under  the  surface 
half  a  league  before  it  reaches  Alexandria.  After  vi- 
siting Leloha,  the  canal  widens.  For  half  a  league  it 
has  from  109  to  2T3  yards  in  breadth.  The  banks  are 
scarcely  elevated  6i  feet,  and  so  imperlect,  that  the 
■water  filtrates  through  them.  Near  Beda  the  canal  is 
only  55  yards  in  breadth.  The  banks  are  23  feet  liigh, 
and  covered  with  loose  sand,  which  threatens  to  fill  it 
up.  At  this  place  the  canal  is  at  a  mean  distance  of 
109  yards  from  the  lake  Aboukir.  It  afterwards  ap- 
proaches the  western  extremity  of  the  lake,  and  is  only 
separated  by  a  stone  wall  about  20  feet  in  thickness. 
Another  wall  of  55  yards  forms  a  dyke  on  the  side  of 
the  plain. 

From  the  western  extremity  of  the  lake  it  passes  over 
■wet  marshy  ground,  covered  with  a  salt  crust  from  4  to 
6  inches  in  thickness.  It  then  passes  through  a  wood 
of  dates  for  half  a  league;  and  has  a  number  of  cisterns 
on  the  northern  side,  which  appear  of  Greek  or  Roman 
construction,  but  much  disfigured  by  modern  repairs. 
In  approaching  Alexandria,  there  are  numerous  trunks 
of  granite  columns,  and  other  fragments  of  Greek  ar- 
chitecture. At  half  a  league  from  the  city,  the  bottom 
of  the  canal  is  a  little  lower  than  the  surface  of  the  sea, 
but  from  this  place  to  the  enclosure  of  the  Arabs  it  has 
a  counter  slope.  At  last  the  canal,  with  a  breadth  of 
fi'om  22  to  27  yards,  turns  the  base  of  a  small  hillock 
upon  which  Pompey's  Pillar  stands.  It  afterwards  be- 
comes very  narrow,  and  terminates  in  the  old  port  in 
shape  of  a  drain. 

Before  the  water  enters  the  canal  of  Alexandria,  it 
has  risen,  in  common  seasons,  13  feet  above  the  lowest 
Nile.  The  mean  depth  in  the  canal,  when  the  water 
has  reached  the  greatest  height,  is  about  two  feet.  The 
rise  of  water  is  first  perceived  at  Rhameneh  between  the 
10th  and  20t!i  July.  Towards  the  middle  of  August  it 
has  reached  the"  bottom  of  the  canal;  it  takes  a  month 
afterwards  to  reach  Alexandria,  being  20  leagues,  though 
in  a  straight  line  only  15  leagues.  The  waters  reach  Alex- 
andria about  the  25th  September,  and  as  the  Nile  has 
begun  to  decrease  at  Rhameneh  since  the  1 5th  of  this 
month,  it  follows,  that  the  navigation  cannot  continue 
longer  than  20  to  25  days. 

Under  the  Mamelukes,  the  commandant  of  the  pro- 
vince encamped  on  the  banks  of  the  canal,  from  Mie 
moment  the  water  began  to  run  until  the  cisterns  of 
Alexandria  were  filled.     His  object  was  to  prevent  the 


Arabs  of  the  Desert,  and  the  inhabitants  of  the  villages, 
from  cutting  the  banks  ;  also  to  watch  if  too  great  a 
t]uantity  ihieatened  to  destroy  any  parts  of  the  banks. 
When  the  cibtertis  of  Alexandria  were  full,  he  wen:  into 
the  city  and  demanded  a  verification.  They  filled  a  vase 
with  water  from  the  cisterns.  This  vase  was  sealed  by 
those  who  made  the  verification,  and  served  as  an  attes- 
tation to  the  commainlant  at  Caiio  that  the  water  was 
good,  and  the  cisterns  full. 

The  French,  by  cleaning  out  about  18  inches  of  mud, 
passtd  with  small  boats  to  Rhameneh  for  about  six 
weeks,  wl  en  tlie  Nile  was  at  its  height. 

It  appears  frum  Strabo  and  others,  that  this  canal  was 
anciently  drawn  fiom  the  Canopic  branch  of  the  Nile, 
near  tlie  cily  of  Chcdia,  at  the  distance  of  about  6  or  8 
leagues. 

The  canal,  although  at  present  it  passes  through  ruins 
and  deserts,  and  has  ceased  to  be  navigable,  was,  not 
more  than  460  years  ago,  in  the  midst  of  the  riches  of 
Egypt,  and  was  formerly  the  channel  through  which, 
during  the  Greek  and  Roman  empires,  the  productions 
of  Egypt  and  the  eastern  world  were  carried  to  Alexan- 
dria for  exportation  to  Europe. 

At  Rosctia  there  was  found,  at  4  feet  under  the  sur- 
face of  the  ground,  a  granite  table  with  three  inscrip- 
tions :  1.  Hieroglyphics;  2.  Syrian;  3.  Greek.  The 
two  lalter  have  the  s^me  meaning,  which  is,  that  Ptole- 
my Eupator  had  employed  7^  years  to  clear  cut  and  re- 
new all  the  canals  of  Egypt. 

With  regard  to  the  great  canal  from  the  river  Nile  to 
the  Red  Sea,  we  shall  take  the  sundry  authorities  as 
they  stand  in  point  of  prioiiiy  of  time.  1st,  Herodo- 
tus (lib.  ii.)  says,  a  canal  was  drawn  from  the  Nile  above 
the  city  of  Bubasto  ;  that  it  passed  around  a  mountain 
from  the  west  to  the  eas!,  and  afterwards  turned  south 
to  the  Red  Sea.  He  attributes  its  commencement  to 
Necos,  the  son  of  Psarnmalicus,  616  B.  C,  but  gives  its 
completion  to  Darius  Hystaspes,  521  B.C.  It  was  four 
days  navigation,  and  four  ships  could  pass  abreast. 

2.  Aristotle  [Met.  lib.  i.  ch.  14)  says,  a  king  had  at- 
tempted to  draw  a  canal  from  the  Red  Sea  to  the  Nile, 
but  abandoned  the  work,  because  the  Red  Sea  was  high- 
er than  tiie  land  of  Egypt. 

3.  Diod.  Sicul.  (lib.  ii.)  attributes  it  to  Necos,  but 
says  it  was  completed  by  Ptolemy  Philadclphus,  280 
B.  C.  whcii  it  was  named  the  River  of  Plolemy  ;  but  he 
makes  it  communicate  with  the  Pclusiac  branch  of  the 
Nile. 

*.  Strabo  agrees  with  Herodotus;  says  it  was  100 
cubits  in  breadth,  with  depth  sufficient  to  carry  large 
vessels,  (lib.  i.  and  xvii.)  He  adds,  that  it  terminated 
at  the  Arabic  Gulf,  and  that  in  his  time  the  merchants 
of  Alexandria  found  an  outlet  from  the  Nile  in  the  Ara- 
bic Gulf,  to  go  to  India. 

5.  Pliny  says  this  canal  was  begun  by  Sesoslris,  or 
Sesac,  (970  B.  C.)  near  Bubasto,  (lib.  xxvi.  ch.  29  and 
33.)  and  went  to  the  Red  Sea  ;  that  Darius  proceeded 
with  it  afterwards,  and  Ptoiemy  II.  after  Darius.  He 
adds,  that  the  latter  conducted  the  c;iral  by  the  bitter 
fountains,  but  ceased,  having  been  told  that  the  Red  Sea 
was  three  cubits  higher  than  the  land  of  E^ypt. 

6.  The  Geographer  Plolemy,  ■who  lived  in  the  time 
of  Trajan  and  Hadrian,  (Geoff,  lib.  iv.  c.  5  )  calls  it  Tra- 
jan's River. 

Oniarebn-el-Kattab  ordered  Amrou,    who   had   con- 
quered Egypt,  about   the   year  635,  to   open   the    canal 
from  the  Nile  to  Quotzoum,  on  the  Red  Sea,  to  convey 
3  C  2 
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the  contributions  in  corn  into  Arabia.  Elkmaim  inrorms 
us,  that  it  was  sluit  up  as;ain  by  the  Caliph  Abugia,  or 
Almanzor,  in  the  year  773. 

Fiom  the  before  mentioned  respectable  authorities, 
we  have  reason  to  believe  that  there  has  at  sundry  times 
been  a  canal  open  fiom  the  river  Nile  to  the  Red  Sea, 
at  the  bottom  of  vhe  Gulf  of  Suez,  and  that  there  had 
been  the  means  of  occasionally  usini;  it.  Whether 
ships  weie  passed  from  the  canal  into  the  Red  Sea 
docs  not  appear.  There  mijjht  have  been  a  trans-ship- 
ping ;  but  it  is  certain  that  this  route  was  afterwards 
abandoned,  and  the  eastern  commodities  landed  at  a 'place 
under  the  tropic,  named  Berenice,  abont  430  miles 
south  of  Suez,  whence  they  were  transported  258  Ro- 
man miles  across  the  Desert  to  the  ciiy  of  Coptis,  upon 
the  Nile,  down  which  they   were  carried  to  Alexandria. 

This  instrument  measured  the  rise  of  the  Nile  ;  but 
as  llie  ancient  accounts  vary  from  8  to  18  cubits,  some 
fallacy,  or  rather  misunderstanding,  is  suspected,  since, 
for  more  than  2000  years  past,  little  alteration  has  taken 
place.  But  in  the  course  of  the  many  convulsive  chang- 
es to  which  the  country  has  been  subject,  the  Nilometer 
eould  not  well  be  expected  to  remain  of  the  same  di- 
visions, or  even  in  the  same  situation.  We  have  no  cor- 
rect account  of  what  passed  relating  to  it  during  the  Per- 
sian and  Greek  invasions,  nor  indeed  until  the  time  of 
Constantine.  This  prince  prohibited  sacrifices  in  the 
temple  of  Serapis,  where  the  Nilometer  stood,  and  re- 
moved it  into  the  church.  Julian  replaced  it  in  the  tem- 
ple of  Serapis,  where  it  remained  till  Theodosius.  Un- 
til the  lime  of  Omar,  it  had  been  divided  into  cubits  of 
'J4  digits  each  ;  but  this  was  then  destroyed,  and  ano- 
ther placed  in  the  island  of  Rowda,  where  the  lower  12 
cubits  were  divided  into  28  digits  each.  In  the  years  714 
and  854  this  instrument  was  twice  destroyed,  and  the 
present  one,  said  to  have  been  put  up  by  the  emperor 
Elmctauakkel.  There  is  one  in  Upper  Egypt,  which 
may  have  been  more  exempted  from  alterations. 

Thus  we  find,  that  the  rise  of  the  inundations,  as  as- 
certained by  the  Nilometers  in  different  eras,  must 
be  considered  as  far  from  a  correct  standard  of  com- 
parison. 

China. 

This  very  extensive  and  singular  country,  separat- 
ed from  the  rest  of  Asia  by  inaccessible  mountains  and 
deserts,  and  having  a  great  variety  of  soil  and  climate, 
enables  it  to  maintain  a  numerous  society  almost  inde- 
pendent of  foreign  relations.  P'rom  the  patriarchal  form 
of  its  government,  and  in  constquence  of  all  the  land 
being  considered  the  property  of  the  Emperor,  and  his 
decrees  pervading  his  extensive  dominions,  which  com- 
prehend the  entire  course  of  numerous  large  rivers, 
plains,  and  deltas,  the  construction  of  inland  navigations 
has  been  greatly  facilitated. 

This  great  country  descends  from  the  frontier  moun- 
tains of  Thibet  and  Tartary  to  the  Eastern  Ocean,  and 
is  traversed  by  two  very  large  rivers.  The  most  south- 
ern, Yang-tse,  Kiang-keo,  or  Son  of  the  Sea,  is  reckoned 
about  2000  miles  in  length,  ;tnd  at  Nanking,  100  miles 
iiom  the  sea,  it  is  more  than  2j  miles  in  breadth.  The 
other,  named  the  Yellow  River,  or  Heng-ho-kea,  is  said 
to  be  lonsrer  than  the  former.  The  branches  of  those 
mighty  streams  are  lari^e  rivers,  and  traverse  extensive 
*D(i  rich  countries.     The  main  streams  are  sometimes 


1000  miles  apart,  but  enter  the  sea  within   100  miles  of 
each   other. 

The  general  direction  of  the  Chinese  rivers  being 
from  west  to  east,  and  the  chief  line  of  intercourse  being 
north  and  south,  has  led  to  form  artificial  canals  between 
them.  By  which  means  an  inland  navigation  is  com- 
pleted from  the  capital,  at  Pekin  in  the  north,  to  the 
city  of  Canton  in  the  southern  part  of  the  empire,  reck- 
oned a  distance  of  about  920  miles.  From  this  general 
canal,  and  the  great  rivers,  branches  are  cariied  to  al- 
most every  town  and  village  of  any  consequence  in  the 
flat  countries. 

These  navigations  have  arisen  by  slow  degrees,  from 
circumstances  connected  with  the  government,  and  the 
frequent  change  of  the  site  ol  the  capital.  It  is  said, 
that  about  245,  B.C.  the  prince  Tsin-ciii-koang,  on  ac- 
count of  the  wars  and  works  he  undertook,  and  the  great 
consumption  of  his  capital,  made  his  subjects  carry, 
night  and  day,  fiom  place  to  place,  many  millions  sacks 
of  grain,  so  that  they  were  made  beasts  of  burden.  But 
that  Han,  who  began  to  reign  in  202,  B.  C.  caused  ca- 
nals to  be  made  to  carry  rice  and  other  grain  from  the 
provinces  to  the  capital,  so  that  all  porterage  was  abol- 
ished ;  hut  it  was  not  till  85,  B.  C.  that  these  great  works 
were  completed.  Between  this  time  and  the  year  1260, 
the  capital  was  moved  successively  into  the  provinces  of 
Chensi,  Chansi,  Honan,  How-Kouang,  and  Tche-Kiang, 
and  each  of  course  requiring  inland  navigation. 

Yangle,  of  the  dynasty  of  Tsin,  about  60S  of  the  Chris- 
tian era,  enlarged  the  old  canals,  and  opened  new  ones 
to  carry  barks  from  the  Yellow  River  to  ihe  Kiang,  and 
thence  to  the  rivers  Tsi,  Owi,  and  Han.  He  received 
a  memoir  respecting  canals  of  a  new  invention,  and  to 
render  rivers  navigable  ;  and  it  is  said  that  1600  leagues 
were  effected.  Some  of  these  canals  were  faced  with 
stone.  Those  that  went  from  the  coast  of  the  north  to 
that  of  the  south  had  40  steps  of  breadth  :  those  to  the 
coasts  of  the  east  and  west  were  less  magnificent,  but 
were  also  bordered  with  rows  of  trees.  But  the  boldest 
measure  was,  turning  the  Yellow  River  into  the  Gulf  of 
Leao-Tong,  about  the  year  1064. 

Youen,  or  Mangoux,  having,  about  the  year  1269,  con- 
quered China,  fixed  the  capital  at  Pekin,  caused  to  be 
made  the  canal  Yaho,  to  carry  grain  to  his  capital ;  he  was 
also  very  tyrannical,  and  carried  on  works  to  keep  the 
conquered  people  employed. 

There  is  a  Chinese  history  of  40  volumes,  respecting 
the  management  of  the  waters.  It  is  all  composed  of 
citations  and  authorities.  Tai-tsou,  founder  of  the  dy- 
nasty of  Ming,  began  to  repair  the  canals  in  1369,  !)C- 
cause  the  Youens  had,  during  their  misfortune,  neglect- 
ed them  ;  he  also  made  others.  Yang-lo  employed  the 
most  learned  men  of  his  lime,  and  also  his  wealth,  in 
making  new  reservoirs,  and  water  for  the  canals,  the 
lines  of  which,  when  necessary,  were  changed  and  im- 
proved. In  1547,  it  is  said  that  the  rains  of  the  sixth 
moon  cut  the  level  of  Tchang-ho,  and  caused  it  to  burst 
out ;  and  that  for  the  ten  following  years,  no  such  acci- 
dents happened  ;  but  that  towards  the  termination  of  the 
Mings,  the  laws  for  supporting  canals  were  neglected, 
some  sluices  were  damaged,  and  some  parts  filled  with 
mud.  The  before  mentioned  publication  contains  a  mi- 
nute history  of  the  management  of  the  waters  through 
that  extensive  empire  during  1300  years. 

The  inland  navigation  between  Pekin  and  Cam  on  may 
be  considered  under  two  divisions,  1st,  from  Pekin,  by 
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a  tract  of  about  500  miles  to  the  Yellow  River ;  and  2cl, 
from  the  laiter  place  lo  Canton. 

T'e  first,  namtd  the  Imperial  Canal,  because  navigat- 
ed bi  '.he  emperor's  barks,  of  which  Le  Compie  rec- 
kons about  1000  of  RO  tons  each.  Dulialdt  states,  that 
this  canal  has  its  summit,  or  point  of  partition,  near  the 
small  city  Oweii-chan-iien,  whi;re  it  is  supplied  by  the 
small  river  Owen-ho;  two  thirds  of  which  passes  into 
the  northern  portion  of  the  canal,  whitli,  after  a  long 
couisc.  falls  into  the  River  of  Pckin,  near  the  city  Tient- 
sinir-Oui,  in  the  province  of  Ficholi  ;  it  is  not  contin- 
ued to  Pekin,  in  order  that  the  porterage  maj  employ 
the  ijrcat  po|)iilatioii  of  that  quattci.  The  remaining 
third  of  the  water  passes  southwaid  by  a  canal  of  the 
Yellow  River,  at  about  25  leagues  from  the  sea,  where 
the  river  is  about  a  miie  wide,  and  9  or  10  feet  deep; 
this  portion  of  the  canal  runs,  for  many  miles,  along  the 
sides  of  lakes  and  marshes — some  of  which  supply 
feeders. 

As  the  point  of  partition  is  elevated  considerably  above 
the  northern  termination  in  the  Pekin  river,  and  the 
southern  in  the  Yellow  River,  the  water  passing  in  each 
direction,  and  of  course  the  navitration  is  regulated  by  a 
sort  of  sluices,  the  Chinese  call  cha.  and  the  French  fier 
iuis,  which  will  be  described  in  another  part  of  this  arti- 
cle. The  water,  in  dry  seasons,  is  only  five  or  six  feet 
in  depth,  and  sometimes  only  three,  to  pass  the  imperial 
barks.  Of  these  chas  there  are  45  in  number.  Where 
the  fall  is  small,  vessels  pass  easily  and  with  safety  ;  but 
at  one  named  Tien-fo-cha,  that  is,  the  Queen  of  Heaven, 
there  is,  on  account  of  its  height,  very  considerable  dif- 
ficulty. The  sides  of  the  canal  are  lined  with  stone  in 
only  a  few  places,  in  sandy  ground  and  near  lakes.  Be- 
tween the  Yellow  River  and  the  river  Kiang,  considera- 
ble difficulties  have  been  encountered,  where  enormous 
dykes  are  required  along  the  side  of  the  great  lake  and 
the  river  Kuai-ho  ;  the  works  near  Hoainganfou  are  the 
most  perfect  in  the  canal ;  near  Yantcheou  they  form 
quays  to  the  city. 

2d  division,  From  the  great  river  Kiang,  which  is  here 
3^  miles  in  breadth,  the  navigation  continues  southward 
by  two  separate  tracks,  both  of  which  unite  at  the  south- 
ern e.xtremitj  of  the  great  lake  Poyan-hou,  one  is  by 
passing  up  the  great  river,  entering  at  the  northern  ex- 
tremity of  the  said  lake,  and  passing  along  it ;  the  other 
is  by  means  of  canals  and  smaller  rivers.  This  canal 
leaves  the  bank  of  the  great  river  Kiang  at  the  city 
Telling  Kiang,  proceeds  by  Tching  Tcheou,  and  be- 
tween a  great  lake  on  the  west,  and  two  smaller  ones  on 
the  east,  to  the  great  city  of  Hang-Tcheou,  and  past  the 
cities  ot  Yan-tcheou,  Kiou-tcheou,  and  Koang-sin  to  Nan- 
tchang,  a  little  from  the  northern  extremity  ot  the  great 
lake  Poyun  Hou.  From  this  point  the  navigation  pro- 
ceeds up  the  river  Kan  Kiang  to  the  base  of  the  great 
ridge  of  the  mountains  Miolin  or  Mielin,  whicli  divides 
the  provinces  of  Kiamese  and  Canton  ;  here  there  is  a 
carrying  place  of  about  30  miles,  across  rugged  moun- 
tains, to  the  river  Pekiang,  which  runs  between  Nangan 
and  Nang  Yon^;,  where  the  navigation  again  comniences, 
and  proceeds  by  Cha-lcheou  down  to  Canton.  Theie  is 
still  another  track,  by  which  this  carrying  place  is  avoid- 
ed;  this  is  by  passing  up  the  great  river  Kiang  to  the 
great  lake  Tong-ting-hou,  thence  proceeding  vip  a  river 
which  falls  into  it,  until  it  passes  the  city  Yonj;  teheou, 
from  whence  there  is  an  artificial  navigation  loimed  by 
the  witer  collerted  from  the  mountains,  to  a  river  which 
falls  in  the  sea  of  Canton ;  but  this  is  circuitous,  and  fre- 


'lU.'ntly  deficient  in  depth.  In  this  artificial  part  there 
iie  sundi)  Cha's.  but  ihslead  of  being  like  those  in  the 
Imperial  Canal,  ihty  are  made  wi'h  earth  and  piles,  and 
tiosei!  \vitn  I'lats.  It  required  about  three  months  lo  go 
f. '  1.    P   km  to  Canton  by  water. 

In  Ijoth  the  north  and  south  divisions  of  this  extensive 
navigation,  fiom  each  side  of  the  grand  canal,  many 
sni;iUer  ones  branch  off  to  considerable  cities,  and  even 
villages,  and  not  unfrequently  pass  arounil  them.  The 
banks  aie  here  fiequeiitly  lined  with  freestone,  having 
sluices,  by  which  water  is  drawn  ofl  for  the  purpose  of 
irrigation,  or  for  large  reservoirs  for  the  use  of  cities, 
&c. 

The  bark  in  which  Le  Compte  travelled  from  Nimpo 
was  70  feet  in  length,  16  leet  broad,  and  10  or  12  feet 
high,  and  contained  a  hall,  four  looms,  and  a  kitrhen. 
The  great  plains  are  very  favourable  lor  navigation,  but 
the  southern  portions  toward  the  mountains,  and  along 
the  rivers,  are  said  to  be  difficult  and  tedious;  and  the 
same  on  the  southern  side  of  the  niountains  towards 
Canton. 

In  some  parts  of  China,  when  two  portions  of  the  same 
canal  are  upon  different  levels,  varying,  in  some  instances, 
about  15  leet,  the  boats  aie  passed  from  the  one  to  the 
other  by  a  double  glacis  ot  stone,  formed  of  two  inclined 
planes,  extended  down  to  the  bottom  of  the  canal,  whicli 
will  be  described  in  another  part  of  this  article  ;  but 
there  are  none  of  these  upon  the  Imperial  Canal,  where 
the  emjieror's  barks  navigate. 

Le  Compte  states,  that  from  Nanking,  by  means  ot 
the  Yellow  Rivei-,  and  sundry  canals  brandling  from  it, 
that  they  navigate  westward  to  the  mountains  of  Tar- 
tary,  for  above  1000  miles  ;  but  that  in  this  distance  there 
are  many  inclined  planes,  &c.,  woiked  by  numerous  bo- 
dies of  men. 

I'rom  the  foregoing  information,  it  appears  that  the 
progress  of  inland  navigation  in  China  is  in  peifect  uni- 
son with  the  general  character  ol  that  nation  ;  that  is  to 
say,  by  dint  of  great  labour,  an  extensive  water  convey- 
ance has  been  established,  but  the  difl'erent  levels  being 
only  connected  in  the  Imperial  Ciinal  by  cha's  or  shines, 
and  in  all  the  others  by  means  of  rude  inclined  planes, 
with  torrents  of  water  running  down  them,  and  up  which 
the  vessels  are  dragged  by  manual  labour;  both  opera- 
tions clumsy  and  incommodious  when  compared  with  the 
facility  and  security  of  the  European  Lock.  The  Chi- 
nese have,  theiefore,  evidently  in  this  leading  feature  of 
canal  making,  as  in  other  matters  where  mechanical 
science  is  concerned,  stopped  at  a  very  moderate  degree 
of  perfection. 

India. 

On  the  eastern  side  of  the  old  continent,  and  next  in 
importance  to  China,  are  those  extensive  countries,  which 
are  traversed  by  the  great  rivers  Burrampootei,  Ganges, 
and  Indus,  and  known  to  the  western  world  by  the  name 
of  Hindostan,  or  the  East  Indies. 

The  eastern  commodities  were  anciently  conveyed  lo 
the  west  by  land  routes,  varying,  as  victorious  princes 
moved  their  capital  into  favourite  provinces,  the  princi- 
pal depots  being  successively  at  Oudc,  Canouge,  Delhi, 
Agra,  and  Lahore,  the  traffic  being  chiefly  in  silks,  jewels, 
spiceiies,  and  other  articles  of  luxut),  whose  weight  and 
bulk  «eri  \ery  small  when  con.pareii  to  thcii  value. 
They  were  conveyed  with  facility  by  means  of  animals, 
styled  the  ships  of  the  desert ;  ihc  motives  for  creating 
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artificially  a  water  conveyance,  did  not  therefore  exist. 
The  lertility  ol  their  rich  plains,  added  to  the  religion 
and  habits  ol'  the  people,  have  constantly  tended  to  foster 
habits  of  indolence,  and  even  the  hatdy  mountaineers, 
after  couquciing  the  country,  have  repeatedly  been  ener- 
vated. Snice  modern  Europeans  have  been  established 
in  that  quarter,  they  have  hitherto  been  either  contend- 
ing!; with  each  other  for  superiority,  or  engaged  in  sub- 
duing the  native  states,  and  carrying  the  produce  of  their 
labours  by  sea  to  markets  in  the  west,  and  it  is  not  pro- 
bable that  projects  for  internal  impiovenienis  will  be  car- 
ried to  much  extent,  until  a  poiverlul,  enlightened,  and 
permanent  g;ovcrnmcnt   has  been  cslablislicd  in  India. 

Although  little  has  been  accomplished  by  human  ait, 
yet  there  has  always  been  a  very  extensive  inland  navi- 
gation by  means  of  the  befurc-mentioned  great  rivers,  of 
which  we  shall  give  a  sliort  account  in  the  following  or- 
der: 1.  The  Indus,  with  its  branches  and  canals  ;  2.  Tlie 
Ganges  and  But  rampooter  ;  3.  The  rivers  south  of  the 
Oanges  ;  and  4.  The  rivers  between  the  Burrampooter 
and  China. 

The  length  of  the  Indus  is  reckoned  at  1350  miles. 
Its  source  is  near  the  eastern  limits  of  the  mountains  of 
Thibet,  on  the  opposite  side  of  the  same  ridge  from 
whence  the  Ganges  proceeds.  After  traversing  little 
Thibet,  it  crosses  the  chain  of  mountains  named  the 
Hindoo  Cook  or  Kok  ;  after  receiving  the  river  Cabul 
at  Attock,  it  passes  the  salt  range  at  Callabaugh.  After 
passing  Attock,  its  course,  with  great  bendings,  is  a  lit- 
tle west  of  south  to  Moultan,  where  it  receives  the  Pun- 
jab rivers  ;  thence  its  direction  is  still  more  west  of  south 
to  Tatta,  where  it  divides  into  several  streams;  and,  ac- 
cording to  Major  Rennel,  the  latitude  of  Lany  Bundu, 
(which,  during  the  last  century,  was  the  principal  chan- 
nel of  the  Indus,)  is  24°  44'  north  ;  that  the  Delta  is  130 
miles  in  length  along  the  coast;  that  about  115  miles 
from  the  sea,  in  a  straight  line,  it  divides  into  two 
branches,  of  which  that  to  the  west  is  the  largest:  that 
after  proceeding  about  50  miles  in  a  South-west  direction, 
this  branch  again  divides  into  two,  the  sinaller  passing 
W.S.W.  to  Lany  Bundu  and  Darroway  ;  the  larger  taking 
the  naine  of  Rilchel,  runs  to  a  town  of  that  name  on  the 
sea  coast.  The  city  of  Tatta,  the  capital  of  Sinda,  is 
within  the  inferior  Delta,  about  five  miles  below  its  up- 
per angle.  The  lower  pan  of  this  Delta  is  much  inter- 
sected by  cieeks;  it  has  no  tiets,  but  is  covered  with 
brushwood,  and  consists  chiefly  of  swamps  and  muddy 
lakes. 

The  tide  being  visible  only  60  or  65  miles  from  the 
coast,  indicates  a  considerable  declivity.  In  the  mouths 
of  the  rivers  the  bores  are  high  :  just  above  the  tideway 
the  Ritchel  is  said  to  be  about  a  mile  in  width,  at  the  city 
of  Tatta  half  a  mile.  The  velocity  of  the  current  is  about 
four  miles  per  hour  in  tlie  dry  season.  The  Indus  and 
its  branches  aflord  a  free  navigation  for  vessels  of  200 
tons  from  Tatta  to  Moultan  and  Lahore  :  Moultan  and 
Allahabad  arc  about  the  same  distance  from  the  sea,  that 
is,  about  850  miles  by  the  rivers.  Captain  Hamilton  says, 
that  boats  come  from  Lahore  to  Tatta  in  12  days. 

Besides  these  extensive  river  navigations,  it  was  in  the 
district  called  the  Punjab,  or  country  of  five  rivers,  that 
the  only  artificial  canals  of  any  extent  in  India  were  con- 
structed, chiefly  by  Feroze  III.  about  135  I,  who  perse- 
vered in  making  these  improvements  for  37  years.  The 
country  between  Delhi,  upon  the  Juinna  (a  brancli  of  the 
Ganges)  and  tUe  Punjab  on  the  Incius,  being  frequently 
without  water,  this  piince  undertook  to  furnish  a  supply 


for  the  purposes  of  agriculture  and  inland  navigation; 
he  therefore  built  the  city  of  Hipai  Ferozeh,  about  100 
miles  west  of  Delhi,  and  caused  two  canals  to  be  drawn 
to  it.  He  lud  previously  made  a  canal  from  the  Jum- 
nah,  near  the  noithcrn  hills,  to  Sufidoon,  a  royal  hunt- 
ing place  ;  this  canal  was  full  60  miles  in  length  ;  it 
passed  by  Canawl  and  loglickpoor;  it  was  about  four 
yaids  in  breadth;  he  afttrwairis  exiended  it  to  Hipai, 
his  new  city,  when  it  was  altogether  114  miles  in  length. 
About  1626,  Shall  Ischan  made  clear  out  that  part  which 
leaches  from  the  hills  to  Sufidoor,  and  made  a  new  canal 
from  thence  to  Delhi,  which  is  about  60  miles. 

Tlie  other  principal  canal  was  from  the  river  Sutlcge 
to  the  city  of  Hipai  Ferozeh,  thus  mentioned  in  Fe- 
rushta,  translated  by  Dowe.  "  He  (Feroze)  drew  a  ca- 
nal from  the  Cagger,  passing  tlie  walls  of  Sirsutti,  and 
joined  it  to  the  river  Kera,  upon  which  he  built  a  city, 
named  after  himself  Ferozabad  ;  this  city  he  watered 
with  another  canal  from  the  Juninah  ;  those  public  works 
were  of  prodigious  advantage  to  the  adjacent  countries, 
by  supplying  water  for  their  canals,  and  a  commodious 
water-carriage  from  place  to  place. 

Besides  these  principal  canals,  several  branches  were 
cut  in  different  places  ;  and,  on  the  banks  of  both,  towns 
were  placed  ;  as  Junced,  Dhatarest,  Homsi,  and  loglick- 
poor.  Feroze  levied  a  tenth  of  the  produce  of  the  lands 
fertilized,  which,  with  the  revenue  of  the  land  lately 
cultivated,  he  applied  to  charitable  purposes;  and  it  is 
said  that  the  lands  of  Ferozeh,  which  had  formerly  pro- 
duced only  a  scanty  harvest,  now  gave  two  that  were 
abundant. 

Besides  these  canals  connected  with  Ferozabad,  there 
are  similar  works  adjacent  to  Lahore,  on  the  S.  E.  bank 
of  the  river  Hydrtiates  of  Alexander.  This  noble  river 
has  its  source  in  the  mountains  near  Nagerkote;  it  en- 
ters the  plains  near  Sliapoor,  or  Rajapan  ;  and  it  is  from 
this  place  the  canal  of  Shah  Nehr  has  been  carried  a  dis- 
tance of  about  73  miles,  to  supply  the  city  of  Lahore 
with  water.  From  the  same  place  three  other  canals 
were  taken  for  watering  the  country  to  the  S  E.  of  La- 
hore, in  dry  seasons,  when  all  the  Indian  rivers  are  from 
20  to  50  feet  below  the  level  of  their  banks. 

The  meritorious  exertions  of  this  excellent  prince,  are 
an  evidence  of  what  may  be  accomplished  in  those  fine 
countries,  since,  besides  intersecting  the  adjacent  plains, 
the  branches  of  the  Indus  might  be  connected  with  those 
of  the  Ganges,  and  an  inland  navigation  opened  between 
the  confines  of  Persia  in  the  west,  and  those  of  China  on 
the  east. 

The  Ganges  and  Burrampooter  are,  in  many  respects, 
similar;  the  souices  of  both  are  in  the  mountains  of 
Thibet  ;  they  both,  for  some  lime,  proceed  through  rug- 
ged countries,  in  nearly  opposite  directions,  until  they 
are  about  1200  miles  apart  ;  they  afterwards  mutually 
approach,  and  finally  unite,  previous  to  discharging  their 
mighty  body  of  water  into  the  Bay  of  Bengal.  They 
have  also  a  resemblance  in  their  inundations,  their  co- 
lour, smoothness,  islands,  aiid  shores. 

The  Ganges,  after  winding  amongst  rugged  mountains 
for  about  800  miles,  rushes  through  a  rocky  chasm  at 
Ilurdwaar  or  Hardoar,  in  Lat.  30°.  It  afterwards  tra- 
verses the  plains  of  Hindostan  by  a  course  of  about  1350 
miles,  in  which  it  receives  eleven  rivets,  several  equal 
to  the  Rhine,  few  less  than  the  Thames.  From  Hurd- 
waar  to  Jumnah,  about  750  miles,  its  breadth  varies  from 
a  mile  to  a  mile  and  a  quarter,  from  thence  downwards 
the  channel  becomes  wider:  above   the  junction  of  the 
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Jumnah,  it  is  in  some  places  fordable,  but  the  navigation 
is  never  interrupted.  Below  this  junction  it  acquires 
more  depth  than  breadth.  At  500  miies  from  the  sea, 
the  channel,  in  the  lowest  slate  of  the  river,  is  30  feet 
deep,  and  continues  so  to  the  sea,  except  where  the  ve- 
locity is  checked  by  sand  banks,  thrown  up  by  southerly 
winds. 

The  head  of  the  Delta  is  at  200  miles  from  the  sea  in 
a  direct  line.  The  two  western  branches  (the  Cossom- 
buzar  and  Jellinghey  rivers)  unite  and  form  the  Hooglcy 
river,  which  is  the  port  of  Calcutta,  and  the  only  branch 
of  the  Ganges  usually  navigated  by  large  vessels.  The 
Cossombuzar  river  is  almost  dry  from  October  to  May. 
And  the  Jellinghey  river,  although  it  has  a  stream  the 
whole  year,  is  sometimes  unfit  for  navigation  for  two  or 
three  of  the  driest  months.  The  Chomdah  river,  which 
separates  at  Maddapoor,  and  terminates  at  Houngatta,  is 
the  only  subordinate  branch  at  all  times  navigable.  The 
part  of  the  Delta  next  the  sea  is  a  labyrinth  of  creeks  ; 
salt,  except  those  next  the  principal  branch.  The  chan- 
nels which  intersect  it  afford  a  navigation  throughout  the 
Delta.  The  tract,  named  the  Sunderbunds,  (or  Woods) 
is  equal  to  Wales  in  extent. 

From  Hurdvvaar  to  the  sea,  has  been  considered  as 
one  uniform  plane  ;  by  order  of  Mr.  Hastings,  a  section 
for  60  miles,  parallel  with  one  of  the  branches,  was  found 
to  have  a  declivity  of  nine  inches  in  a  mile,  reckoning  in 
a  straight  line,  but  allowing  for  the  winding  less  than  lour 
inches  per  mile.  The  mean  motion,  in  dry  seasons,  is 
less  than  three  miles  per  hour  ;  after  the  inundation, 
when  the  water  is  draining  off,  it  is  from  five  to  six  miles ; 
there  have  been  instances  of  from  seven  to  eight  miles. 
During  eleven  years,  the  head  of  the  Jellinghey  river 
has  moved  three-fourths  of  a  mile  farther  down,  and  by 
surveys  taken  nine  years  apart,  it  appeared  that  the 
breadth  of  a  mile  and  a  hall  had  been  taken  away.  A 
mile  in  ten  or  twelve  years,  is  reckoned  the  usual  en- 
croachments, at  the  places  where  the  current  sti  ikes  with 
the  greatest  force.  There  are  many  instances  of  total 
changes,  not  only  in  the  branches,  but  over  the  whole 
river.  The  Cosa  river,  equal  to  the  Rhine,  once  passed 
Purneah,  and  fell  into  the  Ganges  opposite  Rajemall ;  its 
junction  is  near  45  miles  higher  up.  Gour,  the  ancient 
capital  of  Bengal,  stood  on  the  bank  of  the  Ganges;  its 
ruins  are  near  four  or  five  miles  from  it.  Along  the 
coast  of  the  Delta,  not  less  than  eight  openings  appear 
to  have  been  alternately  the  mouths  of  the  rivers.  The 
banks  of  sand  and  meadows  now  extend  about  20  miles 
into  the  sea  beyond  the  islands  in  the  mouth  of  the 
Ganges,  and  in  some  places  rise  within  a  few  feet  of  the 
surface  of  the  water.  There  is  no  substance  so  coarse 
as  gravel  in  the  Delta  within  400  miles  of  the  sea. 

The  Ganges  owes  its  increase  as  much  to  the  rain 
that  falls  in  the  mountains  contiguous  to  its  sources,  as 
to  that  which  falls  on  the  plains  ol  Hindostan  ;  for  it  rises 
15J  leet  out  of  the  32,  its  total  rise,  by  the  latter  end  of 
June  ;  and  the  rains  do  not  bcgm  in  the  Hat  countries  until 
about  that  time  ;  in  the  mountains  it  licgins  in  Apiil,  and 
by  the  latter  end  of  that  month  the  river  begiiis  to  rise, 
at  first  only  one  inch  per  day  for  the  first  fortnight;  it 
then  gradually  augments  to  two  or  three  inches  before 
any  rain  has  fallen  in  the  plains.  When  the  rain  becomes 
general,  the  mean  increase  is  five  inches  per  day.  By 
the  lattor  end  of  July,  all  liic  lower  pans  of  Bengal,  con- 
tiguous to  the  Ganges  and  Burrampooter,  are  overflowed, 
and  form  an  inundation  more  than  100  miles  in  length, 
nothing  appearing  but  villages  and  irets.     The  ground 


adjacent  to  the  river  is,  for  some  distance,  higher  than  that 
which  is  more  remote,  and  separates  the  water  of  the  in- 
undation from  that  of  the  river,  until  the  latter  ovei  flows  ; 
this  higher  giound  is  in  some  seasons  covered  one  foot. 
The  depth  of  the  inundation  beyond  the  banks  varies; 
in  some  parts  it  is  12  feet ;  but,  at  the  height  of  the  inun- 
dation, the  course  of  the  river  is  evident  from  its  greater 
motion  and  muddy  colour.  The  motion  of  the  inunda- 
tion does  not  exceed  half  a  mile  per  hour. 

It  is  calculrited  that  dykes  of  above  1009  miles  in 
length  have  been  constructed  to  protect  one  particular 
district.  One  branch  of  the  Ganges,  navisiable  only 
during  rainy  seasons,  is  conducted  70  miles  between  two 
of  these  dykes;  and,  when  full,  passengers  look  down 
upon  the  country.  When  the  river  is  full,  the  tide  cannot 
counteract  tiie  downward  current.  It  is  not  uncommon 
for  a  strong  wind  to  swell  the  waters  two  leet  above  the 
ordinary  level,  and  has  occasioned  the  loss  of  whole  crops 
of  rice.  The  inundations  are  navigable  in  all  directions, 
in  straight  lines,  and  smooth  water. 

The  following  is  a  Table  of  the  increase  of  llie  Ganges 
and  its  branches. 

At  Jellinghey.  At  Dacca. 

Feet.     In.  leet.  In. 

In  May  it  rose     .66         .        .         .         24 
In  June         .  9       6         ...        4       6 

In  July         .  12        6...  50 

First  half  of  Aug.    4       6         .         .         .         1      11 
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These  observations  were  made  in  a  season,  when  the 
water  rose  higher  than  usual,  so  that  3 1  feet  may  be  taken 
as  the  mean  increase.  Some  days  before  the  middle  of 
August,  the  inundation  is  at  a  stand,  and  begins  to  run  off, 
although  great  quantities  of  rain  fall  in  the  low  countries 
during  .\ugust  and  September.  The  daily  decrease,  in 
the  latter  end  of  August  and  all  September,  is  from  three 
to  four  inches.  From  this  to  the  end  of  November,  it 
lessens  gradually  to  one  inch  and  a  half;  fiom  this  to  the 
latter  end  of  April,  half  an  inch  on  an  average.  The  de- 
crease of  the  inundations  does  not  always  keep  pace  with 
that  of  the  river  ;  but  after  the  rain  has  nearly  ceased  in 
the  beginning  of  October,  the  remainder  passes  off 
quickly,  chiefly  by  evaporation,  leaving  the  land  richly 
manured. 

It  is  a  fact,  confirmed  by  repeated  experiments  and 
observations,  that  from  the  place  where  the  tide  com- 
mences at  the  sea,  the  height  of  the  periodical  increase 
diminishes  gradually,  until  it  totally  disappears  at  the 
point  of  confluence. 

The  quantity  of  water  discharged  by  the  Ganges  in 
one  second  of  time,  during  the  dry  season,  is  80,000 
cubic  feet ;  but  the  river  taken  full,  havirig  thrice  the 
volume  of  water  in  it,  and  its  motion  being  also  accele- 
rated as  five  to  three,  the  quantity  discharged  is  then 
405,000  cubic  feet.  If  the  medium  of  the  whole  year 
be  taken,  it  will  be  nearly  180,000  cubic  feet  in  a  se- 
cond. 

The  Burrampooter,  for  60  miles  from  its  junction  with 
the  Ganges,  is  from  lour  to  five  miies  in  breadth.  This 
great  breadth,  it  is  conjectured,  may  have  been  formed 
when  the  Ganges  joined,  where  the  Isniutty  now  does. 
In  the  rem;:ining  340  miles  of  its  course  in  the  province 
of  Bengal,  it  in  many  respects  resembles  the  Ganges; 
its  whole  length  is  reckoned  more  than  that  river,  and 
their  sources  are  at  no  great  distance.     Wiien  they  unite 


256 


NAVIGATION  INLAND. 


below  Luckipoov,  tliey  produce  a  stream  not  equalled  in 
the  old  hemisplierc,  and  in  rainy  seasons  render  the  sur- 
face of  the  sea  fresli  for  many  leagues. 

In  the  channels  between  the  islands  at  their  mouth,  the 
bore  rises  from  5  to  12  feet;  after  the  tide  is  fairly  past 
the  islands,  no  vestige  of  the  bore  is  perceived.  In  tlie 
Hoogley  river,  the  bore  commences  at  Hoogley  point;  it 
is  visible  above  Hoogley  Tower,  about  26  miles  below 
Calcutta ;  and  the  motion  is  so  rapid,  that  it  scarcely 
takes  four  hours  between  them.  At  Calcutta  it  some- 
times occasions  an  instantaneous  rise  of  five  feet.  The 
boats  generally  make  for  the  middle  of  the  stream. 

From  October  till  the  middle  of  March,  when  the 
north  winds  begin  to  blow,  the  rivers  are  in  a  tranquil 
state.  The  winds  are  more  violent  in  the  eastern  than 
the  western  parts  of  Bengal ;  they  happen  most  frequenily 
towards  the  close  of  the  day;  they  are  preceded  by  irre- 
gular coloured  clouds  in  the  latter  end  of  May  and  be- 
ginning of  June.  From  the  beginning  of  November  to 
the  latter  end  of  May,  the  usual  rate  of  going  with  the 
stream  is  40  miles  per  day  in  12  liours  ;  and  during  the 
rest  of  the  year  from  50  to  70  miles.  The  current  is 
strongest  in  part  of  August  and  September,  while  the 
inundation  is  running  off.  The  motion  acquired  by  using 
oars  in  a  large  budgerow  hardly  exceeds  eight  miles  per 
clay.  A  budgerow  is  a  travelling  boat,  with  a  cabin  14 
feet  wide,  and  proportionally  long,  and  draws  from  lour 
to  five  feet  water.  In  towing  against  the  stream,  the 
side  is  generally  preferred  where  the  banks  are  steep,  on 
account  of  the  greater  depth  of  the  water;  and  from  17 
to  20  miles  per  day  is  the  greatest  distance  passed  over; 
and,  to  accomplish  this,  the  boat  must  be  towed  at  the 
rate  of  4 J  miles  per  hour  for  12  hours.  During  the  in- 
undations greater  progress  can  be  made,  because  angles 
can  be  cut  off,  and  sails  used. 

Calcutta  is  situated  upon  the  Hoogley  river,  100  miles 
from  the  sea  ;  it  is  navigable  up  to  the  town  by  the  largest 
ships  which  visit  India.  The  largest  boats  upon  the 
Ganges  vary  from  300  to  600  maims,  and  their  hire  is 
from  20  to  30,  or  even  to  60  rupees  per  month.  A 
budgerow  for  gentlemen  and  their  families,  having  from 
3  to  24  oars,  are  hired,  for  the  smallest  60  rupees,  for  the 
largest  230,  per  month.  Upon  the  whole,  by  these  two 
great  rivers,  every  part  of  the  province  of  Bengal,  with 
a  few  exceptions,  has,  even  during  the  dry  seasons,  a  na- 
vigable stream  within  25  miles,  and  generally  much  less. 
All  the  salt,  and  much  of  the  food,  for  ten  millions  of 
people,  also  exports  and  imports  to  the  value  of  two  mil- 
lions sterling  per  annum,  besides  interchanging  manu- 
factures, fisheries,  and  travelling,  employ  upwards  of 
30,000  boatmen. 

3.  The  principal  rivers  in  the  Peninsula,  south  of  the 
Indus  and  Ganges,  nlong  the  east  coast,  are,  the  Godavery 
and  Bain,  the  Kiisnah,  Pinnae,  and  Caveri ;  their  lengths 
vary  from  300  to  700  miles;  the  latter  is  the  length  of 
the  Godavery,  which  forms,  near  its  mouth,  a  sort  of 
Delta,  with  sundry  brandies,  which  are  the  most  acces- 
sible inlets  between  Bengal  and  Cape  Coniorin.  There 
are  valuable  teak  forests  upon  its  banks  within  the  moun- 
tains. 

To  the  south  of  the  Kistnah  to  Cape  Comorin  (in- 
cluding Madras)  a  distance  of  600  miles,  there  is  no  port 
for  shipping,  the  coast  forming  nearly  a  straight  line. 
The  dangerous  surf  on  the  coast  also  nquires  boats  of  a 
singular  construction  ;  they  are  formeci  withr.ut  ribs  or 
keel,  having  their  planking  sewed  togeliier  ;  md  in  conse- 
quence of  this  flexibility  they  receive  without  injury  the 
breaking  of  the  surf. 


From  Cape  Comorin,  along  the  western  coast  of  the 
Peninsula,  the  first  river  is  the  Paniang,  which  passes 
through  a  singular  opening  in  the  Ghaut  range  of  moun- 
tains. North  of  this  river  the  Ghauts  approach  near  the 
shore,  so  that  there  is  no  river  until  we  reach  Surat,  near 
the  root  of  the  Peninsula,  where  the  Taptu  river  of  400 
miles  empties  itself.  Further  north,  in  the  Gulf  of 
Cambay,  is  found  the  mouth  of  the  great  river  Nerbudda, 
whose  length  is  about  700  miles.  As  the  upper  parts 
approach  within  a  small  distance  of  some  of  the  branches 
of  the  Jumnah,  it  seems  to  offer  an  opportunity  of  forming 
a  connection  with  the  Ganges. 

4.  Between  Hindostan  and  China  are  three  great 
rivers,  viz.  the  Aracan  or  Kempoo  river,  the  Ava  or 
Irbetty  or  Irwady  river,  and  the  Japanese,  or  Lantsaii-ho. 
Their  sources  are  in  the  Thibet  mountains,  at  no  great 
distance  from  each  other;  the  first,  after  traversing  the 
country  of  Aracan,  falls  into  the  Gulf  ol  Bengal;  the 
second,  after  traversing  the  Bit  man  Empire,  forms  an 
extensive  Delta,  and  sundry  branches  and  mouths  at  the 
south-east  extremity  ot  the  Bay  of  Bengal ;  and  the  third, 
crossing  the  kingdoms  of  Laos  and  Cambodia,  falls  by 
several  mouths  into  the  Sea  of  China.  The  length  of 
the  Ava  is  reckoned  12C0  miles,  and  has  several  thousand 
boats  navigating  upon  u.  The  other  two  are  not  much 
inferior. 

We  have  been  thus  particular  in  respect  to  Hindostan 
and  its  vicinity,  as  it  now  forms  an  important  portion  of 
the  British  Empire,  and  is  otnerwise  a  very  interesting 
subject. 

Persia,  and  IVestern  Asia. 

Persia  being  chiefly  mountainous,  and  ths  inhabitants, 
from  their  situation  and  habits,  being  averse  to  foreign 
connections,  and  little  addicted  to  the  pursuits  of  industry, 
have  no  inland  navigation,  excepting  some  junctions  of 
the  Euphrates  and  the  Tigris  near  the  top  of  their  joint 
Delta. 

These  two  rivers  have  their  sources  in  the  Taurus 
ridges,  at  the  distance  of  about  250  miles  from  each 
other.  They  inclose  the  country  of  Mesopotamia,  or 
modern  province  of  Algesiras,  and,  after  watering  the 
plains  of  Babylon,  unite,  and  pass  by  one  channel  into  the 
Persian  Gulf.  The  natural  slope  of  the  country  is  from 
the  Euphrates  to  the  Tigris;  the  plain  of  Babylon  being 
subject  to  be  overflowed,  these  rivers  were  early  confined 
by  dikes,  and  regulated  by  drains  or  canals,  and  lakes. 
Many  of  them  were  attributed  to  Nebuchadnezzar.  The 
most  considerable  canal  passed  to  the  Tigris  near  Ctesi- 
phone.  Pliny  calls  this  Armaldhar  ;  in  the  language  of 
the  country  it  is  Nahar  Malcha.  Besides  connecting 
the  river  floods,  some  canals  were  made  for  irrigating 
land. 

Alexander  caused  some  of  the  canals  to  be  cleansed, 
and  made  some  new  ones,  one  nearly  30  stadia  in  length, 
where  he  built  a  city,  gave  it  his  own  name,  and  esta- 
blished a  colony  of  Greeks.  Arian  says,  that  this  prince 
embarked  upon  the  river  Eulocus,  to  proceed  to  the  sea 
by  the  mouth  of  the  Tigris,  and  that  a  part  of  his  fleet 
passed  into  the  Tigris  by  a  canal  about  30  miles  from  its 
moutn.  M.  Oberlin(p.  33,)  says  that  there  was  a  canal  of 
25  miles  in  length,  by  which  the  Euphrates  was  turned 
souhward  into  the  Tigris  towards  Seleucia,  also  one 
towards  Apamie,  besides  that  formerly  mentioned  tov-ards 
Cttsipnone.  Tillemont,  alter  Dion,  says,  that  I'rajan 
drew  a  canal  from  the  Euphrates  to  the  Tigris ;  peniaps 
he  only  opened  and  cleaned  the  old  one.     Severus  com- 


NAVIGATION  INLAND. 


25.7 


jjleted  this,  and  conducted  vessels  from  ilie  Euphrates 
into  the  Tigris. 

Alexander  is  said  to  have  caused  an  isthmus  of  seven 
miles  to  he  cut  Ihroui;!!,  which  joins  the  peninsula  of 
Mount  Mimas.  This  peninsula  piojecied  250  miles  be- 
fore the  rest  of  Asia  Minor  towards  Cbsomene,  to  t!ie 
side  of  Ionia.     (Pliny,  v.  31.    Pausan.  1.  ii.  s.  Corinth.) 

With  regard  to  the  western  and  interior  districts  of 
Asia,  it  being  well  accommodated  by  the  Euxine  and 
Caspian  Seas  and  their  rivers,  little  anificial  aid  has 
been  required  or  attempted.  The  Caspian  is  about  700 
milts  from  north  to  south,  and  from  100  to  200  Irom  east 
to  west  ;  its  water  is  sail,  bitter,  and  impure;  its  depth, 
in  the  middle,  is  said  to  be  .lOO  fathoms,  biit  the  shores 
are  everywhere  flat.  It  has  scarcely  any  safe  port;  the 
best  is  Daku  ;  Derbent  is  rocky,  and  Enfili  is  incommo- 
dious. The  north,  north-cast,  and  souili  winds  are  tem- 
pestuous. A  small  rise  and  fall  of  water  is  observable. 
Fisheries  constiluie  the  principal  business  of  this  sea. 
It  receives  the  great  V^olg;v,  the  Juimb,  and  Uralia  from 
the  north-west.  From  the  west  are  the  Kuma,  Terek, 
and  Kizen;  and  the  Tegin  from  the  cast.  Also  formerly, 
the  Gihon  or  Oxus,  which  now  flows  into  the  Lake  Aral. 

In  1815,  Messrs.  Maurice  Engilhart  and  Francis 
Parrat  published,  at  Berlin,  the  results  of  barometrical 
measurements  between  the  Euxine  and  the  Caspian,  by 
■which  it  appears  that  the  Caspian  is  105  metres  below 
the  level  of  the  Black  Sea  ;  the  distance  between  them, 
over  which  the  measuiements  were  taken,  in  a  straight 
line,  is  813  versts.  About  100  miles  east  of  the  Caspian 
is  the  lake  Aral,  200  miles  in  length,  and  "0  in  breadth  ; 
it  receives  the  Oxus,  or  Gihon,  the  Sin  and  Sihoii. 
There  are  also  various  large  lakes  in  Asi^,  besides 
rivers  of  very  considerable  magnitude  ;  but,  as  they  are 
little  used  for  navigation,  we  avoid  noticing  them. 

Greece,  and  Turkey  in  £uro/te. 

Ancient  Greece,  being  composed  of  small  states  oc- 
cupying mountainous  districts,  either  intersected  by 
arms  of  the  sea,  or  islands  and  sea-coasts,  the  attcnfion 
of  the  inhabitants  was  never  turned  to  inland  navigation. 
Although  often  mentioneri  as  a  project,  it  does  not  ap- 
pear that  the  Isthmus  of  Corinth  was  ever  intersected  by 
a  canal,  so  as  to  be  used  for  navigaiio'i ;  and  the  tunnels 
from  the  lake  Cupais,  in  Bosotia,  through  Mount  Ptous, 
are  distinctly  described  as  drains,  having  wells  at  certain 
distances,  to  facilitate  the  cleansing  them  out. 

The  modern  state  of  that  country  has  been  degraded 
by  the  Turks,  as  well  as  the  districts  held  by  them  in 
Europe.  It  is  therefore  in  vain  to  look  for  artificial  im- 
provements, where  natural  advantages  have  been  so 
totally  neglected.  The  Danube,  which,  for  more  than 
400  miles,  with  its  extensive  branches,  is  Turkish,  is 
alone  sufficient  to  accommodate  a  powerful  empire. 
There  is,  besides,  the  Maritz,  or  ancient  Ilebrus,  230 
miles  in  length,  which  falls  into  the  jEgean  Sea,  and  the 
Vandori,  or  ancient  Auxius,  200  miles,  which  falls  into 
the  Gulf  of  Salonica,  and  many  other  fine  streains,  which, 
under  good  managetnent,  would  connect  more  extensive 
countries  than  the  opposite  Italian  shores,  which  have 
been  so  justly  celebrated. 

Ancient  Italy. 

Although  the  pursuits  of  the  ancient  inhabitants  of 
Italy  were  generally  connected  with  war,  they  were  oc- 
casionallv  led  to  operations  connected,  cither  directly  or 
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indirectly,  with  inland  navigation.  The  canal  of  the 
Pontine  INIarshes  proceeded  from  the  Forum  Appii, 
across  the  Pontine  Marshes,  to  near  Terracina  ;  and  was 
intended  both  for  the  purposes  of  drainage  and  naviga- 
tion. The  consul  was  charged  with  works  to  render 
his  province  fertile  and  healthy.  (Pliny,  I.  iv.  c.  4  ) 
This  work  was  accomplished  162  B.  C.  Having  fallen 
to  decay,  Caesar  proposed  to  renew  it.  Plutarch  says, 
that  Augustus  drew  a  canal  parallel  with  the  Appian 
way.  Trajan,  by  a  labour  of  10  years,  restored  the 
drains  of  the  Pontine  Marshes;  (Dion.  1.  xviii.  p.  777)  as 
did  Theodoric  the  Goth. 

But  in  ancient,  as  well  as  modern  times,  the  neigh- 
bourhood of  the  Po  has  been  the  great  scene  of  Italian 
inland  navigation;  its  source  is  in  Mount  Vesula,  or 
Viso,  on  the  confines  of  France,  and  its  length,  of  course, 
is  about  300  miles.  Pliny  says,  that  the  Po  is  greatly 
augmented  by  the  melting  of  snows,  and  that,  after  re- 
ceiving 50  rivers,  it  falls  into  tlic  Adriatic.  It  appears 
from  Polybius,  that  it  formerly  passed  to  the  sea  by  two 
mouths,  and  that  vessels  ascended  by  the  branch  named 
Oiana,  (Polyb.  1.  ii.)  Of  the  other  branches,  some  were 
formed  by  nature,  and  some  by  art.  Pliny  (I.  iii.  c.  16. ^ 
mentions  the  canal  which  conducted  to  Ravenna;  its 
mouth  was  named  Valrinus,  and  had  the  capacity  of  a 
port.  It  was  by  it  that  the  emperor  Claudius  entered 
the  city  of  Adrian,  after  his  expedition  to  Britain. 

The  Etruscans  dug  the  canals  from  the  branch  named 
Sagis,  fiom  which  they  made  side  cuts  into  the  adjacent 
morasses  ;  but,  besides  those  befoie  mentioned,  they 
drew  from  the  Po,  above  where  it  separates,  a  great 
canal,  named  Fossa  Phillistina,  which  is  also  divided  into 
two  canals,  the  most  northern  of  which  was  named  Fos- 
sioues  Phillistinae,  and  the  southern  Fossa  Carbonania. 
According  to  Pliny,  the  Athesis  and  Togisonus,  after 
uniting,  formed  the  portof  Brundulus  ;  the  other  streams, 
named  Medoacus  Major  and  Minor,  formed,  with  the 
canal  Fossa  Clodias,  the  port  of  Edron.  The  last  branch 
derived  from  the  Po,  was  the  Fossiones  Phillislitia:,  join- 
ed to  the  stream  Tartaris,  or  Athesis,  and  was  named 
Tartaro  Phillistinse  ;  there  were  other  inferior  connect- 
ing canals.  But  the  most  celebrated  of  all  the  canals, 
was  that  named  Fossi  Augusli.  One  branch  of  the  Po, 
named  Fossa  Ascon,  washed  the  walls  of  Ravenna  on  the 
north  side.  The  emperor  Augustus  drew  a  canal  from 
the  same  river,  which  passed  to  the  sea  by  the  south,  and 
one  branch  traversed  the  city.  (See  Cluv.  Ital.  Antiq.  1. 
i.  p.  398.) 

It  was  not  surprising  that  the  Po,  near  the  sea,  should 
be  named  the  seven  seas;  for  all  the  country  (ihe  plains 
of  Venice)  was  then  a  morass,  frequently  covered  with 
the  sea,  so  that  canals  were  dug,  partly  for  agriculture, 
and  partly  for  navigation.  This  aquatic  plain  extended, 
by  the  inundations  of  the  Po,  caused  by  the  Trcbia,  and 
oilier  rivers,  far  into  Cisalpine  Gaul.  Camillus  Scaurus, 
115  B.  C.  drew  navigable  canals  from  Placentia  to 
Parma.     (Livy,  lib.  xxxviii.) 

In  the  correspondence  between  Trajan  and  Pliny, 
mention  is  made  of  sluices,  but  there  is  no  reason  to 
think  that  locks  with  double  doors  are  meant,  because 
no  such  were  known  to  have  been  executed  by  the 
Romans.  If  they  had  once  been  adopted,  their  utilily 
would  have  ensured  them  from  falling  into  disuse. 

Modern  Italy. 

Modern  Italy,  having  recovered  from  the  stupefaction 
3  D 
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which  succeeded  the  dt'struciion  of  the  Roman  empire, 
brought  into  action  the  seeds  they  had  preserved  of  east- 
ern knowledge,  and  as  soon  as  properly  became  pro- 
tected by  regular  government,  and  commerce  had  intro- 
(Uiced  wealth,  the  first  efforts  of  industry  and  art  were 
directed  to  the  drainage  of  marshy  lands,  and  the  con- 
struction of  banks  to  regulate  rivers,  whose  beds  had 
been  raised  by  gravel  and  mud  brought  down  from  the 
mountains.  The  next  step  was  artificial  canals  for  irri- 
gation and  inland  navigation,  and  finally,  sluices  witli 
double  doors  were  completed.  This  most  important 
step  in  the  progress  of  inland  navigation,  was  accom- 
plished in  the  year  1481,  by  two  engineers  of  the  town  of 
Viterbe.  (Zendrini,  c.  12.)  Tliese  improved  sluices 
were  soon  afterwards  duly  appreciated  by  that  enlight- 
ened and  scientific  artist,  Leonardi  du  Vinci,  in  the  canal 
of  junction  executed  under  his  (lireclion  at  Mdan  ;  and 
inland  navigation  became  so  important,  that  the  Italian 
governments  enacted  many  laws  respecting  it,  and  the 
most  learned  men  of  the  country  wrote  elaborate  treatises 
respcf-iing  the  management  of  water. 

On  entering  the  Milanese,  many  canals  are  found  car- 
rying water  for  irrigation,  and  two  that  are  navigable, 
and  these  form  a  communication  between  the  Tesino  and 
the  Adda,  and  unite  at  Milan.  Near  to  Ollcggio,  a  canal 
lias  been  taken  from  the  Tesino,  which  passes  Buffolaro, 
Biagrasso,  and  Arsago,  to  Milan  ;  its  length  is  15  miles  ; 
it  is  named  Naviglia  Grand.  From  Abiato,  a  branch  of 
about  1  I  miles  proceeds  southwards  ;  its  breadth  at  the 
bottom  is  46  French  feet,  at  top  water  130  feet.  It  was 
in  1257  extended  to  Milan,  and  was  enlarged  in  1269. 
The  Herugando  branches  from  the  last  mentioned.  It 
was  made  in  1457,  and  has  now  11  sluices. 

From  the  right  bank  of  the  river  Adda,  near  Con- 
cessa,  (the  ancient  Trizzo,)  the  canal  named  Martesena, 
is  taken  off.  It  is  24  miles  in  length,  and  33  feet  in 
breadth  ;  it  is  in  some  places  sustained  by  thick  walls 
and  earthen  mounds,  1 10  feet  above  the  level  of  the 
river.  Some  French  authors  attribute  this  great  work 
to  Louis  XII.  and  Francis  I.  Italian  authors  ascribe  it 
to  Francis  Forza  I — and  state,  that,  on  the  1st  July, 
1457,  he  named  co  nmissioners  for  the  work.  It  is  cer- 
tain that  Louis  Forza,  the  son  of  Francis,  rendered  it 
navigable  round  Milan,  and  formed  depots  for  merchan- 
dise. It  was  at  this  time,  1 497,  that  the  five  sluices  were 
introduced. 

The  great  canal  of  Tesino,  and  the  branch  which  goes 
from  the  side  of  Pavia,  unite  at  Milan.  The  Muzza  is 
another  canal  drawn  from  the  Adda  ;  it  commences  near 
Cassano,  and  re-enters  near  Castiglione,  which  is  40  miles 
distant.  Upon  this  length  there  are  various  branches  for 
irrigation,  in  the  districts  of  Milan  and  Lodi.  The  Adda, 
above  the  intake  of  the  Montcsano,  is  not  navigable  to  the 
lake  Como;  it  was  attempted  in  1519,  but  did  not  suc- 
ceed. The  fall  is  84  feet  in  five  miles.  The  channel  is 
I'ocky  and  irregular. 

The  canals  of  Piedmont  are  less  ancient  and  less  con- 
siderable than  those  of  the  Milanese  ;  but  there  are  five 
of  some  consequence.  1.  The  Naviglio  d'Inea,  ot  38 
miles,  which  unites  the  Dora  Baltea  with  the  Sessia.  A 
branch  from  this,  of  1 3  miles,  joins  the  Gardena  river.  2. 
A  canal  of  27  miles,  from  Dora  Baltea,  a  little  above  the 
lalls  of  the  Po,  which,  after  passing  Trino,  falls  into  the 
Po,  four  miles  below  Casal — these  two  canals  are  nearly 
parallel  to  the  Po,  and  substituted  for  it.  3.  A  canal  of 
three  miles  from  the  mouth  of  the  canal  of  Trino.  4. 
The  Naviglio  Novo,  which  proceeds  from  Sturo,  near 


Coni,  to  the  Po,  near  Carmagnol,  10  miles  above  Turin. 
5.  Above  Novare,  a  canal  of  three  miles  unites  the 
Cogno  with  the  Tordopio  river.  The  canal  of  Mora 
Noviglio  begins  at  the  end  of  the  canal  of  Novare. 

Along  the  Po,  below  the  Milanese,  the  canal  named  Al- 
binea,  20  miles,  comrnences  in  the  Pogna,  near  Nibiola, 
and  falls  into  the  Po  near  Albignolo,  10  miles  above 
Pavia.  In  the  Cremona,  the  canal  named  Naviglio  della 
Communila,  between  the  Lerico  and  the  Oglio,  falls  into 
the  Po  near  Cremona,  four  miles  below  the  mouth  of  the 
Adda.  A  canal  of  three  miles  goes  from  that  of  Cre- 
mona, and  falls  into  the  Oglio.  Another  canal  of  eight 
miles  begins  in  the  Po,  near  Cassal  Maggiore,  and  falls 
into  a  river  which  joins  the  Oglio  below  Gustalla. 

In  the  duchy  of  Mantua,  the  canal  called  Fossa  di  Puz- 
zola,  15  miles  long,  goes  from  the  Mincio,  near  Geito, 
and  falls  into  the  Tartaro.  The  canal  of  St.  George, 
six  miles  long,  goes  from  the  lake  of  Mantua  to  the  canal 
of  Puzzola.  The  canal  of  Martenaro,  eight  miles,  goes 
also  from  the  same  lake  to  the  Po,  at  Borgo  Fute.  The 
canal  Fossa  Maestra,  five  miles,  comes  from  Ozoma  to 
the  canal  Montanara.  The  Fossero,  whicli  comes  from 
the  Mincio,  is  seven  miles. 

In  the  duchy  of  Modcna  is  a  canal  16  miles  long,  from 
Seccliia  to  Panaro,  by  Modena.  It  has  several  branches, 
one  of  which  is  five  miles  long. 

In  the  estates  of  the  Pope,  Fossa  Rangone  runs  paral- 
lel to  the  Panaro,  and  joins  two  others,  one  of  which 
goes  by  Conti  to  Po  Mort,  or  Po  de  Jerana.  The  canal 
di  Giovanni  Niginales,  from  the  side  of  Mansolino,  is 
22  miles  long  ;  below  Conti  it  is  named  Condotto  di 
Conti.  From  Bologna  to  Ferrara  is  a  canal  of  24  miles, 
named  Canal  di  Naviglio ;  it  terminates  in  the  great 
marshes.  The  Canal  di  Medicina  falls  into  the  Po  at 
Primaro.  Still  on  the  side  of  Ferrara  is  the  Canal  di 
Bianco,  the  Naviglio  Ferranese,  which  goes  from  the 
Great  Po  to  Po  Mort ;  the  Canal  Val  d'Albama,  a  canal 
of  six  miles,  goes  from  the  Po  into  the  Gulf  of  Venice. 
The  other  canals  being  so  numerous,  and  without  any 
remarkable  features,  it  is  needless  to  notice  them.  Many 
are  for  irrigation  only. 

From  Ferrara  to  Venice  the  passage  is  made  partly 
by  the  Po,  and  partly  by  canals.  At  Ferrara,  we  embark 
upon  the  canal  Ponfilio,  and,  after  an  hour  and  a  half,  ar- 
rive at  Pont  di  Lags  Oscuro:  then  we  enter  the  Great 
Po,  and  continue  upon  it  40  miles  from  Ferrara,  and  50 
from  Venice  ;  then  we  enter  a  canal  named  La  Cavanilla, 
and,  after  passing  along  it  four  miles,  we  arrive  at  the 
village  Laurio.  After  proceeding  three  miles  to  Cava- 
nell  del  Adige,  making  two  miles  upon  the  Adige,  seven 
miles  farther,  we  find  the  Sluices  di  Brondo,  28  miles 
from  Venice,  by  which  we  enter  the  Venetian  Lagunes, 
that  is  to  say,  a  sort  of  lake,  whereof  the  low  tranquil 
waters  are  not  agitated  by  the  sea. 

Formerly,  the  only  navigation  at  Padua  was  the  Bac- 
chiglione  ;  it  passes  near  Vincenza,  and  there  receives 
the  Rheronc,  after  which  it  is  navigable  by  barks  of  con- 
siderable size.  From  Padua  it  passes,  by  a  winding 
course  of  about  50  miles,  to  the  Levant  at  Bnndolo  ;  be- 
tween Padua  and  Vincenza  there  are  nine  sluices.  The 
first  is  a  perfect  lock,  with  a  fall  of  eight  feet ;  tlie  otliers 
are  only  Pertuis,  named  in  the  country  Bova,  which  will 
be  described  afterwards.  At  Padua,  the  principal  arm 
of  the  Bacchiglione  separates  into  sevei'al  branches. 
Two  canals  encompass  the  city,  one  for  mills,  the  other 
for  navigation.     After  leaving  the  city  they  reunite. 

In  1201,  a  canal  was  taken  off  the  river,  1 1  miles  above 
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the  city  of  Bassa^allo.  At  eight  miles  it  meets  an 
ancient  river  named  Vego  Seno.  This  canal  passes  two 
aqueducts,  the  first  near  Mensellisse ;  it  afl'ords  a  pass- 
age to  vessels  carrying  stones  lor  the  buildings  in 
Venice.  The  second,  named  De  Pegozza,  admits  water 
fiiom  the  country  of  Padua  and  Vincenza.  Tlie  united 
waters  proceed  three  miles  to  Dolo,  and  alterwards, 
under  the  name  of  Brentone,  to  the  Sea  or  Basin  of 
Brondolo.  The  water  of  the  Piovego  was  long  kept  up 
by  the  Bovas  only;  but,  in  1431,  the  Venetians  caused 
to  be  constructed  a  sluice  with  double  gates,  which  is 
considered  the  first  example  of  a  perfect  lock.  The 
credit,  as  has  already  been  mentioned,  is  due  to  two 
brothers  of  the  town  of  Viterbe  ;  the  fall  was  five  feet. 
A  mile  above  Brenta,  a  canal  of  seven  miles  was  made 
in  the  12th  century.  The  great  sluice  of  Padua,  named 
Porto  Contarine,  has  6i  feet  fall,  and  was  constructed  in 
1505. 

The  Brenta  begins  to  be  navigable  15  miles  above 
Padua.  Five  miles  above  that  city  it  separates  into  two 
branches,  the  left  by  the  name  of  Brenta  Vecchia,  goes 
to  the  village  of  Stra  below  Padua  ;  the  right  branch, 
named  Brentella,  unites  with  the  Bacchiglione,  some 
miles  above  Padua.  The  Venetians  have  repeatedly 
changed  the  course  and  branches  of  the  Brenta.  The 
Brenta  communicates  with  the  Adige  by  a  canal  of  six 
miles  from  the  basin  of  Brondolo,  at  the  mouth  of  the 
Brenta,  across  the  marshes.  A  branch  entirely  artifi- 
cial, 20  miles  in  length,  passes  from  Padua  to  Venice  ; 
it  has  50  feet  fall,  divided  into  four  locks.  Notwith- 
standing all  these  numerous  works  on  the  Brenta,  they 
•were  found  insufficient,  and  in  1777,  P.  Ximenes,  P. 
Frisi,  and  M.  Straiies,  were  appointed  by  the  senate  to 
consider  a  plan  by  M.  le  Coloneli  Lorgna  respecting 
the  disorders  of  the  Brenta. 

The  actual  bed  of  the  Po,  which  carries  the  waters  of 
this  great  river  to  the  sea,  which  is  named  Po  de  Ve- 
nice, was  formed  in  1 1  67  by  an  opening  in  the  dykes  at 
Tevaralo.  Besides  the  Cavanello  di  Adige,  there  is 
another  sluice  at  Brondolo,  which  has  12  feet  fall. 

The  lagunes  are  skirted  by  a  canal  36  miles  in  length, 
named  Novella  Brenta.  The  Sill  river  commences  in 
the  plain,  some  miles  above  Treviso,  and  is  navigable 
from  that  city  to  the  sea,  a  distance  of  40  miles  by  the 
river.  It  still  communicates  with  the  lagunes  by  a  ca- 
nal named  Siomello,  which  has  two  sluices  ;  and  the 
gates,  constructed  in  1686,  have  eight  feet  fall. 

At  Rome  it  has  often  been  proposed  to  make  the  Ti- 
ber navigable  from  Perugia  to  the  mouth  ot  the  Nera, 
from  whence  to  the  sea  it  is  now  navigable.  But  Man- 
fredi,  in  a  report  dated  1732,  says,  that  the  Tiber,  hav- 
ing a  fall  of  eight  or  nine  Roman  palms  per  mile,  is  too 
rapid  for  navigating  upwards :  he  therefore  proposes 
sluices  ;  but  the  project  was  abandoned. 

The  canal  of  Leghorn  is  the  most  considerable  in 
Tuscany.  It  is  IS  miles  long,  45  feet  broad,  and  four 
or  five  feet  deep.  It  derives  its  waters  from  the  Arno, 
and  falls  towards  Leghorn  ;  but  the  slope  is  so  gentle 
that  barks  easily  pass  upwards,  hauled  by  men.  The 
river  Arno  continues  navigable  through  Florence  to  Ar- 
raro,  where  the  Canal  di  Chiano  prolongs  the  naviga- 
tion to  Monto  Pulciano. 

Holland  and  the  Low  Countries. 

The  northern  part  of  Germany  is  one  immense  plain, 
descending  gently  towards  the  sea,  there  being  no  con- 
siderable mountain  within    150  miles  of  it  j  and   from 


Blankness,  at  the  Dover  Straits,  to  the  coast  of  Den- 
mark, the  shore  exhibits  chiefly  a  range  of  low  sand 
hills,  occasionally  broken  to  admit  the  exit  of  the  land- 
waters  from  the  great  plain. 

Behind  this  range  of  sand  hills  lies  a  shallow  basin, 
about  a  mile  in  width,  occupied  by  a  bog  or  morass,  the 
surface  of  which  is  but  liitle  above  the  level  of  the  sea, 
and  the  bottom  from  ten  to  twenty  feet  below  it.  The 
breadth  of  this  space  frequently  varies,  the  great  inlets 
of  the  Zuyder-Zee  still  exist,  unfilled  with  peat;  and, 
according  to  tradition,  was  a  lake  only,  until  the  Cim- 
brian  deluge,  breaking  the  northern  boundary  of  the  mo- 
rass, had  admitted  the  sea  into  Friesland.  But  the  con- 
tinuous parts  of  the  morass  are  chiefiy  adjacent  to  great 
rivers.  Now,  it  is  the  nature  of  all  rivers  liable  to  in- 
undation, to  deposit  great  part  of  the  sullage  on  their 
immediate  banks,  and  raise  them  higher  than  the  mo- 
rass behind  ;  and  this  valuable  land  may  have  suggested 
the  idea  of  completing  and  extending  the  works,  by  em- 
banking the  rivers,  and  securing  the  meadows  by  dykes. 
The  embankments  of  the  Rhine,  at  least  of  the  great 
island  Betuwe,  is  more  ancient  than  the  invasion  of 
Csesar.  Although  the  state  of  the  country  must  have 
rendered  inland  navigation  unavoidable,  yet  it  does  not 
appear  that  any  artificial  canal  was  constructed  previous 
to  the  time  of  the  Romans,  when  Drusus  formed  the 
derivation  fiom  the  Rhine  to  the  Yssel  at  Daesburg,  12 
B.  C.  (Tacitus,  Ann.  ii.)  He  is  also  said  to  have  em- 
banked the  Rhine.  Corbulus,  one  of  the  ablest  of  the 
Roman  Generals,  employed  his  soldiers  in  excavating 
the  Fossa  Corbulonis,  to  unite  the  Rhine  and  the  Meusc. 
It  was  twenty-three  miles  in  length ;  and  may  have 
been  the  origin  of  the  present  canal  of  Delft,  extending 
from  Leyden  to  Maesland  sluice.  Claudius  Civilis 
formed  the  river  now  called  the  Leek.  This  river  pass- 
es with  a  crooked  course,  and  on  a  high  level,  to  join  the 
Meuse  at  Flaardirgen.  It  has  been  embanked  in  later 
times. 

In  the  middle  of  the  fifth  century,  the  channel  of  the 
Merwe,  or  Merwede,  was  formed  by  Meroveus,  king  of 
the  Franks,  from  the  Meuse  to  the  Waal,  at  Durdtrecht, 
to  join  the  Leek  at  Krimpen  ;  the  mouth  of  which  is  now 
considered  as   the  mouth  of  the  Meuse. 

The  Emperor  Otho,  in  the  tenth  century,  cut  a  ca- 
nal from  Ghent  to  the  sea;  and  besides  the  bel'oremen- 
tioned,  many  cuts  and  channels  have  been  efftcted  by 
inundations.  Of  this  kind  are  the  Risbosch,  (or  Bui- 
rush  Forest,)  to  the  westward  of  the  city  of  Durdtreclit, 
which  occurred  in  1421,  by  an  irruption  of  the  Meuse. 

Besides  the  natural  lakes,  the  interior  navigations  are 
continually  extending,  by  cutting  turf  for  fuel,  which, 
reaching  to  the  depth  of  from  twelve  to  twenty  feet  be- 
low low  water,  leaves  a  new  lake.  These  sheets  of 
water,  called  Plassen,  or  Plashes,  by  the  Dutch,  are  all 
one  level  within  certain  districts,  and  uniting  with  the 
canals,  are  navigated  by  the  sail  or  perch;  but  as  many 
of  these  plashes,  when  united,  form  great  lakes,  which 
have  waves,  and  which  corrode  the  adjacent  lands,  it 
is  the  policy  of  the  Dutch  to  have  them  drained  and 
cultivated.  For  this  purpose  they  are  surrounded  by 
dykes,  to  keep  out  the  foreign  waters;  on  the  outside 
of  which  a  ringsloot,  or  surrounding  drain,  is  made  of 
dimensions  sufficient  to  be  a  navigable  canal.  The  wa- 
ter is  then  raised  from  the  interior  polder  by  means  of 
windmill,  to  the  ringsloot,  along  which  it  passes  into  the 
sea.  The  bottom  of  the  polder,  or  drained  laud,  has  also 
drains,  which  in  some  cases  are  navigable,  but  they 
never  communicate  with  the  exterior  canal,  or  rings- 
3  D  2 
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loot.  Nearly  all  the  lakes  of  North  Holland  were  re- 
claimed in  this  way  about  150  years  ago:  Much  has 
also  been  done  in  South  Holland.  To  the  extent  of 
about  20,000  acres,  has  been  lately  drained  under  the 
direction  of  the  intelligent  M.  Brunings  of  Leyden. 
Great  part  of  that  province  is  however  still  under  water, 
especially  adjacent  to  Rcjlierdani. 

The  navigations  of  Holland  arc  intimately  connected 
with  drainage,  and  could  only  be  so  multiplied  in  a  coun- 
try, which,  being  nearly  flat,  made  it  necessary  to  gain 
elevation  over  the  usual  level  of  the  waters,  by  sacrific- 
ing a  portion  of  the  surface  ;  but  as  the  nation  became 
commercial,  the  convenience  of  water  carriage  caused 
an  amazing  increase  in  the  number  of  canals.  The  older 
parts  of  the  cities  in  Holland  were  usually  constructed 
with  the  streets  along  the  dykes.  The  newer  parts  have 
a  canal  in  the  middle  of  every  street,  with  a  spacious 
quay  on  each  side,  shaded  with  trees.  There  is  scarce- 
ly a  town  of  any  note  but  what  is  provided  with  one  or 
more  canals.  This  has  been  chiefly  effected  by  con- 
.^  necting  and  embanking  the  ancient  brooks  and  rivers, 
\and  retaining  the  water  at  a  sufficient  height  by  sluices 
•and  dams.  The  artificial  canals  are  therefore  not  so 
numerous  as  might  be  imagined.  The  construction  of 
a  dam  necessarily  implies  the  formation  of  a  port,  at 
\phich  the  sea,  or  tidal  navigation,  might  be  exchanged 
for  that  on  still  water.  Hence  the  frequent  occurrence 
•jf  this  word  as  the  termination  of  the  ports  of  Holland. 
It  was  not,  however,  until  the  navigation  of  Holland 
had  attained  a  considerable  perfection,  that  the  invention 
of  the  lock  permitted  the  transfer  of  the  sea  vessel  into 
the  interior. 

A''urth  Holland. 

The  river  Saam  appears  the  parent  of  the  interior 
navigation  of  North  Holland.  It  formed  the  outlet  for 
the  waters  of  the  lakes  Beemster,  Schermeer,  &c.  now 
drained  and  cultivated.  It  gave  a  navigation  to  Alk- 
maar;  and  as  this  city  may  be  considered  the  central 
point  of  North  Holland,  wc  shall  begin  our  description 
of  the  canals  from  thence. 

1.  Canal  Co  Zaand. — Its  course  is  towards  the  north 
for  7^  miles,  to  the  ancient  sea  dyke  of  West  Friesland, 
where  a  lock  lowers  it  into  the  cultivated  marsh  of  Zype; 
and  from  this  point  a  branch  2]  miles  passes  to  Potten 
on  the  North  Sea.  On  looking  down  into  the  Zypc,  the 
canal  proceeds  nine  miles  along  the  main  drain  of  that 
district,  to  the  dyke  separating  it  from  the  Wieringer 
Waard  embanked  marsh ;  and  a  cross  drain  of  three 
miles  completes  the  navigation  to  Zaand,  at  the  northern 
extremity  of  the  Zype. 

2.  Canal  of  Egmonl. — Five  miles  to  the  west  of  Alk- 
maar  lies  the  coast  town  of  Egmont-op-Zec,  and  a  clus- 
ter of  villages  line  the  inner  side  of  the  downs.  The 
intermediate  space  between  them  and  Alkmaar,  former- 
ly a  lake,  now  drained,  and  intersected  by  canals,  viz.  one 
towards  Bergen  on  the  north  side,  and  which,  surround- 
ing the  Berger  Mere,  (the  first  lake  drained  in  North 
Holland.)  unites  with  it ;  2d,  A  canal  to  Schuglenburg, 
with  two  branches;  3d,  A  canal  of  five  miles  to  Egmont- 
op-de-Hoog,  with  two  branches  uniting  at  Egmont  Abdy. 
The  total  extent  of  these  canals  is  about  20  miles,  inter- 
secting a  country  of  about  five  miles  by  three.  They  are 
in  fact  ringsloolen,  or  surrounding  drains,  and  their 
banks  divide  the  general  lake  into  three  large  and  se- 
veral  smaller  compartments,  or  polders,  from  which 


the  water  is  raised  by  mills  to  the  general  level  of  the 
canals. 

3.  Canals  to  Col/torn,  Mcdenblick,  isfc On  the  east- 
ern side  of  Alkmaar,  and  at  a  mile  distant,  is  the  drained 
lake  Schermeer.  On  the  north  of  this  is  the  drainage 
called  the  Huygen  Waard.  The  ringsloot  surrounding 
it  lor  21  milts,  is  navigable,  and  has  many  branches, 
making  in  all  about  19  miles,  pervading  a  country  about 
6  miles  by  3A  miles.  They  connect  with  the  sea  at 
Colhorn  by  a  tide  lock. 

4.  Tlie  Canal  to  Hoorn  was  made  in  the  beginning  of 
the  irth  century.  It  passes  by  the  ringsloot,  between 
the  Huygen  Waard  and  Schermeer  to  Ursein,  and  from 
thence  by  a  canal  of  nine  miles  to  Hoorn,  on  the  Zuy- 
der-Zee. 

5.  Canal  to  Parmerondc  and  Edam.  The  Schermeer 
Lake  has  a  navigable  ringsloot  of  21  milts,  of  which 
lour  miles  of  the  north  are  common  to  it  and  the  Huy- 
gen Waard.  This  also  connects  with  the  ringsloot  of 
Schermeer  seven  miles,  and  that  with  the  ringsloot  of 
Beeinster  24  miles  in  circumference,  thereby  complet- 
ing the  communication  with  Alkmaar,  Hoorn,  S^c.  Sec. 

6.  From  CnolUndam^^K  the  south  exiremily  of  Scher- 
meer, the  river  Saan  is  navigable  for  large  barks  to  the 
sea  sluice  at  Saardam. 

7.  Canal  of  jYaauwarna  opens  another  communication 
from  Cnollendam  to  the  Ye.  Its  length  is  seven  miles  ; 
and  a  stone  sluice  at  Naauwarna  joins  it  to  the  Ye.  This 
is  the  direct  line  of  communication  from  Haarlem,  &c. 
into  North  Holland. 

8.  Panncronde  also  communicates  by  the  side  of 
Beemster  with  Alkmaar  and  Hoorn,  likewise  towards 
the  south-wesi,  with  the  river  Saan  at  Calf;  and  it  has, 
besides,  a  communication  towards  Ainsterdam  by  a  ca- 
nal of  eight  miles. 

9.  The  canal  to  Manniketidam,  in  its  passage,  commu- 
nicates with  various  lakes  and  drains  in  the  eastern  part 
of  Waterland,  affording  every  where  a  ready  means  of 
conveyance  to  Amsterdam. 

Besides  these  leading  routes,  there  arc  many  others 
of  smaller  dimensions,  by  which  inland  navigation  is 
extended  not  only  to  towns,  but  even  villages,  and  the 
interior  of  farms.  Where  locks  are  not  constructed, 
the  connection  between  the  higher  and  lower  levels  is 
by  means  of  inclined  planes,  and  rollers  worked  by 
capstans. 

With  the  exception  of  drainage,  all  the  canals  are 
upon  one  level,  which  is  a  little  above  the  ordinary  low 
water  of  the  Ye,  or  Zuyder-Zee  ;  therefore  locks  are 
only  required  to  pass  into  or  from  the  sea  at  high  water, 
or  into  one  of  the  main  drains  of  the  Polders. 

Canals  of  South  Holland. 

The  canals  of  this  province  also  owe  their  origin  to 
drainage.  From  Naardeii,  on  the  Zuydcr-Zee,  a  lidge 
of  dry  ground  and  heath  extends  to  Rlientn  on  the 
Rhine.  The  country  to  the  westward  is  flat,  and  occu- 
pied chiefly  with  a  morass  to  the  line  of  downs,  which 
divides  it  from  the  North  Sea.  The  drainage,  until  the 
present  century,  was  divided  into  a  variety  of  portions, 
under  independent  jurisdictions.     Of  these^ 

1.  Rhineland  comprehended  the  Haarlem  Mere,  and 
lower  basin  of  the  ancient  Rhine,  from  the  sea  to  the 
Mye,  draining  to  the  River  Ye. 

2.  Amstelland,  to  the  east  of  Rhineland,  comprehend- 
ing the  basin  of  the  Amsiel-riyer,  and  draining  to  the 
Ye  at  Amstercjam. 
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3.  Goyland,  east  ol  Amstelland,  comprehending  the 
Vechi,  from  New  Sluis  to  Mugden. 

4.  Delfiland,  south  of  Amstelland,  extending  fiom  the 
mouth  of  the  Meuse  to  Schiedam. 

5.  Schieland,  the  portion  of  the  Meuse  above  Delft- 
land,  and  exlendinj^  lo  Gouda  along  the  Leek. 

6.  The  Watership  of  Woorden,  along  the  Rhine,  be- 
tween Rhemon  and  Utrecht.  The  soutliern  insulated 
portions  of  the  province  were  also  undei  separate  juris- 
dictions. The  states  of  Utrecht  regulated  the  upper  por- 
tion of  the  flats,  between  Goyland  aiid  the  Leek. 

Each  district  has,  by  means  of  locks,  its  waters  pre- 
served at  the  same  level ;  and  is  pervaded  by  canals  and 
numerous  lakes,  all  connected  together,  and  affording  the 
utmost  facility  to  navigation.  But  as  we  cannot  be  ex- 
pected to  enter  into  minuie  detaiis,  we  shall  confine  our 
observations  to  the  general  routes. 

Canals  of  the  Jurisdiction  of  Rhineland. 


This  jurisdiction  seems  to  have  been  established  pre- 
vious lo  1253,  when  a  charter  was  granted  from  William, 
king  of  the  Romans,  for  tiie  canal  of  Sparendam.  The 
interior  navigation  of  Rhineland  begins  at  Sparendam  on 
the  Yr,  near  Haarlem,  for  vessels  not  drawing  more  than 
six  fett.  TLey  are  admitted  by  sea  locks  ir.to  the  river 
Sparcn  an;l  town  of  Haarlem  ;  from  thence  they  may 
pas^  into  the  Haarlem  Meer,  and  crossing  it,  pioceed  to 
Leyden  and  the  old  Rhine,  by  means  of  various  naviga- 
ble channels. 

The  old  Rhine  ran  originally  into  the  sea  at  Catwyk, 
near  Leyden  ;  but  the  river  had  lost  the  power  of  pre- 
serving its  channels,  and  the  sand  blew  across  it  in  841 
A.  D.  and  rose  inlo  downs.  Since  that  period,  the  small 
quantity  of  water  which  passes  towards  Leyden  finds  its 
way  by  the  Haarlem  Meer,  or  by  Amsterdam,  into  the 
Ye.  It  was  only  after  the  union  of  tne  several  water- 
ships,  under  the  late  Batavian  republic,  that  this  great 
work  was  seriously  taken  up. 

The  Rhine  communicates,  for  ship  navigation,  with 
the  Issel  and  Meuse  by  Gouda.  A  ship-lock  at  the 
Gouda  Sluis  passes  the  vessel  across  the  dike  of  the 
Rhine,  into  a  spacious  canal  connecied  with  the  Crome 
Goura  river.  This  was  made  in  1281  as  a  slaker  to  the 
Rhine.  It  is  nine  miles  in  length,  and  has  an  excellent 
tide-lock  at  Gouda  on  the  Yssel,  153  feet  long,  and  25 
wide  in  the  chamber.  The  vessels  chiefly  employed  aie 
called  Cologne  ships,  upon  fave  or  six  feet  water,  and  ate 
often  1000  tons  burden. 

Besides  the  ship  navigation,  there  are  many  track  ca- 
nals through  Rhineland  : 

L  The  Treck  V'aart  from  Haarlem  to  Amsterdam, 
five  miles  upon  one  level.  Passengers  then  walk  across 
the  sluice  bridge,  and  again  embark  on  the  second  part 
of  the  canal  for  5  J  miles  farther,  to  the  Haarlem  port  of 
Amsterdam. 

2.  Tiie  canal  from  Haarlem  lo  Leyden,  18  miles,  made 
in  1657,  between  the  Downs  and  Haarlem  Mere. 

3.  From  Leyden  the  Rhine  is  navigable  towards  Woer- 
den  an'l  Ulrecht,  and  is  regulated  by  locks.  It  has  many 
navigable  branches:  Of  these,  the  Hoogweense  Vaart, 
and  two  others,  communicate  with  the  great  plashes,  or 
cut  away  bogs;  and  from  thence  small  barks  pass  by  tha 
river  Rolte  to  Rotterdam. 

From  Leyden  to  Deift  the  canal  is  by  many  considered 
as  being  the  Fossa  Corbulonis,  and  probably  a  part  of  the 
ancient  excavation  has  been  adopted.     It  continues  on 


the  general  level  of  Rhinelsnd  from  Leyden,  seven 
miles  to  Leidsendam.  A  large  basin  at  this  village 
serves  as  a  lock  chamber  for  connecting  the  navigation 
of  two  districts.  The  difference  of  levels  sometimes 
amounts  to  2J  feet,  but  in  general  to  8  or  9  inches  only. 

Canals  of  -Amstelland, 

The  Ye,  before  Amsterdam,  is  from  eight  to  nine  fa- 
thoms in  depth,  and  forms  a  well  sheltered  road.  The 
havens  and  canals  of  Amsterdam  are  shallow,  being  about 
eight  feel  deep  at  ordinary  water.  They  are,  therefore, 
fit  for  the  Rhine  ships  and  Dutch  coasters,  but  do  not 
admit  vessels  for  foreign  trade.  These  lie  along  the 
booms  and  front  of  the  town,  and  the  goods  are  trans- 
ferred by  means  of  the  numerous  canals  of  the  city. 

The  several  heights  of  the  waters  of  Holland  arc  re- 
ferred to  the  Amsterdam  Piel,  which  is  considered  to 
have  been  the  mean  height  of  the  water  in  the  Ye  in  the 
century  before  last ;  but  that  high  water  is  now  two  or 
three  inches  above  this  level. 

Without  the  walls  of  the  city,  the  Amstel  river  is  the 
great  trunk  of  navigation.  It  is  embanked  and  naviga- 
ble eleven  miles,  to  ihe  boundary  of  the  district  at  Am- 
stelmondhard,  by  which  it  divides  into  two  branches, 
which  connect  with  numerous  canals,  both  in  this  dis- 
trict and  tliat  of  Rhineland.  We  are  sorry  that  our 
bounds  will  not  permit  us  to  enter  into  further  details. 

Delftland. 

The  city  of  Delft  is  said  to  derive  its  name  from 
"  delvin,"  to  dig.  This  jurisdiction  is  confirmed  by 
charter  in  1255.  It  contains  three  principal  lines  of 
navigation,  uniting  at  the  city.  1.  The  canal  of  Ley- 
den, extending  six  miles  to  Leydsendam,  with  a  branch 
of  two  miles  to  the  Hague,  and  from  thence  six  miles 
southward  along  the  Downs,  with  various  communi- 
cations. 

2.  The  Gasp  and  canal  to  Maesland  Sluis  eight  miles, 
with  a  branch  of  five  miles  to  Vlaardinger  ;  one  of  four 
to  Lice,  and  various  small  cuts. 

3.  The  Schie  8^  miles  to  Schiedam,  with  a  branch  of 
3i  miles  to  Vyfsluis,  and  two  others,  viz.  one  of  three 
miles  to  the  port  of  Delfthaven,  and  one  of  three  miles 
to  the  city  of  Rotterdam. 

Rotierdam  is  one  of  the  chief  ports  of  Holland,  the 
Macse  in  front  of  it  being  30  or  40  feet  deep  :  It  is  ac- 
cessible to  large  sea  vessels.  The  sea  lock  at  Delftha- 
ven is  worthy  of  attention. 

4.  The  Watership  of  Woerden,  and  the  Krimpen 
Waard,  forms  the  central  district  of  Holland,  and  dates 
from  1322.  Its  navigations  are,  1.  The  old  Rhine,  in 
which  are  three  locks,  between  Woerden  and  Utrecht; 
2.  The  Linschoite,  between  the  Rhine  at  Woerden  and 
the  Yssel  at  Ouder  Water,  with  a  more  direct  cut  to 
Monifort ;  3.  The  Wiericke,  forming  a  communication 
in  the  lower  part  of  the  district'. 

Utrecht. 

Besides  the  Rhine  and  Veght,  Utrecht  had,  at  an 
early  period,  formed  several  artificial  canals.  The  Veght 
ilself  is  said  to  have  been  united  with  the  Rhine  in  1148. 
A  branch  of  six  miles  passes  to  Martendyke;  the 
Vaartsche  Rhyn  is  a  canal  of  five  miles  from  Utrecht 
lo  the  Leek  at  Vreeswyck,  and  was  made  in  1373.    The 
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lock  at  Vreeswyck  also  dates  from  that  period,  and  is, 
perhaps,  one  of  the  oldest  on  record.  There  are  various 
branches  from  this  canal,  and  these  navigations  are  con- 
tinued beyond  the  Leek,  through  the  Bctuwe,  and  to  the 
Wai,l. 

Southern  Diatricts  and  Islands. 

The  southern  districts  of  Holland  being  intersected  by 
the  arms  of  the  Meuse  and  the  Waal,  have  less  need  of 
artificial  canals.  Breda  has  a  canal  of  some  miles  in 
length,  into  the  great  morass  of  Kcil,  for  the  carriage  of 
turf;  but  the  operations  in  this  quarter  have  chiefly  been 
embanking  and  drainage,  and  cuts  for  the  improvement 
of  sea-ports,  amongst  which  that  of  Middleburgh,  ef- 
fected in  1532,  is  the  most  remarkable. 

Considering  that  the  polders  are  18  feet  below  the 
ordinary  low  waters  of  the  Meuse  and  Ye,  and  that  the 
water  of  the  embanked  interior  rivers  are,  in  some  in- 
stances, as  in  the  Leek,  30  feet  higher  than  the  central 
polders  of  Holland,  it  will  be  seen  that  the  situation  of 
that  country  is  truly  critical  ;  and  the  fact  is,  it  has,  at 
various  times,  suffered  very  materially  from  extraordi- 
nary inundations.  Various  plans  have  been  proposed  to 
prevent  similar  accidents,  and  one  has  been  partially 
executed. 

A'orlh  Eastern  Districts. 

The  eastern  districts  having  a  greater  elevation,  and 
being  composed  of  a  sandy  barren  soil,  have  fewer  arti- 
ficial navigations.  The  canal  of  Drusus,  now  one  of  the 
mouths  of  the  Rhine,  has  already  been  noticed.  The 
Berkel,  which  joins  the  Yssel  at  Zutphen,  was  made 
navigatile  for  boats  25  miles,  during  the  last  century. 
At  Zwoll  a  short  canal  has  been  made  to  the  Veght ; 
others  proceed  to  the  Yssel  at  Kampen,  and  further 
down  on  the  Veght. 

In  Friesland  the  canals  are  numerous,  a  congeries  of 
lakes  passes  nearly  across  the  province  southwest  and 
north-east,  and  being  almost  all  connected,  form  a  very 
extensive  navigation.  There  are,  besides,  many  canals 
for  the  double  purpose  of  navigation  and  drainage,  every 
town  almost  having  a  direct  navigable  communication 
■with  each  other. 

The  limits  of  this  article  preclude  us  from  entering 
into  further  detail  respecting  the  hydraulic  works  of  this 
country  ;  to  do  ihem  justice  a  large  volume  would  be 
required.  The  total  of  the  hydraulic  works  between  the 
DoUart  and  the  Scheldt  have  been  estimated,  by  a  com- 
petent judge,  to  have  cost  300,000,000A  sterling,  and 
form,  in  so  small  a  country,  a  most  astonishing  monu- 
ment of  human  industry. 

The  Mivigation  of  Belgium. 

The  early  prosperity  of  Belgium  had  led  to  the  early 
formation  of  inland  navigations.  Bruges  was  the  great 
emporium  of  the  north.  This  was  owing  partly  to  poli- 
tical causes,  but  chiefly  to  its  situation  on  the  first  open- 
ing within  the  North  Sea  to  ships  from  the  ocean.  At 
Bruges  nature  had,  by  the  Lummens  Vlict,  between 
Cadsand  and  the  Main,  opened  a  deep  navigable  inlet 
into  the  interior  of  Flanders.  Here  was  built  the  Fort  of 
Sluys;  and  from  thence  the  ancient  river  was  gradually 
embanked  in  1130,  and  improved  into  a  canal,  reaching 
to  Bruges,  nine  miles  distant.     Dam,  between  these,  was 


formerly  a  sea  port,  and  has  still  a  separate  canal  to 
Bruges  and  Ghent.  But  in  1482,  the  quarrel  between 
Bruges  and  the  Archduke  Maximilian  caused  the  port 
of  Sluys  to  be  blocked  up,  and  the  seat  of  trade  removed, 
first  to  Antwerp,  and  afterwards  to  Amsterdam.  Bruges 
has  still  a  noble  canal  to  the  port  of  Ostend,  of  10  miles 
in  length,  capable  of  carrying  vessels  of  500  tons  ;  it  was 
enlarged  and  deepened  in  1665  and  1728.  Near  Ostend 
are  the  great  sea  locks  of  Slykensas,  built  by  the  pro- 
vince in  1 660.  The  Lieve  was  rendered  navigable  in  the 
13th  century  from  Dam  to  Ghent,  and  in  1613  the  grand 
canal  of  Albert  and  Isabella  was  begun,  from  the  Lieve 
at  Venderhout  to  Bruges.  This  forms  the  usual  and  di- 
rect route  from  Ghent  to  Bruges,  22  miles.  It  will  carry 
vessels  of  300  tons,  and  communicates  at  Bruges  with 
the  Ostend  canal,  18  feet  lower,  by  three  locks.  This 
line  of  communication  continues  along  the  coast  to  Ca- 
lais. It  is  on  one  of  those  that  the  system  of  saving  wa- 
ter hy  side-ponds  was  first  practised,  by  Dubie,  at  the 
locks  of  Bousingue,  of  20  feet  fall  (Belid.  .Arch.  Hyd. 
vol.  iv.  c.  4.  p.  411.)  From  Neuport  the  canal  passes 
five  miles  to  Furnes,  where  a  communication  is  made  by 
an  overtoom,  or  double  inclined  plane.  From  Furnes, 
the  canal,  opened  in  1644,  proceeds  to  Dunkirk,  where 
there  are  various  branches.  As,  I .  The  canal  de  Moores  ; 
2.  Canal  of  Berg,  of  five  miles,  admitting  vessels  of  200 
to  300  tons;  3.  Canal  of  Bourbourg,  10  miles,  uniting 
with  the  Aa  at  Fintelle  ;  and  by  the  Aa  to  St.  Omers,  and 
by  a  branch  to  the  Aire  and  the  Lys;  5.  Canal  of  Mar- 
dyke,  two  miles  to  the  great  sea  lock,  but  the  ship  lock 
was  destroyed  in  1717.  The  river  Aa  has  its  outlet  at 
the  port  of  Gravelines. 

There  is  another  canal  or  river,  called  the  Colme,  from 
Furnes,  through  Berg,  to  the  river  Aa  at  Linke,  1 1  miles 
above  Gravelines.  This  canal  was  made  in  1662,  under 
the  Spanish  President  Castel  Rodrigo,  and  communi- 
cates with  Dunkirk  by  the  canal  of  Berg,  also  by  a 
branch  to  Hondsooten.  There  are  also  more  navigable 
branches. 

In  a  country  frequently  inundated,  the  formation  of 
these  water-courses  became  a  matter  of  necessity,  and 
was  in  general  effected  by  the  municipal  authoiity  of  the 
several  provinces  or  towns.  This  system  continued  in 
the  low  countries  with  little  interruption  until  the  period 
of  the  late  Revolution,  when  the  whole  of  these  pro- 
vinces fell  under  the  dominion  of  France. 

The  Scheldt  and  its  Branches. 

From  this  brief  view  of  the  northern  plain  of  Flan- 
ders, we  shall  turn  our  alterition  to  the  advantages  which 
the  southern  and  more  elevated  paits  derive  from  the 
branches  of  the  Scheldt.  Near  the  ocean,  the  extensive 
marshes  on  each  side  are  protected  by  high  dykes,  and 
it  is  only  on  arriving  at  Antwerp  that  the  river,  in  a  sud- 
den bend,  is  found  to  reach  high  land  on  its  eastern  side. 
It  is  here  the  river  is  30  feet  deep  at  low  water,  and  has 
18  feet  rise  of  tide,  which  carries  the  largest  vessels  up 
to  the  quays.  The  city  is  pervaded  by  several  canals, 
which,  since  the  destruction  of  its  trade,  have  been  arched 
over,  and  are  only  known  as  sewers.  Two  extensive  float- 
ing basins,  capable  of  admitting  ships  of  the  line,  were 
constructed  here  by  the  direction  of  Bonaparte. 

At  Rupplemonde,  eight  miles  further  up,  the  Scheldt 
divides.  The  eastern  branch,  named  Rupple,  is  navi- 
gable three  miles  to  Mechlin,  at  the  junction  of  the 
Senne,  the  Dyle  and  Nethes.     As  none  of  these  admit 
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of  being  navigated,  except  by  craft  of  a  small  descrip- 
tion, canals  have  been  formed  to  Brussels  and  Louvain. 
The  canal  of  Brussels  was  formed  between  1550  and 
1581)  George  Rinaldo  being  the  engineer  ;  it  is  15  miles 
in  length,  with  a  fall  of  50  feet  by  five  locks.  This  canal 
is  navigable  for  coasting  sloops. 

The  canal  of  Louvain,  formed  in  1750,  is  10  miles, 
and  goes  from  Louvain  to  Mechlin.  Half  way  between 
these , places  is  a  large  basin  or  lock,  with  a  fall  of  10 
feet,  which  requires  half  an  hour  to  pass.  There  is  also 
another  double  lock  of  four  feet  fall.  The  gates  are  25 
feet  wide,  and  the  length  96  feet.  The  canal  has  10 
feet  water. 

From  Ripplemonde  the  Scheldt  continues  navigable 
by  Dendernionde  to  Ghent,  where  it  receives  the  Lys. 
The  city  of  Ghent  has  also  a  direct  communication  with 
the  sea  by  canals,  as  Bruges,  Dam,  already  described. 
There  are  also  various  others,  besides  branches  to  dif- 
ferent villages,  especially  the  rich  tract  called  the  Pays 
de  Waars,  between  Ghent  and  Ostend.  Above  Ghent 
the  river  Lys  is  navigable,  by  means  of  single  sluices,  to 
Cointray,  Menin,  Harebrouck,  and  Aire.  From  Lisle  is 
a  canal  23  miles  in  length,  made  in  1690.  The  Scheldt 
continues  navigable  above  Ghent,  by  Oudenard  and  Tour- 
nay  ;  it  also  receives  the  rivers  Scarpe  and  Hairne,  which 
are  navigable  to  Douay,  Anas,  and  Mons.  The  navi- 
gation of  the  Scheldt  ceases,  in  a  great  measure,  at  Va- 
lenciennes, where  a  canal  commences  by  Bouchain  to 
Cambray,  16  miles.  This  forms  part  of  the  great  canal 
of  Picardy. 

Various  other  projects  of  canals  of  junction  were 
formed  under  the  government  of  Bonaparte,  but  although 
some  expense  was  incurred,  nothing  effectual  was  ac- 
complished. 

France. 

Adjacent  to  Holland  and  the  Low  Countries,  is  the 
great  kingdom  of  France.  This  extensive  and  singularly 
fine  country,  notwithstanding  the  example  of  Holland,  &c. 
on  the  north,  and  Italy  on  the  south,  in  regard  of  artifi- 
cial canals,  did  not  early  adopt  this  valuable  improve- 
ment. This  neglect  might  arise  from  its  being  in  pos- 
session of  various  great  rivers,  as  the  Rhone  and  Ga- 
ronne in  the  south,  and  the  Loire  and  Seine  in  the  north, 
which,  with  the  Rhine,  and  Scheldt,  afford  water-con- 
veyance far  into  the  conntry.  Much  must  also  be  attri- 
buted to  the  character  of  the  people,  such  as  their  being 
more  disposed  to  grasp  at  apparently  magnificent  pro- 
jects by  great  and  hasiy  efTorls,  than  steadily  pursuing 
those  more  solid  advantages  which  are  accomplished  by 
slow  and  imperceptible  degrees.  We  accordingly  find 
that  most  of  the  French  canals,  instead  of  being  the  re- 
sult of  the  increasing  industry  of  the  people,  have  gene- 
rally been  Uie  projects  of  amljiiious  princes.  Ciiarleniagne 
is  said  to  have  attempted  to  open  a  communication  be- 
tween the  Rhine  and  the  Danube,  but  he  relinquished 
the  undertaking;  indeed,  previous  to  the  invention  of 
the  lock,  it  was  not  likely  to  be  effected.  Before  the 
middleofthe  16th  century,  Francis  L  had  I'oinicd  schemes 
of  inland  navigation,  particularly  tluit  of  Lan,t;uedoc,  but 
no  practical  measures  were  then  taken.  This  favourite 
project  was  revived  under  Henry  IV.  and  his  minister 
Sully,  and  tliey  actually  begun  the  canal  of  Biiare,  be- 
tween the  Loire  and  the  Seine,  although  this  last  was 
only  completed  by  Cardinal  Richlicu  under  Louis  XIII. 

In  the  latter  end  of  the  17th  century,  under  the  anobi- 


lious  Louis  XIV.  the  canal  of  Languedoc  was  accom- 
plished, and  an  instructive  example  furnished  Fr.mce, 
and  the  rest  of  Europe,  as  to  the  means  of  obtaining  im- 
proved inland  navigation,  over  comparatively  elevated  and 
unfavourahle  ground.  The  most  important  of  the  circum- 
stances which  led,  at  this  time,  to  the  immediate  accoin- 
plisnment  of  this  great  work  were,  U',  Us  beins;  taken  up 
by  an  ingenious  Italian,  named  Francois  Andreossy,  well 
acquainted  with  locks,  (sluices  wiih  double  gales,)  which, 
for  more  than  200  years,  had  been  successfully  employed 
in  his  native  country  ;  2dly,  His  having  obtained  the  con- 
fidence of  an  able  and  enterprising  imendant  of  the  rich 
province  of  Languedoc,  (Paul  Riquet,)  who  was  intimate- 
ly acquainted  with  the  celebrated  minister  of  Louis  XIV. 
(Colbert ;)  and  Sdly  and  lastly.  This  minister  immedi- 
ately perceiving,  in  this  scheme,  not  only  permanent  ad- 
vantages to  the  country,  but  a  flattering  object  to  his  am- 
bitious master.  From  Riquet  having  transacted  all  the 
business  with  the  minister  ;  having  been  sole  contractor 
for  the  works  ;  and  his  family,  until  the  late  Revolution, 
having  enjoyed  the  revenue  arising  from  the  trade  upon 
this  navigation,  the  whole  credit  has,  for  more  than  a 
century,  been  exclusively  attributed  to  him.  Of  late, 
however.  General  Andreossy  has,  in  a  very  able  treatise, 
vindicated  the  claim  of  his  relation  to  the  original  design, 
and  the  plans  of  the  several  great  works  also,  to  the  ho- 
nour of  superintending  their  execution,  and,  in  truth,  of 
having  faithfully  and  perseveringly  performed  the  office 
of  engineer  in  chief,  from  the  commencement  of  the 
operations  to  the  opening  of  this  extensive  navigation. 

Besides  this  very  considerable  line  of  communication 
in  Languedoc,  France  has  various  others,  which  are 
equally  extensive,  and  perhaps  still  more  important. 
The  rivers  Loire  and  Seine  hare  been  connected  by  the 
canals  of  Briare,  Orleans,  and  Loing.  The  Loire  is  con- 
nected with  the  Soane  by  the  canal  of  the  Centre.  The 
Seine  is  also  (to  the  southward)  about  to  be  opened  to 
the  rivers  Soane  and  Rhine  by  the  canal  of  Burgundy  ; 
while,  to  the  north  of  Paris,  it  has  been  connected  by  the 
rivers  Oise  and  Somme,  and  the  canals  of  Picardy  with 
the  river  Scheldt. 

From  this  general  sketch  we  shall  proceed  to  give  a 
cursory  view  of  the  inland  navigation  of  each  particular 
district,  commencing  at  the  southern  extremity,  thence 
passing  along  the  eastern  districts  to  the  northern,  from 
thence  traverse  the  central  parts,  and  lastly,  notice  those 
situated  to  the  westward. 

Of  the  more  southern  district,  the  canal  of  Languedoc 
forms  the  principal  feature.  From  the  account  given  by 
General  Andreossy  and  others,  it  appears  to  have  origi- 
nated with  Francois  Andreossy  in  1660,  when  he  commu- 
nicated the  design  to  P.  Riquet;  that  after  having  made 
a  journey  to  Italy,  he  returned  and  continued  to  complete 
the  survey  and  designs  till  1664.  Tlie  project  was  pre- 
sented to  the  minister  Colbert  in  this  year,  and  by  his 
orders  the  whole  track  and  design,  examined  by  M. 
Clerville,  Comniissary-Gener.d  of  Fortifications  in  1665, 
who,  in  1666,  made  a  report,  wiihout  mentioning  the 
name  of  Andreossy.  Riquet  contracted  upon  this  report 
and  plan,  although  Andreossy  had  previously  discovered 
its  imperfections,  and  corrected  his  original  design,  and 
Riquet  obtained  authority  to  adopt  this  iniproved  plan, 
by  which  the  commissary  was  excluded  from  further  in- 
terference. The  first  adjudication  or  contract,  from  the 
Garonne  to  747  yards  above  the  bridge  of  Trebes  upon 
the  Ande,  was  made  to  Riquet  14th  of  October,  1666.  In 
1668  Riquet  requested   leave  to  proceed  also   with  the 
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part  of  the  navigation  which  was  eastward  of  Trebes. 
M.  Clerville  also  examined  the  country,  and  formed 
another  defective  project,  which  was  accepted  by  Riquel 
under  condition  of  being  at  liberty  to  improve  it,  wliich 
was  done  by  abandoning  it  akogeiher  for  the  more  per- 
fect one  by  Aiulreossy. 

The  track  of  the  canal  lies  across  the  isthmus  which 
connects  the  peninsula  of  Spain  with  the  south  of  France, 
consisting  of  a  sort  of  valley  between  the  northern  skirts 
of  the  Pyrenees  and  the  Rhone.  One  branch  of  this 
valley  passing  in  an  easterly  direction,  is  occupied  by  the 
rivers  Fresquil  and  Aude,  and  leads  from  the  summit  of 
the  isthmus,  at  Naurouse,  to  the  flat  shores  of  the  Medi- 
terranean, which  are  partly  occupied  by  lakes,  and  panly 
cut  Ihrougli  by  rivers  falling  from  the  great  mass  of 
high  land  to  the  northward,  called  the  Black  Mountain. 
On  the  other  side  of  the  summit,  the  river  Lers  passes, 
in  a  north-western  direction,  to  tlie  city  of  Toulouse,  on 
the  great  river  Garonne,  which  falls  into  the  Bay  of  Bis- 
cay a  little  way  north  of  the  city  of  Bordeaux.  By  this 
track,  therefore,  a  communication  by  water  is  opened  be- 
tween the  Mediterranean  and  the  ocean,  which  avoids 
the  circuitous  and  not  unfrequcntly  dangerous  sea  voy- 
ages around  the  whole  of  Spain  by  the  Straits  of  Gib- 
raltar. 

With  the  view  of  supplying  the  summit  with  water, 
the  Black  Mountain  was  inestimable.  Its  extent  of 
high  land  was  great,  and  much  of  it  covered  with  forests, 
which  lessened  evaporation.  Facing  the  canal  track, 
there  were  numerous  streams  sufficiently  high  to  be  col- 
lected and  carried  to  the  summit  of  the  isthmus,  whicli 
was  accomplished  by  means  of  a  drain  or  feeder  ten  feet 
wide  at  the  bottom,  and  three  deep  of  running  water, 
taking  in  eight  separate  streams.  AIjovc  three  miles  is 
cut  in  rock  ;  and  at  Campmases,  there  is  a  tunnel  125 
yards  in  length,  and  9  feet  diameter.  It  afterwards  falls 
into  the  channel  of  the  Laudoi,  whicli  it  follows  three 
miles  to  the  great  reservoir  of  St.  Ferifeol.  Alter  leav- 
ing this,  it  continues  in  the  Laudot  until  it  joins  the  fee- 
der from  the  river  Sor.  After  which,  they  proceed 
across  the  plain  in  a  feeder  12  feet  wide,  and  3  feet  deep, 
of  running  water,  to  the  basin  of  Naurouse.  The  whole 
length  of  these  feeders  is  SSj  miles,  although  in  a  direct 
line  only  17.  The  feeder  across  the  plain  was  originally 
made  for  navigation,  and  had  14  locks;  but  these  were 
given  up,  and  used  as  a  feeder  only.  Tliere  was  at  first 
an  extensive  octagonal  basin  or  reservoir  at  Naurouse,  425 
yards  in  length,  by  320  in  breadth,  with  7  feet  depth  of 
water ;  but  it  has  been  long  filled  up  with  mud,  and 
planted  with  poplars.  The  feeder  now  passes  along  side 
of  it  to  the  summit  of  the  canal. 

In  giving  a  brief  description  of  the  canal  line  and 
works,  we  shall  begin  at  the  western  end.  The  canal  is 
connected  with  the  river  Garonne,  below  the  mill-weir 
of  Toulouse.  It  passes  round  the  western  side  of  the 
city,  ascending  by  eight  locks.  After  leaving  Toulouse, 
the  canal  is  carried  along  the  southern  side  of  the  river 
Lers,  ascending  by  13  more  locks  lo  Villefranche,  where 
it  crosses  the  Lers,  and  rises  by  5  other  locks,  making  in 
all  26  locks,  and  207  feet  rise  from  the  Garonne  to  the 
summit.  The  distance  is  23|  English  miles;  the  sum- 
mit level  is  only  3i  miles. 

From  the  summit,  the  canal  passes  along  the  southern 
side  of  the  valley  of  the  Fresquil,  beyond  Castelnaudary, 
to  the  point  where  that  river  falls  into  the  Aude  near 
Carcassonne,  having  in  this  distance  crossed  the  Treboul, 
and  five  smaller  streams,  and  descended  by  37  locks.  On 


account  of  the  inhabitants  of  Carcassonne  objecting  to 
the  canal  approaching  their  town,  it  was  carried  to  the 
north  of  it.  But  in  1778,  these  ignorant  men  became 
sensible  of  their  error,  and  proposed  to  contribute  to- 
wards the  expense  of  changing  the  line,  so  as  to  pass 
close  to  the  town.  This  was  adopted,  and  commenced 
before  the  Revolution.  It  was  suspended,  however,  for 
some  time,  but  has  since  been  resumed,  and  probably 
completed. 

Alter  crossing  the  Fresquil,  the  canal  passes  along  the 
northern  side  of  the  river  Aude  and  the  town  of  Trebes, 
to  the  commencement  of  the  long  level  near  the  town  of 
Oionzai.  In  this  last  distance,  it  has  descEndcd  22  locks, 
and  crossed  five  streams,  from  ifie  Black  Mountain.  The 
long  level  commences  at  the  lock  of  Argens,  near  Oian- 
zac,  crosses  the  torrent  Repudie,  passes  along  the  skirt 
of  the  mountain  by  Ventenac,  and  across  the  river  Cesse, 
on  the  east  side  of  which  tlie  canal  of  Narbonne  oranches  off". 
The  canal  then  proceeds,  by  considerable  windings,  to  the 
north  of  C-pestang,  and  around  the  point  of  the  mountain 
Ecurene.  It  then  crosses  the  narrow  ridge  of  Malpas 
by  a  tunnel  181  yards  in  length,  and  proceeds  to  the  top 
of  the  chain  ol  8  locks  at  Fonseranne.  This  level  is  17 
miles  in  length. — After  passing  this  chain  of  locks  and  a 
single  one,  the  canal  crosses  the  river  Orb,  on  the  south 
side  of  the  town  of  Beziers:  it  then  takes  a  southerly 
direction,  crosses  the  river  Libron,  and  proceeds  to  the 
river  Herault,  north  of  Agde.  After  crossing  it,  and 
bending  round  the  south  side  of  the  small  lake  Barnes, 
It  enters  the  western  extremity  of  the  large  l^ke  Thau, 
and  through  it  passes  to  the  port  of  Cettc,  on  the  sliore  of 
the  Mediterranean.  In  this  last  distance  there  aie  5  locks. 

From  the  summit  at  Naurouse,  to  tlie  pori  ol  Cjtte, 
the  distance  is  121^  English  miles,  and  the  fill  62§  feet. 
Tne  total  length  uf  this  canal  is  148  English  miles.  The 
lake  Thau  is  about  9^  miles  in  lentjih,  and  3  in  breadth. 
The  western  end  is  so  shallow,  that  the  canal  is  curried 
3i  miles  in  it  between  artificial  dykes. 

Bciond  the  western  extremity  the  river  Garonne  is 
diflicult  to  niivigaie.  Between  Toulouse  and  Bourdeaux, 
a  distance  of  40  leagues,  there  are  two  places  where 
boats  drawing  20  inches  water  can  scarcely  pass  in  sum- 
mer. In  passing  upwards  the  boats  are  hauled  by  25 
men,  and  require  15  days  between  Bourdeaux  and  Tou- 
louse. 

Originally  there  were  only  three  aqueducts  construct- 
ed, to  carry  the  streams  under  the  caird,  all  the  others 
having  been  taken  into  it.  Bit  from  1681,  when  the  na- 
vigation was  opened,  to  1688,  the  mischiefs  from  this 
were  so  evident,  tliat  M.  Vauban,  who,  by  dii':;ction  of 
the  king,  examined  the  whole,  recommended  5  2  more. 
The  finest  was  that  of  Cetle,  of  which  Belidor  ha^  given 
a  plate,  and  wiiich  h<is  been  repeatedly  copied  into  French 
and  English  publications. 

The  greatest  works  on  this  navigation  are,  the  reser- 
voir at  St.  Ferreul  ;  (see  Plate  CCCCXII. ;)  the  basins 
at  Castelnaudary  ;  102  locks,  of  which  8  are  connected 
at  Fonseranne,  and  one  circular,  90  feet  in  diameter,  at 
Agdc  ;  55  aqueducts;  the  rafts  and  weirs  across  the 
rivers  Libron,  Orb,  Sec.  ;  the  tunnel  through  the  ridge 
at  Malpas  ;  and  92  road  bridges.  In  many  of  the  bridges 
there  were  no  hauling  paths;  and  the  locks  vary  in  rise, 
from  5  to  12  feet.  The  canal,  when  perfect,  is  64  feet 
broad  at  the  surface  of  the  water,  34  at  the  bottom,  and 
6  feet  5  inches  deep.  The  first  stone  of  the  canal  works 
was  laid  in  April  1667,  and  the  first  voyage  made  upon 
it  after  it  was  completed,  was  on  the  30ih    June   1681. 
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The  vessels  •which  navigate  it  are  85  feet  long,  from  17 
to  19  feet  broad,  draw  5  feet  4  inches  water,  and  carry 
100  tons.  They  take  from  6  to  7  days  to  go  from  Agde 
to  Toulouse;  but  they  do  not  travel  in  the  night. 

Canal  qf  JVarbonne . 

Connected  with  the  great  canal  is  that  of  Narbonne. 
In  1664,  the  inhabitants  contributed  a  considerable  sum 
towards  the  expense  of  the  great  canal  ;  but  Riquet  car- 
ried it  immediately  to  the  place  of  his  birth,  Beziers, 
•with  the  view  of  reaching  a  better  port  at  Cetle.  This 
canal  of  Narbonne  now  proceeds  from  the  great  level 
near  Argelins,  leaving  the  river  Cesse  on  the  right.  In 
making  this  canal,  much  expense  is  unnecessarily  incur- 
red in  placing  the  locks  at  regular  distances  fiom  eacli 
other.  The  depth  of  the  lake  Sejcan,  from  the  mouth 
of  the  canal  to  the  beacon,  is  from  4  to  6  feet.  From 
this  point  commences  the  canal  which  thu  Romans  ex- 
cavated to  the  channel  La  Nouvelle,  for  the  distance  of 
about  a  mile  and  a  quarter.  The  canal  is  carried  round 
the  flat  shore  of  the  isle  of  St.  Lucie  for  about  oj  miles. 
The  opening  of  the  Grave  varies  in  depth  from  7  to  12 
feet.  There  are  seven  locks  upon  this  canal  of  Narbonne, 
and  three  upon  La  Robine. 

To  the  north-east  of  the  pott  of  Cette,  the  canal  de 
Grave  commences,  a  quarter  of  a  league  from  Montpe- 
lier,  at  Port  de  Juvenal,  upon  the  Lez.  In  the  three 
miles  before  it  joins  the  lake  Palavas,  it  has  three  locks ; 
beyond  that  lake  it  joins  a  canal  which  proceeds  to  Cette, 
by  the  lakes  Thau  and  Agde.  There  have  been  various 
projects  for  other  canals  here.  From  Aigueniort  they 
now  proceed  to  sea  by  the  canal  of  the  Great  Robine, 
four  miles  to  the  Grau  du  Roi.  They  go  to  Pecais  by 
the  canal  Bourgidon  of  five  miles.  The  canal  of  Silve- 
real  is  4|  miles,  and  goes  fiom  the  Little  Rhone  to  Pe- 
cais.    The  caiial  of  Lunel  is  4i  miles  in  length. 

On  the  east  side  the  Rhone,  the  Fosse  Crapone,  of  40 
miles,  is  not  navigable.  Its  engineer,  the  celebrated 
Adam  de  Crapone,  about  the  same  time,  (1554  to  1S58  ) 
formed  the  project  of  uniting  the  two  seas  by  the  Soaiie 
and  the  Loire,  which  was  begun  by  Henry  II. 

The  canal  ol  Provence,  Irom  the  Durance  at  Aix  to 
M-dfseilles,  which  would  be  70  miles,  was  begun  in  1752, 
but  abandoned  after  three  miles  were  cut. 

The  Rhone. 

The  canal  de  Lone,  a  new  branch  of  the  Rhone,  about 
10  miles  in  length,  was  made  into  a  canal  from  a  survey 
of  Niquet,  in  1705.  It  has,  since  that  time,  continued 
to  be  the  principal  branch. 

Lalande  is  of  opinion,  that  the  navigation  of  the  Rhone 
is  always  bdd,  because  of  the  sand  which  is  drawn  to  and 
lodged  in  its  mouth,  and  ib  frequently  shifting.  At  times 
there  is  not  more  than  four  feel  depth  of  water,  when  an 
interruption  is  ci-eated  for  four  months. 

The  canal  of  Aries  was,  in  1642,  undertaken  by  a 
company  of  Dutchmen  for  drainage.  In  1706,  the  in- 
habitants of  Hieres  began  a  canal  named  Ceinturon;  it 
uras  discontinued  in  1707,  but  has  since  been  completed 
to  Puit  de  Buc. 

The  canal  of  Forez,  between  the  Rhone  and  the  Loire, 
has  been  partly  executed  under  the  name  of  the  canal 
of  Giver.  Its  summii  would  be  1211  feet  above  the 
Rhone,  and  33^  miU-s  in  length.  It  commences  at  Giv- 
ers, 10|  milts  belnv  L)ons,  proceeds  to  the  shore  of  the 
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Gier,  8  miles  from  Givers.  Not  above  one-third  is  exe- 
cuted; but  this  has  28  locks  80  feet  long,  and  15  wide. 

There  now  exists  between  the  lake  of  Geneva  and 
that  of  Neufcliatel,  a  canal  which  proceeds  from  Yver- 
dun  to  near  Veiioge,  a  small  river,  which  falls  into  the 
lake  of  Geneva,  near  Lausanne.  From  the  lake  of 
Neufchatel  it  would  be  easy  to  perfect  the  navigation 
of  the  river  Aar,  which  falls  into  the  Rhine.  But  the 
Rhone,  in  its  present  state,  would  render  every  commu- 
nication imperfect. 

In  July,  1760,  the  brothers  Perroud,  engineers  of  the 
Republic  of  Valois,  having  represented  to  the  French 
minister  the  advantage  which  would  be  derived  from 
transporting  red  fir,  &c.  by  improving  the  Rhone  be- 
low Geneva,  an  inspection  by  Frencli  officers  took  place, 
from  Le  Fort  I'Eclusc  to  Leysse),  but  more  especially 
at  the  great  Citaract,  where  the  Rhone  loses  itself  at 
the  bridge  of  Lucey,  near  Bellegarde.  The  before-men- 
tioned brothers  proposed  various  projects,  but  nothing 
was  done. 

After  the  Rhone  has  left  Geneva  about  ten  miles,  it 
enters  between  rocks  from  100  to  200  feet  high,  and 
there  loses  itself.  It  disappears  entirely  at  Bellegarde. 
Its  fall  is  207  feet  in  about  7i  miles.  The  floods  from 
the  rains  and  the  melting  of  the  snows  upon  Mount  Jura 
carry  down  threat  quantities  of  earth  and  gravel.  Ac- 
cording to  De  Luc,  the  lake  of  Geneva  is  1202  feet 
above  the  Mediterranean,  where  the  river  disappears 
934,  and  at  Lyons  538  feet. 

The  boats  which  navigate  the  Rhone  are  64  feet  long 
and  17  broad. 

The  canal  of  the  Centre,  or  of  Charolois,  joins  the 
Loire  to  the  Soane  ;  it  departs  from  the  Loire  at  Dijon, 
follows  the  banks  of  the  Avrax,  then  the  left  bank  of 
the  Bourbince,  passing  by  Parcey,  Genelard,  Airy  and 
Blauzey,  to  the  lake  of  Moutchamin,  which  has  been 
made  navigable,  as  has  also  that  of  Long  Pendu,  these 
lakes  forming  the  summit  level.  From  Dijon  to  the 
summit  there  are  30  locks,  rising  240  feet  in  6300  me- 
tres.    The  length  of  the  summit   level  is  3940  metres. 

The  canal  then  descends  by  the  left  bank  of  the 
Dheune  to  St.  Julian,  where  it  crosses  that  river,  and 
proceeds  along  the  right  barik  by  St.  Benain,  St.  Leger, 
Deunevis,  St.  Gilles,  and  Rcmigny,  to  Chagny.  At 
this  place  the  canal  turns  to  the  right,  and  abandoning 
the  valley  of  the  Dheune,  crosses  towards  Thalic,  which 
river  it  follows  to  its  termination  in  the  Soane  at  Cha- 
lons. The  descent  from  the  summit  level  to  the 
Soane  is  400  feet,  by  SO  locks,  upon  4700  metres  dis- 
tance. The  whole  length  of  the  canal  is  11 '1,322  me- 
tres, or  71  English  miles;  the  length  of  each  lock  is 
100  feet,  and  16  in  breadth.  The  canal  is  SO  feet  at 
the  bottom,  48  at  the  water's  surface,  ano  5i  feet  deep. 
The  chief  trade  is  wine,  timber,  coals,  corn,  and  mer- 
chandize, in  about  4000  boats  annually.  This  canal  was 
begun  in  1783,  and  completed  in  1792.  M.  G.;uthey 
was  engineer.  Various  extensions  have  been  projected 
from  the  summit  level  of  the  canal,  of  which  a  small 
part  only  has  been  executed. 

Canal  of  Burgundy. 

The  canal  of  Burgundy  unites  the  Soane  with  the 
Seine;  it  was  begun  in  1775,  and  is  still  in  har.d;  it  is 
a  rival  to  the  canal  of  the  Centre.  It  was  in  1605  ex- 
amined by  Humphrey  Bradley,  an  engineer  ol  Bra- 
bant; by  M.  Ri(|uet  1676,  by  M.  Thomason  in  1696; 
by  M.  Gabriel  in  1724;  an'',  lastly,  by  Messrs.  Perro- 
3  E 
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net  and  Chezy  in  1754.  The  plans  and  reports  of  the 
two  last  are  very  able,  and  given  much  in  detail,  espe- 
cially what  regards  specifications  for  llie  various  neces- 
sary works. 

ijut  even  after  this  report  was  made,  some  years  elaps- 
ed before  funds  could  be  found.  It  was  at  length  be- 
gun in  1775.  The  line  ascends  by  the  rivers  Seine, 
Yonne,  and  Armanson,  to  Brienon,  to  which  place  these 
rivers  are  navigable,  and  it  is  here  that  the  canal  com- 
mences ;  it  proceeds  along  the  right  bank  of  the  Ar- 
manson, by  St.  Florentin  Tonnere,  Ancy  Le  Franc,  and 
Baviers,  to  Moulbaid  ;  then  crossing  the  river,  and  as- 
cending the  Itft  bank,  it  afterwards  leaves  tiiis  river 
for  some  time  to  follow  the  right  b.'\nk  of  the  Urenne  to 
Pouilleray,  where  it  again  passes  over  to  the  Armanson, 
and  follows  that  river  to  its  source,  near  Pouilly,  where 
the  summit  level  will  be  888  feet  above  the  junction 
with  the  Yonne,  and  674  feet  above  the  Soane.  From 
Pouilly  the  canal  is  to  descend  by  the  valley  of  the 
Ouche  to  Pont  de  Parry  ar.d  Dijon,  and  thence  by  the 
plain  of  Longe  Cour  to  St.  Jean  de  Lone,  a  town  upon 
the  river  Soane. 

In  1814,  this  canal,  which,  previous  to  the  Revolu- 
tion, had  been  carried  on  by  the  states  of  Burgundy,  was 
resumed  under  Bonaparte,  and  was  navigable  on  the 
side  of  the  Soane,  from  its  commencement,  to  Pont  de 
Parry,  five  leagues  west  of  Dijon,  in  all  13  leagues. 
On  the  side  of  the  Yonne  the  navigation  was  opened 
about  as  far  as  Ancy  le  Franc.  The  whole  length  of 
the  canal  would  be  148  English  miles.  Up  to  Parry  23 
locks  were  made,  but  the  disposition  of  the  summit  re- 
mains undecided. 

Franche  Compte  is  traversed  by  the  Doubs,  which 
rises  on  the  side  of  Montbelliard,  at  a  small  distance 
from  the  Rhine,  and  falls  into  the  Soane  at  Verdun ; 
this  might  be  joined  to  the  111,  which  falls  into  the 
Rhine  at  Strasburgh,  by  a  canal  of  about  18  miles  only  ; 
or  a  canal  might  be  carried  from  the  Doubs  imme- 
diately to  the  Rhine,  a  track  of  about  42  miles.  The 
point  of  partition,  of  the  first  canal,  would  be  about  12 
or  1  5  leagues  to  the  south  of  the  place  where  the  Roman 
General  Vetus  proposed  to  join  the  Soane  and  the  Mo- 
selle ;  but  the  navigation  of  the  Doubs  requires  to  be 
improved. 

In  Alsace,  the  canal  of  Malsheim,  five  leagues  in 
length,  with  1 1  locks,  was  made  by  the  order  of  Louis 
XIV.  from  a  plan  of  Vauban.  The  canal  of  Landau 
joins  the  Rhine  with  the  Quick  above  Spires.  The  ca- 
nal of  Drussenheim,  made  in  1706,  passed  by  a  branch 
of  the  111  from  the  Rhine.  There  have  been  various 
projects  for  canals  in  Alsace. 

There  have  also  been  many  projects  for  canals  in  Lor- 
raine and  Champagne,  but  our  limits  will  not  permit  us 
to  describe  them. 

The  boats  of  Liege  are  115i  feet  long,  15  broad,  and 
four  feet  three  inches  deep.  They  could  be  drawn  up 
the  Meuse  by  two  horses,  and  go  from  Liege  to  Paris. 
The  Barois  boats  are  85  feet  long,  11  feet  9  inches 
broad,  and  31  feet  deep.  Three  horses  draw  two  of 
these  boats  from  the  Meuse.  The  boats  upon  this  part 
of  the  Meuse  are  107  feet  long,  and  14  broad.  They 
generally  pass  three  and  three. 

Among  the  rivers  which  fall  into  the  Marnc,  is  the 
Canal  d'Ourccj  or  Ourque,  in  the  Valais,  to  the  east  of 
Paris,  between  Meaux  and  Soissons.  This  is  only  the 
fiver  Ourque,  rendered  navigable  in  1662  for  20  miles, 


to  supply   the   city  of  Paris  with  water  and  turn  corn- 
mills.     Part  only  of  the  canal  is  made. 

The  river  Seine  is  navigable  only  to  Nogcnt ;  it  was 
once  navigable  to  Polissy,  25  miles  above  Troyes,  and 
five  above  Bar  sur  Seine.  In  1727  the  Sieur  Gaillet 
stated,  that  until  1720  it  had  been  navigated  without 
interruption,  but  that,  since  the  king  became  proprietor, 
it  had  been  much  neglected;  that  undertakers,  hav- 
ing re-entered  in  1727,  they  had  in  the  same  year  re- 
paired the  canal  Sauvage,  and  also  most  of  the  other  ca- 
nals. In  their  contests  with  the  merchants  ihcy  stated, 
that  in  1725,  the  receipts  amounted  to  547,482  livres, 
and  the  expenses  1160,267,  being  an  excess  of  612,785 
livres,  and  that  during  46  years  they  had  drawn  fio  in- 
terest for  the  capital  expended.  It  appeared  in  the 
process  verbal  of  28th  August,  1746,  that  the  canai 
Bruley  was  partly  fitted  up;  that  the  canal  of  Fouchy, 
of  1^  mile,  was  sufficiently  well  supported  between 
the  gates,  but  these  being  at  the  extremities,  were  de- 
stroyed ;  that  the  canal  Barbeny  was  ruined;  that  the 
canals  of  Biance  and  Payens,  of  2^  miles,  were  inacces- 
sible, and  that  there  remained  fev,'  vestiges  of  bridges 
or  gates;  that  the  canal  of  Savien  was  nearly  destroy- 
ed, and  planted  with  willows ;  that  those  of  Mcsmon 
and  of  Marigny  were  in  the  same  state;  that  the  canal 
Sauvage  had  one  lock  destroyed  ;  that  the  canal  du  Pont 
was  partly  filled  up  and  the  lock  destroyed  ;  and  that 
the  canal  Nogcnt  was  choaktd  up  at  the  head,  and  the 
gates  destroyed.  From  all  these  circumstances,  the  en- 
gineer concluded,  that  the  navigation  from  Troyes  could 
not  be  supported,  and  that  there  was  no  business  at 
Troyes  to  remunerate  the  expense. 

In  descending  the  Seine  towards  Paris,  there  is  t!ie 
small  liver  Voulsye,  which  never  freezes,  and  here  are 
the  vestiges  of  an  ancient  canal,  supposed  to  be  made 
by  the  Romans.  The  demands  of  Paris  have  rendered 
canals  desirable,  but  in  all  the  projects  the  expense  has 
always  been  found  to  be  too  much.  In  1724  it  was  pro- 
posed to  make  a  canal  from  Paris  to  the  river  Oise,  near 
Isle  Adam,  to  Meny  sur  I'Oise;  the  high  water  of  the 
Oise  at  Vaux  is  3^  feet  above  high  water  of  the  Seine  at 
Paris.  But  this  project  was  rejected  by  the  magistrates 
of  police  of  Paris  in  July  1730.  (See  Lalande.)  There 
was  a  project  to  make  a  canal  from  Versailles  to  the 
Seine  at  Sevrc.     The  fall  was  found  to  be  387§  feet. 

The  Seine  below  Paris  has  much  need  of  improve- 
ment. In  1768  and  1769,  Captain  Bcrthollet  made  four 
voyages  from  Havre  de  Grace  to  Paris,  with  the  ship 
St.  Oueii,  of  160  tons,  which  had  one  mast  of  96  feet, 
with  a  joint  for  passing  tlie  bridges;  he  employed  four 
days  in  ascending  to  Poissey,  which  is  only  12  miles 
fiom  Paris,  and  three  days  in  going  from  that  place  to 
Paris.  He  sometimes  employed  sails,  and  sometimes 
horses. 

The  Seine,  from  its  mouth  to  Rouen,  is  incommo- 
dious; and  the  numerous  beds  of  sand  aie  constantly 
shifting.  In  1747  the  change  was  so  favourable,  that  the 
flux  and  reflux  became  sensibly  stronger  above  Rouen; 
but,  in  a  memoir  of  the  same  year,  a  complaint  is  made 
that  the  commerce  of  Rouen  had  decreased  one  half 
from  the  imperfection  of  the  navigation.  It  has  been 
proposed  to  deepen  the  river  by  machines,  and  patents 
were  granted  ;  but  the  ])rogrtss  was  small  and  the  ex- 
pense great.  It  has  also  been  proposed  to  deepen  by 
floating  jetties. 

The  river  from  Rouen  to  Paris  is  navigable  only  foar 
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monlhs  in  the  year.  Tlie  great  boats  of  Rouen  are  191 
feet  long,  they  carry  350  tons,  are  drawn  by  12  horses, 
and  take  18  to  20  days  in  going  to  Paris.  The  small 
passage  boats  take  at  least  five  days,  but  more  generally 
12  days.  It  has  been  found  most  advisable  to  employ 
boats  drawing  from  three  to  five  feet  water.  Three 
locks  have  lately  been  constructed  upon  the  Seine,  viz. 
one  at  Pont  de  I'Arche;  another  at  Isore ;  and  a  third 
at  Vernon. 

The  Oise  receives  the  stream  Veneltes  half  a  league 
below  Conipiegne;  the  sand  bars  the  mouth  so  much, 
that  boats  are  obliged  to  be  lighted.  Corn  and  wood 
are  carried  upon  it  in  half  loads.  In  1766  the  boat- 
men of  the  Oise  gave  in  a  memorial  to  have  it  cleaned 
to  Verbine. 

In  Picardy  two  canals  have  been  completed,  and  a 
third  begun.  That  from  the  Oise  to  the  Somme,  named 
also  the  canal  of  Fere  or  canal  of  Crozat,  was  finished  in 
1738.  M.  de  Marcy,  in  1721,  proposed  a  canal  from  the 
Spmme  to  the  Oise,  which,  near  St.  Quintin,  are  only 
10  miles  apart.  By  an  edict  of  September,  1725,  the 
king  appoints  M.  Caignart,  and  assistants,  to  construct 
a  canal  between  the  Somme  and  the  Oise,  to  commence 
at  the  lake  of  St.  Quintin,  passing  Harly,  Hambliers, 
Marcy,  Regny,  and  Sissy,  near  Oise,  to  Fere  ;  to  deep- 
en the  river  Oise  from  Sissy  to  Chalney;  and  to  ren- 
der the  Somme  navigable  from  St.  Quintin  to  Amiens, 
and  from  Amiens  to  Perpigny.  In  1727  operations  com- 
menced by  a  company,  to  which  Regimorte  was  engi- 
neer ;  but  it  appeared  that  the  best  line  had  not  been 
chosen,  for  in  1732  the  line  was  carried  past  Virey,  Con- 
drun,  Fargnier,  Quessy,  Liez,  Menessies,  Jussy,  and  St. 
Simon,  to  Pont  and  Thugny  suv  Somme,  the  point  of 
partition.  The  plan  was  publislied  in  1732.  (See  Be- 
lid.  Arch.  Hydraul.  b.  iv.)  From  St.  Quintin  to  La  Fere 
the  distance  is  eight  leagues;  from  Fere  to  Chaulney  on 
the  Oise,  by  the  canal,  three  leagues;  from  Chaulney  to 
Sampigny,  by  the  river,  five  leagues.  In  1766  the  king 
■was  requested  to  purchase  the  canal  of  Picardy,  or  suffer 
it  to  be  destroyed,  and  the  materials  sold.  Tlie  king  be- 
came purchaser.  The  canal  between  the  Somme  and 
the  Oise  was  begun  in  1728,  and  finished  in  1738.  In 
y768  and  1769  M.  Laurent  examined  the  state  of  the 
Somme,  and  in  consequence  of  an  arret  of  council,  May, 
1770,  improvements  were  commenced  between  St.  Si- 
mon and  Ham.  In  1771  the  river  could  be  navigated 
between  St.  Simon  and  Clery,  three  miles  below  Pe- 
ronne,  that  is,  including  windings,  about  20  miles,  or  oiie 
half  the  navigation  ;  the  channel  of  the  river  being  crook- 
ed, much  use  could  not  be  made  of  it,  a  canal  was  there- 
fore excavated,  chiefly  along  its  sides.  Below  the  an- 
cient city  of  Bray,  the  canal  entered  the  bed  of  the 
Somme,  and  continued  in  it  past  Corbie,  eiglu  miles  to 
Amiens.  In  1777  operations  were  recommenced  by 
Dupliex.  In  truth,  the  Somme,  which  was  formerly 
navigable  above  St.  Quintin,  now  ceases  to  be  so  below 
it,  and  they  have  been  obliged  to  substitute  a  canal. 
The  mouth  of  the  Somme  is  also  much  obstructed. 

The  third  part  of  tlie  canal  of  Picardy  consists  in 
joining  the  Somme  to  the  Scheldt,  between  St.  Quintin  and 
Cambray,  continuing  along  the  Scheldt,  by  Crevecoeur, 
Cambray,  and  Bouchain,  to  Valenciennes,  where  the 
Scheldt  is  navigable.  In  1766  M.  Laurent  thought  a 
canal  could  be  made  for  twenty  millions  of  livres,  and 
judged  it  practicable  to  make  a  communication  by  a 
tunnel,  which  should  be  seven  miles  long  ;  and  this  plan 
was  commenced.     The  head  of  the  canal  was  fixed  at 


the  village  of  St.  Simon  in  Vermandois,  near  St.  Quintin  ; 
beyond  that  it  extends  towards  Couchant,  and  enters  the 
mountain  four  miles  trom  St.  Quintin,  to  proceed  to  the 
Scheldt  at  Vendhuille,  distant  seven  miles,  and  10  from 
Cambray,  in  a  straight  line.  In  1757  the  plan  was  ap- 
proved, and  in  February  1768  the  work  was  begun,  viz. 
the  earth  work  or  excavation  from  Vendhuille  to  Benlhall, 
and  from  Trongusy  to  St.  Quintin,  and  the  entries  of  the 
tunnel.  In  February  1769,  M.  Laurent  was  appointed 
director-general  of  these  works,  likewise  to  render  the 
Scheldt  navigable  to  X'alenciennes  ;  but  the  expenses  of 
the  state  interrupted  the  payments.  In  1772  and  1773 
funds  were  procured,  and  considerable  progress  made, 
with  opening  wells,  drains,  Sec.  and  constructing  a  part 
of  the  tunnel.  They  proceeded  carrying  forward  the 
tunnel  towards  Trongay,  as  they  had  in  1763  proceeded 
from  it.  The  breadth  of  the  waterway  was  to  be  17  feet, 
besides  a  brenching  on  each  side  of  two  2  feet  1 J  inches, 
making  21  feet  3  inches,  and  21  feet  4  inches  in  height, 
from  the  bottom  of  the  canal  to  the  crown  of  the  arch; 
the  depth  of  the  water  to  be  5  feet  4  inches. 

In  1773,  objections  were  raised  against  this  line  of 
canal  and  tunnel.  In  the  mean  time,  M.  D'Aiembert, 
tbe  Abbe  Bossut,  and  M.  Condorcet,  having  been  ap- 
pointed directors  of  Inland  Navigation,  thought  proper  to 
have  the  matter  thoroughly  examined.  In  1775,  M. 
Trudaine  gave  notice,  that  the  tunnel  operations  would 
be  suspetided.  In  1800,  the  first  consul  (Bonaparte) 
personally  examined  this  tunnel,  and  ordered  a  fresh  in- 
spection of  it  by  the  engineers  of  roads  and  bridges.  The 
report  was  referred  to  the  Institute,  who  decided  in 
favour  of  the  ancient  plan  of  Devic,  and  an  arret  in  1801 
confirmed  this  decision — that  is,  that  the  canal  should 
proceed  by  Omini,  Le  Tronquoi,  Bellinglise,  Riqueval, 
and  Maquincourt,  and  in  that  direction  it  has  been  com- 
pleted in  1810.  The  length  of  the  canal  is  32  miles 
1151  yards.  It  is  fed  by  the  Somme  and  the  Scheldt, 
from  St.  Quintin  to  the  point  of  partition. — From  the 
junction  of  the  canal  Crozat  to  the  lock  of  Tronquoi,  at 
one  end  of  the  summit,  the  rise  is  33  feet  6  inches  by 
five  locks.  The  summit  is  13  miles  435  yards,  includ- 
ing two  tunnels,  viz.  Tronquoi  1191  yards,  and  that  of 
Riqueval,  3  miles  1026  yards.  These  tunnels  are  26 
feet  3  inches  in  width.  From  this  end  of  the  tunnel  to 
Cambray  is  15  miles  694  yards,  with  a  fall  of  123  feet  6 
inches  by  17  locks,  each  of  which  is  97  feet  long  and  17 
broad. 

From  this  northern  extremity  of  the  kingdom  we  shall 
now  pass  to  that  district  situated  between  the  Seine  and 
the  Loire,  where  the  first  important  project  for  inland 
navigation  in  France  was  executed,  that  is,  the  canal  of 
Briare,  begun  in  1605  under  Henry  IV.  The  engineer 
was  Hugues  Cromier.  Operations  were  suspended  in 
1610.  In  1639  the  works  were  resumed,  and  prosecuted 
until  they  were  completed  in  1642.  It  is  34^  miles  in 
length.  It  commences  in  the  Loire,  a  mile  from  Briare  ; 
ascends  by  Ouzonne,  along  the  banks  of  the  river  Trczec, 
by  Rogny,  where  there  are  seven  locks.  Thence  it  pro- 
ceeds by  Chatillon  and  Montargis,  and  near  Cepay  joins 
the  river  Loing,  which  falls  into  the  Seine.  The  locks 
of  this  canal  are  the  first  which  were  executed  in  France  ; 
they  are  su|)plied  wiili  water  from  several  lakes,  between 
Chatillon  and  Briare,  on  the  side  of  Rogny.  There  is 
only  one  feeder,  which  has  proved  insufficient ;  lor  boats 
drawing  only  2J  to  3  feet  water  have  frequently  to  be 
lightened.  The  breadth  of  the  canal  is  unequal,  being 
from  25  to  32  feet  at  the  surface.  The  locks  are  from 
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124  to  164|  feet  long,  14  feet  5  inches  in  breadth  ;  and 
vary  in  rise  from  5  feet  4  inclies  to  13  feet  8  inches. 

Feet.  In. 
Fromtlie  Loire  to  the  summit,  the  distance  is  9  miles,  the  rise  126  4 
The  summit  level  is  .  .         .  3|  do. 

From  summit  level  to  Loing  at  Moiitargis,  21^ — the  fall     259 


The  feeder  of  St.  Prive,  in  a  distance  of  12  miles,  has 
a  fall  of  five  feet  only.  The  boats  are  drawn  each  by  two 
men.  The  navigation  is  every  year  interrupted,  not  only 
by  the  repairs,  but  the  shallows  of  the  Loire,  and  that 
not  unl'requently  for  three  months.  Each  canal-boat 
carries  from  100  to  115  milliard,  and  draws  from  28  to 
30  inches  of  water.  There  are  25  lock-keepers,  one 
general  guard,  and  I  1  others  to  watch  the  canal,  lakes, 
and  feeders.  The  lock-keepers,  &c.  are  chosen  from 
masons,  carpenters,  and  earthworkers. 

The  canal  of  Orleans  originated  from  the  imperfec- 
tions of  the  canal  of  Briare,  and  the  diflficulty  of  ascend- 
ing the  Loire  36  miles  above  Orleans  to  reach  it.  In 
1  630  an  arr^t  was  registered  to  permit  a  canal  to  be  made 
from  the  Loire,  a  little  below  Orleans,  to  the  river  Loing, 
below  Montargis.  The  work  was  begun  in  1682,  and 
prosecuted  until  1684.  It  was  then  stopped  in  1688. 
The  house  of  Orleans,  who  had  originally  proposed  the 
canal,  now  re-entered,  upon  paying  the  company  a  rent  of 
15,000  livres.  The  canal  is  supplied  from  numerous 
lakes  by  feeders,  one  of  whicii,  Courpaiet,  is  19i  miles 
long,  and,  according  to  Regimorte,  has  only  a  fall  of  four 
ieet.  Tlie  total  length  of  the  canal  is  45  miles.  It  has 
>8  locks,  varying  from  \36l  to  177^  feet  in  length,  and 
from  5  feet  4  inches  to  12  feet  7  inches  in  rise.  From 
the  Loire  to  tlie  summit,  the  rise  is  98  feet  2  inches; 
liom  the  summit  to  the  Loing,  the  fall  is  1 37  feet  7  inches. 
Tiie  breadtli  of  the  canal  is  generally  from  25  feet  7 
niches  to  32  feet  at  the  surface  of  the  water.  The  depth 
is  4J  feet,  when  full,  to  2  feet  when  lowest.  The  boats 
are  from  96  to  102^  feet  in  length,  and  13  feet  10  inches 
in  breadth.  It  is  said  that  this  canal  has  been  much 
neglected.  Regimorte  made  many  repairs  in  1725  and 
I  726. 

This  is  a  prolongation  of  the  canal  of  Orleans  and  that 
of  Briare,  from  Montargis  to  the  Seine,  at  the  small  vil- 
lage of  Mamort,  near  the  city  of  Moret,  being  a  distance 
of  33  miles.  Letters  patent  for  improving  the  river  were 
granted  in  April  1720,  and  the  works  were  completed 
in  1724.  The  canal  is  generally  44  feet  at  the  water 
.>urface,and  34  at  the  bottom,  with  four  to  five  feet  depth 
uf  water.  On  each  side  there  is  a  towing  path,  6  feet  5 
inches  in  breadth.  Three  feet  above  the  hauling  path 
there  is  an  embankment,  19  feet  at  the  base,  and  12  feet 
9  inches  at  the  top,  to  prevent  the  floods  from  overflowing. 
Regimorte  was  the  engineer.  It  enters  the  river  in  va- 
rious places.  It  has  2  I  locks,  with  a  total  fall  of  136  feet 
8  inches.  The  locks  vary  in  height  from  four  to  seven 
feet,  and  in  breadth  from  15  J  to  16  feet. 

In  Normandy,  Poitou,  and  Bretagne,  there  have  been 
many  projects  for  canals,  but  none  have  been  executed. 
The  rivers  are,  at  the  same  time,  very  imperfect  naviga- 
tions. In  1746,  complaints  were  made,  that  upon  the 
banks  at  the  mouth  of  the  Loire  there  was  only  seven 
to  eight  feet  of  water.  The  Allier,  which  falls  into  the 
J.oire,  has  not  more  than  40  miles  of  good  navigation.  In 
general  all  the  provinces  have  rivers,  which  have  either 
ceased  to  be  practicable,  or  are  loo  precarious  to  be 
useful. 


This  canal  is  formed  by  the  river  Layon  being  render- 
ed navigable  35  miles,  from  Concourson  to  its  mouth 
in  the  Loire  at  Chalonne.  This  canal  begins  between 
Concourson  and  Si.  George;  is  25jfeetin  the  narrowest 
part,  and  43  in  the  broadest.  It  has  28  locks.  It  was 
opened  in  1  776. 

The  river  Cn.irenle  is  useful  in  several  provinces  for 
60  miles.  In  1772.  M.  Tresaquet  was  employed  lo  form 
a  proper  plan  for  iinproving  this  river.  The  work  was 
begun  at  Sieray  in  Poitou,  35  miles  north  of  Aiigouieme, 
and  25  south  of  Poiters,  with  three  locks  with  chainl)ers, 
and  70  small  sluices  with  portes  busques.  In  1777,  six 
of  the  latter  had  been  constructed,  admitting  boats  ol  60 
tons,  which  pass  these  pertuis  of  3  to  Si  Ieet  fall,  by  the 
help  of  a  capstan  worked  by  six  men  in  ten  or  twelve 
minutes.  The  ancient  pertuis  were  very  troublesome 
and  dangerous,  but  Tresaquet  greatly  improved  them,  as 
will  be  explained  hereafter.  The  gabares  upon  this  river 
are  from  101  to  104  feel  long,  including  rudder,  and  19J. 
feet  broad. 

The  river  L'Isle  is  navigable  from  Liboimc,  where  it 
falls  into  the  Dordogne,  to  the  port  of  Fourche,  near 
Courtras,  where  it  receives  the  Drone. 

The  Lot,  which  descends  from  Gevauden,  and  falls 
into  the  Garonne  below  D'Agen,  at  Equillon,  has  12 
sluices. 

Lalande  observes,  (p.  419.)  that  the  slopes  of  the 
French  rivers  are  well  adapted  for  navigation  ;  but  that, 
at  present,  it  scarcely  exists,  even  in  the  large  rivers  ; 
and  that  the  navigation  of  the  Seine,  from  Rouen  to  Paris, 
is  so  tedious  as  to  cause  land  carriage  to  be  preferred. 
Lalande's  book  was  published  in  1777. 

S/iain. 

This  great  peninsula  is  in  no  respects  distinguished  by 
its  inland  navigation.  Anciently  the  theatre,  where  the 
most  ambitious  powers  contended  for  empire,  Carthagi- 
nians, Romans,  Vandals,  Visigoths,  Moors,  and  Christ- 
ians, have  successively  been  its  rulers.  In  later  times  it 
has  been  distracted  by  the  contentions  of  separate  king- 
doms, as  well  as  by  a  too  frequent  change  of  dynasties. 
The  acquisition  of  South  America  has  also  been  inimi- 
cal, as  well  as  the  habits  arising  from  political  and  reli- 
gious establishments. 

The  country,  being  composed  of  great  valleys,  divi- 
ded by  rugged  mountains,  is  no  doubt  unfavourable  to 
inland  navigation  ;  but,  if  industry  were  properly  en- 
couraged, these  apparent  obstacles  would  be  surmounted, 
and  communications  established  between  the  hitherto 
unconnected  districts. 

The  following  brief  sketch  exhibits  rather  the  general 
intentions  respecting  inland  navigation,  than  what  has 
been  really  accomplished  in  Spain. 

Commencing  in  the  southern  parts  of  the  kingdom,  we 
find  the  Moors  bad  opened  a  canal  from  the  city  of 
Grenada  to  the  river  Guadalquivir,  and  had,  of  conse- 
quence, formed  a  communication  with  the  Gulf  of  Ca- 
diz. By  a  chart  published  in  1776,  it  appears  that  a 
canal  was  proposed  in  the  province  of  Murcia.  Its 
length,  from  its  commencement  at  the  river  Gualantin, 
to  its  termination  at  Carthagena,  is  103  miles  in  a  direct 
line.  This  canal,  though  commenced,  was,  we  under- 
stand, abandoned. 

In  the  interior  of  Spain  a  canal  was  planned  in  1784, 
to  proceed  from  near  the  Escurial  to  the  Tigus  and  the 
Guadiaii;;,  and,  finally,  to  terminate  in  the  Gu.idalquivir 
Auduxa.     It  was  planned  by  Le   Maur,  a  Frenchman. 
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It  was  afterwards  prosecuted  by  his  sons;  but  we  suspect 
little  proi;ress  has  been  made.  Another  canal  was  be.i^un 
tiniler  the  administiation  of  M.  Grimauldi,  to  open  a 
communication  between  the  Tagus  and  the  river  Man- 
zanarcs;  but  it  was  scarcely  commenced,  when  '.he  want 
of  means  restiaincd  it  to  the  supply  of  a  few  mills,  about 
ten  miles  in  length  being  all  that  was  executed. 

It  is  in  the  north  of  Spain  that  the  chief  canal  opera- 
tions have  taken  place.  The  line  projected  in  Old 
Castile,  exclusive  of  the  principal  branch  to  the  cities  of 
Cas'.iie  and  Leon,  from  Segovia  to  Oiea,  (a  small  village 
near  Reynosa,)  is  aboui  99  miles  in  length. 

In  the  province  of  Campos,  to  the  west  of  Pisuerga, 
another  canal  has  been  projected,  to  pass  by  Medina  de 
Rioseco,  and  at  Grisotu  would  unite  with  the  canal  of 
Castile.  In  1754  it  was  commenced.  As  the  canal  of 
Campos  would  be  very  imperfect  without  the  canal  of 
Ca'tile,  the  king,  in  1750.  ordered  the  former  to  be  in- 
terrupted, and  the  norlliern  i).irt  of  the  latter  commen- 
ced, by  taking  the  water  from  Pisuerga,  and  continued  to 
the  canal  of  Campos;  and  18  miles  have  actually  been 
made,  and  14  locks. 

The  imperial  canal,  projected  by  the  Emperor  Charles 
V.  was  not  properly  begim  till  1770.  It  was  to  be  carried 
along  the  vale  of  the  Ebro,  and  ultimately  to  the  Bay  of 
Biscay.  It  should  receive  the  waters  of  the  Ebro  at 
Tudela  in  Navarre,  and  from  that  place  descend  towards 
Saragossa  and  Quinto.  An  open  cut  has  already  been 
made  across  a  mountain  eight  miles  in  length,  and  203 
feet  high.  (See  Lalande.)  The  cut  is  38  j  feet  in  breadth, 
and  has  6  feet  5  inches  of  water.  Charles  V.  had  at- 
tempted to  penetrate  the  mountain  by  a  tunnel;  but 
though  the  work  fell  down,  and  the  enterprise  was  aban- 
doned, the  project  has  retained  the  name  of  the  Imperial 
Canal. 

The  designs  we  have  here  described  are  not  unfre- 
quently  more  extensive  than  practicable,  and  in  some 
instances  more  practicable  than  useful.  They  have  been 
more  the  projects  of  speculative  statesmen  than  the  sug- 
gestions of  geneial  prosperity,  and  seem  to  have  been 
rather  contemplated  as  excitements  to,  than  produced 
as  the  results  of  useful  industry. 

Germany. 

This  large  portion  of  Europe  has  been  so  long  divided 
into  intricate  local  jurisdictions,  that  no  extensive  in- 
land navigation  could  be  accomplished;  yet,  notwith- 
standing many  local  vexatious  obstacles,  Germany,  by 
means  of  its  fine  rivers,  enjoys  a  very  considerable  in- 
land navigation,  and  even  some  artificial  canals. 

Charlemagne  conceived  the  project  of  uniting  the 
Rhine  with  the  Danube  by  means  of  two  small  streams 
near  Nuremberg  ;  one  of  which  falls  into  the  Main,  the 
other  into  the  Danube.  He  actually  deepened  one  of 
them  two  miles  ;  but  the  project  was  abandoned. 

'I'he  great  channel  of  trade  from  the  north  to  the 
south  of  Germany  has  always  passed  nearly  in  this  line. 

Ch,irles  V.  proposed  uniting  the  Danube  with  the 
Elbe  by  means  of  the  Moldwa  ;  but  this  scheme  yet  re- 
mains in  embryo. 

Switzerland  and  the    Rhine. 

In  Switzerland,  a  company  of  Dutchmen  and  others 
began  the  canal  of  Yverdun.  The  objects  were,  to  drain 
marshes  at  the  head  of  the  Lake  Neufchatel,  and  form 


a  navigation  from  thence  to  the  Lake  of  Geneva,  near 
Lausanne,  thereby  connecting  the  Rhine  with  the  Rhone. 
Twelve  miles  of  this  navigation  were  completed  ;  but 
France,  possessing  Alsace,  objected  to  its  extension,  so 
that  it  is  now  only  maintained  to  Entre  Roche,  about 
nine  miles.  It  is  about  2o|  feet  in  breadth,  and  has 
twelve  locks.  Boats  pass  from  it  through  the  lakes  of 
Yverdun  and  Bienne  to  the  Aar,  which  is  navigable  to 
the  Rhine. 

Descending  the  Rhine,  we  meet  with  the  canals  of 
Alsace,  which  have  been  already  described  under  France. 
After  tl-.ein,  excepting  some  short  cuts,  such  as  one  of  3 
miles  from  the  Rhine  to  Franthal,  near  Manheim,  made 
in  1775,  and  another  from  Durlac  to  Carlsruhe,  we  find 
nothing  worthy  of  notice  till  we  reach  the  frontiers  of 
Holland. 

In  this  place  we  do  not  propose  to  enter  into  the  de- 
tails of  the  navigation  of  the  great  German  rivers,  which 
will  be  found  under  their  proper  names.  The  Rhine  is 
navigable  from  Switzerland  to  the  sea  The  current  is 
generally  rapid,  sometimes  four  to  five  miles  an  hour, 
even  as  low  as  Dusseldorf.  The  principal  descending 
trade  begins  at  Basle.  The  only  remarkable  obstruc- 
tion below  that  place  is  at  Bingon,  where  a  reef  of  rocks 
runs  across  the  channel,  leaving  a  passage  of  nine  or  ten 
yards  only  for  boats  during  low  water.  The  floods  of 
the  Rhine  are  gentle,  but  of  long  continuance,  being  re- 
gulated by  the  lakes  of  Switzerland. 

Few  loaded  boats  ascend  to  Basle,  on  account  of  the 
rapid  currents  and  want  of  towing  paths  ;  but  the  large 
Dutch  boats  come  to  Strasburgh.  They  are  120  feet 
long,  12  feet  broad,  and  eight  feet  deep  in  the  hold. 
They  draw  six  feet  water,  and,  when  loaded,  draw  150 
tons.  In  tracking,  eight  horses,  four  conductors,  and 
six  boatmen,  are  employed.  They  descend  with  oars, 
having  nine  boatmen  and  three  pilots. 

Cologne  is  the  chief  seat  of  the  commerce  of  the 
Rhine,  the  goods  being  transhipped  there  into  large 
vessels,  called  Cologne  ships,  which  navigate  to  Hol- 
land, and  are  of  the  burthen  and  rigging  of  Indiamcn, 
although  they  seldom  draw  above  five  feet  water. 

At  Rastadt  the  Rhine  receives,  by  the  Marg,  the  great 
floats  and  rafts  from  the  Black  Forest.  The  Neckar, 
the  Mayne,  and  the  Lahne,  are  also  collaterals.  The 
vessels  used  on  these  rivers  are  long,  and  very  narrow, 
and  of  about  30  tons  burthen. 

The  Moselle  is  navigable  for  large  Rhenish  barges 
from  Cobleniz  by  Treves;  to  Metz  in  Lorraine.  At 
Melz  there  is  a  transhipping  into  lighter  vessels,  to  as- 
cend to  Nancy. 

The  Meuse  not  being  connected  with  the  present  sub- 
ject, we  proceed  to  the  Danube  in  Austria.  This  mag- 
nificent river  affords  a  navigation  of  about  1500  miles. 
Below  belgrade  the  river  is  interrupted  with  cataracts, 
but  upwards  there  is  a  free  navigation  as  far  as  Ulm. 
The  upper  branches  of  the  Danube  are  in  general  too 
rapid  for  navigation,  though  vast  rafts  of  timber  are  float- 
ed down  them  from  the  forests  of  Bavaria  and  Upper 
Austria.  The  Inn  is  nearly  as  large  as  the  Danube  at 
their  junction,  and  is  navigable  from  the  Tyrol.  The 
Salza,  the  Traun,  and  the  Ens,  have  had  their  navigation 
much  attended  to,  on  accourit  of  the  salt  mines.  At  Is- 
chel,  below  Hallstadl,  is  a  periuis,  or  river  lock,  by 
which  the  navigation  is  enabled  to  pass  the  Falls  of  the 
Traum.  The  boats  arc  towed  upwards  by  four  tiorses 
each.  Below  the  influx  of  the  Truun  and  the  Ens  are 
rocks  and  whirlpools  of  Stroudel  and  Wirbel ;  but  the 
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Danube  continues,  in  general,  a  deep  and  unobstrucled 
river  as  far  as  the  city  of  Vienna.  Regular  passage 
boats  travel  weekly  from  most  of  the  towns  on  its  banks 
to  that  city.  Beyond  Vienna  the  river  divides  into  va- 
rious channels  of  less  depth,  which  do  not  again  com- 
pletely unite  until  it  reaches  Komorn  in  Hungary. 

The  chief  branches  of  the  Danube  are  also  navigable 
to  a  great  extent,  viz.  the  Drave  into  Carinthia,  the  Save 
as  far  as  Laybach.  In  Croatia  the  Kulpa  is  navigable 
from  the  Save  at  Siszeg  to  Carlstadt.  The  Unna,  on 
the  frontiers  of  Turkey,  is  also  navigable. 

A  good  deal  has  already  been  done  in  the  interior. 
From  Vienna,  tiie  canal  ol  Newstadt  passes  for  40  miles 
southwards,  to  the  town  of  Wiener  Newstadt  on  the 
Leitha;  and  forms  the  first  pait  of  the  general  line  of 
navigation  to  the  Adriatic  and  lower  Danube,  whicli  has 
been  planned  and  marked  out. 

In  the  lower  plains  of  Hungary,  between  the  Danube 
and  the  Teysse,  the  canal  of  Francis  was  completed  in 
1S02.  It  is  40  miles  in  length,  and  has  only  four  locks. 
Beyond  the  Teysse,  and  near  to  the  outfal  of  the  Francis 
canal,  are  the  Bega  navigations,  which  were  completed 
in  1750,  from  the  Teysse  to  Tenieswar,  and  thence  up 
the  Temes  river. 

The  Teysse  itself  is  navig.'^ble  up  to  Szegedin,  where 
it  receives  the  Maros;  and  about  100  miles  above  the 
canal  Francis,  another  canal  of  junction  was  laid  out  in 
1804,  and  50  miles  extent,  from  the  Teysse  to  the  Da- 
nube at   Budii. 

Many  other  canal  projects  have  been  suggested,  and 
some  surveyed,  but,  as  we  cannot  here  enter  into  the 
details,  we  shall  now  proceed  to  the  north  of  Germany. 

Prussia,  Elbe,  Oder,  life. 

The  great  plain  which  forms  the  north  of  Germany 
and  Poland,  ofl'ers  an  extensive  and  favourable  field  for 
inland  navigation.  It  is  traversed  by  five  or  six  large 
rivers,  which,  with  their  branches,  arc  navigable  through- 
out most  of  the  plains.  In  the  northern  parts  is  a  vast 
number  of  lakes  ;  and  though  these  admit  of  being  ea- 
sily connected,  nothing  of  any  importance  was  effected 
previous  to  the  formation  of  the  Prussian  monarchy. 

The  little  canal,  or  navigation  of  the  Stecknilz  from 
Lubec  to  the  Elbe  at  Lauenburg,  is  a  work  of  consider- 
able antiquity,  and  reckoned  amongst  the  first  in  which 
the  invention  of  locks  was  employed.  It  is  only  naviga- 
ble by  boats  of  small  burthen,  and  drawn  by  men. 

The  Prussian  navigations  form  a  complete  chain,  con- 
necting the  Elbe,  Oder,  Vistula,  and  the  Niemen,  by  a 
line  nearly  parallel  to,  and  100  miles  distant  from,  the 
shores  of  the  Baltic,  and  at  much  tlie  same  distance  from 
the  frontiers  of  the  Austrian  States.  This  line  passes 
through  the  capital  Berlin,  and  extends  from  Hamburgh, 
or  Magdcburgh,  to  the  frontiers  of  Russia;  in  all  about 
500  miles.  The  greatest  part  consists  of  rivers,  the  arti- 
ficial cu  s  being  only  a  lew  portions  of  no  great  extent 
or  lockage. 

The  western  part  of  this  system  is  the  river  Elbe,  na- 
vigable from  the  frontiers  of  Bohemia  :  At  Leutmeritz 
it  carries  small  boats  ;  at  Perna,  above  Dresden,  it  ad- 
mits river  barges  ;  from  Perna  to  Hamburg  it  has  an  un- 
obstructed navigation  of  upwards  of  300  miles  ;  and  70 
miles  lower  it  falls  into  the  North  Sea.  Of  its  branches, 
the  Havel  is  the  only  one  worthy  of  notice  ;  it  rises 
on  the  borders  of  Mecklenburg,  runs  southwards  to  Span- 
dau — near  Berlin  it  receives  the  Spree,  when  it  becomes 
navigable    for   vessels  of  considerable    burthen;    from 


Spandau  it  passes  to  Potsdam  and  Brandenburgh,  into 
the  Elbe  at  Havelburgh.  To  improve  this  river,  in 
1743 — 5,  Frederick  II.  caused  the  following  works  to 
be  constructed. 

1.  The  canal  of  Plauen,  from  the  Lake  of  Plau  at  the 
bend  of  the  Havel  near  Brandenburgh  directly  to  the 
Elbe,  by  which  the  navigation  to  Magdeburgh  is  short- 
ened 76  miles.  The  canal  is  only  17  miles  long;  the 
fall  to  the  Elbe  is  23  feel  ;  by  three  locks  ;  the  width 
is  26  feet.     The  engineer  was  Mahistre. 

2.  The  canal  of  Potsdam — a  cut  to  shorten  the  navi- 
gation of  the  Havel. 

3.  The  canal  of  Finavv,  from  the  upper  part  of  the 
Havel,  20  miles  north  of  Berlin,  to  the  Oder  at  Oders- 
burg.  It  is  23  miles  long,  falling  130  feet,  by  13  locks. 
It  was  begun  in  1605,  but  was  only  completed  in  175  1. 

4.  The  Muhliose  canal  from  the  Spree  to  the  Oder. 
This  was  the  earliest  in  Prussia,  having  been  finished  in 
1688,  with  10  locks  of  wood.  The  engineer  was  Phi- 
lip de  Chiese.  The  locks  were  afterwards  reduced  to 
8,  and  built  with  stone  by  king  Frederick  I.  It  is  23 
miles  in  length  ;  it  ascends  10  feet,  by  one  lock,  to  the 
suinmit  levftl,  and  from  it,  descends  64  feet,  by  7  locks, 
into  the  Oder,  five  miles  above  Frankfort ;  the  width  is 
60  feet,  depth  1 1  feet. 

The  Oder  is  navigable  from  the  Baltic  to  Bricg  in 
Silesia,  above  Breslaw,  being  about  300  miles.  At  Kus- 
Irin  it  receives  the  Warta  from  Poland.  Below  tiiat  a 
cut  named  the  New  Oder  was  made  in  1 753,  and  a  dredg- 
ing machine,  wrought  by  a  steam-engine,  h;.s  lately 
been  procured  in  London,  to  deepen  the  bar  at  uie  moutli 
of  the  river. 

The  Warta  is  navigable  for  200  miles  into  Poland  ; 
the  main  navigation  passes  along  the  branch  named  the 
NitzLi,  as  far  as  Nackel,  where  commences  the  Biom- 
berg  canal,  constructed  in  1772 — 5,  by  Frederick  the 
Great,  and  the  engineer  Breckenhaff.  It  is  16  rnilcs  in 
length  ;  its  fall  from  the  Netze  to  the  Brahe  at  Brom- 
berg  is  67  feet,  by  nine  locks.  The  navigation  is  then 
continued  by  the  River  Brahe  to  the  Vistula  between 
Thorn  and  Culm. 

The  Vistula  is  navigable  from  Austrian  Gallicia  to 
the  Baltic  at  Dantzic,  nearly  400  miles.  Its  branch, 
the  Bog,  100  miles,  and  as  much  by  the  Narau.  By 
these  the  produce  of  Poland  passes  down  to  Dantzic  in 
sloops  and  fiat-bottomed  barges  of  from  30  to  60  tons. 

Dantzic  communicates  with  the  sea  at  its  harbour  of 
Weichselmunde,  by  a  cut  called  the  Fairwater.  The 
Delta  of  the  Vistula  between  Dantzic  and  Elbing,  and 
as  high  as  Marienwerder,  is  an  embanked  country,  in- 
tersected by  many  navigable  cuts.  The  main  body  of 
the  river  falls  into  the  Frische-Haff,  by  which  the  inland 
navigation  is  prolonged  to  Konigsburg,  on  the  Pregel, 
which  river  is  also  navigable  30  miles  further  to  Welaw, 
and  serves  for  the  floating  of  timber  much  higher. 

The  Pregel  is  supplied  from  a  multitude  of  lakes  in 
East  Prussia.  To  improve  the  drainage  of  these,  the 
canal  of  Angerburg  was  made  in  1725.  The  Sapian 
canal  was  made  at  an  early  period  ;  also  a  series  of  cuts, 
to  prolong  their  navigation  to  the  Niemen  below  Tilsit, 
about   1690. 

Various  projects  have  been  suggested  to  form  a  com- 
munication between  the  Baltic  and  the  Black  Sea,  by 
the  branches  of  the  Vistula  and  the  Dnieper,  but  nothing 
has  hitherto  been  effected,  except  the  canal  of  Pinsk, 
begun  in  1766.  It  commences  in  the  lasiolda,  which 
falls  into  the  Prypiez,  and  thence  into  the  Dneister  and 
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Black  Sea,  and  terminates  above  Slonim  in  the  Stchara, 
wliicli  falls  into  the  Niemen  and  the  Baltic.  A  lake  of 
three  miles,  which  the  canal  traverses,  supplies  the 
lockciije.  Ii  was  made  naviijable  in  '784,  but  not  quite 
completed  till  1802. 

Ill  the  same  quarter  was  formed  the  river  Pina  from 
the  Dneister  to  the  Mucliawiez  and  the  Bug,  and  thence 
to  the  Vistula.  It  was  opened  in  1784,  but  has  hitherto 
been  little  used. 

Haiiover. —  Tke  H'eser. 

Both  the  Ems  and  the  Weser  are  navigable;  the 
former  to  above  Lingeu,  from  which  a  canal  proceeds 
20  miles  to  the  city  of  Munster.  The  Weser  is  naviga- 
ble to  Hoxler,  near  the  Hartz  mountains,  about  100 
miles  from  the  sea,  and  60  from  the  port  of  Bremen. 
The  only  branch  of  note  is  the  AUer,  which  admits 
boats  to  Zelle.  The  Leine  is  also  navigable  to  Hano- 
ver. There  arc  various  improvements  by  cutting  off 
bends. 

Denmark   and  Holstein. 

The  ancient  canal  of  Steckniiz  has  already  been  men- 
tioned in  the  description  of  Prussia. 

The  canal  of  Keil  unites  the  Baltic  with  the  river 
Eyder,  which  falls  into  the  North  Sea  below  Toningen, 
and  thereby  forms  a  short  transit  across  the  isthmus  of 
Jutland.  This  canal  was  begun  in  the  year  1777,  and 
finished  in  1784.  Its  length  is  22i  milca  ;  breadth  100 
feet  at  top,  and  54  at  bottom;  depth  of  water  10  feet, 
and  it  admits  vessels  of  120  tons.  It  commences  three 
miles  north  of  Keil,  at  the  mouth  of  the  Lewensawe; 
it  rises  27  feet,  by  three  locks,  to  the  summit  level,  when 
the  Hemhuder_  lake  sup[)lies  lockage  water;  it  falls 
thence  by  two  locks  of  eight  feet  each,  and  a  regulating 
lock  (at  Rendesburg)  of  5  to  7i  feet,  into  the  Eyder. 
The  locks  are  100  feet  long,  and  27  feet  wide.  The 
Eyder  continues  navigable  from  Rendesburg,  82  miles 
to  Tonningen  on  the  Ocean,  but  is  much  obstructed  by 
shilling  sands. 

Russia. 

This  vast  empire  has,  at  all  times,  enjoyed,  by  means 
of  its  numerous  great  rivers,  a  navigation  of  great  ex- 
tent and  importance.  The  artificial  improvements  had 
their  origin  from  the  Czar  Peter,  whose  ardent  and  com- 
preiicnsive  mind  not  only  conceived  these  projects,  but 
in  person  examined,  and,  on  tlie  ground,  determined 
their  outlines.  Even  after  his  defeat  at  Narva,  he  im- 
mediately plaimed  the  junction  of  the  Baltic  with  the 
Caspian  and  Black  or  Euxine  Seas.  During  his  travels, 
amongst  many  other  laudable  actions,  he  engaged  inge- 
nious persons  to  plan  and  conduct  his  projected  inland 
navigations.  Iji  1698.  colonel  Brecknell,  a  German, 
was  employed  to  form  a  communication  between  the 
Volga  and  the  Don,  the  czar  having  at  that  time  an  idea 
of  fixing  his  capital  at  the  mouth  of  the  latter  ;  but,  either 
from  the  colonel's  want  of  experience,  or  the  incapacity 
of  the  workmen  eiiipioycd,  the  operations  which  he  at- 
tempted failed,  and  he  clandestinely  left  the  country.  In 
the  same  year,  the  czar,  being  in  England,  engaged  cap- 
tain Perry  for  that  and  similar  purposes.  When  he 
reached  the  place  where  colonel  BrcckncU  had  been  at 
work,  he  found  the  only  lock  in  which  he  had  been  em- 


ployed in  ruins.  The  czar  had  ordered  30,000  men  to 
be  put  under  captain  Perry's  direction;  but  not  one-half 
ever  arrived.  The  governor  of  the  province,  and  boy- 
ards  of  the  country,  were  very  averse  to  improvements, 
and  contended  that  it  was  presumptuous  to  attempt 
changing  the  course  of  rivers,  which  were  assigned  to 
them  by  heaven.  Indeed,  the  project  appears  to  have 
been  premature.  In  1702,  Perry  was  ordered  to  suspend 
his  operations  in  that  quarter,  and  was  sent  to  Varenetz, 
on  the  Don,  to  construct  a  dock  for  repairitig  large  war 
vessels.  Here  he  was  employed  until  1708,  when  the 
czar,  proceeding  rapidly  with  his  new  capital  at  Peters- 
burgh,  began  to  be  sensible  that  it  was  necessary  to  open 
water  communications,  to  carry  supplies  of  food,  &c. 
from  the  southern  and  eastern  provinces.  Captain 
Perry  was  directed  to  survey  the  country,  in  order  to  as- 
certain the  best  lines  of  communication  between  the 
Neva  and  the  Volga.  He  made  a  regular  survey  of 
three  lines,  and  of  these  two  only  have  yet  been  effected, 
in  an  imperfect  manner.  That  to  the  north  has  the  dif- 
ficulties of  the  lakes  Onega  and  Ladoga,  and  that  to  the 
south  being  carried  along  shallow  rivers,  which  are  only 
rendered  navigable  by  flashes.  The  central  line,  though 
most  direct,  is  the  highest,  and  at  its  summit  there  is  a 
land  carriage  of  80  versts.  But  it  is  most  probable  that 
the  inland  navigation  of  this  country  will  always  be 
mostly  upon  natural  rivers,  and  here,  as  in  other  northern 
countries,  during  the  winter  months,  there  is  a  conve- 
nient and  useful  land  carriage,  in  every  direction,  over 
the  snow  and  ice. 

The  invention  of  steam  boats  will  probably,  in  time,  go 
far  towards  correcting  the  inconveniences  of  river  navi- 
gation, and  will  therefore  be  an  important  acquisition  to 
Russia.  The  experiments  already  made  upon  the  Neva 
and  Volga,  by  Mr.  Charles  Baird,  a  Scotsman,  confirm 
this  opinion.  The  Volga  is  navigable  from  the  Caspian 
for  2000  miles  to  Rchef,  1.30  miles  north-west  of  Mos- 
cow ;  to  Orel,  on  the  Oka  branch,  and  to  Moscow  ;  to 
Vishnie  Voloohok,  nearly  midway  between  Moscow  and 
Petersburgh;  to  Sominska,  near  lake  Onega;  and  also 
to  a  great  height  in  the  Kaura,  the  Vatshka,  the  Una, 
and  other  intermediate  brandies.  It  thus  forms  a  navi- 
gation through  an  equilateral  triangle,  1 100  miles  of  a 
side. 

Astracan  is  the  natural  port  of  the  Volga,  from  which 
a  voyage  to  Petersburgh  occupies  about  two  years.  A 
range  of  comparatively  high  country  runs  along  the  east- 
ern side  of  the  lakes  Hunen,  Ladoga,  and  Onega,  dividing 
the  waters  of  the  Neva  from  the  Volga.  Captain  Perry- 
levelled  »line  at  each  of  these  three  places,  and  reports 
that,  \st.  In  the  middle  or  most  direct  line,  that  is,  fol- 
lowing the  rivers  Sass  and  Fiffin,  he  found  that,  from  the 
summit  to  the  lake  Ladoga,  there  was  a  fall  of  897  feet 
upon  174  Russian  versts,  and  from  the  summit,  in  the  op- 
posite direction,  down  the  rivers  Chocodasha  and  Mologa, 
to  where  the  Sliaxna  joins  the  Volga,  the  fall  was  562 
feet  upon  420  versts. 

2.  In  the  southern  track,  by  the  river  Emsta,  the  lake 
Ilman,  and  the  river  Volchoff,  to  the  Ladoga,  the  fall 
was  568  feet  upon  550  versts  ;  and  from  the  summit  in 
the  other  direction,  by  the  rivers  Twere  and  \'olga,  as 
far  as  the  mouth  of  the  Shaxna,  the  fall  was  223  feet 
upon  720  versts.  This  has  been  the  usual  line  of  navi- 
gation. 

3.  In  the  northern  track,  by  the  river  Whitegra,  the 
lake  Onega,  and  river  Swire,  into  the  lake  Ladoga,  the 
descent  was  445  feet  upon  278  versts;    and  from  the 


272 


NAVIGA^TION  INLAND. 


summit  in  the  other  direction,  by  the  river  Kioska,  lake  bottom.     Upon   this  summit,  the  lake  Matkosero  was 

Beilo,  and  river  Shaxna,  to  the  Volga,  the  fall  is  110  feet  found  insufficient  for  supplying  water  ;  but,  at  the  dis- 

upon  418  veists.  tance  of  10  versts,  the  Great  Luke  Kofscha  was  quite  ade- 

This  last,  although  102  versts  longer  than  the  first-  quate,  and  upon  a  proper  level  to  supply  by  means  of  a 
mentioned  track,  being  much  the  lowest  part  of  the  feeder.  From  the  Junction  Canal  to  the  town  of  Wit- 
general  summit,  was  recommended  to  be  adopted  for  a  tegra,  67  versts,  the  river  has  a  fall  of  198  feet.  For  10 
navigation.  In  point  of  lockage,  it  has  the  advantage  of  versts,  its  bed  is  obstructed  by  stone  reefs  and  cataracts. 
450  feet  of  less  elevation  than  "the  first,  and  123  feel  less  These  have  been  obviated  by  side-cuts,  locks,  and  wiers. 
than  the  second.  It  has  now  been  r-endered  passable  by  From  Onega  the  river  Suire  is  navigated  into  lake 
means  of  the  Mavie  Canal,  and  will  enable  a  communi-  Ladoga,  and  the  chief  requisite  in  this  line,  is  a  canal 
cation  to  be  opened  to  the  noithern  Dwina.  along  the  side  of  each  of  these  lakes,  as  far  as  the  mouth 

The   direct  line,    although   interrupted    by   a  porter-  of  the  river  Sass,  whence  the  Ladoga  canal  would  com- 

age  of  60  miles,    is  yet  the  channel  of  a  considerable  plcie  the  communication  to  the  river  Neva  and  St.  Pe- 


trade. 

We  avoid  entering  upon  the  numerous  projects  which 
have  been  formed  between  the  Neva  and  the  Volga,  being 
yet  only  matter  of  speculation. 

The  southern  track,  through  Novogorod  and  the  lake 
Hunen,  was  opened  for  navigation  in  the  reign  of  Peter, 
by  tlic  construction  of  the  canals  of  Ladoga  and  Vishnie 
Voloshok;  but  it  was  not  rendered  complete  until  1732, 
in  the  reign  of  the  empress  Ann. 

The  Ladoga  canal  is  formed  along  the  southern  shore 
of  the  lake  of  that  name,  to  avoid  the  inconvenience  of 
navigating  it.  The  canal  commences  at  Schlusselburg, 
and  IS  carried  on  one  level  67J  miles  toNi  w  Ladegaat, 
the  mouth  of  the  Volkof.  There  is  a  regulating  lock  at 
each  extremity.  The  breadth  of  the  canal  is  70  feet, 
mean  depth  of  water  in  summer  seven  feet,  and  in  spring 
ten  feet.     It  is  supplied  by  the   Volkuff,  and  eight  rivu- 


lets.    Opposite  to  New  Ladoga  a  cut  was  completed  in     viate  the  cataracts  by  locks. 

1801,  ten  versts  in  length,  to  continue  the  canal  naviga-  ^  —  't-'  <>-■•  ' - 

tion  to  the  mouth  of  the  Sass  river. 

The  Volkof,  although  it  has  various  dangerous  rapids, 
forms  the  natural  navii;ation  from  the  city  of  Novogorod 
and  lake  Hunen  to  the  lake  Ladoga.  Above  it  the  line 
comes  from  the  Msta  i-iver  through  the  lake  Hunen; 
but  this  has  lately  been  improved  from  the  Msta  to  the 
Volkof,  called  the  N')vogorod  canals.  The  great  line 
comes  bv  the  river  Msta  in  a  very  winding  course  from 
Vishnie  Voloshok,  where  there  is  a  canal  connecting  the 
Msta  with  the  Twere,  a  navigable  branch  of  the  Volga. 
The  rivers  Msta  and  Twere,  near  the  summit  level,  have 
not  sufficient  water  for  a  constant  supply  ;  and  it  is  ne- 
cessary to  pound  up  the  rivers  and  lakes,  for  a  (lash,  or 
artificial  flood.  This  is  accomplished  by  pen  sluices, 
and  some  short  cuts.  The  course  of  the  Msta,  to  the 
lake  Hunen,  is  234  miles;  the  Volkof  to  New  Ladoga, 

130  miles.     The  whole  voyage  from  Vishnie  Voloshok 

to  Pe'ersburgh,  is  performed  in  a  month. 

The    third    line   of   communication,  by   lake    Onega, 

called    the    Marie    Canal,    from   the    Volga,    the    river 

Shaxna,  is  ascended  350  versts  to  the  lake  Belozero.    It 

admits  vessels  drawini;  3  to  3^  feel  water.     The  channel 

is  interrupted  by  reefs  of  stones.     The  passage   to   the 

river  Kofstha  is  performed  in  small  vessels  with   sails, 

which  suit  both  lake  and  river.     These  vessels  are  from 

56  to  91    feet  long,  25   to  27  feet  in  breadth,   and  carry 

from  50  to  90  tons.     After  passing   the  lake  Belozc-ro, 

the  navii;ation  continues  by  the  river  Kofscha,  65  versts, 

to  the  Junction  Canal.     This  river   has  only  eleven  feet 

fall,   and  locks  have  been  adopted.     Two  of  these  were 

completed  and  in  use  in  1808.     From  the  Kofscha  there 

is  an  ascent  to  the   summit  of  48  feet.     The  Junction 

Canal,  including  its  basins,  is  about  nine  versts  in  length  ; 


tersburgh. 

Having  explained  the  lines  of  communication  between 
the  Baltic  sea  and  the  great  liver  Volga,  we  siiall  now 
turn  out  attention  to  the  second  great  river  of  Europe 
and  Russia.  The  Dnieper  is  navigable,  on  its  main 
stream,  as  high  as  SmoU-nsko,  being  above  800  miles,  ' 
and  IS  only,  in  all  that  distance,  once  interrupted  by  cata* 
racts  ;  they  begin  below  liie  mouth  of  the  Somara,  and 
continue  about  40  miles.  In  the  spring,  when  the  Rus- 
sian rivers  are  high,  from  the  melting  of  snows,  loaded 
barks  can  descend  the  falls;  at  other  times  the  goods 
are  landed,  and  transported  40  miles  by  land  to  Kitch- 
kase,  where  they  are  again  put  into  vessels,  which  pass 
down  uninterruptedly  to  Kerson.  From  this  port  coast- 
ing vessels  pass  through  the  Limmai,  and  over  the  bar 
of  the  Dnieper,  to  Odessa,  which  is  now  the  natural  port 
of  this  river.     Opeiations  have  been  undertaken  to  ob- 


Besides  the  main  channel,  there  are  extensive  navi- 
gable branches:  the  Prjpec  is  navit^able  to  Pinsk  and 
Alexandria,  near  B  ;lbinbk  ;  at  Pinsk  is  the  canal  al- 
ready described,  which  connects  with  the  Niemen.  On 
the  eastern  side  the  Deisna  is  navigable  to  Bansk, 
where  canals  have  been  proji-cted  to  the  Orel  and  the 
Volga.  The  Lotscho  adds  200  miles  of  navigation,  and 
the  Beresina  is  navigable  above  Borisof;  and,  by  means 
of  a  canal,  lias  been  connecled  with  the  Dwina  and  Port 
of  Riga:  this  is  named  the  Beresinsky  canal.  It  was  be- 
gun in  1797,  and  opened  in  1805;  enters  the  river 
Lergin,  and  proceeds  by  a  side  cut,  with  locks,  four 
miles;  then  along  the  stream,  for  12  miles,  to  the  lake 
Planen.  From  thence  is  the  junction  canal,  of  six  miles, 
with  four  locks,  to  the  Uke  Beretscha,  Ijelow  which  a  side 
cut,  of  1*  mile,  with  two  locks,  leads  into  the  F.ssa, 
which  is  toliowed  to  the  Ulla  and  the  Dwina. 

The  Dwina  affords  a  navigation  from  Riga  for  600 
versts  to  Toropetz,  near  which  is  Volak,  on  a  navigable 
river  falling  into  the  lake  Hunen. 

The  northern  Dwina  affords  a  navigation  from  Arch- 
angel, on  the  Wliiie  S^a,  to  Volo^^da,  near  which  it 
might  conimunic.ite  with  the  Sh.ixiu,  and,  of  course, 
with  the  Neva  and  ihe  Volga.  Eastward  its  br^inches 
carry  ihe  uaviujation  to  nejr  the  Ural  .Mountains.  These 
rivers  affoi<i  Hoatation  to  the  raw  produce  of  these  exten- 
sive regions. 

In  this  way.  Russia  also  enj  ys  a  navigation  through 
all  Siberia,  by  means  ot  the  gieat  rivers  O  >y.  Iitish, 
Jenisa,  and  Lena.  In  winter,  these  rivers  likewise  af- 
ford the  mosi  convenient  roads,  even  to  the  frontiers  of 
China 

The  only  artificial  navigation  left  us  to  ctmsider,  is 
the  connection  between  the  Volga  and  the   Don.     The 


the  canal  part  is  70  feet  wide  at  top  water,  and  56  at  the     latter  is,  indeed,  only  an  imperfect  navigation.     Near 
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Tchcrkask  it  separates  into  two  streams,  which  fall  into 
the  Sea  of  Azof,  and,  excepiinj  in  the  spring,  upon  the 
melting  ol  snows,  it  is  scarcely  navigable  ;  and  its  mouth 
is  also  choaked  with  sand,  so  that  only  flat-bottomed  ves- 
sels can  pass.  The  navigation  seems  chiefly  confined  to 
the  main  river,  which  extends  about  1000  versts  to 
Epiphany,  near  its  head.  From  this  a  canal  has  been 
carried  towards  Zula,  on  a  branch  of  the  Volga,  tin  reby* 
opening  an  extensive  market  for  the  coal  and  iron  oi'that 
district. 

The  canal  of  Ivan  was  begun  by  Peter.  It  \yas  carried 
from  Epipiiany,  along  the  bc-d  of  the  Don,  which  in  some 
places  is  improved  by  side  cuts  and  locks,  as  far  as  the 
bend  of  that  river,  13  miles  above  the  town.  From 
thence  a  coniinued  canal  pa^sts  nine  miles  across  the 
summit  to  the  Chatch  river,  having  four  or  five  locks  on 
each  side  of  the  small  lake  Ivan,  which  forms  the  Summit 
Pond.  The  Chalch  is  also  inipioved  by  side  cuts  and 
locks,  as  far  as  Jula  on  the  Una,  by  which  the  navigation 
is  subsequently  continued  to  the  Oka  and  Volga. 

The  grand  connection  between  the  Don  and  the  Volga, 
where  they  approach  each  other  in  the  province  of  As- 
tracan,  was  one  of  the  earliest  projects  of  Peter  the 
Great.  But,  above  a  century  before  his  time,  viz.  in 
1568,  it  had  been  attempted  by  Selim  II.  Emperor  of  the 
Turks,  (See  Cantemii's  History  of  the  Ottoman  Em- 
fiire!)  but,  from  various  causes,  was  abandoned,  and  (as 
has  already  been  stated)  the  success  under  Peter  was  not 
much  greater,  nor  yet  under  the  Empress  Catherine, 
when  the  project  was  resumed  in  1771.  As  it  is  un- 
necessary to  enter  into  details  respecting  it,  we  shall 
only  observe,  that  the  river  Kaniishiiika  was  to  have  been 
improved,  for  15  miles,  by  side-cuts  and  locks;  then  a 
canal  of  three  miles,  on  the  summit,  led  into  the  Howla, 
which  is  navigable  into  the  Don. 

Sweden. 

This  great  northern  peninsula  is  singularly  interesting, 
and  in  no  respect  more  so  than  in  what  regards  its  inland 
navigation.  At  what  period,  or  in  what  manner,  it  was 
first  peopled,  seems  beyond  the  reach  of  authentic  re- 
cords ;  but  it  is  well  known,  that  in  very  remote  times 
there  issued  from  it  an  energetic  race,  who,  during  many 
ages,  triumphed,  and  formed  settlements  in  various  parts 
of  Europe.  By  the  aid  of  Count  Platen,  a  nobleman  to 
whose  talents  and  assiduity  that  country  stands  indebted 
for  many  improvements,  we  are  chiefly  enabled  to  furnish 
our  readers  with  the  following  observations  respecting 
the  inland  navigation  of  Sweden. 

Its  coast  is  bordered  by  innumerable  islands  and  bays, 
and  the  whole  of  the  interior  is  intersected  by  lakes  of 
various  sizes.  These  lakes  are  fed,  connected,  and  dis- 
charged by  large  rivers  :  thus  separated,  the  inhabitants 
■were  under  the  necessity  of  having  recourse,  very  early, 
to  internal  navigation  upon  the  lakes  and  rivers,  although 
the  latter  are  not  unfrequently  intercepted  by  dangerous 
rapids;  and  the  modes  of  passing  these  rapids,  in  some 
parts  of  Sweden,  Norway,  and  Finland,  would  appear 
incredible,  if  they  were  not  still  practised.  The  follow- 
ing detailed  account  of  this  operation,  as  given  by  the 
Count  Platen,  cannot  fail  to  be  interesting.  Very  light 
and  tender  boats,  of  from  20  to  24  feet  in  length,  contain- 
ing from  three  to  five  men,  run  down  the  middle  of  the 
stream  with  incredible  velocity.  It  produces  a  sensa- 
tion impossible  to  be  described,  when,  from  a  steep  rock 
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on  the  shore,  one  sees  the  boat  approaching  the  cataract, 
two  men  pulling  in  the  usual  way  with  oars,  and  the 
pilot,  who  is  appointed  and  sworn  for  this  business,  steer- 
ing at  the  helm  also  with  an  oar.  He  particularly  is  not 
to  be  disturbed  by  any  thing  whatever  :  his  look  is  steady 
and  penetrating,  and  even  his  hair,  on  botji  sides  his 
head,  is  tied  fast  behind  his  neck,  lest  it  might,  by  the 
motion  of  the  wind,  or  by  his  rushing  through  the  air, 
wave  before  his  eyes.  The  moment  he  reaches  the 
edge  of  the  fall,  he  animates  his  companions  to  pull  with 
all  their  strength,  in  order  to  give  his  boat  sufficient  way 
for  the  action  of  the  steerage  ;  he  then  rushes  down  the 
tremendous  current,  between  steep  rugged  shores  and 
isolated  masses  of  I'ocks,  in  the  midst  of  the  falls,  and  is 
frequently  hid  from  the  spectator  by  the  foaming  of  the 
broken  roaring  water;  in  a  moment  he  reappears  run- 
ning with  incredible  velocity  right  against  a  perpendicu- 
lar rock,  wi'h  all  the  probability  of  instant  destruction, 
increased  by  his  cries  to  augment  the  velocity  by  fresh 
efforts;  when,  in  the  very  last  moment,  as  the  boat 
seems  touching  the  rock,  he  casts  it  in  a  quite  different 
direction,  often  at  an  angle  of  90  degrees,  and  again  dis- 
appears in  the  next  curve  of  the  stream.  The  whole  of 
these  operations  is  an  affair  of  an  instant,  scarcely  to  be 
measured  by  time.  The  Count  once  made  a  trial  of  this 
mode  of  navigation  in  company  with  two  able  English 
officers,  upon  a  considerable  river  in  Norway ;  and 
though  the  f.iils  were  of  the  lowest  sort,  they  all  agreed 
that  they  should  not  have  liked  to  have  trusted  the  best 
of  their  own  bargemen.  But  in  rivers  of  this  sort,  many 
rapids  defy  navigation,  and  in  these  cases  carrying  places 
are  necessarily  adopted.  The  improvement  of  side-cuts 
succeeded  the  canying  places,  and  some  of  the  latter 
(or  cuts)  arc  so  ancient  in  this  counliy,  that  their  origin 
is  unknown.  The  old  laws  and  regulations  for  canal  cut- 
ting are  found  as  far  back  as  the  1  4lh  century.  In  the 
year  1007,  the  neck  of  land  upon  which  Stockholm 
stands  was  in  one  night  cut  llirongli  by  the  King  of  Nor- 
way, Olof  Haroldson,  who,  being  blocked  up  in  the  lake 
Maelar,  escaped  by  this  expedient  with  his  fleet.  The 
navigation  from  Upsala  to  Bishop  Tuna  in  1030,  the 
order  issued  about  the  year  1320,  by  Knut  Jonson  Blue, 
in  the  name  of  the  Swedish  King  Magnus,  for  removing 
the  obstructions  in  the  navigation  from  Upsala  to  Bishop 
Tuna,  are  all  testimonies  of  the  ancient  existence  of  in- 
land navigation  in  Stveden.  An  ancient  author  relates, 
that,  in  1435,  the  administrator  Engelbrechl  endeavoured 
to  cut  through  the  neck  of  land  at  Sodertelje,  in  order 
to  pass  his  vessels  into  the  lake  Maelaren;  and,  on  the 
3d  May,  1455,  King  Charles  VIII.  directed  the  naviga- 
tion from  Upsala  to  Bishop  Tuna,  to  be  cleared  out  and 
restored.  There  is  in  existence  a  letter  from  the  learn- 
ed and  active  Catholic  Bishop  Brask,  to  a  nobleman  of 
high  rank,  dated  15th  July,  1526,  wherein  he 'mentions 
a  plan  of  joining  the  Wcnern  with  the  Baltic,  nearly  in 
the  same  way  as  it  is  now  about  to  be  accomplished  ;  and 
a  short  cut  at  the  eastern  extremity  of  the  lake  Roxen, 
is  still  known  by  the  name  of  the  Bishop's  Canal.  But 
this  great  man,  violently  opposing  the  Reformation  in 
religion  introduced  by  Gustavus  the  First,  was  expelled 
from  the  country,  and  all  his  projects  of  improvement 
were  suspended. 

It  does  not  appear  that  Gustavus  I.  took  any  decided 

measures  respecting  a  navigation  across  the  kingdom, 

although  it  was   mentioned  by  him  at  the  diet  on  the 

28th  July,  1526  :  but  his  scheme  was  to  join  the  lakes 
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Maelar,  Hielmar,  Sbager,  and  Wenern;  and  some  as- 
cribe lo  him  the  commencement  of  the  Arboga  canal. 
An  order  of  his  exists,  dated  1546,  for  deepening  the 
ports  of  Toiikoping  and  Wadstena,  both  on  the  great 
lake  Wettern.  In  1551,  he  cleared  out  tlie  navigation 
from  Upsala  to  the  Baltic,  at  Bishop  Tuna. 

Eric  XIV.  had  the  navij^ation  througii  Sweden  in  view, 
in  order  to  avoid  the  vexations  of  tlie  Danes  and  the  mo- 
nopoly of  the  Hanseatic  towns,  but  he  adopted  no  prac- 
tical measures. 

His  brother  John  III.  in  1581,  issued  letters  for  the 
construction  of  canals  near  Troelhatta;  and  in  1585, 
for  dealing  away  the  woods  between  the  lakes  Borcn 
and  Asplangen,  in  order  to  cfTect  tlic  canal  between  the 
lake  Wctlern  and  Soderkoping,  then  a  great  trailing 
town. 

The  able  and  enlightened  son  of  Gustavus  I.  founded 
the  towns  of  Carlstad  and  Mariesiad  upon  the  Wenern, 
and,  at  the  commencement  of  the  river  Golha,  which 
forms  the  outlet  from  that  great  lake,  he  caused  a  canal 
to  be  constructed  which  bears  his  name.  About  this 
time  lived  Duke  John  of  Ostrogothia,  who,  having  tra- 
velled in  foreign  countries,  formed  the  project  for  joining 
the  Wenern  with  the  Baltic;  for  which  purpose  he  em- 
ployed a  Dutch  engineer.     He  died  in  1618. 

In  the  year  1631,  Gustavus  Adolphus,  amidst  his 
fJerman  conquests,  issued  an  order  to  construct  an  arti- 
ficial canal  between  the  lakes  Maelar  and  Hielmar; 
and  the  following  extract,  from  an  authentic  document, 
proves  his  anxiety  and  zeal  for  its  execution.  It  is 
entitled,  "  An  extract  of  the  declaration  of  King  Gus- 
tavus Adolphus,  on  the  questions  put  by  Count  Palatin, 
lohn  Cassimir,  and  Council  of  the  Chambers,  dated  the 
Field  Camp  at  Passewitz,  near  Wittenberi;,  31st  Au- 
gust, 1631:" — "Though  his  Majesty  distinctly  per- 
ceives that  the  parishes  in  Nerica,  which  are  allotted  to 
dig  the  Hielmar  canal,  only  endeavour  to  gain  time 
and  ulterior  exemption  from  conscriptions,  and  are  not 
working  in  earnest,  and  is  thereby  tempted  not  to  grant 
ihem  further  exemption,  yet  his  Pilajesty  will  make  a 
!rial  of  their  diligence  for  another  year,  and  grants  them 
ihe  same  exception  for  that  time.  His  princely  Grace 
Count  Palatin  may  therefore  please,  with  the  Council 
of  Chamber,  to  see  that  the  peasants  work  with  applica- 
tion, and  that  Charles  Bond  looks  at  it  as  due.  Tor  the 
rest,  as  lock  building  demands  stability,  so  that  it  may 
last  not  only  for  the  present  time  but  for  posterity, 
his  Majesty  desires  that  his  princely  Highness  Count 
Palatin  and  Council  of  Chamber  will  have  it  construct- 
ed of  stone,  and  not  of  timber,  though  it  should  cost  a 
thousand  dollars,  or  somewhat  more.  For  the  rest,  if  the 
lock  builder,  now  there,  has  not  such  knowledge  theieof 
as  he  ought,  it  seems  better  to  his  Majesty  to  write  for 
one  or  two  from  Holland  to  look  at  it,  whom  his  Majesty 
will  rather  pay  their  travelling  expenses,  and  something 
for  their  trouble,  so  that  the  work  may  become  lasting, 
and  posterity  reap  the  benefit  and  use  of  it ;  and  in  the 
ground  where  the  locks  are  to  be  constructed,  arc  rock 
and  stone,  his  Majesty  thinks  it  unnecessary  to  make  the 
bottom  of  planks,  but  endeavour  to  make  it  from  the 
very  foundation  all  along,  so  that  it  may  be  more  lasting 
and  firm,  and  unnecessary  expense  avoided." 

In  1632,  the  Arboga  canal  between  the  Maelar  and 
Hielmar  was  constructed  (during  the  minority  of  Queen 
Christina)  with  12  locks. 

In  the  year  1635,  orders  were  given  to  a  Swedish  en- 
gineer, of  the  name  of  Traesk,  to  examine  the  summit 


of  the  country,  which  has  lately  been  adopted  for  the 
Gotha  canal ;  and,  in  1640,  a  Dutch  ambassador  pointed 
out  its  importance,  anii  at  this  time  the  cut  and  lock  at 
Edit,  upon  the  river  Gotna,  were  made.  Theie  were 
also  various  surveys  tiiadc  to  avoid  the  Trolhatta  Falls; 
and  during  tlic  reign  of  Charles  X.  the  town  of  Gotlien- 
burgh  ami  its  exceileiu  harbour,  and  the  mouth  of  the 
great  river  Guiha,  wt  re  reiuiered  more  secure. 

Charles  XI.  in  1691,  began  lo  reconstruct  the  Arboga 
canal  in  a  mote  substaii'.ial  manner.  The  chief  engi- 
neer was  a  Dutchman,  who  unfortunately  still  continued 
to  employ  the  river  channel,  although  the  aiijacent 
giouiid  is  particularly  favourable  (or  an  artifi'  iai  canal, 
Tiie  navigation  is,  from  this  circumstance,  subject  to 
flood  waters  and  sediments.  The  king  employed  the 
soldiers,  and  having  encamped  on  the  ailj.iCcnt  ground, 
he  himself  inspected  and  directed  the  pr  ciical  opera- 
tions. It  was  completed  by  his  son  in  1701  The  dis- 
tance between  the  Maelar  and  Hielmar  lakes  is  eight 
miles,  and  the  fall  79|  feet.  The  number  of  locks  is 
now  eight. 

Charles  XII.  employed  the  engineer  Polheim  to  plan 
a  navigation  across  the  kingdom,  upon  the  line  pointed 
out  by  Bishop  Brask,  viz.  through  the  lakes  Wenern, 
Wikcn,  Wetiern,  Boren,  and  Roxen,  and  to  the  town  of 
Norkoping,  which  had  now  supplanted  the  more  direct 
line  to  Soderkoping  ;  and  the  excellent  channel  from  the 
Baltic  up  to  the  latter  was  interrupted  by  a  clumsy 
wooden  bridge.  The  plans  of  Polheim  aie  still  preserv- 
ed ;  he  was  of  a  bold  and  enterprising  character,  prooably 
influenced,  in  some  measure,  by  that  of  the  soveieign 
under  whom  he  acted  ;  and  the  celebrated  falls  of  Trol- 
hatta, in  the  great  river  Gotha,  furnished  a  fit  subject 
for  such  minds.  To  connect  the  navigation  fr'im  'he 
river  Gotha  with  the  lake  Wenern,  Polheim  formed  the 
design  of  damming  up  these  falls,  by  building  walls  across 
the  rapid  torrents  of  Trolhatta,  and  constructing  three 
locks,  having  altogether  a  rise  of  114  feet.  A  coniract 
was  absolutely  entered  into  between  the  king  and  the 
engineer,  not  only  for  this,  but  the  whole  navigation 
across  the  country  to  the  Baltic  ;  but  the  death  of  this 
brave  and  extravagant  monarch  suspended  the  project. 
In  1746,  the  Trolhatta  scheme  was  approved  of,  and 
Polheim,  thouf;h  old,  was  consulted  by  the  resident  en- 
gineers. In  1755,  three  locks  were  excavated  in  the 
rocks,  along  one  side  of  the  falls,  and  gates  of  a  particu- 
lar construction  were  placed  in  the  uppermost.  Ore  arm 
of  the  stream,  in  the  uppermost  fall,  was  dammed  up, 
which  yet  remains.  A  great  dam  ;icross  the  whole 
river,  beneath  the  last  fall,  was  nearly  completed,  when 
it  was  wholly  carried  away  by  tlie  force  of  the  stream 
on  the20lh  September  1755.  Aboul  900  dozen  of  punks 
had,  the  preceding  day,  been  thrown  into  the  river,  for 
what  purpose  has  not  been  ascertained;  but  having  ac- 
cumulated in  a  mass  against  the  unfinished  dam,  proved 
the  immediate  cau^e  of  its  destruction.  This  left  the 
impression  of  impracticability  on  the  minds  of  the  coun- 
try ;  and  excepting  the  construction  of  a  bad  lock  at 
Cailsgraff,  all   remained  in  a  dispirited  state  until  1772. 

Meanwhile  the  Arbos^a  canal  having  fallen  into  a  state 
of  decay,  in  the  yciir  1768,  the  town  of  Orebro,  being 
much  interested  in  this  communication  with  Stockholm, 
offered  to  reconstruct  the  works,  to  which  the  crown 
agreed,  and  the  whole  was  given  up  to  the  town. 

In  1767,  nistructions  were  Riven  to  M  Tliomberg, 
(who,  in  1757,  had  given  a  plan  for  Trolhatta,  nearly 
the  same  as  the  one  executed,)  for  a  new  survey  betweeti 
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the  lake  Weltern  and  the  Baltic ;  and  similar  instruc- 
tions were  given  to  Captain  Rook,  who  reported  that 
the  line  by  Soderkoping  was  by  much  the  best,  and  re- 
commended that  the  project  should  be  undertaken  by 
a  private  company.  In  1774,  M.  Thomberg's  opinion 
was  again  taken  up  by  the  king  respecting  the  whole 
navigation  across  the  kingdom;  and  a  lock  and  side 
cut  were  constructed  on  the  river  Gotha,  by  the  side 
of  the  cataract  of  Akerstrom,  which,  with  the  lock  at 
Edit,  perfected  the  navigation  from  Gothenburg  to  the 
Trolhatta  falls.  As  these  were  114  feet  ascent  upon 
8000  feet  in  length,  a  wooden  railway  was  constructed; 
and  the  locks  at  Karlsgraff  were,  in  1778,  reconstructed 
in  a  more  perfect  manner.  In  1781,  1782,  1783,  and 
1784,  M.  Thomberg  was  employed  in  his  surveys  across 
the  kingdom,  and  he  was  of  opinion  that  Soderkoping 
'  was  the  best  termination ;  however  no  practical  mea- 
sures were  then  adopted. 

In  1765,  plans  were  produced  for  an  inland  naviga- 
tion from  the  province  of  Daleme  to  the  Maelar,  called 
the  Stromsholm  Canal,  which  had  been  proposed  in 
1757.  This  was  undertaken  by  individual  subscription, 
with  some  aid  from  the  crown.  The  work  was  com- 
menced in  1777,  and  completed  in  1795.  The  whole 
length  is  about  60  Etiglish  miles;  the  fall  336  feet ;  the 
number  of  locks  25.  The  length  of  some  are  80,  of 
others  66  feet;  their  breadth  is  18  feet;  and  the  canal 
has  4^  Itet  of  water.  This  is  a  very  imperfect  naviga- 
tion, bting  a  mixture  of  natural  water  courses.  The 
chief  articles  transported  are  pig  and  bar  iron,  to  the 
amount  of  4000  English  tons  annually. 

Another  communication,  most  of  which  remains  to  be 
performed,  is  to  connect  the  lakes  in  the  province  of 
Ostrogotha,  between  the  towns  of  Linkoping  and  Wim- 
merby,  under  the  name  of  the  Kindae  Canal.  It  was 
proposed  in  1756,  probably  by  the  famous  Colonel  Pcch- 
lin,  who,  at  his  own  expense,  made  several  cuts,  and 
took  other  measures  respecting  it. 

Thus  we  find,  for  the  space  of  three  centuries,  the 
oanal  business  a  constant  object  of  public  attention,  and 
frequently  treated  with  great  earnestness,  but  still  with 
very  little  effect.  It  must  therefore  be  inferred,  that 
there  is  a  certain  degree  of  civilization,  public  wealth, 
and  trade,  necessary  to  support  such  improvements. 
Previous  to  this  they  are  merely  possible,  when  the 
means,  capacity,  and  desire,  happen  to  be  united  in  a 
sovereign  or  a  state,  when  they  may  be  forced  prema- 
turely, as  in  the  case  of  Charles  XI.  the  Czar  Peter, 
Frederic  of  Prussia,  and  Louis  XII.  But,  besides  the 
before- mentioned  general  difficulties,  there  are  others 
peculiar  to  Sweden.  The  numerous  large  lakes  render 
it  iniprudent  to  think  of  employing  vessels,  or  connect- 
ing canals  of  small  dimensions,  and,  consequently,  in  the 
very  first  essays  great  means  are  required.  Sweden 
may  be  supposed  to  have  reached  the  period  at  which 
inland  navigation  niij^ht  be  attempted  with  advantage, 
when,  on  the  decease  of  Gustavus  III.  the  regency  of 
the  kingdom  was  entrusted  to  his  brother  the  late  king. 
The  want  of  an  uninterrupted  navigation  was  strongly 
felt,  and  a  plan  for  passing  Trolhatta  was  laid  before 
the  king  by  a  company  of  subsciibers,  in  1793.  It  con- 
sisted of  a  cut  from  a  small  bay  immediately  above  the 
falls,  along  a  rocky  bank,  to  aprecijjice,  where  it  was  to 
descend  by  nine  locks,  mostly  excavated  out  of  the  solid 
rock,  after  which  it  eniered  the  river  at  a  considerable 
disiance  below  the  falls,  where  the  water  was  plucid. 
In  order  to  encourage  the  project,  the  locks  which  had 


been  constructed  at  Edit  and  Akerstrom,  several  pieces 
of  land,  and  a  certain  quantity  of  gunpowder,  were  grant- 
ed by  the  crown  to  the  company,  on  condition  that  they 
executed  the  canal  to  the  breadth  of  22  feet,  with  a  depth 
of  6^  feet  of  water,  in  the  course  of  six  years.  The  tolls 
for  the  whole  navigation  were  fixed  at  Ss.  3d.  English 
per  ton  for  iron,  as  the  chief  article  of  export.  Other 
articles  paid  in  proportion.  The  subscription,  amounting 
to  765,000  rix  dollars,  was  filled  up.  M.  Nordwall  was 
appointed  chief  engineer;  and  the  canal  and  locks  were 
completed  in  the  month  of  August  1800.  The  whole 
navigation  between  the  town  of  Gothenburg  and  the  lake 
Wencrn  is  now  the  property  of  the  company  ;  and  the 
revenue  amounts  to  9  per  cent,  upon  their  capital  ex- 
pended, which  was  only  about  55  per  cent,  of  the  sum 
suljscribed. 

The  success  of  this  project  caused  the  revival  of  a 
scheme  for  opening  a  passage  through  the  narrow  neck 
at  Soderteljo,  to  unite  the  lake  Maelar  with  the  Baltic; 
which  was  actually  undertaken  by  subscription.  The 
privilege  issued  in  1  806,  stipulating  a  breadth  of  30  feet, 
with  12  feet  depth  of  water.  This,  though  sh(>rt,  being 
in  very  deep  cutting,  has  proved  an  arduous  undertaking, 
and  was  only  completed  in  1819. 

The  complete  success  of  the  Trolhatta  canal  was  also 
the  means  of  reviving  the  great  object  of  opening  a  com- 
munication from  the  Wenern  to  the  Baltic  at  Soderkop- 
ing. The  improving  state  of  the  nation  also  had,  no 
doubt,  very  considerable  influence:  but  the  merit  of  its 
having  been  brought  forward,  adopted,  and  the  advances 
procured  for  carrying  it  into  effect,  is  chiefly  to  be  at- 
tributed to  the  same  nobleman,  to  whom  we  acknowledge 
ourselves  indebted  for  the  information  respecting  Swe- 
den, and  to  whose  enlightened  and  patriotic  views,  great 
talents,  and  unwearied  perseverance,  that  country  owes 
much. 

The  Count  Platen,  then  in  the  sea  service,  having  in 
the  year  1795  seen  the  works  at  Trolhatta,  was  strongly 
impressed  with  the  advantages  to  be  derived  to  the  coun- 
try by  extending  the  navigation  across  the  kingdom,  and 
thereby  rendering  the  trade  of  Sweden  independent  of 
the  Sound.  Upon  his  afterwards  retiring  from  the  ser- 
vice to  his  estate  near  Trolhatta,  in  the  year  1798,  he 
was  elected  into  the  direction  of  the  works  at  that  place. 
This,  in  a  short  time  rendered  him  familiar  wiih  canal 
operations.  He  next  made  various  journeys  through 
the  country  ;  and  found  out  the  plans  of  the  deceased 
Thomberg.  From  these,  together  with  his  own  obser- 
vations, and  the  conversations  of  his  friends,  more  especi- 
ally an  enlightened  physician,  the  Count  became  so  fully 
persuaded  of  the  practicability  and  utility  of  tiie  project, 
that,  in  18U6,  he  published  a  pamphlet,  recommending 
the  plan  of  Thomberg.  Early  in  1803  he  had  a  long  in- 
terview with  the  king  on  the  subject,  when  the  business 
was  so  far  approved  of  and  arranged,  as  to  produce  art 
order  authoriziiij;  the  Count  to  procure  an  accurate  re- 
survey  by  a  British  engineer  of  known  experience  in 
similar  works.  Mr.  Thomas  Telford,  then  conducting 
the  great  Caledonian  Canal  through  large  lakes  in  Scot- 
land,and  the  Ellesmerc  Canal,  (on  which  t'-iere  were  some 
uncommonly  large  aqueducts,)  in  England,  was  selected 
for  this  purpose.  The  Count  lost  no  time  in  making 
the  application;  and  Mr.  Telford  having  acceded  '.o  it, 
he  and  his  assistants,  througii  the  friendly  offices  of  Sir 
James  Saumarez.  then  commanding  a  British  fleet  on 
the  Swedish  co-isi,  were  landed  at  Gotenburgh  early  in 
August,  1808.  He  immediately  commenced  operations  ; 
3  F  2 
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and  from  the  zeal  and  maslerly  arrangements  of  Count 
Platen,  he,  with  unprecedented  expedition,  carried  a  re- 
gular survey  from  the  eastern  shore  of  the  lake  Wenern, 
to  the  shores  of  the  Baltic  at  Soderkoping.  He  found  the 
maps  and  surveys  of  Thombcrg  perfectly  accurate  ;  and 
the  chief  points  in  which  he  differed  from  that  engineer, 
were  either  in  respect  to  the  site  of  locks,  or  to  avoid 
deep  cutting,  or  river  navigaiijns.  The  lakes,  soil,  and 
materials,  were  all  found  to  be  very  favourable  ;  and 
having  completed  regular  plans,  sections,  and  a  detailed 
report,  Mr.  Telford,  with  his  assistants,  embarked  for 
England  early  in  October,  leaving  this  magnificent  pro- 
ject in  the  hands  of  its  ze,dous  promoter  Count  Platen. 

In  1809  the  revolution  touk  place,  and  at  the  ensuing 
diet  the  Count  laid  the  pluns,  kc.  before  the  king  and 
the  diet,  when  the  project  received  unanimous  approba- 
tion. It  was  to  be  executed  by  a  subscription  company; 
and  a  charter  to  that  cftcct  was  signed  by  his  majesty, 
lUh  April,  1810.  The  locks  were  to  be  24  feet  in 
breadth,  the  canal  bottom  4S  feet,  and,  when  the  slopes 
will  stand,  at  an  angle  ul  30°.  There  is  to  be  10  feet 
depth  of  wraer.  Tne  length  of  the  whole  navigation 
from  the  Wenern  to  the  Bjilic,  including  lakes,  is  18 
Swedish,  which  is  equal  to  about  120  English  iniies.  The 
artificial  canals  make  8^  Swedish,  or  about  55  English 
miles.  The  ascent  from  the  Wenern  to  the  sumaiit,  or 
surface  of  the  Wiken  lake,  is  162  feet:  the  fail  to  the 
Baltic  307  feet.     The  number  ol  locks  is  to  be  56. 

The  subscription  was  opened  in  May,  1810.  At  the 
first  meeting  the  Count  Platen  was  appointed  chairman, 
and  manager  in  chief,  and  this  appointment  was  confirm- 
ed by  the  king.  In  1810,  1000  workmen  were  employ- 
ed; in  1811,  5000  ;  in  1812,  6300  ;  and  in  the  beginning 
of  1813,  upwards  of  7000;  but  the  war  operations  re- 
duced them  to  3000.  In  August  of  this  year  Mr.  Tel- 
ford visited  and  inspected  all  the  works,  which  had  hith- 
erto consisted  chiefly  of  cutting,  and  had  been  very  cor- 
rectly performed.  The  sites  of  the  locks,  bridges,  and 
aqueducts,  were  now  precisely  determined,  and  all  the 
princip  d  matters  arranged  ;  and  under  the  sanction  of 
the  British  government,  experienced  lock  builders  and 
earth  workers  were  sent  over  by  Mr.  Telford,  with  the 
necessary  plans  and  implements.  The  works  have  ever 
since  been  carried  on  with  increasing  assiduity,  and 
many  of  the  most  difiicult  and  expensive  locks  have  been 
completed.  A  considerable  portion  of  the  canal  has 
been  rendered  navigable,  and  its  importance  has  become 
apparent;  so  that  Count  Platen  will  deservedly  enjoy 
the  same  consideration  in  his  country,  as  the  late  Duke 
of  Bridgewater,  for  similar  laudable  exertions,  enjoyed 
in  our  own. 

England. 

Having  taken  a  cursory  view  of  the  progress  and  pre- 
sent state  of  Inland  Navigation  among  the  various  na- 
tions of  the  Continent,  we  shall  now  proceed  succinctly 
to  show  what  has  been  done  in  the  British  isles.  To  do 
this  part  of  the  subject  justice  would  require  volumes  ; 
and  although  we  shall  endeavour  to  treat  it  with  the  ut- 
most brevity,  its  extent  will  unavoidably  prove  very  con- 
siderable. 

Althoui'h  we  have  a  vast  extent  of  sea  coast  and  na- 
vigable inlets,  and  also  several  very  considerable  rivers, 
vet  the  works  of  artificial  navigation  among  us  are  only 
of  a  comparatively  late  date.  Notwithstanding  this,  their 
number  and  extent  are  now  so  great,  and  their  ramifica- 


tions so  general,  that,  south  of  the  river  Tecs,  no  part  of 
England  is  15  miles  distant  from  navigation;  and  so  far 
from  these  improvements  being,  as  in  other  countries, 
the  work  of  princes,  or  their  ministers,  our  legislators 
have  not  unfrequently  interfered  to  obstruct  the  energies 
of  individual  exertion. 

Until  the  invention  of  locks  little  could  be  done  in  the 
way  of  inland  navigation  in  England,  except  in  the  Fens, 
when  connected  with  drainage.  Two  works  however 
yet  exist  in  that  neighbourhood,  of  unknown  antiquity, 
and  probably  Roman,  certainly  intended  for  navigation  : 
1st,  The  Car  Dyke  or  Fossa  Caravansii,  (as  it  is  termed 
by  Stukely,)  a  canal  40  miles  in  length,  skirting  the  up- 
lands and  lens  from  the  river  Nen  at  Pettrboro*,  to  the 
river  Wiiham  near  Lincoln  ;  and,  2dly,  The  Foss  DvKe 
which  connects. the  Wiiham  at  Lincoln  with  the  Trent, 
above  Gainsboro',  by  a  level  cut  of  1 1  miles.  The  first 
of  these  works  is  now  in  disorder;  but  the  second  was, 
as  we  are  iuformeil  by  Cambden,  cleaned  out  by  Henry  I. 
and  is  now  an  existing  navij^.uion,  the  oldest  perhaps  in 
England.  By  means  of  these  two  works,  and  the  nveri 
Nen,  Trent,  and  Ouse,  an  actual  navigation  of  great  ex- 
tent was  efi'ected.  It  is  probable  that  the  Foss  river  at 
York  was,  besides  drainage,  intended  for  an  extension  of 
this  navigation  ;  Uiough  possibly,  with  the  incumbrance 
of  occasional  uansliipment ;  and  this,  when  the  country 
was  without  roads,  and  otherwise  inaccessible,  was  a 
most  valualjle  accommodation. 

In  subsequent  limes,  the  free  navigation  of  our  great 
rivers  seems  frequently  to  have  attracted  the  attention 
of  the  legislature.  Magna  Charta,  cap.  xvi.  provides, 
"  That  all  Wears  sliall  be  put  down  on  the  Thames  and 
Medway,  and  through  all  England,  except  on  the  coast ;" 
25th  Edward  III.  1350.  There  is  an  act  that  new  wears 
shall  be  pulled  down,  and  not  repaired  ;  of  which  the 
preamble  shows  tlie  natural  navigation  of  rivers  to  be 
the  object  of  attention  :  "  Item,  Whereas  the  common 
passage  of  boats  and  ships  in  the  great  rivers  in  England 
be  often  times  annoyed  by  the  inhancing  of  gorees,  mills, 
wears,  stanks,  stakes,  and  kiddles,  in  great  damage  of 
the  people,  it  is  accorded  and  established,  that  all  such, 
&c.  shall  be  utterly  pulled  down,  without  being  renew- 
ed." This  act  was  confirmed  by  45ih  Edward  III.  with 
a  penalty  ;  also  21st  Richard  II.  c.  19.  ;  1st  Henry  IV.  c. 
12  ;  1st  Henry  V.  c.  2;  4th  Henry  V.  c.  2;  9th  Henry 
VI.  c.  9.  Enforced  by  12th  Edward  IV.  c.  7.  which  in- 
flicts a  penalty.  See  farther  3d  John  I.  c.  12  ;  7th  John 
I.  c.  19.  6th  and  7th  William  III.  c.  16;  1st  George  I. 
St.  2.  c.  18.  Commissioners  of  Sewers  were  also  ap- 
pointed :  They  were  instructed  to  attend  not  only  to 
Drainage  but  Navigation,  viz.  "  the  removing  and  pre- 
venting impediments  and  annoyances  on  livers,  streams, 
and  floods,  whereby  the  passages  of  ships  and  boats  mi.ght 
be  letted  or  interrupted."  In  23d  Henry  VIII.  c.  5. 
a  general  act  was  passed,  specifying  the  form  of  commis- 
sion, as  in  6ih  Henry  VI.  c,  6,  and  otherwise  regulating 
their  powers,  which  are  very  extensive. 

By  sundry  acts,  viz.  9ih  Henry  VI.  c  5  ;  19th  Henry 
VIll.  c.  12.  were  passed,  v.'hich  declared  the  river  Se- 
vern a  free  navigation  ;  this  was  in  consequence  of  some 
local  claims  having  been  set  up,  and  lolls  demanded. 
By  tiie  2d  Henry  VI.  c.  9.  an  act  authurizes  the  justices 
to  inquire  into  and  remove  nuisances  on  the  'i'bames. 
By  the  3d  Henry  VI.  c.  5.  commissions  are  directed  to 
be  issued  by  the  chancellor  to  fit  and  skilful  persons,  at 
all  times  necessary,  in  order  to  amend  all  faults  in  the 
river  Lea.     9th  Henry  VI.  confirms  the  same,  autho- 
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rizes  the  removal  of  shoals,  and  grants  a  toll  of  4d.  per 
boat  for  three  years,  in  order  to  defray  the  expense.  This 
is  the  first  instance  we  have  found  of  a  toll  bein^  grant- 
ed for  the  purpose  of  improving  river  navigation  ;  and 
this  contemplated  only  scouring  and  deepening  the  river, 
and  removing  artificial  obstructions.  The  word  Lokkes  is 
first  mentioned  in  12ih  Edward  IV'.  c.  7.  as  an  obstruction 
in  navigable  rivers,  but  cannot  be  supposed  to  mean  any 
contrivance  for  facilitating  the  passage  of  vessels,  Sec. 
It  is  doubtful  if  the  canal  lock  had  been  then  invented; 
and  the  same  word  lokkes  is  still  used  for  the  locks  of 
London  bridge. 

The  6th  Henry  VIII.  c.  17.  is  an  act  to  make  the 
river  of  Canterbury  navigable,  by  deepening  and  embank- 
ing. By  27th  Henry  VIII.  c.  18.  the  conservation  of 
the  Thames  is  granted  to  the  mayor  and  corporation  of 
London.  In  1539,  31st  Henry  VIII.  c.  4.  power  to  make 
a  distant  cut  is  given  to  the  mayor  and  corporation  of 
Exeter.  The  object  of  this  act  was  to  restore  to  the 
city  of  Exeter  the  navigation  which  had  been  destroyed 
by  Hugh  Courtney,  Earl  of  Devon.  This  new  cut  was 
not  provided  with  sluices  until  1581  ;  and  it  was  not  un- 
til a  century  afterwards,  viz.  in  1675  and  1697,  that  the 
corporation  were  enabled,  by  the  introduction  of  locks, 
to  complete  a  navigation  to  the  city  for  vessels  of  100 
tons.  In  the  13th  of  Elizabeth,  an  act  passed  to  make 
the  Welland  navigable.  The  works  then  executed  still 
exist,  and  are  of  the  rudest  sort.  In  1571,  an  act  was 
passed  for  an  artificial  canal,  to  bring  the  river  Lea  to 
the  north  side  of  the  city  of  London  ;  but  it  was  not  act- 
ed on.  The  new  river  aqueduct  was  a  specific  act  ob- 
tained under  James  I. 

The  reigns  of  the  Stuart  family,  therefore,  must  be 
assumed  as  the  era  of  the  actual  commencement  of  arti- 
ficial inland  navigation.  James  I.  sent  engineers  to  view 
the  Fens,  and  suggest  means  for  their  relief ;  and  agreed 
that  the  crown  lands  should  contribute  towards  the  ex- 
pense. In  the  2 1st  James  I.  c.  42.  an  act  was  passed 
for  the  navigation  between  London  and  Oxford,  which 
maybe  said  to  be  the  parent  of  the  river  acts.  In  1610 
the  river  Lea  bill  was  acted  on,  and  brought  to  Lime- 
house. 

In  1655,  an  act  was  passed  to  make  the  river  Wye 
navigable;  and  in  the  same  year  for  the  Ouse,  from  the 
Humber  to  York. 

It  is  evident  from  their  repeated  failures  in  the  Fens, 
that  the  artists  then  in  England  were  deficient  in  expe- 
rience and  skill.  James,  therefore  sent  for  engineers 
from  Holland,  which  country  was  then  busy  with  various 
works  of  drainage  and  navigation,  and  at  that  time  sup- 
plied all  Europe  with  hydraulic  engineers.  (See  La- 
LANDE,  pp.  175,  195,  197.)  So  early  as  the  reign  of 
Henry  VIII.  Cornelius  Vanderdelp  embanked  and  drain- 
ed the  marshes  of  Wapping,  and  had  one  half  the  land 
for  his  trouble,  confirmed  by  repeated  acts  of  parliament. 
On  the  same  piinciple  Cornelius  Vennuydcn  undertook, 
in  the  reign  of  James  I.  to  embank  Dagenham  levels  on 
the  Thames ;  and  a  part  of  the  lands  was  confirmed  to 
him  by  patent  in  162  1. 

Vermuyden  and  other  Dutch  artists  were  sent  to  drain 
the  eastern  and  northern  fens  ;  and  in  1626,  under  Charles 
I.  they  made  proposals  for  recovering  the  great  level, 
and  that  of  Hatfield  Chase,  at  the  mouth  of  the  Trent.  This 
last  was  effected  in  five  years,  at  an  expence  of  ^55,825. 
They  also  built  Misterton  Sas,  in  tiie  river  Idle  ;  probably 
the  first  lock  with  a  chamber  which  was  built  in  England. 
It  was  rebuilt  by.  John  Sniealon.    Although  these  Dutch- 


men were  frustrated  as  to  the  great  level,  and  also  the 
Aire  and  Calder  livers,  their  example  communicated  in- 
telligence and  skill  to  Englishmen,  and  promoted  similar 
improvements.  But,  unless  when  connected  with  drain- 
age, navigation  does  not  seem  to  have  been  made  an  ob- 
ject of  attention.  If  we  may  rely  upon  the  representa- 
tions of  the  town  of  Lynn,  it  was  very  materially  obstruct- 
ed. Indeed,  until  the  act  of  1661  for  the  Bedford  canal, 
no  provision  was  made  respecting  the  navigation. 

In  1628  a  bill  was  brought  in  to  improve  the  river 
Medway.  It  was  not  then  passed,  but  tlie  improvement 
was  subseqaenlly  undertaken  by  Michael  Cole,  under  a 
royal  patent.  Having,  however,  been  petitioned  against 
under  the  commonwealth,  it  was  set  aside  as  a  monopoly. 
During  the  troubles  and  civil  wars  no  progress  was  made 
in  these  sort  of  works  ;  indeed,  many  of  those  previously 
constructed  xvere  injured  and  destroyed. 

After  the  Restoration,  inland  navigation  was  taken  up 
with  zeal.  Charles  II.  and  many  of  his  courtiers,  dur- 
ing their  exile  in  the  Low  Countries,  had  opportunities 
of  witnessing  the  benefits  of  inland  navigation;  and  it  is 
worthy  of  notice,  that  all  the  bills  originated  with  the 
lords.  In  1661  and  1662,  unsuccessful  attempts  were 
made  to  obtain  a  general  law  for  making  all  rivers  navi- 
gable which  were  capable  of  it.  Private  bills  were 
however  passed. 

Acts  were  passed  for  the  rivers  Stour  and  Salwerp,  in 
the  counties  of  Worcester  and  Stafford,  Wye  and  Lugg, 
in  Hereford,  Monmouth,  &c.  This  last  act  was  subse- 
quently amended  by  a  public  act,  7th  William  III.  which 
gives  authority  to  assess  the  county  of  Hereford  for  the 
expense. 

Acts  were  also  passed  for  the  river  Avon,  from  Christ- 
church  to  New  Sarum  ;  also  the  river  Medway,  Sec. ;  the 
Mole  and  Arun,  from  London  to  Dorking,  Grimstead, 
Arundel  and  Petersfield  ;  likewise  by  the  Wey  to  Farn- 
ham,  and  the  Itching  from  Southampton  to  Winchester; 
and  soon  after  for  the  rivers  Branden  and  Waveney,  the 
Witham,  &c.  from  Boston  to  the  Trent;  and  an  act  for 
the  conservation  of  the  Fale,  near  Falmouth.  In  the  6th 
and  7th  Wiliiam  III.  the  Justices  were  authorized  to 
settle  the  rates  for  the  locks  and  weirs  upon  the  river 
Thames.  In  the  9th  and  10th  William  III.  the  corpo- 
ration of  Colchester  was  authorized  to  make  their  river 
navigable  to  Wivenhoe.  In  the  following  session,  loih 
and  11th  William  III.  the  Aire  and  Calder  act  passed. 
This  may  be  considered  as  the  parent  of  the  Yorkshire 
navigations,  and  is  now,  perhaps,  the  wealthiest  in  England. 
Ill  the  same  year  was  passed  the  Tone,  from  Bridge- 
water  to  Taunton,  and  for  the  Trent  in  the  counties  of 
Leicester,  Derby,  and  Stafford.  Next  year,  for  the  Lai  ke 
or  Bame,  near  Bury  St.  Edmond  ;  for  the  Avon  and 
Froome,  above  Bristol  ;   and  for  the  river  Dec. 

We  have  now  arrived  at  the  commencement  of  the 
last  century,  so  very  important  in  the  history  of  the 
Inland  Navigation  of  Engiandj  and  it  appears  from  the 
preceding  rapid  sketch,  that  so  far  from  our  nation  be- 
ing neglectful  of  this  part  of  domestic  improvement,  as 
alleged  by  Lalande,  the  progress  which  had  been  made, 
considering  the  then  confined  state  of  our  trade  and  ca- 
pital, and  the  turbulent  period  of  our  political  history, 
was  not  inferior  to  that  of  most  of  the  other  nations  of 
Europe. 

Under  the  succeeding  monarchs,  the  extension  of  our 
inland  navigation  was  pursued  with  accelerated  rapidity. 
From  1701  to  1714  the  following  canal  acts  were  passed 
— for  rendering  navigable  the  Avon,  from  Bath  to  Han- 
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ham  Mills;  the  Cam,  or  Grant,  from  Clayhilhe;  the 
Derwent,  in  Yorkshire ;  Nene  to  Northampton  and  Pe- 
terborough; Siour  in  Essex  from  Mannington  to  Sud- 
bury, Suft'olk  ;  and  for  the  river  Tone. 

Fiom  1714  to  1727,  in  the  reign  of  George  I.  acts 
were  obtained  for  improving  and  extending  the  navi- 
gation of 


Beverley  Beck  at  Hull. 

Dane  in  Cheshire,  from  North- 
wicli  to  Wheelock  Brook. 

Derwent  in  Derbyshire. 

Dee,  Cheshire. 

Douglas,  from  Ribble  to  Wigan. 

Don  in  Yorkshire,  from  Don- 
caster  to  Tinsley. 

Do  from  Holm  Stile  to  Wilnich 
House. 

Ellen  to  Bank-end. 

Idle  River. 


Irwell  River. 

Kennet  to  Newbury  in  Berks. 

Mersey  to  Manchester. 
Nene  to  Northampton. 
Ouse  to  HiMitinijdon. 
Ouse  to  York. 
Thames  to  Cricklade, 
AVeaverin  Cheshire,  from  Frods- 

ham  to   Winsford. 
Wey  in  Surrey  to  Godalming. 
Wye  in  Hereford. 


And  under  George  II.  or  from  1727  to  1760,  acts  were 
passed  for  improving. 

Beverley  Beck  near  Hull.  Rodon  in  Essex. 

Biythe  in  Sufiblkto  Haldworth  Sankey  Brook  and  branches. 

Bridge.  Stort. 

Branden  Uiver.  Stroudwater. 

Ivel  or  Yeo  in  Somersetshire,  Waveney. 

Loyne  or  Lune.  Weaver. 

Medw.iy.  Worseley  Brook,from  Worseley 
Lar,  from  Lynn  to  Westaire.  Mill  to  Irwell. 

yrom  Old   Bedford    Sluice    to 

Nene. 

At  the  commencement  of  the  reign  of  George  III. 
the  system  of  inland  navigation  in  England  underwent  a 
very  remarkable  change.  Hitherto  acts  of  Parlia- 
ment had  been  granted  with  reference  to  some  particu- 
lar river,  the  natural  navigation  of  which  it  was  meant 
to  improve.  Powers  were  therefore  granted  to  deepen 
and  straighten  the  channel,  to  embank  where  it  was  too 
wide,  to  employ  such  banks  as  towing  paths,  to  build 
jetties  and  weirs,  to  pen  up  water  by  sluices  or  turnpikes, 
or  to  make  flashes  to  overcome  the  shallows  or  rapids; 
to  erect  winches  or  capstans  for  hauling  boats  up  the 
rapids,  kc. ;  and  latterly,  to  build  pound  locks  for  over- 
coming the  ascents,  especially  at  mill  weirs:  but  it  was 
usually  stipulated  not  to  leave  the  bed,  or  direct  the 
river  from  the  natural  course,  or  draw  water  from  it  to 
the  injury  of  the  mills.  Experience  had,  however,  shown 
that  navigations  of  this  sort  were  liable  to  perpetual  de- 
gradation. The  rivers  which  had  their  regimen  altered, 
were  found  speedily  to  cha\ige  the  form  of  their  beds. 
Gravel  and  sand  were  swept  away  by  the  rapids  at  the 
weirs,  and  deposited  in  b:inks  and  shoals  in  the  ponds 
below.  During  floods  the  works  were  overtopped  by  the 
water,  and  frtquently  injured;  and  the  crooked  naviga- 
tion, with  its  trackage  against  the  stream,  was  at  all  times 
laborious  and  dilatory.  These  difficulties  suggested  the 
propriety  of  leaving  the  natural  bed,  and  led  to  the  for- 
tnation  of  a  separate  cut  with  pound  locks.  With  this 
view  the  proprietors  of  the  Sankey  navigation,  in  Lan- 
cashire, who  had  obtained  in  1755  an  act  for  making 
Sankey  brook  navigable  from  the  Mersey  river  to  near 
St.  Helen's,  having  the  usual  powers  given  them  for  pur- 
chasing the  necessary  land  for  side-cuts.  Ice.  determint-d, 
instead  of  working  in  the  river,  to  make  a  separatt?  cut 
along  the  same,  which  they  accordingly  effected  in  1760, 
supplying  tlie  head  or  upper  level  only  by  a  feeder  from 
the  stream. 


About  the  same  time  the  Duke  of  BriJgewaler,  who 
had  obtained  an  act  for  making  VVorselcy  brook  navi- 
gable, from  Worseley  mill  to  the  river  Irwell,  by  which 
navigable  river  he  proposed  to  transport  the  coals  from 
his  properly  to  the  manufacturing  town  of  Manchester, 
duly  appreciating  the  superior  benefits  of  a  still-water 
navigation,  conceived  the  idea  of  conveying  an  artificial 
canal  through  the  dry  land,  across  the  river  Irwell,  by  an 
aqueduct,  and  thereby  proceeding  from  the  mines,  upon 
one  level,  to  the  town.  In  the  SSd  George  II.  the  Duke 
obtained  the  first  act,  with  adequate  powers  for  the  con- 
struction of  a  canal  of  this  sort,  that  is,  not  in  the  direc- 
tion of  any  stream,  hut  crossing  the  course  of  rivers, 
brooks,  and  roads,  and  intersecting  the  property  of  va- 
rious individuals,  who  were  to  be  fully  compensated, 
though  prevented  from  obstructing  the  design.  The 
scheme  at  first  met  with  much  discredit,  from  the  pre- 
judice which  then  existed  in  favour  of  river  navigation, 
and  on  account  of  the  unprecedented  expense  and  diffi- 
culty of  constructing  these  necessary  aqueiiuuts,  embank- 
menis,  and  other  works  at  that  time  new  in  England. 
But  the  Duke,  who  was  well  acquainted  with  what  had 
been  performed  in  Holland,  France,  and  Italy,  and  hav- 
ing found  an  able  and  ingenious  practical  assistant  in  Mr. 
James  Biindley,  and  likewise  a  singularly  sagacious  and 
persevering  agent  in  Mr.  Gilbert,  was  not  deterred  from 
effecting  his  hold  dfcsigns.  The  signal  success  of  the 
Duke's  projects  opened  the  eyes  of  the  whole  nation  to 
the  vast  advantages  to  be  derived  from  artificial  canals, 
or  rather  stilhvater  navigation.  Its  extensions  from  the 
Mursey  to  the  Trent,  Severn,  and  Thames,  were  suc- 
cessively projected.  These,  and  the  rapid  formation  of 
joint-stock  companies,  of  which  above  100  have  been  in- 
corporated for  works  of  this  sort,  during  the  last  reign, 
are  evidence  of  the  zeal  with  which  these  improvements 
were  prosecuted.  An  incredible  extent  of  these  artifi- 
cial canals  has  now  been  completed,  that  is  to  say,  up- 
wards of  2400  miles  have  been  made  in  England,  con- 
stituting a  congeriesof  inland  navigation  not  to  be  equalled 
in  the  world,  and  in  the  construction  of  which  all  sorts  of 
difficulties  have  been  experienced,  and  overcome  by  the 
talents  and  perseverance  of  an  ingenious  and  industrious 
nation. 

In  proceeding  with  the  detail  of  the  several  naviga- 
tions of  England,  we  conceive  it  will  be  most  advisable 
for  our  readers  to  have  the  whole  arranged  into  districts, 
referring  to  the  grand  outlets  and  natural  navigation  of 
the  kingdom.  We  therefore  propose  to  treat  of  them 
in  the  following  order. 

1.  The  basin  ol  the  river  Thames,  including  the  va- 
rious navigations  to  the  south  of  it,  and  along  the  channel 
to  the  extremity  of  Cornwall. 

2.  The  estuary  and  vale  of  the  Severn,  and  its  connec- 
tions with  the  Thames  ;  also  including  Wales,  and  as  far 
as  the  island  ol  Anglesea. 

3.  The  Mersey,  Ol  Bay  of  Liverpool,  and  the  connect- 
ing canals  from  thence  towards  the  Humber. 

4.  The  Humber  estuary,  with  the  Trent,  Ouse,  and 
other  branches,  also  including  the  remaining  river  navi- 
gation on  the  east  coast. 

5.  The  washes  and  basin  of  the  Fen  district,  between 
the  Thamis  and  the  Trent,  with  some  account  of  the 
drainage  there. 

6  And  lastly.  The  grand  central  canals  of  junction 
which  unite  the  Thames  and  the  Mersey,  the  Trent  and 
the  Severn. 

The  great  thoroughfares,  or  canals  of  junction,  will 
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unavoidably  fall  to  two  or  more  districts ;  but  we  shall 

endeavour  to  render  this  as  little  inconvenient  as  pos- 
sible. 

1.   The   Thames, 

This  noble  river,  the  most  iiiiportant  for  trade  and  na- 
vigation perhaps  in  the  world,  haviiig  its  estuary  near  the 
Dover  Straits,  the  great  highway  of  Europe,  has  for 
many  ages  been  the  resort  of  mercantile  shipping.  Lon- 
don, the  capital  of  the  British  Empire,  with  a  population 
of  upwards  of  a  million,  is  situated  at  the  head  ol  its  siiip 
navigation,  60  miles  from  the  sea,  and  accessible  by  ves- 
sels of  the  greatest  burthen.  For  37  miles  farther,  to 
Staines,  barges  navigate  the  open  estuary  ;  for  I  10  miles 
farther,  to  Lechlade,  the  river  has  been  rendered  naviga- 
ble by  locks  and  weirs,  and  various  canals  communicate 
with  it  in  numerous  directions. 

The  Thames  runs  in  a  basin  of  chalk;  no  mines  are 
found  within  its  limits.  The  great  article  of  coal  is 
then-fore  an  article  of  transport.  However,  chalk.  Bint, 
firestone,  buiifting  stone,  and  fuller's  earth,  with  the  agri- 
cultural produce  for  the  supply  of  the  metropolis,  create 
a  considerable  water  carriage.  London,  from  its  singu- 
larly advantageous  situation,  has  become  the  greatest 
emporium  of  Europe,  especially  for  colonial  produce. 
The  freedom  of  our  constitution,  our  insular  position, 
maritime  power,  and  consequent  securiiy  from  tne  vi- 
cissitude of  war,  give  it  great  advantages  over  its  ancient 
rivals  on  the  Scheldt  or  Rhine  ;  and  therefore,  while 
Bruges,  Antwerp,  and  Amsteidam,  Sec.  have  declined, 
London  has  rapidly  advanced  in  prosperity,  and  its  trade 
comprehends  every  description  of  commerce  known  in 
Europe.  London  is  also  a  great  manufacturing  town, 
and  sends  from  its  workshops  various  articles  of  necessity 


or  luxury.  In  1800  it  was  stated,  that,  including  repeat- 
ed voyages,  13,144  ships  and  vessels  were  employed  in 
the  trade  from  London  to  foreign  countries,  the  colonies, 
and  coastwise,  ijesides  2,288  lighters,  barges,  and  punts, 
used  below  Bridge;  3,336  of  the  like  vessels  above 
Bridge;  3000  watermen's  wherries;  350  boats,  being  ex- 
clusive ot  ships  of  war,  transports,  See. — making  a  total 
of  22,500  vessels  employed  in  the  trade  within  the  port 
of  London.  The  value  of  goods  imported  and  exported 
aniiuall)  by  them  was  upwards  of  sixty-seven  millions 
Sterling. 

Between  the  isle  of  Thanet  and  the  coast  of  Essex, 
the  Thames  is  25  miles  in  width  ;  at  Sheerness  it  is  only 
6ve  miles.  Here  the  Medway  enters  from  the  south- 
ward; it  has  spacious  and  deep  havens  to  Chatham  and 
Rochester.  On  the  north  side  of  the  Thames,  the  rivers 
Colne,  Blackwater,  and  Crouch,  and  the  Leigh  Road,  are 
navigable  inlets. 

From  Sheerness  to  Gravesend,  45  miles,  the  channel 
contracts  to  half  a  mile,  and  by  bending  its  direction,  be- 
comes a  land-locked  harbour.  From  thence  it  proceeds, 
by  a  wincing  cours..  22  miles  to  the  Pool,  where  its 
breadth  is  reduced  tn  3  <ir  400  yards. 

An  artificial  canal  has  been  formed  across  the  Isle  of 
Dogs,  of  li  mile  in  length.  Within  this  space  it  con- 
nects with  its  navigable  branch  the  river  Lea  at  Black- 
wall  and  Limehouse,  on  the  south  si;!e,  at  Rotherhilhe 
and  Greenland  Dock  with  the  Grand  Surrey  Canal.  Ex- 
tensive we;  docks  have  been  constructed  at  B  ackwall 
f  ;i  East  India  ships,  in  the  Isle  of  Dogs  for  \Vcst  India- 
men,  and  in  Wapping  for  other  vessels  frequenting  the 
port  of  London. 

The  following  table,  extracted  from  the  second  Re- 
port respecting  the  Port  of  London,  shows  the  state  of 
the  tides  near  that  city. 


Botolph  Wharf .     .     . 
Tower  Wharf    .     .     . 
East  I.ane       .... 
Shadwell  Dock  .     .     . 
Limehouse     .... 
Greenland  Dock     .     . 
Deptford  Creek     .     . 
Crawley  Wharf.     .     . 
A  Sluice  opposite  Lea 

Rise  of 
Tide. 

Time  of 
Ruing. 

Time  of 
High  Water. 

Scale  of  Tides  at 

Shadwell. 

Bugley's 
Hole. 

Peet.    In. 
18   10 
18      1 
18     li 
18     5i 

18  10 

19  2 
19     6} 

19  10 

20  2i 

H.    M. 

4  22 
4  44 
4  44 
4  44 
4  44 
4  45 
4  45 
4  45 
4  45 

II.  26 

11.  23 

II.  20 

II.  14 

II.    8 

I.  58 

I.  54 

I.  47 

I.  40 

At  High  Water    .     . 
Three  quarters  Flood 
Half  ditto     .... 
Quarter  ditto  .     .     . 
Low  Water      .     .     ■ 

Feet.    In. 

18     5i 

16    3' 

U     3 

5    6 

0     0 

Feet.  In. 

20     2 

16    3 

12    0 

5     9 

0    0 

By  this  sc-ile  it  appears  the  tide  rises 
considerably  higher  than  half  the  whole 
height  in  hulf  the  time  of  flood. 

The  stream  at  Spring  tides  runs  up  about 
20  minutes  after  high  water  at  the  shore; 
and  in  the  middle  from  30  to   32  minutes. 

The  greatest  depths  a 
28  feet,  in  numerous  so 
gate  to  Blackwall. 

t  low  wat 

iindings  ts 

or  vary 
ken  fro 

from  15  to 
m  Billings- 

Above  London  Bridge  the  tide  flows  18  miles  to 
Richmond  ;  but  the  authority  of  the  Corporation  of  Lon- 
don, as  conservators,  by  acts  14  and  17  Gio.  III.  extends 
to  tne  City  Stone,  half  a  mile  above  Staines,  and  37j 
miles  from  London  Bridge  by  water,  though  only  16  by 
land.  In  this  distance  there  have  been  considerable  im- 
provements attempted  by  ballasting,  and  contracting  the 
channel  over  shoals,  and  establishing  regular  flashes  of 
water  from  the  ponds  and  r.iill-dams  in  the  upper  part  of 
the  river.  A  horse  lowing-path  has  also  been  formed 
from  Putney  Bridge  upwards.  Still  it  was  found  neces- 
sar),  in  the  50  Geo.  \\l.  to  obtiin  an  act  for  n)aking  four 
pond  locks,  viz.  at  Teddington,  Sunbury,  Slowers  Gut, 


and  Laleham,  with  opening  weirs  to  pen  up  the  water  to 
3  feet  10  inches.  A  toll  of  4d.  per  ton  for  a  voyage,  was 
granted  for  these  purposes. 

On  the  north  shore  at  Brentford  is  the  southern  termi- 
nation of  the  Grand  Junction  Canal,  one  branch  of  which 
reaches  the  metropolis  at  Paddington,  and,  by  the  Re- 
gent's Canal,  communicates  by  the  northern  skirls  of 
London  with  the  Thames  at  Limehouse.  This  Grand 
Junction  Canal  connects  London  with  all  the  great  navi- 
gations of  the  centr;il  and  northern  parts  of  England. 
On  the  south  sh<  re  of  the  Thames  at  Vauxuall,  ihe 
Grand  Suney  Can.il  is  intended  to  join  the  Thames  ; 
and  at  Wandsworth  entrance  is  the  commencement  of 
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the  iron  railway  to  Croydon.  Near  Weybridge,  the  river 
Wey  navigation  passes  uft"  to  tlie  south,  and  joins  it  to 
the  Basingsioke  canal,  in  a  somh-west  direction. 

From  Siaines  upwards,  past  Windsor,  Maiden  Head, 
Marlow,  Ht-nley,  Reading,  Abingdon,  and  Oxford,  to 
Lechlade  in  Gloucestershire,  a  distance  of  109  miles, 
the  managements  are  designated  by  tlic  name  of  the 
Thames  and  Isis  navigation,  by  the  24  Geo.  II.  and  11, 
25,  28,  and  35  Geo.  III.  This  has  been  vested  in  coun- 
try gentlemen,  by  whom  it  has  been  improved  by  means 
ot  27  pond  locks,  and  nearly  as  many  side  cuis,  by 
making  a  horse  towing  path  throughout  the  whole  line 
of  navigation,  and  lastly,  by  ballasting  various  shallows, 
so  that,' as  Mr.  Alnutt,  the  superintendant,  states,  3  feet 
10  inches  of  water  is  now  at  all  times  secured.  The 
size  of  the  locks  is,  in  general,  120  feet  long  and  18 
feet  wide.  The  distance  from  Staines  to  Oxford,  by  this 
navigation,  is  81  mihs,  by  the  turnpike  road  only  42.  At 
Lechlade,  the  surface  of  the  water  is  212  feet  above  the 
tideway  of  the  Severn,  at  the  termination  of  the  Slroud- 
water  canal.  Between  Lechlade  and  Siaines,  the  follow- 
ing navigations  connect  with  the  Thames:  1st,  Near 
Reading,"tlie  river  Kennet,  from  which  the  Kennet  and 
Avon  canal  proceeds  to  Bath  and  the  Severn.  At  Abing- 
don, the  Wilts  and  Berks  canal  proceeds  westward,  unites 
with  the  Kennet  and  Avon,  and  likewise  sends  a  branch 
(the  North  Wilts  canal)  to  rejoin  the  Thames  near  Lech- 
lade. At  Oxford,  the  Oxford  canal  passes  northward, 
and  unites  with  the  canals  of  the  central  district.  While, 
at  Lechlade,  the  Thames  and  Severn  canal  passes  west- 
ward, crosses  the  central  ridge  of  the  island  by  the  Sap- 
perton  tunnel  of  4300  yards  in  length,  and  descends  into 
the  Stroud  canal,  which  falls  into  the  river  Severn. 

The  tolls  are  3d.  per  ton  per  voyage  for  each  pond 
lock,  or  6s.  9d.  for  the  whole  between  Staines  and  Lech- 
lade, besides  a  small  toll  of  2s.  per  ton  for  the  whole 
length,  for  weir  owners.  The  following  table  from  Mr. 
Alnutt's  pamphlet  deserves  notice. 

Prices  of  Carriage  of  Goods  fier  Ton  from  London. 


To  Windsor,  or  Maidenhead 
Marlow  or  Henley 
Reading  or  Caversliam 
Wallingford  or  Bensington     . 
Abington  or  Oxford 
Farringdon  or  Lechlade 


By  Water. 

0  12 
0   15 

0  18 

1  2 
1     8 


By  Land. 


^1 

2 
2 
2 


10 

5 

10 

18 

5 

0 


Branches  of  the  Thames. 

Reserving  the  three  great  junction  canals,  we  shall  pro- 
ceed to  those  navigable  branches  of  canals  or  rivers  which 
are  connected  with  the  Thames. 

The  side  cuts  and  pond  locks  up  the  river  Wey,  in 
Surrey,  between  Guildford  and  the  Thames,  are  said  to 
have  been  amongst  the  first  in  England,  and  constructed 
by  Sir  Richard  Weston,  in  165  1.  In  this  distance,  there 
is  a  rise  of  86§  feet  in  17J  miles,  and  from  thence  to  Go- 
dalming,  2^  miles,  a  canal  rises  32^  feet.  The  vessels 
employed  arc  70  feet  long  and  12  feet  wide,  and  3  deep, 
and  carry  45  tons.  The  imports  are,  coals,  fir  timber, 
bale  goods,  tallow,  and  groceries.  The  exports  are, 
chalk,  oak  timber  bark,  hoops,  paper,  malt,  flour. 

From  the  Wey,  at  two  miles  from  the  Thames,  the 
Basingstoke  canal  commences,  and  proceeds  westerly  37 
miles,  in  the  counties  of  Surrey  and  Hants,  to  the  town  of 
Basingstoke,  in  the  first  15  miles,  29  locks  ascend  195 


feet,  the  remaining  22  miles  are  level.     Acts  18  and  33 
Geo.  in. 

In  Berkshire,  the  river  Kennet  was  made  navigable 
by  side  cuts  and  pond  locks,  in  the  early  part  of  the  last 
century.  From  near  Reading  it  ascends  142  feet,  by  11 
artificial  cuts  and  20  lochs,  to  Newbury,  distant  18  miles. 
The  locks  are  122  feet  long  and  19  wide;  barges  109 
feet  long,  17i  wide,  and  Z\  feet  deep  of  water,  carrying 
110  tons.  Acts  7  Geo.  I.  and  3  Geo.  II.  From  New- 
bury the  Kennet  and  Avon  canal  proceeds  westward  to 
Bath. 

Returning  to  London  on  the  north,  the  river  Lea  was 
made  navigable  by  Acts  12  Geo.  II.  and  7,  19,  and  45 
Geo.  III.  k  commences  at  Blackwall,  and  proceeds 
northward,  by  Wallham  Abbey  and  Ware,  to  Hert- 
ford, 20  miles,  with  a  branch  to  Bishop  Hertford  of  13 
miles. 

At  Bromley,  a  canal  proceeds  south-west  to  the  Thames 
at  Limchouse,  which  avoids  the  peninsula  of  the  Isle  of 
Dogs.  The  length  of  this  cut  is  1  •  mile.  This  was  made 
at  the  expense  of  the  city  of  London.  The  river  Lea  was 
originally  made  navigable  by  means  of  weirs  and  single 
sluices.  In  1767,  John  Smeaton  was  consulted  respect- 
ing this  navigation.  The  early  formed  locks  on  this  ri- 
ver were  without  walled  chambers.  There  have  been 
various  projects  for  extending  this  navigation,  to  the  river 
Ouse  in  one  direction,  arid  the  northern  parts  of  London 
in  another. 

It  was  not  until  1808,  that  any  canal,  entirely  separate 
and  independent  of  rivers,  was  constiucted  adjacent  to 
London.  In  1801,  acts  of  Parliament  were  obtained  for 
three  separate  projects  in  the  county  of  Suirey,  viz.  the 
grand  Surrey  canal,  the  Croydon  canal,  and  the  Surrey 
Iron  Railway.  The  first  commences  at  Wilkinson's  gun- 
wharf,  in  Rotherhithe,  and  pro'cceds  12  miles  to  the  town 
of  Mitcham.  There  is  one  branch  to  the  dock-yards  at 
Deptford,  another  at  Greenland  dock,  a  third  at  Bat 
Lane,  a  fourth  to  Peckiiam,  a  fifth  to  Horsemongcr  L.me, 
and  a  sixth  from  near  Walworth,  to  join  the  river  Thames 
at  Vauxhall.  From  its  commencement  for  a  distance  of 
two  miles,  to  which  the  Croydon  canal  branches  off  from 
it,  it  is  nearly  on  a  level  with  high  water  of  the  Thames. 
It  also  continues  on  the  same  level  westward  to  the  se- 
paration of  the  Vauxhall  branch,  and  the  above  mentioned 
branches  are  on  the  same  level.  The  upper  part  of  the 
mainland  has  a  considerable  rise,  and  it  was  originally 
intended  to  extend  it  to  Epsom  and  the  Wey,  as  part  of 
a  line  fioiTi  London  to  Portsmouth. 

The  Croydon  canal  is  a  branch  of  the  last.  Com- 
mencing near  Deptford,  it  proceeds  southward  9^  miles 
to  the  town  of  Croydon.  In  the  first  li  mile,  12  locks 
raise  it  70  feet,  and  after  half  a  mile  of  level,  there  is 
in  three-fourths  of  a  mile  a  rise  of  79 J  feet,  by  13  single 
and  one  double  lock.  From  thence  to  Croydon,  7  miles, 
it  is  level.     The  locks  arc  60  feet  long  and  9  wide. 

The  Surrey  rail-road  commences  on  the  south  bank  of 
the  river  Thames,  near  Wandsworth, and  pioceeds  south- 
east about  10  miles  to  Croydon,  and  thence  in  a  more 
southerly  direction  16  miles  to  Godstow.  It  is  a  double 
railway.  The  inclination  nowhere  exceeds  one  in  120, 
or  one  inch  in  10  feet.  The  engineer  was  William  Jes- 
sop. 

Between  Gravesend  and  Rochester,  a  narrow  neck  of 
land  projects  northward  about  12  miles,  to  nearly  oppo- 
site Sheerness,  where  the  Thames  and  Medway  unite. 
Between  London  and  Chatham  and  Rochester,  by  the 
present  circuitous  route,  the  distance  between  Graves- 
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end  and  the  latter  place  is  upwards  of  30  miles,  and  with 
easterly  winds,  it  is  tliflicult  to  j;et  out  of  the  Medway  ; 
but  across  the  neck  of  the  peninsula  it  is  only  about  7 
miles.  A  canal  is  now  making  in  this  direction.  It  is 
partly  along  very  flat  marshy  land,  and  2|  miles  tlirough 
a  chalk  rib  of  land,  which  is  intended  to  be  passed  by  a 
tunnel.  This  canal  commences  on  the  south  bank  of  the 
Thames  at  Gravesend,  and  will  terminate  in  the  Med- 
way,  a  little  below  Rochester  bridge.  It  is  28  feet  wide 
at  the  bottom,  50  at  the  top,  and  has  7  feet  water.  There 
are  only  locks  at  the  extremities,  and  the  supplies  of  wa- 
ter are  to  be  furnished  by  the  Thames  at  spring  tides. 

We  shall  now  proceed  to  describe  the  inlets  in  the  vi- 
cinity of  tlie  Thames,  and  along  the  coasts  of  the  Chan- 
nel, until  we  reach  the  estuary  of  the  Severn. 

About  1 0  miles  north  of  the  Tiiames,  the  river  Crouch 
is  navi,i!;able  about  12  tiiiles  to  Hull  Bridge,  in  Essex. 
The  estuary  of  Black  water  is  of  more  importance.  From 
near  Maiden  the  Blackwater  river  turns  to  Coggeshall; 
the  river  Chelmer,  from  the  same  place,  passes  west- 
ward to  Chelmsford,  where  it  divides.  The  Chelmer 
and  Blackwater  navigation  (6  and  33  George  III.)  com- 
mences at  Collier's  Reach.  From  low  water  in  the  basin 
to  Heybridge  Mill,  on  the  Blackwater,  15^  miles,  there 
is  a  rise  of  12  feet  8  inches  ;  froin  this  place  to  the  Chel- 
mer river,  at  Bailey  Mill,  \\  miles,  the  rise  is  7  feet  3 
inches  ;  thence  to  Chelmsford,  \0\  miles,  the  rise  is  59 
feet  5  inches.  A  short  branch  to  Maiden  has  a  rise  of  6 
feet  5^  inches.  The  basin  at  Collier's  Reach  was  opened 
for  ships  in  Feb.  1796.  From  the  northern  side  of  the 
estuary  the  river  Colne  is  navigable  to  Wivenhoe,  where 
there  is  a  dock-yard  for  building  large  ships.  Smaller 
vessels  may  ascend  to  Colchester. 

At  Harwich  is  the  Stour  and  the  Orwell.  In  the  for- 
mer the  tide  flows  10  miles,  and  it  is  navigable  19  miles 
farther  to  Sudbury.  In  the  latter  the  tide  flows  13  miles 
to  Ipswich ;  from  whence  the  Stowmarket  and  Ipswich 
navigation  proceeds  (Acts  33  and  45  Geo.  III.)  13  miles 
to  Stowmarket.  At  little  north  of  Harwich  the  Doben 
river  is  navigable  10  miles  to  Woodbridge. 

On  the  south  side  of  the  Thames,  in  the  isle  of  Sliep- 
pey,  is  the  mouth  of  the  river  Medway,  up  which  the 
tide  flowed  to  Maidstone  in  Kent,  17  miles,  until  about 
26  years  ago,  when  locks  and  weirs  were  constructed 
below  that  town.  Near  Rochester  bridge,  80  gun  ships 
lie  afloat  at  low  water.  This  is  considerably  above  Chat- 
ham dock-yard,  to  which  this  river  affords  a  most  safe 
and  extensive  harbour.  Barges  navigate  to  Maidstone, 
and  even  to  Tunbridge;  and  a  canal  has  been  projected 
by  the  Wealds  of  Kent  to  Portsmouth.  (Acts  32  and 
42  Geo.  HI.) 

To  the  south  of  the  projecting  point,  named  the  North 
Foreland,  the  river  Stour  is  navigable  past  Sandwich  to 
the  city  of  Canterbury,  about  18  miles;  but  its  mouth 
is  so  much  perplexed  by  shifting  sands  as  to  render  it 
unfit  for  large  vessels,  and  it  is  otherwise  of  little  use  to 
Canterbury.  This  has  led  to  the  projection  of  an  arti- 
ficial canal  from  that  city,  but  it  has  not  yet  been  reduced 
to  practice. 

From  hence,  past  Dover  and  Folkstone,  the  shore 
consists  of  bold  chalk  cliffs  ;  afterwards,  an  extensive  al- 
luvial tract  intervenes,  until  wc  arrive  at  the  extremity 
of  the  South  Downs  range  of  chalk  hills.  This  alluvial 
iract  seems  to  have  been  formed  by  the  tendency  of  the 
gravel  beach  to  drift  towards  Dungeness;  and  the  river 
Rother  behind,  flowing  through  a  sandy  country,  between 
the  range  of  chalk  hills,  has  formed  extensive  deposits 
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at  its  mouth.  This  tract  was  one  of  our  earliest  subjects 
of  embankment  and  drainage.  The  space  on  the  east- 
ern side  of  the  Rother,  named  Romney  Marsh,  is  sup- 
posed to  have  been  gained  by  the  Romans.  The  same 
alluvial  tract,  under  the  name  of  Winchelsea  and  Pitt 
levels,  extends  considerably  to  the  west  of  the  Rother. 
But  it  is  to  be  regretted,  that  the  process  of  embankment 
within  this  estuary,  by  cutting  off  the  back  water,  seems 
to  have  been  the  chief  cause  of  the  destruction  of  the 
several  ports  in  it,  famous  in  ancient  times. 

The  river  Rother  is  navigable  through  the  haven  of 
Rye,  about  19  miles,  to  Robert's  Bridge,  with  a  branch 
2i  miles  to  Winchelsea  Bridge.  In  former  times,  this 
river  is  said  to  have  reached  the  shore  at  Old  Romney 
harbour  ;  but  in  the  reign  of  Ed.  I.  a  new  channel  was 
made  to  Old  Rye  harbour,  through  which  the  tide  flowed 
23  miles,  and,  while  suffered  to  do  so,  scoured  the  chan- 
nel in  such  a  manner,  as  to  render  it  useful.  But,  with 
a  view  of  improving  the  navigation,  sea  sluices  were 
constructed,  and  these  having  obstructed  the  tide  opera- 
tions, the  channel  became  choaked  up  and  useless.  In 
1721,  the  sluices  were  removed,  but  the  channel,  it  would 
seem,  was  iiot  restored  ;  for,  in  1726,  captain  Perry  cut 
a  new  channel,  above  a  mile  in  length,  to  the  sea,  and 
about  two  miles  from  the  town.  This  was  150  feet  wide 
at  the  top,  and  70  at  the  bottom.  In  1763,  Mr.  Smealon 
recommended  that  the  old  course  should  be  entirely  shut 
up,  and  all  the  water  tuined  down  through  one,  other- 
wise it  would  be  choaked  with  silt.  This  recommenda- 
tion, however,  was  neglected,  and  his  prediction  fulfilled  ; 
and  in  consequence  of  this  occurrence,  the  tonnage, 
which  was  formerly  paid  toward  maintaining  this  harbour 
of  Rye,  was,  by  an  act  of  parliament,  in  1797,  transferred 
to  Ramsgate  harbour.  A  new  cut  was  afterwards  made, 
a  quarter  of  a  mile  to  the  westward  of  the  old  blocked-up 
harbour,  in  order  to  force  the  water  through  the  new 
cut,  and  a  pier  head  and  jetties  were  constructed,  capa- 
ble of  protecting  vessels  of  300  tons.  The  spring  tides 
rise  24  feet.  On  the  Rother,  coals,  deal,  timbei,  and 
merchandise,  are  imported;  and  oak  timber  and  agti- 
cultural  produce  exported. 

The  inland  navigation  of  this  tract  has  been  considera- 
bly extended  since  1804,  by  the  construction  of  the  Royal 
Military  Canal  along  the  upper  edge  of  these  levels.  It 
was  originally  intended  as  a  line  of  defence,  and  as  a 
rallying  point  for  troops  after  a  contest  on  the  beach. 
Ml.  Pitt  was  its  great  promoter.  Perhaps  a  more  use- 
ful purpose  will  be  found  as  a  navigation,  for  the  con- 
veyance of  beach  or  shingle  for  the  roac!s  in  the  We  ilds 
of  Kent,  and  the  transport  of  oak  timber  for  ship-build- 
ing, to  Rye  harbour.  The  line  extends  from  the  heights 
of  Folkstone,  in  Kent,  skirting  the  hills  in  the  rear  of 
Romney  Marsh,  to  those  of  Fair  Light  Head,  in  Sussex, 
cutting  off  the  whole  flats  of  Romney  Marsh  and  Pitt 
level,  embracing  13  miles  of  assailable  coast.  It  was 
commenced  in  1804,  under  the  direction  of  the  quarter- 
master general.  His  assistant,  colonel  Browne,  having 
themanagement  of  the  practical  opcrations.ihe  Royal  Staff 
corps  executed  the  artificers'  work;  the  Waggon  Train 
the  carriage.  Navigators  were  eniployed  in  the  exca- 
vation, and  thiee  steam  engines  were  found  insufficieiit 
to  drain  the  works,  and  considerable  difliculties  were  ex- 
perienced :  the  whole  was,  however,  completed  in  1806. 
The  canal  and  ramparts  were  to  have  been  contiiiucd 
from  the  liver  Rother,  under  Pieydm  Heights,  to  Rye, 
at  Shorne  Cliffe,  and  a  tunnel  driven  through  the  shingle 
beach  at  Shoine  Cliffe,  300  feet  long,  and  25  superficial 
3  G 
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feet  in  the  section.  The  river  Rolher  being  fluctuating, 
a  lock  was  necessary  at  that  end  of  tlie  caiiai.  The  line 
of  defence  beyond  Rye,  from  Wincheliea  lo  CliflV  End, 
through  Pilt  level,  about  3  miles,  was  of  the  same  dimen- 
sions as  that  already  described  ;  that  is,  72  to  62  feet 
wide  al  liie  water's  surface,  36  lo  30  feet  at  the  bonom, 
and  9  feel  deep.  Along  the  land  side  was  a  line  of  para- 
pets, cannon  proof,  and  a  military  road  30  feet  in  breadth. 
The  canal  line  is  laid  out  in  a  series  of  angles,  so  that 
successive  reaches  may  flank  each  other.  The  lucks 
are  72  feet  long  between  the  gates,  and  16  feet  wide. 

A  little  to  the  westward  of  Bcachy  Head  is  the  river 
Ouse,  up  which  the  tide  flows  9  miles  to  the  town  of 
Lewes.  It  was  embanked  under  an  act  of  31  Geo.  III. 
And  an  act  30  Geo.  III.  was  obtained,  to  render  it 
navigable  to  Hammer  bridge,  about  22  miles  above 
Lewes,  with  3^  feet  water,  for  boats 50  feet  long,  and  12^ 
wide.  In  1793,  a  pier  was  built  at  the  mouth  of  this 
river.  Coals,  deal,  timber,  and  merchandise  are  import- 
ed, and  chalk  and  agricultural  produce  exported. 

In  the  same  counly,  the  river  Arun  navigation  com- 
mences at  Arundel  haven,  and  proceeds  26  miles  to  New 
Bridge,  near  Wisborough  Green.  The  Arundel  canal 
branches  off"  to  the  westward,  about  11  miles  from  Mid- 
hurst,  with  a  collateral  cut  of  one  mile  at  Haslingbourn 
bridge.  This  canal  is  the  property  of  the  earl  of  Egre- 
mont.  Exports  and  imports  are  the  same  as  on  the 
Ouse. 

In  this  quarter,  a  communication  of  considerable  im- 
portance will  soon  be  opened  with  Portsmouth  and  the 
river  Arun,  and  the  adjacent  places,  by  means  of  a  canal 
which  commences  in  the  island  of  Portsea,  at  the  half- 
way houses,  from  whence  it  proceeds  to  Langston  har- 
bour, a  distance  of  2|  miles.  Thus  far  the  canal  has  a 
depth  of  12  feet  water.  There  are  only  two  locks,  which 
rise  about  8  feet  above  water.  They  are  each  to  be  110 
feet  in  length,  and  24  feet  in  breadth.  From  Langston 
harbour,  the  navigation  is  lo  cross  the  channel  between 
Haylen  island  and  Thorny,  into  Chichester  harbour  ; 
from  thence  a  canal  line  is  carried  across  the  country  12 
itiiles  to  the  river  Arun,  about  3  miles  below  Arundel. 
In  this  distance  there  are  two  locks  at  each  end,  rising  8 
or  9  feet. 

The  canal  from  Chichester  harbour  to  the  city  of  Chi- 
chester is  about  4^  miles,  that  is  to  say,  3  upon  the  main 
line,  and  a  branch  1^.  This  district  of  canal  has  8  feet 
water,  and  locks  18  feet  wide.  The  rest  of  the  canal  has 
only  5  feet  water,  and  locks  12  feet  wide. 

The  creek  which  separates  the  island  of  Portsea  from 
the  mainland,  and  connects  Langston  harbour  with 
Portsmouth  harbour,  is  to  be  deepened  to  low  water  for 
the  distance  of  about  2  miles,  so  as  to  receive  the  vessels 
which  ply  upon  the  before-mentioned  navigation,  and  it 
is  intended  to  work  vessels  across  the  tide-way,  by  means 
of  steam  boats. 

To  the  north-west  of  Portsmouth  is  the  great  estuary 
of  Southampton,  at  which  place  the  Ilchin  passes  nearly 
due  north,  about  14  miles  to  Winchester.  From  this 
river  at  Netham,  the  Southampton  and  Salisbury  canals 
branch  off.  One  line  proceeds  along  the  eastern  bank  of 
the  Anton  river,  and  joins  the  Andover  canal,  which  af- 
terwards crosses  the  river,  and  is  terminated  at  Andover  ; 
the  whole  rise  is  176  feet.  The  branch  to  Salisbury 
leaves  the  Andover  canal  near  Kingsbridge  Mill,  and 
after  crossing  the  above  mentioned  river,  proceeds  to, 
and  terminates  at  Salisbury.     The  acts  are  30,  35,  and  40 


Geo.  III.     The  engineers  were,  James  Brindley,  Robert 

Whilcworth,  and  John  Rcnnie. 

The  river  Avon,  which  proceeds  by  S  disbury  to  the 
sea  at  Chiislchurch,  about  30  miles,  is  now,  in  a  great 
measure,  suspended  by  the  above  mentioned  canal  navi- 
gation. From  the  town  of  Chrisichurch  the  river  Stour 
passes  north-west  33  miles  to  Sturminsier,  in  the  county 
of  Dorset.  At  Cliristchurch,  the  spring  tides  flow  only 
from  5  to  7  feet,  the  neaps  4  to  5  feet. 

In  the  county  of  Doiset  there  is  little  inland  naviga- 
tion. In  Devonshire,  the  estuary  of  the  river  Exe  is 
navigable  to  Topsham,  whence  a  canal  is  formed  to  carry 
coasting  vessels  with  coals,  &c.  lo  the  city  of  Exeter.  In 
36  Geo.  in.  an  act  was  passtd  for  a  canal  fiom  the  river 
Exe  at  Topsham,  across  the  counties  of  Devon  and 
Somerset,  to  the  river  Tone,  at  Taunton.  It  was  com- 
menced, but  has  not  yet  been  accomplished. 

Still  more  to  the  westward,  from  the  tide-way  in  the 
Tcign  river  at  Newton  Abbots,-  the  Stover  canal  goes  to 
Newton  Bushel,  distant  one  mile,  with  a  rise  of  20  feet, 
and  thence  to  Bovey  5|-  miles,  with  a  rise  of  3  feet.  The 
branch  to  Chudleigh  is  level.  The  imports  are  coals, 
shell-sand,  and  lime;  the  exports,  potter's  clay,  Bovey 
coal,  and  agricultural  produce. 

On  the  southern  coast  of  Devonshire,  from  Start  Bay, 
near  Dartmouth,  the  tide  flows  up  the  river  Dart  about 
10  miles  to  the  town  of  Totness. 

At  Plymouth,  the  various  arms  of  that  excellent  har- 
bour accommodate  a  considerable  traffic  ;  and  north  of 
Plymouth  a  canal  was,  by  an  act  43  Geo.  III.  made  from 
the  river  Tamer,  about  4|  miles,  to  the  town  of  Tavistock, 
with  a  rise  of  237  feet,  and  was  opened  in  June  1817.  A 
branch  of  2  miles,  rising  19-J.  feet,  goes  to  the  slate  quar- 
ries at  Millhill  Bridge.  A  tunnel  one  mile  and  a  half 
long,  has  been  executed  upon  this  canal,  which  does  great 
credit  to  the  ingenuity  and  skill  of  John  Taylor,  the  en- 
gineer. 

The  Tamer  river  is  the  boundary  between  the  county 
of  Devon  and  Cornwall.  It  is  navigable  from  the  Ha- 
moaze  to  near  Calstock.  At  this  place  the  Tamer  ma- 
nure navigation,  authorized  by  36  Geo.  III.  commences, 
and  was  intended  to  pass  along  the  eastern  side  of  the 
river  for  about  22  miles  to  North  Tamerton.  There 
have  also  been  proposals  for  extending  an  inland  naviga- 
tion from  this  river  to  the  Bristol  Channel. 

Along  the  whole  of  the  southern  coast  of  England,  the 
inland  navigations  are  chiefly  employed  in  importing  ar- 
ticles for  the  supply  of  the  various  adjacent  districts, 
particularly  coals,  and  in  exporting  oak  timber  and  agri- 
cultural produce.  From  Devonshire  are  also  exported 
slate,  potter's  clay,  manganese,  and  the  singular  substance 
named  Bovey  coal. 

Severn  District. 

The  wide  estuary  of  the  Severn  between  Wales  and 
Cornwall,  opening  to  the  Atlantic  and  to  Ireland,  unfortu- 
nately contains  no  good  port  on  its  shores,  excepting 
Milfordhaven.  The  great  rise  of  tide,  however,  and  the 
increasing  wants  of  the  country,  have  led  to  the  establish- 
ment of  various  tide  harbours,  and,  at  the  mouth  of  its 
contributary  rivers,  towns  of  considerable  commerce  have 
gradually  grown  up.  Caerleon,  upon  the  Uske,  though 
now  decayed,  was  a  city  of  note  in  the  time  of  the  Romans. 
Gloucester,  in  the  main  river,  being,  in  its  natural  state, 
too  far  up  for  large  ships,  Bristol,  upon  the  river  Avon, 
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became  the  chief  mart  for  the  commerce  of  the  Severn, 
and  although  well  situated  for  intercourse  with  Ireland, 
the  west  of  Europe,  and  America,  it  has  of  late  years 
been  outdone  by  Liverpool.  Notwithstanding  this,  Bris- 
tol contains  a  population  of  about  70,000. 

The  basin  of  the  Severn  is  richly  provided  with  mines 
and  minerals,  which,  with  the  manufactures  connected 
witli  them,  have  greatly  promoted  inland  navigation. 
Cornwall  abounds  in  copper  and  tin  ores,  and  in  slate 
and  porcelain  earth.  The  opposite  coast  of  South  Wales 
possesses  coal,  ironstone,  and  limestone,  and  the  working 
and  manufacturing  of  these  create  an  increasing  and  ex.- 
tensive  intercourse.  South  Wales,  also,  is  tne  seat  of  a 
ijreat  proportion  of  the  iron  trade.  As  we  ascend  the 
Severn,  coal,  ironstone,  limestone,  and  lead,  continue 
wi'hin  its  basin,  and  often  upon  its  very  banks  almost  to 
lis  source.  The  porcelain  and  potteries  of  Swansea  and 
Worcester  draw  their  chief  supplies  from  Cornwall  and 
Devon. 

The  estuary  of  the  Severn  at  Lundy  island,  is  about  40 
miles  across  ;  60  miles  higher,  at  the-Holmes,  it  is  only 
7  miles  ;  and  it  is  here  that  the  Severn  is  properly  un- 
derstood to  commence.  The  length  of  its  navigation  from 
hence  to  Welch  Pool,  is  reckoned  170  miles;  at  New  Pas- 
sage, 20  miles  above  the  Holmes,  the  breadth  is  nearly  two 
miles  ;  18  miles  farther  up,  near  Newenham,  the  river  is 
contracted  into  a  narrow  channel,  and  from  thence  has  a 
\yinding  course  of  about  20  miles  to  Gloucester,  where 
we  find  the  first  bridge. 

At  the  Holme3,  the  spring  tides  rise  36  feet. 
At  Chepstow  on  the  Wye,     ...     45 
At  Gloucester,  about 6 

From  Gloucester  to  Worcester,  the  rise  is  10  ft.  30  miles.  0  ft.  4  in. 
From  AVorcester  to  Stourport      ...    23       13  19 

From  Stourport  to  Bridgenorth    .     .     .     41.9    18  2       4 

From  Bridge  north  to  Meadow  Wharf,  5  „„  ,.    ,,  o      q 

Coalbrookdale 5  ^^■°    ^^  ^      ^ 

There  are  no  locks  nor  weirs  on  this  river,  and  there- 
fore the  navigation  is  frequently  interrupted  in  rainy 
seasons  by  flood  water,  and  in  dry  weather  from  de- 
ficiency of  depth  in  the  fords  ;  and  the  inclosing  the  low 
lands  of  Montgomeryshire  causes  the  flood  water  to  run 
off  more  rapidly  than  formerly.  The  acts  of  parliament 
respecting  this  river  are,  19th  Henry  Vll.  23d  Henry 
Vni.  12th,  43d,  49th  George  HI.  The  only  improve- 
ments under  these  acts  is,  the  making  a  horse  towing- 
path  from  Bewdley,  by  Bridt^enorth  and  the  Meadow 
Wharf,  to  Shrewsbury.  The  barges  which  navigate  this 
river  are  about  120  feet  long,  from  I  6  to  20  wide,  and  5 
feet  deep,  carrying  upwards  of  100  tons.  The  seven 
trows  are  66  feet  long,  16  wide,  and  5  feet  deep,  carrying 
75  tons  :  they  are  worked  by  a  square  sail,  with  a  main 
and  top  mast,  some  of  them  80  feet  high.  Numerous 
canals  and  rail-roads  branch  ofT  from  this  fine  river  into 
the  adjacent  rich  and  productive  counties. 

The  general  structure  of  Cornwall  renders  it  most  ac- 
cessible in  its  southern  shores,  but  the  great  and  neces- 
sary intercourse  with  Wales  has  promoted  attempts  at  a 
more  direct  intercourse  by  the  northern  side.  The  Heyl 
river  is  navigable  some  distance  from  St.  Ives  Bay.  A 
rail  road  has  been  constructed,  five  miles  from  the  h.ir- 
bour  of  Portreth,  to  the  mines  near  Redruth.  The 
harbour  of  Padstow,  or  Camel  river,  has  a  navigation 
eight  miles  to  Wade  Bridge,  where  the  Polbrook  canal 
commences,  (37th  George  III.)  and  continues  five  miles 
to  near  Bodmin.     The  engineers  were  Messrs.  Rennie 


and  Murray.  There  have  been  other  abortive  attempts, 
as  that  of  Edmond  Leach,  in  14th  George  III. ;  again,  in 
1795,  for  a  cansl  from  Bude  Haven  to  the  Tamer;  also 
of  Lord  Stanhope,  in  1793,  from  the  same  port  to  Hols- 
worthy  and  Hatherbigh,  in  Devonshire.  In  1775,  a  good 
deal  of  money  was  expended  near  S-.  Columb,  on  a  nar- 
row canal,  but  the  scheme  was  abandoned. 

On  the  Devonshire  coast  there  is  a  natural  navi .'ation 
from  the  sea,  up  to  Biddeford  and  Barnstaple,  and  barges 
proceed  some  miles  higher. 

In  Somerset,  between  the  limestone  range  of  .Mendip 
and  the  red  ground  in  the  south  of  the  county,  we  have, 
as  usual  in  that  situation,  a  deep  fiat,  occupied  by  a  bog 
of  peat,  which  from  a  very  early  period  has  been  a  field 
for  drainage  and  navigation.  The  ridge  called  the  Pol- 
den  Hills,  nearly  divides  this  flat  into  two  equal  pans, 
the  waters  of  which  pass  hy  different  courses  to  the  sea. 
On  the  south  side,  the  Tone  and  Parret  rivers,  uniting  at 
Borough  Chapel,  pass  to  Bridgewater,  which  is  accessi- 
ble to  ships,  and  from  thence  pursue  a  winding  course 
of  10  miles  to  the  sea  at  Bridgewater  Bay.  The  Tone 
river  is  navigable  to  Taunton,  16  miles  above  Bridge- 
water,  and  the  Parret  to  Langport,  where  the  Ilchester 
and  Langport  canal  (35ih  Geo.  III.)  proceeds  seven 
miles  to  Ilchester.  The  acts  for  the  Tone  and  Parret 
navigations,  are  lOth  and  11th  William  III.  6th  Anne, 
and  44th  George  III.  On  the  northern  side  of  the  Pol- 
den  Hills,  that  part  of  the  level  drains  by  the  rivers  Brue 
and  A.xe  ;  the  latter  river  has  been  improved  (42d  George 
III  )  and  is  navigable  from  the  Lea,  1 1  miles,  to  Axe- 
bridge.  See  Dugdale;  also  Agricultural  Refiort  of  So- 
merset. 

Various  projects  have  been  formed  for  a  communi- 
cation across  this  country,  between  the  Bristol  and  Eng- 
lish Channels.  The  transport  of  coals  from  South  Wales, 
instead  of  round  the  Land's  End,  has  been  the  principal 
object.  In  1769,  a  survey  was  made  by  James  Brindley  ; 
and  again,  by  an  act  of  the  o6tli  George  III.  for  the  grand 
western  canal.  It  was  proposed  to  pass  by  Taunton, 
Wellington,  and  Tiverton,  to  Exeter,  through  the  great 
seat  of  the  woollen  manufactures.  Another  project  by 
Brindley,  was  by  Langport  to  Axeminster,  on  the  Axe  ; 
but  none  of  these  projects  have  been  carried  into  ef- 
fect. 

Leaving  these  proposed  canals,  we  pass  to  the  river 
Avon,  the  root  of  an  extensive  navigation,  both  natural 
and  artificial.  From  the  Severn  we  proceed  by  this  river, 
between  lofty  limestone  cliff's,  eight  miles  to  the  new  ba- 
sin at  Clifton,  with  a  tide  which  rises  upwards  of  30  feet. 
In  1803,  ai>  act  of  parliament  was  obt.  ined  It  improve 
the  port  of  Bristol  ;  in  consequence  cf  which  ship  locks 
were  constiucted  adjacent  to  the  hot  wells,  bv  v/nich  the 
portions  of  the  .Avon  and  Frome  which  entered  the  city 
Were  conrerted  into  extensive  floating  docks,  for  vessels 
of  the  largest  dimensions.  A  new  river  course  was  cut 
through  Radcliff  Meads,  into  which  the  river  falls  over 
a  regulating  weir,  and  is  crossed  by  two  iron  bridges, 
each  100  feet  span.  The  engineer  for  these  improve- 
ments was  William  Jessop. 

Above  Bristol  the  .\von  continues  navigable  by  locks, 
for  about  20  miles  to  Bath,  where  the  Kennet  and  Avon 
Canal  commences,  and  forms  a  thoroughfare  to  the  river 
Thames,  with  a  variety  of  ramificaticiis;  which  we  shall 
now  proceed  to  describe. 

This  canal  commences  in  \\\"  Avon,  a  little  above  the 
old  bridge  of  Bath,  and  ;hence  proceeds— 
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To  Sidney  Gardens 1    mile  by  7  locks,  which  rise  66i  feet. 

To  Bradford, 9    ditto,     .    level. 

Bradford  lock : 1  lock,     .     .     .     .10    ditto. 

To  junction  of  M'ilts  and  Berks  canal,    .    5    ditto,     .     level. 

To  fiiot  of  locks  at  l-"oxhanger,      .     .     .    4i  ditto,  .  7  locks,    ....  56    ditto. 

To  Devizes, 2^  ditto,     29  ditto,     ...      239    ditto. 

To  AVooten  river, 15    ditto,  original  level  .     .    371 J  feet. 

To  summit  level, 1    ditto,  .   4  locks, 33    ditto. 

404J  feet. 

Summit  level 2^  ditto,  including  700  yards  of  tunnel. 

To  Crofton  pumping  engine,    ....     1    ditto,  .   6  locks,  fall  39  feet. 
To  tile  wharf  at  Newbury,      ....     154  ditto,    25  ditto,    .    171  ditto. 

Tolalfall     .     .     210  feet. 

Where  it  joins  the  Kennet  navigation,  the  total  length  being  57  miles. 

It  was  originally  proposed  to  pass  the  summit  by  a  tun-  feet  deep.     Vessels  80  feet  long  and  12  feet  wide,  car- 

nel   5000  yards  in  length  ;  but  this  was  changed  for  a  I'ying  56  tons,  and  drawing  3  feet  6  inches  of  water,  pass 

steam  engine   and  four  locks  on  each  side  the  summit,  this  canal  and  down  the  Thames.     Robert  Wiiiiworlh 

The  canal  is  44  feet  wide  at  the  surface  of  the  water,  and  Joseph  Clowes  were  the  engineers.     This  canal  was 

which  is  about   five   feet  deep.     The   locks  are  80  feet  finished  in  1789. 

long  and    14  wide.     There   are  two  considerable  stone         The  Stroud  canal   proceeds  eight  miles,  descending 

aqueducts  over  the  Avon.     The  rugged  nature  of  tiic  102  feet  by  12  locks.     To  the  Severn  at  Framiload,  this 

county  has  rendered   this  canal  difficult  and  expensive,  canal  admits  seven  trows  of  65  feet  long,    16  feel  wide, 

The   engineer  was  John  Rennie.     The  acts  are — 34th,  and  5  feet  deep,  carrying  75  tons.     The  acts  were  2d 

36th,  38lh,  41st,  45th  George  III.  and  34th  George  II.  and  15th,  23d,  33d,  and  37th  George 

From  this  canal  branches  off —  III.     The  first  attempts  to   make   Stroudwater   naviga- 

1.  The  Somerset  coal  canal,  for  narrow  boats,  for  hie,  was  rendered  ineffectual  by  the  resistance  of  the 
opening  the  coal  field  between  the  Mendip  Hills  and  the  millers,  and  the  mismanagement  of  a  scheme  for  trans- 
Avon.  From  Dundas  aqueduct  to  Milford  two  miles  is  ferring  goods  from  one  level  to  another  by  means  of 
level ;  from  this  point  the  northern  branch  passes  eight  cranes.  The  engineers  were  Thomas  Yeomen  and  Ro- 
miles  to  Paulton  engine,  rising  138  feet  by  nine  locks,  bert  Wiiit worth. 

The  southern   brancli  has  nearly  the  same  length  and  Having  again  reached  the  Severn,  we  shall   next  no- 
rise,  tice  the  navigations  on  the  northern  shore  of  the  Estuary. 

2.  The  Dorset  and  Somerset  canal,  or  Stour  and  Avon,  Milford  haven  forms  an  excellent  harbour  for  vessels  en- 
by  36th  and  43d  George  III.  branches  from  the  Kennet  tering  the  British  Channel.  It  is  navigable  to  Haver- 
and  Avon  at  Widbrook,  near  Bradford,  passes  by  Frome,  fordwest ;  and  near  to  Narberth,  a  tract  of  stone  coal, 
and  is  intended  to  proceed  by  Mincaunton  and  Stalbridge  and  culm,  extending  from  St.  Bride's  Bay  to  Tenby,  is 
to  the  tideway  in  the  Stour,  near  Siurminster.  A  branch  thus  rendered  accessible.  In  Carmarthen  Bay  there  are 
from  this  canal,  of  nine  miles  in  length,  passes  westward  also  natural  navigations  to  St.  Clares  in  the  Towe,  and 
from  Frome  to  the  collieries  of  Nettlebridge.  to  Carmarthen  on  the  Towey. 

3.  The  Wilts  and  Berks  canal,  of  the  35th,  41st,  and  At  Kidwelly  commences  the  great  coal  basin  of 
50th  George  III.  departs  from  the  Kennet  and  Avon  at  South  Wales,  extending  to  Swansea,  Bridgend,  Caer- 
Samington,  passes  near  Milksham,  Chippenham,  Wot-  philly,  and  Pontypool,  and  northward  to  the  boundary  of 
ten  Basset,  and  Wantage,  along  the  foot  of  the  Chalk  Brecknockshire.  The  north-western  seams  are  chiefly 
Hills  to  Abingdon  on  the  Thames.  Its  length  is  about  stone-coal ;  burning  without  flame,  they  are  extensively 
52  miles.  Cuts  are  made  from  this  canal  to  Chippen-  used  in  malting,  &c.  The  more  southern  beds  are  bitu- 
ham,  'i  mile;  to  Calne,  3  miles;  to  Wantage,  1  mile,  minous,  and  extensively  exported  to  the  west  of  Eng- 
A  branch  also  passes  to  the  Thames  and  Severn  canal  land,  Ireland,  and  France,  &c.  In  the  north-eastern 
near  Cricklade.  The  Wilts  and  Berks  is  calculated  for  parts,  the  coal  being  farthest  from  the  coast,  has  been 
boats  70  feet  long,  and  seven  feet  beam.  It  is  27  j  feet  chiefly  wrought  for  smelting  ironstone:  inexhaustible  beds 
wide  at  the  surface  of  the  water,  14  at  bottom,  and  4J  of  which  accompany  the  coal  strata.  The  quantity  of 
feet  deep.  iron  produced  in  this  district  is  nearly  200,000  tons  an- 

„        „     •     .^     .    lu             •.  n.     -1       •     ,rsnc    ..  nually.     Near  Swansea,  and  at  other  places  along;  the 

From  Samineton  to  the  summit  21  mdes,  rise  199  feet.  '  \                                ,        .    ir             i-                    fa       " 

Summit  level     ....    8  ditto    ...        .  coast,  furnaces  are  constructed  tor  smeltmg  copper  ore, 

Thence  to  Abingdon  .     .     .     .  23  ditto,  fallies  ditto.  baking  porcelain.  Sec.     There  are  also  manufactures  of 

tin  plates  and  iron-wire,  rolling-miils,  &c.     These  ope- 

The  third    great    thoroughfare    between    the    rivers  rations  have  led  to  the  formation  of  various  canals ;   and 

Thames  and  Severn,   and  (he  first  constructed,  was  the  when  these  have  been  found  impracticable  in  the  hilly 

Thames    and  Severn   canal,    acts   23d,   31st,   and   36th  country, extensive  rail  or  tram-roads,  with  inclined  planes, 

George   III.      It   commences  at   the  extremity  of  the  have  been  adopted. 

Thames  and  Isis  navigation,  near  Lechlade  :  thence  to  At  Kidwelly  a  short  canal  was  early  formed  by  Mr. 

the  eastern  end  of  the  Sapperton  tunnel  is  20^  miles,  in  Keymer,  from  his  coal  works  to  the  shipping-place,  on 

which  16  locks  ascend  131  feet.     This  tunnel,   upon  the  the  Kidwelly  river;  since  that  time  it  has  been  extended 

summit,  is  4300  yards  in  length,   15  feet  in  width,  and  by  an  aqueduct  over  the  Gwendreth  Vawr,  te  some  col- 

250  feet  below  the  highest  part  of  the   hill.     From  the  lieries  to  the  eastward. 

western  end  of  the  tunnel  to  the  Slroud  canal,  at  Well-  The  Burry  river  is  navigable  for  10  miles  to  Loughor. 

bridge,  near  Stroud,  a  distance  of  7^  miles,  the  fall  is  From  the  dock  or  harbour  at  Llanelly,  the  Carmarthen- 

241    feet  by  28  locks.     Tlie  canal  is  42  feet  wide  at  the  shire  railway  (Act  42d  George  III.)  extends  15  miles, 

water's  surface,  and  28  feet  at  the  bottom,  and  about  five  through  a  productive  coal  country,  to  the  lime  works 
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near  Llandebie ;  and  on  Ihc  eastern  side  are  railways  to 
ihe  extensive  coal  works  of  General  Waide. 

At  Swansea,  the  river  Towe  is  navigable  for  about 
three  miles  among  the  copper  works.  The  mouth  of 
the  river  has  been  made  a  good  tide  harbour,  by  piers 
constructed  under  the  direction  of  Captain  Huddart. 
From  the  town  the  Swansea  canal  proceeds  along  its 
western  bank,  for  about  13  miles  to  the  Hunoyadd  lime- 
works.  The  total  rise  is  41 1  feet.  Several  railways  com- 
municate with  this  canal  to  the  coal  works  on  tlie  other 
side  of  the  valley.  Act  |34lh  George  III.  Engineer, 
Thomas  Shearsley. 

The  Oyster-mouth  railway  proceeds  from  Swansea, 
seven  miles  along  the  coast,  south-west  to  the  village  of 
Oystermouth,  intended  chiefly  for  carriage  of  limestone. 
On  the  eastern  side,  and  parallel  to  the  river,  a  level  ca- 
nal of  three  miles  proceeds  to  the  collieries  of  Mr. 
Smith  at  Llanfarnlet. 

At  Neath  the  river  is  navigable  four  miles  to  Swan- 
sea Bay.  A  canal  has,  however,  been  formed  along  the 
side  of  it,  to  a  shipping  place  farther  down  the  river. 
The  same  canal  proceeds  up  the  valley  to  Aberfergwn, 
where  a  railway  joins  it  from  the  head  of  the  Aberdare 
canal,  a  branch  of  the  Glamorganshire  canal.  The  total 
lengtb  of  the  Neath  canal  is  about  14  miles.  Various 
railways  branch  from  it  into  the  neighbouring  collieries. 
Acts  31st  and  38th  George  III.  Engineer,  Thomas 
Shearsley. 

On  the  western  side  of  the  Neath  river,  the  Crumlin 
canal,  a  level  of  about  3J  miles,  proceeds  from  the  ship- 
ping place  at  Britton  Ferry,  through  the  Crumlin  Bog 
to  New  Chapel  collieries.  This  canal  is  private  pro- 
perty. 

At  Cardiff  is  the  mouth  of  the  Taff  river,  along  the 
side  of  which  has  been  constructed  the  Glamorganshire 
canal,  under  acts  30th  and  36th  George  III.  for  the  ex- 
port of  pig  and  bar  iron  from  the  Merihyr  Tydvill  works, 
also  for  coal.  The  canal  departs  from  the  TafF  by  a  sea 
lock  for  ships  of  300  tons,  into  a  basin  ;  and  from  thence, 
but  of  smaller  dimensions,  passes  along  the  eastern  side 
of  the  river,  to  the  junction  of  the  river  Cynon,  near 
Quakersyard,  where  it  crosses  the  Taff  by  an  aqueduct. 
Near  the  same  place  branches  off  the  Aberdare  canal, 
up  the  vale  of  Cynon,  and  the  Merthyr  and  Cardiff  rail- 
way on  the  eastern  side  of  the  Taff.  From  this  aqueduct 
the  canal  ascends  by  a  stair-case  of  locks,  and  continues 
on  the  western  side  of  the  river  to  the  Cyfartha  iron- 
works, the  total  rise  being  nearly  600.  In  the  upper 
part  of  the  canal  there  is  frequently  a  want  of  water  ;  a 
supply  is  therefore  obtained  from  the  river  by  means  of 
a  steam  engine  some  miles  below  Merthyr.  This  cir- 
cumstance led  to  the  formation  of  a  railway  parallel  to  it, 
chiefly  for  the  iron  works  of  Plymouth,  Pendurran,  and 
Doulais;  but  this  railway  has  not  been  carried  lower 
than  Quakersyard,  being  about  nine  miles  from  its  com- 
mencement. These  canals  and  railways  are  carried 
through  a  very  rugged  countiy. 

The  Aberdare  canal,  33d  George  III.  is  a  brancli  of 
the  above,  and  passes  7h  miles  nortli  west  of  Aberdare, 
where  railways  commence,  passing  the  iron  works  of 
Abernant,  Aberdare,  and  Hirwain,  and  thence  to  the 
summit  of  a  precipice  near  the  Neath  Valley,  where  an 
immense  inclined  plane  completes  the  coniinuiiication 
with  the  Neath  canal.  Up  this  inclined  plane  iht  wag- 
gons are  dragged  by  a  high  pressure  engine  of  Mr.  Tre- 
vithick's  construction. 

The  last  congeries  of  inland  navigations  in  this  quarter 


terminates  at  Newport,  near  the  mouth  of  the  river  Uske. 
It  proceeds  up  that  river  to  the  town  of  Brecon,  having 
various  branches. 

The  Monmouth  canal,  32d,  Srth,  and  42d  George  III. 
from  the  lower  part  of  this  navigiilion,  commences  at 
PillgwcUy  on  the  Uske,  and  passing  Newport  lo  .Mal- 
pas,  divides  into  two  branchts  Of  these,  '.lie  one  fol- 
lows the  channel  of  the  Ebbw  river,  1 1  miles  to  Crum- 
lin Biidge,  whence  lines  of  railways  proceed  up  ihe 
Ebbw  21  miles  to  Ebbw  Vile  and  Btaufort  iron-\\orks, 
with  branches  to  Sirhowy,  kc.  also  up  ihe  Eiii'W-vach  lo 
Nant-yGlo  iron-works.  The  eastern,  or  main  line,  is 
from  the  Uske  to  Pont  Newydd  near  Pcjiuypool,  12^ 
miles,  rising  447  feet  ;  whence  a  railway  proceeds  Si- 
miles, rising  610  feet  to  Blaen-Avon  furnace.  Various 
other  branches  of  railways  are  connected  with  the  navi- 
gation, but  the  most  important  is  the  Sirhowy  line. 
This  railway  commences  at  the  Monmouth  canal,  at  Pill- 
gwelly,  and  passing  through  Tredgar  Park  up  the  Eb- 
wy  river,  at  Risca  crosses  that  river  by  a  bridge  of  16 
arches,  following  afterwards  the  course  of  the  Sirhowy 
river  by  Tredgar  and  Sirhowy  iron-works  to  Trevill  lime- 
works,  about  28  miles.  A  branch  proceeds  to  Romney 
iron-works ;  and  from  the  same  place  the  Brinore  rail- 
way is  continued  over  the  Black  Mountain  to  the  vale 
of  the  Uske  at  Brecon  ;  and  from  thence  to  Hay  on  the 
Wye,  by  means  of  which  the  price  of  coals  in  the  upper 
parts  of  the  coun'ies  of  Hereford  and  Radnor  has  been 
greatly  reduced.  The  Sirhowy  railway  is  accompanied 
through  all  its  extent  by  a  good  turnpike  road.  There 
are  also  branches  from  the  railway  lo  the  several  col- 
lieries, and  likewise  lo  the  Monmouthshire  canal  in  two 
places.  On  that  canal  the  locks  are  80  feet  long  and  10 
feet  wide. 

At  Pontypool,  the  Brecknock  and  Abergavenny  canal, 
33d  and  44th  George  III.  passes  from  the  main  Mon- 
mouthshire line,  crossing  the  Avon  river  by  an  aqueduct, 
passing  through  a  tunnel  of  220  yards,  and  proceeding 
along  the  high  ground  to  the  west  of  the  Uske  14^  miles, 
and  level;  thence  to  Brecon  18|  miles,  with  a  rise  of  68 
feet ;  thus  making  the  whole  extent  of  the  main  line 
from  Newport  about  45  miles.  From  this  canal  a  rail- 
way passes  by  a  bridge  over  the  Uske  to  Abergavenny. 
There  is  a  railway  branch  to  Uske,  one  to  Hay,  as  al- 
ready mentioned,  and  various  others  to  the  coal  and  iron 
works.  At  the  iron  works  near  Pontypool  there  are 
some  lofty  inclined  planes. 

The  next  navigation  connected  with  the  north  shore 
of  the  Severn,  is  the  river  Wye,  which  falls  in  at  Chep- 
stow. It  ascends  by  a  very  crooked  course  through  the 
counties  of  Monmouth  and  Hereford,  and  is  navigable 
to  Hay  on  the  eastern  side  of  Brecknockshire,  a  distance 
of  85  miles.  At  Chepstow,  the  tide  often  rises  45  feet. 
This  renders  the  lower  parts  dangerous  to  navigate; 
and  the  upper  parts  are  incommoded  by  shallows.  There 
is  a  horse  towing-path  along  the  river.  The  chief  ob- 
jects are  the  irapoitation  of  coals,  fir  timber,  deals,  and 
groceries;  and  the  exportation  of  oak  timber  and  agri- 
cultural produce.  From  the  Wye,  near  Mitchell  Dean, 
a  railway  has  been  laid  through  the  forest  of  Dean  to 
Lydeny,  on  the  Severn,  op))osite  Berkeley,  and  another 
branch  from  this  by  Colford  lo  Monmouth  ;  and  nearly 
opposite  to  the  Stioud  canal  a  third  railway  has  been 
made,  five  miles,  to  the  collieries  in  the  Forest. 

Having  arrived  again  at  the  channel  of  the  Severn, 
we  find,  on  its  southern  bank,  the  Berkely  and  Glou- 
cester canal.     By  this  it  is  intended  to  cut  off  the  wind- 
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ings  of  the  river  in  that  place,  the  distance  by  the  river 
being  now  28  miles,  whereas  by  the  canal  it  will  be 
only  18i  miles.  It  is  connected  with  the  river  at  each 
end  by  a  ship  lock.  The  breadth  of  the  canal  is  about 
60  feet  at  the  surface  of  the  water,  and  the  depth  of 
water  18  feet.  It  crosses  the  Stioud  canal  upon  the 
same  level.  The  works  are  far  advanced,  and  they 
promise  to  effect  a  very  beneficial  revolution  in  ilie  lower 
part  of  the  Severn,  by  transferring  to  the  city  ot  Glou- 
cester a  great  portion  of  the  trade  of  that  great  river, 
and  its  extensive  connections.  The  acts  for  this  canal 
are  33d,  37th,  and  43d  George  III.  Robert  Mylne  was 
originally  engineer,  and  Thomas  Telford  has  lately  been 
employed. 

Opposite  Gloucester,  branches  off  the  Hereford  canal, 
from  the  Severn  to  Ledbury,  18  miles.  The  ascent  is 
196  feet.  At  Moiikside,  8i  miles  distant,  is  the  sum- 
mit level.  At  VVitherington  Marsli,  three  miles  farther, 
there  is  a  fall  of  30  feet;  and  thence  to  Hereford,  six 
miles,  is  level.  At  Oxenhall  there  is  a  tunnel  2192 
yards  in  length;  at  Canon  Frome  another  1320;  and  a 
third  near  Hereford  440.  The  acts  are  31st  and  33d 
George  HI.  Engineer,  Joseph  Clowes.  Trade,  coal, 
cyder,  and  agricultural  produce. 

From  the  eastern  bank  of  tlie  Severn,  at  Tewksbury, 
branches  cff  the  river  Avon  navigation,  which  proceeds 
along  a  crooked  course  through  Worcestershire  to  Strat- 
ford, in  Warwickshire,  a  distance  of  40  miles.  The 
•whole  navigation  is  the  property  of  George  Perrot,  Esq. 

At  Worcester,  the  ^Vo^cester  and  Birmingham  canal 
passes  off,  but  its  description  belongs  to  the  central 
district. 

A  little  above  Worcester  is  the  Droitwich  canal.  It 
connects  with  the  Severn  at  Hawford,  and  terminates 
at  Chapel  Bridge,  Droitwich,  a  distance  of  5j  miles, 
rising  59-^  feel  lay  eight  locks.  It  is  supplied  by  salt 
■water,  lis  trade  consists  in  coals  to  boil  the  salt  brine, 
and  it  is  used  for  the  export  of  salt.  Act  8th  Geo.  HI. 
Engineer,  James  Bradley. 

At  Stourport  falls  in  the  Staffordshire  and  Worces- 
tershire canal,  but  it  also  belongs  to  the  central  district. 

From  the  western  side  of  the  river,  opposite  Stour- 
port, passes  off  the  line  of  the  Leominster  canal.  Its 
direction  is  generally  west ;  but  it  is  very  crooked,  and 
mostly  tlirough  a  very  rugged  country,  45|  miles  to  the 
town  of  Kingston,  in  Herefordshire.  About  20  miles  in 
the  middle  part  only  are  executed  ;  but  this  includes  a 
very  considerable  aqueduct  over  the  river  Teme,  with 
several  locks,  side  cuttings,  and  embankments.  The 
acts  are  31st  and  36lh  George  III.  Engineer,  Thomas 
Dadford. 

From  Stourport  upwards  25  miles  to  Coalport,  the 
course  of  the  Severn  is  generally  bounded  by  high  steep 
banks,  and  the  country  on  each  side  is  hilly,  so  that  no 
collateral  navigation  occurs  in  that  distance.  At  Coal- 
port  is  the  lower  termination  of  the  Shropshire  Canal. 
This  work  forms  a  singular  epoch  in  the  history  of 
English  canals;  for  the  country  over  which  it  passes 
being  extremely  rugged,  and  its  elevation  high  and  ab- 
rupt, and  there  being  likewise  a  scarcity  of  water,  the 
modes  formerly  practised  were  quite  inapplicable.  These 
difficulties  suggested  the  adoption  of  a  plan  then  lately 
introduced  into  that  country  by  Mr.  William  Reynolds, 
at  Kctley  ironworks,  which  consisted  in  forming  canals 
upon  different  levels,  terminating  at  steep  banks,  and 
conveying  the  boats  between  them  by  means  of  inclined 
planes,  constructed  upon  the  slope  of  the  above-men- 


tioned banks.  In  pursuance  of  this  new  mode,  t!ic  com- 
mencement of  the  Shropshire  Canal  was  formed  by  a 
canal  about  three  quarters  of  a  mile  in  length,  along  the 
east  bank  of  the  Severn,  just  above  the  reach  of  tlie 
floods,  and  leaving  room  to  stack  the  coals  between  it 
and  the  river.  From  this  level,  up  the  face  of  a  steep 
bank,  was  constructed  an  inclined  plane  350  yards  in 
length,  and  207  feet  in  perpendicular  height,  with  a 
strong  double  rail-road  upon  it,  to  admit  boats  loaded 
with  five  tons,  and  their  carriages.  From  the  top  of  the 
inclined  plane,  a  level  canal  was  made  1^  miles  to  the 
bottom  ol  the  second,  or  windmill  inclined  plane.  This 
is  600  yards  in  length,  and  126  feet  in  height.  From  llic 
top  of  this,  to  the  top  of  the  Rockwardine  Wood  inclined 
plane,  a  distance  of  five  miles,  is  the  summit  level. 
This  last  mentioned  plane  is  320  yards  in  length,  and 
120  feet  fall.  Beyond  this  the  canal  extends  100  yards, 
which  is  level.  At  Souihall  Bank,  three  quarters  of  a 
mile  from  the  top  of  the  Windmill  inclined  plane,  a 
branch  2|  miles  passes  westward  to  Briarley  Hill,  where 
formerly  there  was  a  communication  with  the  Coalbrook- 
dale  works,  on  a  much  lower  level,  by  means  of  crates 
or  boxes  descending  through  pits;  but  in  preference  to 
that  mode,  inclined  planes  are  now  employed.  About 
1^  mile  from  the  top  of  the  Rockwardine  Wood  inclined 
plane,  a  small  canal  branches  off  to  the  Ketley  iron 
works,  and  it  was  here  that  IMr  Reynolds,  in  the  year 
1788,  constructed  the  first  inclined  plane  with  a  fill  of 
73  feet,  for  eight  ton  boats.  The  chief  purposes  of  the 
Shropshire  canal  are  the  exportation  of  iron  and  coal 
from  the  adjacent  works,  and  the  importation  of  lime- 
stone for  the  blast  furnaces.  The  canal  was  filled,  and 
has  since  been  supplied  with  water  by  steam  engines, 
which  drain  the  coal  mines.  The  act  was  28  Geo.  HI. 
The  whole  was  designed  by  Mr.  William  Reynolds. 
Mr.  Henry  Williams  was  the  resident  engineer.  It  was 
completed  in  1792. 

At  the  north-east  extremity  of  the  last  canal,  com- 
mences the  Shrewsbury  canal,  which,  for  about  one  mile, 
is  level.  At  Wombridge  there  is  an  inclined  plane  of 
223  yards  in  length,  and  75  feet  fall.  From  the  bottom 
of  this  to  Longdon,  a  distance  of  4J  miles,  there  is  a  fall 
by  lockage  of  79  feet.  Across  the  river  Tern,  at  Long- 
don, there  is  an  aqueduct  of  cast  iron,  the  first  made 
for  a  navigable  canal.  From  Longdon  the  canal  pro- 
ceeds by  Roddington  to  the  neighbourhood  of  Atcham, 
where  it  passes  a  tunnel  970  yards  long,  and  afterwards 
along  the  base  of  Haughmond  Hill,  and  the  north  bank 
of  the  Severn,  to  Shrewsbury.  The  distance  from  Long- 
don is  12  miles,  and  level.  The  chief  use  of  this  canal 
is  to  supply  the  town  of  Shrewsbury  with  coal.  Its  act 
is  33  Geo.  HI.  Thomas  Telford  was  the  engineer  em- 
ployed for  the  aqueduct  and  tunnel,  and  completing  the 
canal. 

The  Shropshire  and  Shrewsbury  canals,  together, 
form  a  general  line  of  communication  through  a  popu- 
lous and  industrious  district,  the  description  of  which  has 
led  us  to  pass,  in  regard  to  locality,  a  work  of  the  Mar- 
quis of  Stafford.  From  the  bottom  of  the  Rockwardine 
Wood  inclined  plane,  a  shoit  canal  of  seven  miles  has 
been  constructed  by  that  nobleman  to  Pave  Lane,  near 
Newport,  with  a  branch,  on  a  higher  level,  to  his  lime 
works  at  Lillieshall,  which  formerly  communicated  with 
the  main  line  by  pits,  but  now  by  an  inclined  plane. 

From  Shrewsbury  northwards  to  the  rivers  Dee  and 
Mersey,  the  country  is  intersected  by  the  Ellesmere  ca- 
nal, an  arm  from  which,  under  the  name  of  the  Mont- 
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Romeryshire,  occupies  the  upper  part  of  the  Vale  of  the 
Severn;  but  as  this  sort  of  navigation  is  not  yet  uncon- 
nected with  the  Severn,  and  much  employed  in  the  in- 
tercourse with  Liverpool,  it  seems  most  pioper  to  refer 
its  description  to  the  canal  conimunicaling  with  the  river 
Mersey. 

JVorth'Viesl  District. —  J'Ae  Mersey. 

The  extensive  basin  of  country  facing  that  part  of  the 
Irish  Sea  which  occupies  the  space  between  the  north- 
ern coast  of  \Vales,  and  the  county  of  Cumberland,  is 
bounded  on  the  north-east  by  the  range  of  elevated 
ground  extending  from  Derbyshire  to  Cumberland  ;  on 
the  southwest,  l>y  the  mountains  of  Wales.  Its  middle 
rises  gently  through  a  rich  country  to  the  central  plains 
of  England.  The  hills  of  Wales  and  Cumberland  pro- 
duce slate  and  mines  of  copper;  within  these  is  a  basin 
of  lime-stone  producing  abundance  of  lead  and  zinc; 
next  comes  immense  strata  of  coal,  and  its  accompanying 
iron-stone,  skirting  the  whole  basin,  and  to  the  north- 
east especially,  expanding  over  such  a  vast  extent  of 
country  as  to  appear  altogether  inexhaustible.  The 
middle  tract  is  covered  with  a  sheet  of  red  marly  sand- 
stone, containing  also  vast  beds  of  rock-salt,  plaster- 
stone,  and  potters'  earth.  These  natural  productions 
have  made  this  district  the  seat  of  manufactures  ;  and 
the  foreign  trade  having  introduced  cotton  and  other  co- 
lonial produce,  the  various  manufactures  of  the  former 
material  are  here  more  extensively  pursued  than  perhaps 
in  any  other  part  of  the  world. 

The  seaport  of  Liverpool  is  the  great  market  for  the 
labours  of  all  this  distiict,  and  the  focus  of  an  immense 
inland  navigation,  whereby  water  communications  have 
been  formed  to  the  borders  of  North  Wales,  to  the  Se- 
vern, the  Thames,  the  Trent,  the  various  branches  of 
the  Humbcr,  and  into  Westmoreland.  By  means  of 
these,  and  their  numerous  ramifications,  a  communica- 
tion is  formed,  not  only  with  every  town  of  any  note, 
to  every  scene  of  mining  and  manufacturing  industry, 
but  even  through  a  vast  extent  of  country  purely  agri- 
cultural. 

Along  the  shore  of  Wales  itself  we  only  find  the 
Menai  Strait  partaking  of  the  nature  of  inland  naviga- 
tion. It  separates  the  island  of  Anglesea  from  Carnar- 
vonshire. It  is  navigable  for  large  vessels,  though  there 
are  bars  at  its  extremities.  Spring  tides  rise  about  21 
feel.  Slates  from  the  quarries  above  Bangor  and  Car- 
narvon, being  the  chief  object  of  trade,  have  led  to  the 
construction  of  iron  rail-roads,  with  several  inclined 
planes. 

On  the  eastern  frontier  of  Wales,  from  Shrewsbury 
northwards  to  the  river  Mersey,  the  country  is  inter- 
sected by  the  Ellesmere  and  Chester  canal,  which  con- 
sists ol  two  great  lines  crossing  each  other  near  the 
town  of  Ellesmere,  at  nearly  right  angles.  These  lines 
pass  through  the  counties  of  Salop,  Denbigh,  Flint,  and 
Chester,  and  will,  when  completed,  form  a  junction  of 
the  three  great  rivers,  Severn,  Dee,  and  Mersey.  This 
is  perhaps  the  only  instance,  in  England,  in  which  a  canal 
of  great  extent  was  undertaken  chieflv  for  agricultural 
purposes,  and  where  the  supply  of  towns  and  manufac- 
tories was  a  secondary  consideration.  Coal,  lime,  slate, 
and  iron-stone,  lie  along  the  skirts  of  the  Welch  moun- 
tains, and  the  extensive  and  populous  agricultural  dis- 
tricts to  the  south  and  east  create  a  constant  demand 
for  these  articles.    The  more  remote  manufacturing  dis- 


tricts in  Stafford,  Salop,  and  Lancashire,  are  markets 
for  agricultural  products;  and  the  ports  of  Liverpool 
and  Bristol  furnish  articles  from  foreign  countries.  Aware 
of  these  circumstances,  the  principal  land  owners  of  the 
adjacent  districts,  in  1792,  formed  a  great  company,  and 
in  1793  the  first  act  was  obtained.  During  the  progress 
of  the  works,  several  other  acts  have  been  found  neces- 
sary, and  by  the  last,  the  Chester  canal  to  Nantwich  was 
united  to  this,  and  made  a  joint  slock. 

The  southern  extremity  of  the  Ellesmere  canal  is  at 
Bayley  Bi  idge,  a  norlh  suburb  of  Shrewsbury  ;  from  that 
place  to  Almond  Park,  a  distance  of  1   mile  7  furlongs, 
the  rise  is  107  feet.  Northward  by  Basschurch,  Weston, 
and  Shade  Oak,  to  the  bottom  of  the  Frankton  Locks, 
a  distance  of  14  miles  5  furlongs,  is  level.     At  Frank- 
ton  four  locks  ascend  30  feet;  thence  to  New  Martin 
Moor,  2  miles  7  furlongs,  is  level.     Here  two  locks  as- 
cend 13  feet   to   the   summit  of  this  canal.     From  this 
place  the   canal    passes  by  Chirk  to  Pontcysylte,  8  miles, 
and  thence  along  ihe  water  line,  up  the  north  bank  of 
the  river  Dee,  to  Llandisilio,  6  miles,  making  this  sum- 
mit level  14  miles.     On   this   summit  the   depth  of  the 
valleys  through  which  the  rivers  pass,  the  steepness  of 
the  banks,  and  the   general   ruggedness   of  the  surface, 
opposed  great  obstacles  to  canal  making.     At  Chirk  it 
passes  over  an  aqueduct  600  feet  long,  and  65  feet  high; 
(see  Plate  CCCCXV.)  and  thence  to  the  south  bank  of 
the  Dee,  it  passes  one  tunnel  500  yards,  and  another  of 
200  yards  in   length,  and  about  one  mile  of  very  deep 
cutting.     It  then  passes  the  valley  of  the  Dee,  upon  the 
greatest  aqueduct  and  embankment  ever  made  for  a  na- 
vigable canal.     The  embankment  is  1500  feet  long,  and 
75  feet  high  at  one  end.     The  aqueduct  is  1007  feet  long, 
and  126  feet  8  inches  high.  As  these  will  be  particularly 
described  afterwards,  and  illustrated  by  Plate  CCCCXV". 
we  shall    at    present   only   observe,  that  their  modes  of 
construction   are  new,  and   proved  by  experience  to  be 
suitable.     The  water  line,  six  miles  in  length,  along  the 
romantic  banks  of  the  Dee,  up  the  Vale  of  Llangollen,  is 
cut  through  steep  rocky  banks  to  the  river  Dee  at  Llan- 
disilio, where  a  stone  weir  and  sluices  regulate  the  water 
for  the  feeder,  while  the  river  itself,  collecting  the  streams 
from  an  extensive  valley  in  the  counties  of  Denbigh  and 
Merioneth,  and  having  its  source  in  the  lake  named  Bala 
Pool,  which    is   nearly  four  miles  in  length,  affords  pro- 
vision for  inland  navigation  seldom  equalled,  and  all  this 
too  above  the  summit   of  the   countries   through    which 
the  canal  passes,  so  that  supplies  can  be  distributed  to 
the  north,  the  south,   and  west.     Adjacent  to  the  water 
line  are  very  extensive  limeworks  and  slale  quarries.  A 
regulating  wier  enables  Bala  Pool  to  retain  flood  water, 
and  afford   supplies  to  the   river  Dee   in  the   summer 
months. 

At  Pontcysylte,  on  the  north  bank  of  the  river  Dee, 
there  is  an  extensive  basin,  and  from  it  a  double  lailway 
ascends  gently  past  Mr.  Hazledine's  iron  works,  and 
through  numerous  collieries,  to  Ruabon  Brook,  a  distance 
of  about  three  miles.  The  main  supply  of  coal  is  from 
this  quarter,  and,  considering  the  vicinity  of  ironstone, 
coal,  and  limestone,  and  ihe  facility  of  water  conveyance, 
it  is  reasonable  to  expect  that  other  iron-woiks  will  be 
constructed.  The  south  bank  of  the  Dee  at  present  af- 
fords the  greatest  supply  of  limestone  v/hich  passes  along 
the  canal  ;  but  on  the  north  side  of  the  Llangollen  valley, 
the  range  of  Glucig  rocks  form  an  inexhaustible  stock  of 
excellent  limestone. 
Having  described  one  of  the  canal  liiies,  we  must  re- 
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turn  to  Frankton  Locks,  where  the  other  Tine  crosses. 
From  Frankton  westward,  a  line  passes  near  VVoodliouse, 
crosses  the  Shrewsbury  and  Holyhead  Road,  and  extends 
to  Aston  Moor,  where  it  descends  19  feet  by  ihrce  locks. 
Proceeding  thence,  it  crosses  Macsbury  Miush,  and  un- 
der Crickheath  and  Llanymenecch  lime  rocks,  to  the 
eastern  bank  of  the  river  Veiniew,  wliere  it  joins  the 
Montgomerysliiie  canal,  rrom  Frankton  to  this  termi- 
nation the  distance  is  1  I  miles  I  furlong.  In  this  dis- 
tance four  railways,  private  property,  are  laid  to  biing 
coal  and  lime  to  the  canal. 

From  Frankton  eastward,  the  canal  proceeds  four 
miles  to  Ellesmerc,  where  a  shoit  branch  passes  ofi'  to 
the  town  wiiai  is  and  warehouses,  which  are  the  property 
of  the  Earl  of  Bridgcwater.  Opposite  to  this  brancli 
stands  the  canal  office,  wliere  all  the  business  is  trans- 
acted. From  Elksmere  the  canal  proceeds  through  a 
short  tunnel,  and  along  the  shores  of  the  meres  or  lakes 
to  Hampton  Bank,  where  limekilns  are  constructed.  From 
thence  it  passes  to  and  across  Wexall  moss,  on  the 
eastern  side  of  which  the  Frees  branch,  of  three  miles 
passes  to  other  lime  works.  From  Wexall  moss  the  main 
line  proceeds  to  Giindlcy-brook  lime  works,  after  ex- 
tending a  short  bianch  up  to  the  wharfs  at  the  town  of 
Whitchuich.  From  Frankton  to  this  place,  a  distance 
of  17  miles,  and  including  the  Frees  and  Whitchurch 
branch,  21  miles,  is  without  a  lock  ;  and  here  it  is  wor- 
thy of  notice,  that  from  the  upper  end  of  the  water  line 
at  Llandisilio,  to  Grindley  Brook  near  Whitchurch,  the 
canal  passes  upon  the  summit  level  of  the  country  for  a 
distance  of  38  miles,  with  only  13  feet  of  lockage. 

From  Grindley  Brook  the  canal  passes  down  a  valley 
for  some  distance,  separating  the  counties  of  Salop  and 
Chester,  afterwards  by  Wrenbury  lime  works  to  the 
Chester  canal  at  Harleston,  about  two  miles  from  Nant- 
■wicU,  the  distance  being  12  miles,  with  a  fall  of  128  feet 
by  19  lucks.  Thus  far  the  canal  and  locks  are  formed 
for  boats  of  70  feet  in  length,  and  7  icet  in  width,  and  has 
4  feel  6  inches  of  water. 

We  now  enter  the  Chester  canal,  which  commences 
near  the  town  of  Nantwich,  and  passes,  in  '.  north-west 
direction,betweeri  Beeslon  Castle  and  the  townof  Turper- 
ley,  and  thence,  in  nearly  a  direct  line,  to  Chester,  where 
it  joins  the  Wirrall  line  of  the  Ellesmere  canal,  at  the 
Tower  Wharf;  and  passing  three  locks  and  a  large  ba- 
sin, falls  into  the  river  Dee.  The  distance  from  Nant- 
■wich  is  20  miles,  the  fall  170  feet.  This  canal  is  made 
for  70  feet  boats,  and  14  feet  beam.  It  has  4  feel  6  in- 
ches water,  which  is  supplied  from  the  Ellesmere  sum- 
mit level.  Its  acts  are  11  and  17  Geo.  IH.  Was  begun 
in  1772,  and  completed  in  1776.  But  the  river  Dee,  to 
the  westward,  being  a  bad  navigation,  and  the  river  Wea- 
ver and  Grand  Trunk  Navigation  counteracting  its  ope- 
rations to  the  eastward,  and  the  Nantwich  salt  mines  hav- 
ing failed,  this  excellent  canal  lay  totally  unemployed, 
until  the  Ellesiriere  was  connected  at  each  extremity 
with  the  one  in  1796,  the  other  in  1805,  and  of  which  it 
now  forms  a  component  part. 

From  the  Tower  Wharf  at  Chester  the  canal  passes 
in  a  northerly  direction  across  the  low  land  of  the  Hun- 
dred of  Wirrall,  to  the  south  bank  of  the  river  Mersey, 
■where  it  terminates  in  a  small  bay  now  called  Ellesmere 
Port.  This  distance  of  9  miles  is  level.  At  Ellesmere 
Port  it  enters  the  Mersey  by  three  locks,  and  at  Chester, 
as  we  have  already  said,  communicates  with  the  Dee  by 
three  locks.     It  was  opened  in  1796,  and  is  made  for  ri- 


ver barges  of  14  feet  beam.     Its  purposes  arc  chieily 
commercial,  with  Liverpool  and  Manchester. 

To  complete  the  southern  p.rt,  11  niiles  remain  to  be 
made  from  Weston  Luliingliekl  to  Slirewsbury.  The 
engineers  were,  John  Duncombc,  who  traced  the  original 
lines:  ^V'illiam  Jessop,  who  was  occasionally  consulted 
in  obtaining  the  acts,  and  during  the  early  part  of  the  ca- 
nal operations;  and  Thoinas  Tellbrd,  who  planned  the 
aqueducts,  and  under  whose  directions  these,  as  v.'ell  as 
all  the  canal  works,  were  executed. 

The  Dee  river  is  navigable  from  Chester  to  the  Irish 
Channel,  a  distance  ol  ab(jut  22  \inies,  of  which  the  low- 
er pai  t  is  a  wide  estuary,  incommoded  by  shifting  sands, 
and  an  extensive  bar.  From  Flint  to  Chester  il  was  for- 
merly a  very  crooked  channel,  and  so  shallow,  that  ves- 
sels of  20  tons  only  could  come  to  the  town.  Large  ships 
were  obliged  to  lie  10  miles  below.  In  1740,  there  was 
a  new  channel  made  in  a  straight  direction,  by  which,  at 
spring  tides,  vessels  of  250  tons  came  to  the  city  wharfs. 
This  improvement  was  effected  by  a  company  of  adven- 
turers, who,  by  changing  and  embanking  the  river  chan- 
nel, obtained  a  great  extent  of  land  now  under  excellent 
cultivation  by  the  judicious  management  of  Mr.  Thomas 
Wedge,  the  river  Dee  Company's  agent.  There  is  a 
considerable  trade  in  coals  and  lead  upon  this  river,  but 
the  communication  with  Liverpool  and  Manchester  is 
carried  on  chiefly  by  the  Wirrall  line  of  the  Ellesmere 
and  Chester  canal.  Above  Chester  bridge  a  weir  is  con- 
structed across  the  river  for  the  use  of  large  mills.  This 
prevents  an  immediate  communication  with  the  tiileway. 
Tliere  is  however  a  considerable  traffic  between  Chester 
and  Biiigor,  (about  16  miles.)  Grain,  malt,  and  oak  tim- 
bet  are  sent  down.  Above  Bangor  the  river  is  not  navi- 
gable. The  rise  from  the  tideway  at  Chester  to  the  sur- 
face of  the  Ellesmere  canal,  on  its  summit  level  on  Pont- 
cysylte  aqueduct,  at  the  Vale  of  Llangollen,  and  conse- 
quently six  miles  up  that  vale  to  the  termination  of  the 
water  line  at  Llandisilio,  is  31 1  feet. 

We  must  now  return  to  the  most  western  branch  of  the 
Ellesmere  canal,  at  Llanymencech,  where  the  Montgome- 
ryshire canal  commences.  This,  having  descended  by 
two  locks,  crosses  the  river  Verniew  by  a  very  conside- 
rable stone  aqueduct,  and  proceeds  to  Gwernfclu,  where 
a  branch  turns  up  the  Guilsfield  Valley.  The  main  line 
descends  by  two  locks  into  the  valley,  and  having  crossed 
it,  immediately  again  ascends,  and  skirting  the  banks  of 
the  Severn,  passes  the  town  of  Welshpool  to  Garth  Mill, 
distant  16  miles  from  its  commencement,  having  a  fall  of 
33  feet  into  Gwernfelu  by  four  locks,  and  a  rise  of  71 
feet  from  the  said  valley  to  Garth  Mill  by  nine  locks. 
This  canal  receives  its  supply  of  water  from  the  rivers 
Severn  and  Tannat.  From  Garth  Mill  the  canal,  by  a 
new  act,  has  been  extended  9  miles,  with  a  rise  of  48 
feet  to  Newtown.  The  chief  purposes  of  this  canal  are 
the  importation  of  coal,  lime,  and  merchandise,  and  the 
exportation  of  oak  timber  and  agricultural  produce. 
Fiist  act,  34  Geo.  III.     Engineer,  Tliomas  Dadford. 

Returning  to  the  shores  of  the  river  Mersey,  we  find 
the  river  Weaver  navigation.  This  river  has  a  very 
crooked  course  past  Nantwich,  Windsford,  Northwich, 
and  Frodsham  Bridge,  to  the  Mersey,  about  a  mile  below 
Runcorn, — all  in  the  county  of  Chester.  In  the  course 
of  24  miles,  up  to  Windsford  Bridge,  it  has  only  a  rise  of 
42  feet  ;  but  this  gentleness  of  current  has  created  sinu- 
osities and  fords,  and  thereby  obstacles  to  the  navigation, 
and  the  intercourse,  on  account  of  the  numerous  and  ex- 
tensive salt  mines,  being  very  great.     Some  of  the  coun- 
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try  gentlemen  obtained  an  act  (7  Geo.  II.)  authorizing 
ilic  construction  of  side-cuis,  locks,  and  weirs.  By  these 
all  the  navigation  above  Ftodsham  Bridge  was  greatly 
improved ;  but  below  that  place  there  was  a  rapid  tide- 
way, and  a  shifting  bar  of  sand  banks.  This  has  of  late 
years  led  to  the  construction  of  an  artificial  canal  along 
the  eastern  bank  of  the  river,  of  about  4  miles  in  length, 
commencing  opposite  Sutton  lock,  above  Frodsham 
Bridge,  and  terminating  in  the  river  Mersey  at  Weston 
Point,  a  little  way  below  Runcorn,  where  there  is  a  tide 
lock,  an  extensive  basin,  and  a  pair  of  gates  to  admit  of 
vessels  floating  into  it  as  soon  as  the  tide  will  carry  them. 
At  the  upper  end,  where  this  canal  connects  with  the  ri- 
ver Weaver,  there  is  a  regulating  lock.  Tlie  length  of  the 
river  Weaver  locks  is  80  feet,  and  breadth  18  feet.  The 
vessds  are  60  to  70  feet  in  length  in  the  keel,  and  from 
15|  to  161  broad  in  the  beam,  and  draw,  when  loaded 
with  60  to  80  tons,  5  J  to  6^  feet  water.  There  are  about 
260  vessels  or  fiats  whicli  trade  upon  this  navigation. 
They  are  chiefly  the  property  of  the  salt  proprietors. 
Rock  salt  pays,  by  the  Excise  account,  65  lbs.  to  tlie  bush- 
el, 40  bushels  to  the  ton.  The  tonnage  of  coals  has 
been  reckoned  at  24  cwt.  to  the  ton.  The  tonnage  was 
originally  12d.  per  ton  for  the  whole  or  any  part  of  the 
navigation.  Subsequently  2d.  more  per  ton  was  allowed 
until  the  expense  of  the  Weston  Point  extension  was 
defrayed.  A  little  below  Northwich  there  is  a  communi- 
cation with  the  Grand  Trunk  canal  by  inclined  planes. 
The  revenue  in  1814  was  L.  24,000.  The  surplus  pro- 
duce, after  maintair.ing  the  canal  works,  goes  to  defray 
the  expense  of  the  public  works  of  the  county,  which 
greatly  relieves  the  county  rates. 

We  shall  next  proceed  to  notice  that  justly  celebrated 
undertaking,  the  Duke  of  Bridgev/atci's  canal,  which  is 
not  only  singularly  valuable  on  account  of  the  very  com- 
plete accommodation  it  affords  to  the  country  through 
which  it  passes,  but  inestimable  as  the  model  and  root  of 
the  canal  navigation  of  England.  The  attempts  previ- 
ously made  merit  no  attention,  in  comparison  with  the 
bold  and  successful  projects  of  thcdistinguished  nobleman 
under  whom  it  was  contrived  and  executed.  He  at  once 
proceeded  in  a  complicated  work,  on  the  most  compre- 
licnsive  scale,  and  by  his  exertions  and  example  turned  a 
great  portion  of  British  talent  and  capital  into  a  direction 
which  has,  in  a  few  years,  pervaded  and  improved  the 
whole  kingdom,  and  been  a  principal  means  of  extending 
its  commerce  and  manufactures. 

We  shall  not  stop  to  inquire  whether  the  Duke  of 
Bridgewater,  when  he  conceived  his  truly  magnificent 
plans,  travelled  to  examine  the  canals  in  Holland,  France, 
and  Italy.  He  was  to  blame  if  he  did  not ;  but  when  a 
nobleman  of  his  rank  and  fortune  breaks  through  exist- 
ing prejudices,  forms  a  project  of  great  difficulty,  risk, 
and  expense,  acquires  information  adapted  to  his  mea- 
sures, chooses  agents  thoroughly  qualified  for  the  parts 
they  were  to  perform,  and,  what  is  perhaps  more  than  all 
the  rest,  has  the  good  sense  and  firmness  to  confide  in 
them  through  good  and  bad  re])ort,  and  all  the  occasional 
and  frequently  serious  disappointments  to  which  new  and 
great  attempts  are  subjected,  we  must  acknowledge,  with 
exultation,  that  this  man  justly  merits  the  title  of  Father 
of  Evglinh   Canal  A'avigation. 

The  original  destination  of  this  canal  was,  to  convey 
coals  from  the  Duke's  mines  at  Worseley  to  the  town  of 
Manchester,  and  for  which  the  act  of  33  George  II.  was 
obtained  ;  but  when  the  canal  had  reached  the  Warrington 
■Road  to  Manchester,  another  act  was  procured  to  vary 
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the  line,  by  crossing  tlje  river  Irwell  at  Banton  Bridge, 
and  proceed  to  Manchester,  up  the  south  side  of  that 
river,  with  a  branch  to  Longford  Bridge.  l:\  three  years 
that  act  was  followed  by  a  third,  to  carry  the  canal  from 
Longford  Bridge,  past  Altringham,  to  the  river  Mersey 
at  Hempstones,  in  the  county  of  Chester  ;  but  this  was  in 
pait  changed,  and  the  canal  was  finally  carried  by  Preston 
Brook  to  Runcorn.  In  1795,  by  an  act  33  George  III. 
an  extension  was  made  from  Worseley  Mill  to  the  town 
of  Leigh  in  Lancashire,  with  a  branch  to  Chat  Moss. 
Excepting  82  feet  of  rise  by  ten  locks,  in  the  distance  of 
600  yards,  at  Runcorn,  the  whole  of  the  navigation,  which 
is  about  45  miles,  is  upon  one  level,  to  which  wlicn  wc 
add  18  miles  of  the  Grand  Trunk  from  Preston  Brook, 
making  63  miles,  besides  what  is  under  ground,  in  the 
Worseley  coal  mines,  which  cannot  be  less  than  10  milei, 
wc  have  the  extraordinary  extent  of  73  miles  of  canal 
navigation  upon  one  level.  Combined  with  this  advan- 
tage, we  may  add,  that  the  Grand  Trunk,  and  all  the  ca- 
nals at  Manchester  connected  with  the  western  sides  of 
the  ranges  of  mountains  which  separate  Lancashire  and 
Yorkshire,  finally  discharge  water  into  the  Duke's  Canal, 
and  thereby  insure  a  superabundant  supply  for  all  its 
purposes.  The  locks  at  Runcorn  were  opened  in  1772. 
In  1776  the  whole  of  the  works  from  Worseley  to  Man- 
chester, Preston  Brook,  and  Runcorn,  were  completed. 
The  extension  to  Leigh  was  made  in  1795. 

The  determination  of  preferring  one  level,  led  to  the 
construction  of  tunnels,  aqueducts,  and  embankments  of 
very  considerable  magnitude,  which,  in  that  infant  state 
of  canal  operations,  v/ere  truly  formidable.  Nothing, 
however,  could  shake  the  fortitude  and  perseverance  of 
its  illustrious  patron,  or  baflle  the  ingenuity  and  exer- 
tions of  his  engineer,  James  Briiidley,  and  his  faithful 
and  sagacious  agent,  Mr.  John  Gilbert.  The  inter- 
course upon  this  canal  is  incredible  ;  for  besides  the 
coal  trade  to  Manchester  and  Leigh,  the  intercourse 
with  Liverpool,  and,  by  means  of  the  Grand  Trunk,  with 
all  the  midland  counties,  is  unceasing  and  very  exten- 
sive. Ths  passage  boats  also  bring  a  very  considerable 
revenue.  The  whole  annual  produce,  including  the 
Worseley  mines,  is  said  to  amount  to  from  70,000/.  to 
80,000/. 

The  river  Mersey,  for  20  miles  above  Liverpool,  is 
an  open  estuary,  in  some  places  four  miles  in  width  ;  the 
tides  are  high  and  rapid,  spring  tides  at  Liverpool  rising 
about  30  feet,  and  16  at  Runcorn  Gap.  The  following 
navigations  connect  with  this  part  of  the  river.  Imme- 
diately below  Warrington  the  Sankey  canal  enters;  a 
little  above  Runcorn  the  Mersey  and  Irwell  new  cut ; 
at  Runcorn  the  Duke  of  Bridgewatcr's  canal  ;  and  a 
little  below  it  the  river  Weaver  navigation  at  Weston 
Point.  About  ten  miles  farther  down,  on  the  Cheshire 
shore,  the  Ellesmere  canal  falls  in  at  Ellesmere  Port, 
and  at  Liverpool  the  Leeds  and  Liverpool  canal. 

At  Runcorn,  commences  the  powers  of  the  Mersey 
and  Irwel  Navigation  Company,  under  an  act  32  Geo. 
HI.  These  rivers  have  been  improved  by  locks  and 
weirs,  so  as  to  complete  the  navigation  up  to  the  bridge 
between  the  town  of  Manchester  and  Salford.  The  total 
risG  is  about  70  feet.  In  1758,  the  price  of  carriage  on 
this  river  between  Liverpool  and  Manchester  was  12 
shillings;  but  on  the  completion  of  the  Duke's  canal  it 
fell  to  six  shillings. 

From  the  Duke's  canal  at  Manchester  proceeds  the 
Rochdale  canal,  which  passes  by  the  town  of  Rochdale 
and  the  northern  extremity  of  the  high  land,  named 
3  H 
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Blackstone  Edge,  and  terminates  in  the  Calder  and 
Hehble  navigation  at  Soweiby  wharf,  Halifax,  the  whole 
length  being  31  i  miles.  From  Manchester  to  the  sum- 
mit it  ascends  438  feet  in  about  14|  miles.  The  sum- 
mit is  5i  miles;  and  to  Sowerby  wiiarf  tlie  distance  is 
1 1^,  with  a  fall  of  275  feet.  It  is  supplied  with  water  by 
means  of  three  large  reservoirs,  which  collect  ilood  water 
from  Blackstone  Edgehills.  The  locks  are  for  boats  of 
14  feet  beam.  The  whole  navigation  was  completed  in 
1804.     The  acts  are  34,  40,  44  Geo.  III. 

From  the  Rochdale  canal  at  Manchester  branches  off 
the  Ashton  and  Oldham  canal.  It  passes  by  Fairfield, 
and  terminates  in  the  Hudderstield  canal  at  Duckenfield 
bridge.  Its  length  is  11  miles,  and  rise  152  feet.  It 
also  joins  the  Peakc  Forest  canal  by  a  branch  of  one- 
fourth  of  a  mile.  There  is  another  branch  of  one  mile 
up  10  the  town  of  Ashton,  and  another  of  35  miles  to  New 
Mill  and  to  Park  collieries.  From  the  Ashton  main 
line  at  Draysfield,  a  branch  of  six  miles  passes  to  the 
town  of  Stockport  ;  and  from  that  a  branch  of  three  miles 
goes  to  Beatbank  in  Denton.  All  these  canals  are  for 
boats  of  seven  feet  beam.  The  Ashton  line  was  com- 
pleted in  1796,  and  that  to  Stockport  in  1797.  The 
acts  are  32,  33,  38,  40,  45  Geo.  III. 

From  the  Ashton  proceeds  the  Peake  Forest  canal. 
It  passes  in  a  south-east  direction  17  miles  to  Chapel 
Milton,  and  thence  by  a  railway  and  inclined  plane  six 
iniles  to  Loads  Knowl  lime  quarries  in  the  Peak.  There 
is  a  canal  branch  of  half  a  mile  to  Whaley  bridge,  and 
a  railway  branch  of  1§  mile  to  Marple.  This  canal 
being  through  a  very  ragged  country,  has  expensive 
works,  one  an  atjueduct  of  three  60  feet  arches,  each 
about  100  feet  high;  and  the  inclined  plane  515  yards 
long,  and  204  feet  fall.  The  acts  are  34,  40,  45  Geo. 
III.     Engineer,  Benjamin  Outram. 

Nearly  from  the  same  point  as  the  last,  the  Hudders- 
tield canal  departs  from  the  Ashton,  pursuing  a  north- 
east direction  across  the  ridge  which  here  separates 
Cheshire  from  the  West  Riding  of  Yorkshire,  which  it 
passes  by  a  tunnel  above  three  miles  in  length,  but  most- 
ly in  rock.  After  passing  the  tunnel,  the  canal  de- 
scends to  Huddersfield.  The  total  length  is  19|  miles  : 
that  is  to  say,  from  the  Ashton  canal  to  the  western  end 
of  the  summit  about  8^  miles,  wiili  an  ascent  of  334  feet 
by  31  locks.  The  summit  is  3^  iniles,  occupied  chiefly 
by  the  tunnel.  From  the  eastern  end  of  it  to  Hudders- 
tield is  about  7  J  miles,  with  a  fall  of  436  feet  by  42  locks. 
The  canal  is  supplied  by  reservoirs.  The  principal  ones 
are  in  the  Stannage  hills,  and  one  on  the  eastern  side, 
above  70  feet  deep,  at  Slaithwaite,  which  is  below  the 
summit  level.  The  whole  of  the  canal  forms  a  striking 
instance  of  British  enterprise  and  industry. 

Sir  John  Ramsden's  canal  is  a  short  link  of  3J  miles 
of  length,  with  a  fall  57^  feet  by  9  locks,  between  the 
Huddersfield  and  Calder  and  Hebble  navigation.  The 
iocks  are  64  feet  long,  and  fifteen  feet  wide. 

From  the  river  Irwell  in  Salford,  the  Bolton  and  Bury 
canal  ascends  to  a  basin  in  Salford;  from  thence  for 
four  miles  the  canal  is  level.  In  the  next  three  miles  it 
ascends  by  12  locks;  thence  to  Bolton  four  miles  it  is 
level.  From  Bolton  a  branch  proceeds  4  miles  to  Bury. 
The  whole  rise  is  187  feet.  The  locks  are  for  boats  14 
feet  beam.  The  country  over  which  it  passes  is  very 
rugged.     The  acts  are  31,  41  Geo.  III. 

From  the  north  shore  of  the  Mersey,  a  little  below 
Warrington,  the  Sankey  navigation  proceeds  to  the  col- 
lieries near  St.  Helen's,  a  distance  of  12J  niilcs;  with  a 


rise  of  78  feet,  by  eight  single  and  two  double  locks,  for 
river  barges.  The  depth  of  water  is  5  ftet  7  inches. 
There  are  three  short  branches.  This  canal  was  open- 
ed in  1760,  and  has  a  great  trade  in  coal. 

Proceeding  northwards,  wc  fin<l  a  very  extensive  ca- 
nal pass  quite  from  the  western  short  to  the  middle  of 
the  kingdom,  named  the  Leeds  and  Liverpool  canal.  It 
commences  at  Liverpool,  and  terminates  in  the  Aire 
and  Calder  navigation  at  the  tunnel  at  Leeds,  a  total  dis- 
tance of  130  miles.  Tlie  rise  frotn  low  water  in  the 
Mersey  to  the  canal  basin  is  52  feet,  and  thence  to  the 
summit  near  Colne  431  feet.  From  the  summit  to  the 
eastern  terinination  the  fall  is  410  feet.  The  locks  are 
for  boats  70  feet  long,  with  14  feet  beam  ;  and  the  canal 
has  4^  feet  of  water.  The  great  tunnel  of  Foulridge  is 
1630  yards  in  length  ;  it  is  18  feet  high,  and  17  feet  wide. 
The  purposes  of  this  canal  are  to  open  a  comnuinicdtion 
between  Yorkshire  and  Liverpool,  carriage  of  coal  and 
lime  from  the  neighbourhood  of  Wigan,  &c.  and  the 
transport  of  agricultural  produce.  The  acts  are  10,  23, 
SO,  34  Geo.  III.  Engineers,  James  Brindley  and  Robert 
WhitMoith. 

At  West  Houghton,  near  Wigan,  commences  the 
Lancaster  canal :  it  passes  Chorley,  Garstang,  Lancaster, 
and  Burton,  and  terminates  at  Kentl.-.l  in  Westmoreland, 
in  all  a  distance  of  about  76  miles  Its  detail  is  as  fol- 
lows :  From  West  Houghton  to  Barkhill,  3^  miles,  it 
is  level;  thence  past  Cnorley  to  Clayton  Green,  to  near 
the  souih  bank  of  the  river  Ribble,  13^  miles,  it  is  level. 
From  Clayton  Green,  across  the  valley  of  the  Ribble, 
to  the  top  of  its  south  bank,  3J  iniles,  a  fall  of  222  feet, 
is  passed  by  a  railway  and  inclined  plane  on  each  side 
of  the  valley.  From  the  north  l)ank  past  Garstang  and 
Lancaster  to  Tewitfield,  near  Burwick,  42^  miles,  is 
level;  from  thence  to  Kendal  14  miles,  there  is  a  rise 
of  about  66  feet.  Near  to  Lancaster  there  is  a  very 
fine  aqueduct  of  5  arches,  each  70  feet  span  over  the 
river  Lune.  See  Plate  CCCCXIV.  Fig.  5.  The  canal 
is  for  boats  of  14  feet  beam.  The  acts  are  32,  33.  36,  40 
Geo.  III.  James  Brindley  was  employed  in  this  scheme 
in  1772.  Robert  Whitworth  was  employed  in  1791, 
and  John  Rcnnie  directed  the  execution  of  the  works. 
The  country  adjacent  to  its  southern  extremity  abounds 
in  coal  mines;  and  there  are  mountains  of  limestone 
near  its  northern  termination.  To  connect  these,  and 
facilitate  the  general  intercourse  of  that  extensive  dis- 
trict, are  the  purposes  of  this  canal. 

North  of  Lancaster,  the  country  continues  mountain- 
ous to  near  the  borders  of  Scotland.  But  adjacent  t« 
Carlisle,  in  the  county  of  Cumberland,  the  country  is 
comparatively  flat,  and  well  cultivated;  andfiom  thence 
across  the  country  to  Newcastle  there  is  a  sort  of  valley, 
through  which  the  rivers  Irthing  and  Eden  flow  to  the 
westward,  and  the  Tync  to  the  eastward.  The  narrow- 
ness of  the  islantl  at  this  place,  and  the  comparative  low- 
ness  of  the  summit,  has  frequently  suggested  the  idea 
of  a  canal  between  the  east  and  west  seas,  and  to  open 
the  great  mines  of  coal,  lime,  and  lead,  which  are  situat- 
ed in  the  interior  of  the  country.  In  1795,  a  survey 
was  made  by  William  Chapman,  and  examined  and  ap- 
proved by  Mr.  Jessop,  and  a  bill  brought  into  Parliament 
for  a  line  of  canal,  commencing  to  the  eastward  of  New- 
castle, passing  on  the  north  side  of  '.hat  town,  the  river 
Tyne,  and  the  town  of  Hexham,  to  a  summit  at  Glen- 
whelt,  445  feet  above  the  level  of  the  sea  ;  from  thence 
descending  westward  down  the  southern  side  of  the  river 
Irthing,  and  town  of  Brampton ;  and  after  crossing  the 
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river  Eden,  and  passing  on  the  south  side  of  the  ciiy  of 
Carlisle,  terminating  in  the  Irish  sea  at  the  port  of 
Workington,  about  30  miles  from  the  said  city ;  the  to- 
tal distance  being  about  94  miles.  The  general  utility 
cf  this  canal  was  admitted  ;  but  owing  chiefjy  to  a  differ- 
ence of  opinion  as  to  which  side  of  the  valley  of  the 
Tyne  the  canal  should  pass,  the  bill  was  thrown  out ; 
and  the  measure  has  not  since  that  time  been  generally 
resumed,  although  portions  of  it,  as  partial  projects, 
have  been  occasionally  taken  up.  The  city  of  Cai  lisle 
having  considerably  extended  its  manufactures,  and  also 
increased  in  population,  and  being  desirous  of  creating 
a  competition  in  the  supply  of  coals,  and  of  opening  a 
communication  by  sea-vessels  quite  up  to  the  ciiy,  em- 
ployed Thomas  Telford  in  1 808  to  m.ake  a  survey  and 
report  of  the  best  means  of  accomplishing  this  oljject. 
Finding  that  the  Solway  Frith  was  navigable  by  coasting 
vessels  up  to  past  Bowness,  distant  about  13  miles  from 
Carlisle,  he  recommended  a  canal  between  these  two 
places  for  small  sea-vessels.  The  plan  was  approved 
of;  but  the  state  of  the  country  being  then  unfavourable 
for  new  projects,  it  was  only  in  1818  that  Mr.  Chapman 
produced  a  plan  and  report  upon  this  line  from  Bowness 
to  Carlisle  ;  upon  which  a  bill  was  brought  in,  and  an 
act  of  Parliament  obtained  early  in  1819.  Mr.  Chap- 
man's plan  is  for  locks  74  feet  long,  17  wide,  and  8  feet 
depth  of  water  in  the  canal.  The  canal  terminates  in  a 
field  on  the  south  side  of  Carlisle,  at  33  feet  above  the  Sol- 
way  basin.  This,  when  executed,  will  form  a  portion  of 
the  general  line  across  the  island  ;  and  Mr.  Telford 
having,  in  1819,  surveyed  a  continuation  to  the  town  of 
Brampton,  it  is  hoped  that  Mr.  Chapman  will  be  enabled 
to  carry  on,  and  by  degrees  complete  his  very  excellent 
line  of  communication  across  the  kingdom. 

On  the  eastern  coast  there  are  three  rivers  which  de- 
serve attention,  from  being  navigable  for  some  distance 
from  their  mouths,  and  the  great  intercourse  in  coal  and 
lime  which  is  carried  on  in  two  of  them.  The  rivers  we 
allude  to  are  the  Tees,  the  Wear,  and  the  Tyne. 

The  Tees  divides  the  counties  of  York  and  Durham, 
and  the  tide  flows  up  it  12  miles  to  Stockton,  to  which 
place  it  is  navigable  ;  the  spring  tides  rise  about  13  feet. 
The  imports  are  deal  timber  and  general  merchandise  ; 
and  exports  are  agricultural  produce. 

The  river  Wear  is  navigable  from  its  mouth  past 
Sunderland,  about  8  miles  into  the  country,  to  the  vici- 
nity of  Lumley  Castle.  The  tide  rises  13  feet  at  its 
mouth,  which,  although  confined  by  peers,  is  incom- 
moded by  a  bar.  A  very  great  tracie  is  carried  on  here 
in  coal  and  lime.  The  coal  is  sent  chiefly  to  London 
and  the  south  of  England,  the  lime  to  the  north  of  Scot- 
land. From  the  siaiths,  or  shipping:  platforms,  on  the 
banks  of  this  river,  various  iron  railways  proceed  to  the 
works,  distant  about  seven  miles.  From  these  staiths, 
on  me  steep  banks  of  the  river,  the  loaded  wai^gons  are 
discharged  immediately  into  the  vessels  which  lie  below 
them.  At  Sunderland,  the  sea  vessels  pass  under  the 
great  iron  bridge,  which  is  236  feet  span,  and  100  feet 
high,  witliout  interruption. 

The  river  Tyne  which  has,  for  many  ages,  been  the 
principal  sea  port  for  coals,  is  in  its  lower  part  the  boun- 
dary between  the  counties  of  Durham  and  Northumber- 
land. The  towns  of  North  and  South  Shields  stand 
on  each  bank  near  its  mouth,  where  the  spring  tides 
rise  13  feet.  The  river  is  navigable  for  large  vessels 
is  miles  up  to  Newcastle.     The  coals  are  generally  de- 


livered to  the  coasting  vessels  by  means  of  certain  barg- 
es, known  by  the  name  of  Keels,  which  by  acts  of  1 1  and 
15  Geo.  III.  are  to  carry  8  Newcastle  chaldrons,  or  21 J 
tons.  In  many  instances,  however,  the  coals  are  brought 
by  waggons  on  railways  from  the  mines  to  the  river, 
and  from  platforms  and  spouts  on  its  banks  shot  imme- 
diately into  the  vessels.  It  is  said  that  wooden  railways 
have  been  in  use  ever  since  the  year  1680. 

The  Humber. 

The  estuary  called  the  Humber,  has  its  mouth  in  the 
German  Sea,  about  5  miles  in  width.  In  passing  20 
miles  up  to  the  town  of  Hull,  it  contracts  to  about  one 
mile;  thence  westward  it  passes  between  the  Lincoln- 
shire and  Yorkshire  Chalk  Wolds  for  about  18  miles, 
terminating  in  a  marshy  flat,  which  is  the  general  recep- 
tacle of  the  rivers  of  the  adjacent  districts.  Of  these, 
two  are  chielly  remarkable,  viz.  the  Trent  southwards, 
and  the  Ouse  towards  the  north-west,  each  following  the 
hollow  of  the  red  land  soil,  and  forming  a  natural  naviga- 
tion for  upwards  of  a  hundred  miles,  through  this  fertile 
part  of  England.  On  the  west  of  this  line  is  a  coal 
country,  extending,  with  little  interruption,  from  the 
Newcastle  fields  as  far  south  as  Coventry.  Behind 
which,  Derbyshire  affords  limestone  and  lead,  while  gyp- 
sum and  other  minerals  are  found  in  the  lower  parts  of 
the  basin.  The  numerous  flocks  fed  on  the  heights  of 
Yorkshire  had  early  created  extensive  woollen  manufac- 
tures at  Leeds,  Halifax,  Wakefield,  Sec.  and  they  are  still 
the  seats  of  that  trade.  The  abundant  water-falls  in  Der- 
byshire induced  the  working  in  cotton,  before  the  appli- 
cation of  the  steam  engine  was  known.  Nottingham  and 
its  vicinity  was  chieHy  employed  in  hosiery  and  lace  ; 
and,  in  the  southern  parts  of  Yorkshire,  Sheffield  is  the 
seat  of  an  extensive  cutlery  trade.  These  important 
circumstances,  with  the  necessity  of  embanking  and 
draining  the  low  lands,  early  promoted  an  extensive  inland 
navigation,  first  by  means  of  the  natural  streams,  next  by 
side-cuts,  locks,  and  weirs ;  and  lastly,  by  artificial 
canals. 

Hull  is  the  great  sea-port  of  this  district  ;  its  popula- 
tion being  upwards  of  30,000.  It  is  provided  with  exten- 
sive wet  docks,  capable  of  admitting  50  gun  ships. 
It  carries  on  an  important  trade  with  the  north  of  Eu- 
rope. 

In  Lincolnshire,  at  the  mouth  of  the  Humber,  is  the 
Louth  navigation.  It  commences  at  th'j  town  of  Louth, 
and  passes  by  Leatherhill  Mead,  Kiddington  Old  Mill, 
North  Cockering  to  Tiiney  ;  in  all  14  miles,  with  a  fall 
of  56-1  feet. 

At  Grimsby,  a  cut  of  large  dimensions  has  been  made 
li  mile  to  the  tideway.  The  sea  lock  is  126  feet  long, 
85  feel  wide,  with  20  feet  water.  Act  36  Geo.  III. 
John  Rennie,  engineer. 

In  the  northern  parts  of  Lincolnshire,  the  Caislor  and 
Ancholme  navigations  join  the  Humber  above  Hull. 
The  Ancholme  is  26  miles;  act  42  Geo.  111.  The 
Caistor  branch  is  9  miles;  act  35  Geo.  III.  The  pur- 
poses of  it  are  drainage,  and  supplying  the  towns  of 
Caistor  and  Market  Raisen. 

North  of  the  estuary,  the  river  Hull  passes  from  the 
sea-port  of  Kingston  upon  Hull  to  Beverley.  About  12 
miles  thence  the  DufHeld  canal,  by  acts  7,  41  Geo.  III. 
continues  N.  11  miles  to  Great  Duffield.  The  first  S 
miles  is  bv  the  river,  the  remainder  by  a  canal.  En- 
3  H  8 
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gineer,  John  Smealon.     A  branch  from  it  is  the  Hull 
and  Leven  canal,  3  miles.     Acts  41,  45  Geo.  III. 

Near  the  upper  end  of  the  estuary,  opposite  the  Trent, 
is  the  Market  Weighton  canal.  It  passes  nearly  north 
about  11  miles.  A  sea  lock  at  its  mouth  communicates 
with  the  Humber;  thence  it  is  level  to  near  its  head, 
•where  there  are  3  locks.  Acts  13  Geo.  III.  Engineer, 
John  Smeaton. 

We  now  proceed  to  the  northern  great  branch  of  the 
Humber,  the  river  Ouse.  From  the  Trent  this  river  is 
navigable  15  miles,  for  vessels  of  150  tons,  to  Armin,  at 
the  junction  of  the  Aire  and  Caklcr  navigation.  From 
thence  it  has  a  crooked  course  of  25  miles  to  the  city  of 
York.  In  this  space  it  receives  at  Barnaby  the  river 
Dervcent,  navigable  about  35  miles  to  New  Malton  ;  and 
near  York  thcFoss  navigation,  33  and  41  Geo.  ill.  pro- 
ceeds northward  13  miles  to  Sallington  Mill. 

On  the  south  side  the  Ouse  receives  the  river  Dun  at 
Goole,  and  the  Aire  and  Caldcr  at  Armin,  and  also  by  a 
canal  at  Selby,  (as  will  be  afterwards  described.)  At 
Cawood  it  receives  the  Wharfe,  having  a  bad  navigation 
of  about  9  miles  to  Tadcasler.  Between  Cawood  and 
York  there  is  one  lock. 

Above  York,  the  Ouse,  or  Vore  river  (act  7  Geo.  III.) 
continues  navigable  for  20  miles  to  Aldborough,  where 
it  receives  the  .Swale,  and  where,  also,  the  Rippon  canal 
commences,  and  proceeds  partly  by  the  river,  and  partly 
ty  canal,  to  the  town  of  Rippon.  At  Linton  is  a  lock  and 
■weir,  and  the  fall  above  it  is  one  inch  per  mile.  John 
Smeaton  was  the  engineer.  There  are  other  locks  at 
Borough  Bridge,  &c.  The  Swale  river  is  navigable  by 
weirs  io  Topclifle  Mills.  In  180  1,  a  canal  was  proposed 
i'rom  TopclilTe  to  the  river  Tees,  for  the  purpose  of  con- 
veying coals  from  tlie  county  of  Durham  into  the  north 
parts  of  Yorkshire. 

Returning  to  the  mouth  of  the  river  Aire,  which,  with 
its  branch,  the  Calder,  forms  the  most  direct  and  import- 
ant navigation  into  the  coal  and  great  manufacturing  dis- 
tricts in  the  West  Riding  of  Yorkshire,  not  less  than 
three  canals,  besides  numerous  branches,  have  been  car- 
ried from  this  liver  across  the  central  ridge  of  England, 
to  the  towns  of  Manchester  and  Liverpool,  thereby  con- 
verting it  into  one  of  the  two  great  channels  of  water 
communication  across  the  kingdom,  between  the  ports 
of  Liverpool  and  Hull. 

The  Aire  and  Calder  navigation,  though  proposed  in 
the  time  of  Charles  I.  was  incorporated  under  act  10  and 
1 1  William  III.  being  undertaken,  it  is  said,  by  a  Dutch 
company,  who,  after  expending  about  ^19,000,  were 
ruined  by  the  enterprise.  Their  property  was  purchased, 
and  the  works  resumed  by  the  corporation  of  Leeds,  and 
some  gentlemen  of  Wakefield  ;  and  by  the  subsequent 
extension  of  navigation,  it  has  become  very  profitable. 
The  second  act  was  obtained  14th  Geo.  III.  (1774.) 

The  river  Aire,  from  the  Ouse  at  Armin,  is  ascended 
by  50  or  60  ton  sloops,  for  about  40  miles,  to  the  town  of 
Leeds,  where  the  Leeds  and  Liverpool  canal  commences, 
as  has  already  been  described. 

About  10  miles  below  Leeds,  the  river  Calder  branches 
r>if  to  the  south-west,  and  is  navigable  about  10  miles  to 
W  kefield. 

Here  the  Calder  and  Hebble  navigation  commences, 
and  proceeds  partly  by  the  river,  and  partly  by  side 
cuts,  and  locks  and  weirs,  23  miles  to  Sowerby  Bridge, 
near  Halifax,  where  the  Rochdale  canal  commences, 
and   passing   the    central    ridge    at   the    north    end    of 


Blackstone  Edge,  proceeds  to  Matichester,  as  already 
desciibcd. 

The  third  navigable  communication  across  the  summit, 
the  Huddersfield  canal,  branches  also  from  this  naviga- 
tion at  Cooper's  Bridge,  near  the  junction  ot  the  Culnc 
river,  by  Sir  John  Ramsden's  canal,  to  Huddersfield, 
and  from  thence  the  Huddersfield  canal,  as  has  already 
been  desciibsd,  passes  by  a  great  lockage,  and  a  tunnel 
of  three  miles,  across  the  Saddleworth  range  of  hills,  and 
finally  to  INlanchtster,  by  the  Oldham  canal.  By  the 
second  act,  (14  Geo.  III.)  power  was  given  to  make  a 
canal  from  the  Ouse  at  Selby,  to  the  Aire  at  Haddlesey. 
At  Selby  there  is  a  tide  lock,  and  seven  more  between 
that  and  Wakefield.  The  distance  from  Selby  to  the 
junction  of  the  rivers,  is  20j  miles,  thence  to  Wakefield 
10  ;  and  tu  Leeds  8  miles. 

The  Caldcr  and  Hebble  act  passed  about  1757.  The 
length  from  Wakefield  to  Sowerby  Biidge,  is  about  23 
miles.  In  this  distance  there  are  15  side  cuts  of  va- 
rious lengths,  from  200  yards  to  2  miles.  The  whole 
rise  from  Wakefield  is  178  feet,  by  26  locks — each 
about  66  feet  long,  and  14^  wide.  Great  improvements 
have  been  made  under  the  present  veiy  deserving  en- 
gineer, Mr.  Bradley. 

Below  Wakefield,  the  Aire  and  Calder  company  have 
widened  their  locks  to  18  feet;  but  should  any  vessels 
be  built  to  suit  these  locks,  they  must  navigate  by  way 
of  Armin,  as  the  tide  lock  at  Selby  is  only  14.V  feet 
wide. 

The  boats  used  in  these  navigations  are  56  feet 
long,  13i  wide,  draw  3  feet  water,  and  cairy  about  2S 
tons.  They  usually  go  double,  make  way  about  from 
2  to  2|^  miles  per  hotir.  They  are  often  taken  down  the 
Humber,  and  round  the  coast  to  the  Welland  and  Great 
Ouse  rivers. 

The  branches  from  the  Aire  and  Calder  navigations 
are  numerous.  Near  Snaith  it  connects  with  the  Dun 
river.  Higher  up  is  a  cut  to  the  Ouse  at  Selby,  to 
sliorten  the  distance  to  York.  At  Wakefield,  the  Cal- 
der and  Hebble  connects  with  the  Barnsley  canal,  (act 
33  Geo.  HI.)  and  there  are  many  rail-way  branches  to 
coalworks. 

The  Barnsley  canal  proceeds  about  south  1  1^  miles  to 
near  Barnsley  ;  then  westward  4^  miles,  as  a  continua- 
tion of  the  Dearnc  and  Dove  canal.  At  Eym  is  an 
aqueduct  of  five  arches,  over  the  Dearne  river.  From 
the  Calder,  in  the  first  three  miles,  the  rise  is  120  feet 
by  21  locks,  partly  fed  by  a  reservoir  near  Old  Himley, 
and  partly  pumping  back  the  water  by  a  steam  engine. 
This  canal  is  for  the  export  of  coal,  also  flag-stone  for 
pavements,  and  to  connect  the  manufacturing  towns  in 
the  West  Riding  of  Yorkshire.  Engineers,  William 
Jessop  and  William  Wright. 

From  this  last  canal  proceeds  the  Dearne  and  Dove 
canal,  (acts  33  and  40  Geo.  HI,)  It  unites  with  the 
Don  navigation  near  Mexborough,  and  is  calculated  for 
the  same  kind  of  boats,  carrying  about  50  tons.  Com- 
mencing at  the  Don,  it  proceeds  to  Knollbrook,  i^  miles, 
rise  41^  feet  ;  thence  to  Oldham  Mill  2^  miles,  rise  24 
feet ;  then  to  the  Barnsley  canal  2|  miles,  rise  5  3§  feet. 
The  locks  are  67  feet  long,  by  15^  wide.  It  was  finished 
in  1804.     Engineer,  John  Thompson. 

The  Don  or  Dun  river  (act  12  Geo.  I.)  empowers  the 
company  of  cutlers  in  Hullainshire  to  make  the  river 
Dun  navigable  from  Holmstilc,  near  Doncaster,  to  Tiiidly, 
a  township  about  3J-  miles  from  Sheffield.     By  13  Geo. 
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I.  the  corporation  of  Uoncaster  is  empowered  to  im- 
prove the  navigation  the  Don,  (which  had  previously 
only  been  navigable  for  small  boats  up  to  Doncasier,  a 
part  of  the  year,)  from  Holmcastle  down  to  Wilock, 
parish  of  Barmby  upon  Dun.  The  6th  Geo.  II.  united 
both  into  one  company.  The  13th  Geo.  II.  was  for 
farther  improvements.  The  total  length  of  the  naviga- 
tion is  31§  miles,  seven  of  which  consist  of  short  cuts. 
About  nines  miles  below  Fishlake  Ferry,  the  river  Dun 
joins  the  Ouse,  at  Goole.  The  navigation  does  not  ap- 
pear to  have  been  completed  before  1753.  There  are 
18  locks,  rising  70  feet.  Length  of  locks  63  to  72  feet ; 
breadth  15i  to  18  feet.  Length  of  vessels  5  5  feet, 
breadth  15  feet. 

The  trade  consists  in  coal,  lime,  iron  and  earthen 
wares,  groceries,  corn.  It  supplies  Sheffield,  Doncaster, 
Rothcrham,  &c. 

From  the  lower  part  of  the  river  Don,  the  Stainforth 
and  Kcadby  canal  (acts  33  and  38  Geo.  III.)  proceeds  15 
miles  to  the  Trent.  It  has  a  tide  lock  at  each  extremity  ; 
and  is  chiefly  for  drainage. 

The  Trent  river  forms  a  very  extensive  navigation, 
and  its  importance  is  much  increased  by  the  various 
branches  and  artificial  canals  which  connect  with  it.  By 
the  Trent  and  Mersey,  or  Grand  Trunk  Canal,  it  is 
united  to  the  river  Mersey,  and  to  the  Severn  ;  and  of 
late  by  the  Soar  river,  the  Leicester,  the  Union  and 
Grand  Junction  canals,  it  communicates  with  the  river 
Thames.  The  Foss  navigation,  one  of  the  most  ancient 
in  England,  had  early  connected  it  with  the  river  With- 
ani,  and  port  of  Boston,  and  a  variety  of  branches,  upon 
the  rich  country  on  each  side.  The  tide  flows  up  this 
river  as  far  as  Gainsborough,  which  is  navigated  by 
coasting  vessels.  The  channel  of  the  river  is  through 
tlie  fens,  and  is  embanked  on  both  sides.  In  this  space 
at  Kcadby,  is  the  Stainforth  and  Keadby.  At  Stockwith, 
the  Idle  navigation,  and  also  the  Chesterfield  canal,  de- 
part to  the  westward.  Above  Gainsborough,  the  chan- 
nel is  frequently  obstructed  by  shallows  ;  so  Lliat,  in  1761, 
the  navigation,  as  reported  by  Mr.  Smeaton,  could  only 
be  maintaitied  by  flasliing  from  the  mills.  By  the  34 
Geo.  Ill,  a  side-cut  of  10  miles  was  made,  to  avoid  two 
bridges  and  sandy  shoals,  which  occur  in  13  miles  in  the 
upper  pait  of  the  river.  This  cut  is  sometimes  called 
tiie  Trent  canal.  It  commences  at  Trent  Bridge,  near 
Nottingham  ;  has  a  rise  of  28  feet,  and  connects  with 
the  Erewash  canal  near  Lawley,  and  has  a  short  cut  and 
a  lock  into  the  Trent  in  Beeston,  and  terminates  at  Law- 
ley  Ferry,  in  the  commencement  of  the  Trent  and  Mer- 
sey canal.  The  above  act  (34  Geo.  III.)  also  embraces 
the  general  improvement  of  the  river,  the  formation  of 
horse  towing-paths.  Etc. 

In  this  space  the  Trent  receives,  on  the  eastern  side, 
the  Foss  navigation  from  Lincoln,  the  Grantham  canal, 
and  the  river  Soar  navigation  ;  and,  on  the  west,  the  Not- 
tingham canal,  the  Erewash  canal,  and  the  Trent  and 
Mersey  canal,  with  their  various  branches. 

At  Stockwith  is  the  Idle  river,  navigable  10  miles 
through  a  fen  country  to  the  town  of  Bawtry.  At 
Miaterton  is  a  lock  17|-  feet  wide,  with  doors  16  feet 
high,  built  on  the  sile  of  the  old  Dutch  lock,  by  Jolin 
Smeaton. 

Above  the  junction  of  the  Trent  and  Mersey  canal, 
the  river  Trent  navigation  is  the  property  of  the  mar- 
quis of  Anglesea,  under  acis  10  and  11  William  III. 
and  proceeds  in  a  crooked  course,  for  about  19  miles  to 


Burton  on  Trent,  making  the  whole  river  navigatioa 
about  135  miles.  At  Swarkstone  it  receives  tl.-j  'arby 
canal. 

Leaving  the  farther  progress  of  the  Trent  naviga'-on 
for  the  central  district,  we  return  to  the  branches  of  ihe 
river,  whether  they  arc  canal  or  river  navigations. 

Near  the  mouth  of  the  Idle  river  is  the  junction  of  the 
Chesterfield  canal,  act  10  Geo.  III.  Commencing  in 
the  river  Trent,  it  passes  by  a  crooked  line  of  46  miles 
to  Chesterfield,  on  the  river  Rotiier. 


To  Worksop,  24  miles,  the  rise  . 
Norwood,  9     do.  do. 


250  feet. 
85   do. 


Total  height, 335  feet. 

At  this  level  there  is  a  tunnel  2850  yards  in  length, 
width  9  feet  3  inches,  height  12  feet  ;  and  tliere  is 
another  tunnel,  153  yards  in  length,  at  Drake's  Hole. 
From  Norwood  to  Chesterfield,  13  miles,  the  fall  is  45 
feet. 

To  Retford  this  canal  admits  barges  of  60  tons ;  above 
that,  it  is  only  for  boats  of  7  feet  beam,  and  70  feet  long. 
The  tunnel  was  begun  in  1771,  and  completed  in  1775. 
The  engineers  were  James  Brindley  and  John  Henshall. 
The  exports  are  coal  and  lead,  and  the  imports  deal 
baulk,  corn,  groceries,  !x.c. 

The  Nottingham  canal,  completed  in  1802,  proceeds 
from  the  Trent,  and  passing  that  town,  has  a  winding 
line  for  about  15  miles,  to  the  iunction  of  the  Erewash 
and  Cromford  canals,  at  Langley  bridge.  The  rise  is 
108  feet,  it  is  supplied  by  a  reservoir  at  Ainswortli. 
The  engineer  was  William  Jessop.  The  exports  are 
coal,  lime,  lead,  and  the  imports,  merchandise  for  Not- 
tingham, Sec. 

The  Cromford  canal  proceeds  from  the  head  of  this 
last,  18  miles  past  Hyiior  Harly,  Tadmoor  and  Critcli, 
to  Cromford  near  Matlock.  In  the  first  four  miles  there 
is  a  rise  of  80  feet — the  rest  is  level.  It  is  made  through 
a  very  rugged  country,  and  has  several  tunnels,  one  at 
Ripley  of  29  65  yards  in  length,  and  9  feet  in  width.  It 
crosses  the  Derwetit  by  an  aqueduct  200  yards  long,  and 
30  feet  high.  There  is  one  canal  branch  of  three  miles 
from  it,  and  two  railways  to  the  several  adjacent  works. 
Exports,  coal,  lime,  lead.  Imports,  general  merchan- 
dise.    Engineer,  William  Jessop.     Completed  in  1794. 

From  the  junction  of  the  Cromford  and  Nottingham 
at  Langley  bridge,  the  Erewash  canal  (act  17  Geo.  III.) 
proceeds  to  the  Trent  near  Sawley  ferry,  and  opposite 
the  mouth  of  the  Soar,  or  Loughborough  navigation, 
being  a  distance  of  llj  miles,  with  a  fall  of  108  feet. 
There  is  a  railway  branch  to  Brinslcy  coalworks.  Near 
the  middle  of  the  length,  the  Nutbrook  canal  joins. 
Farther  down  is  a  branch  of  the  Derby  canal,  and  near 
Sawley,  the  Trent  canal.  Trade  nearly  the  same  as  in 
the  Cromford  canal.     William  Jessop,  engineer. 

The  Nutbrook  canal,  act  33  Geo.  III.  is  a  branch 
from  the  western  side  of  the  Erewash.  It  proceeds 
north-west  5  miles  to  Shipley  colliery.  It  also  has  a 
branch  to  West  Hallam  collieries. 

The  Derby  canal  commences  in  the  Trent  at  Swark- 
stone bridge,  whence,  to  the  Trent  and  Mersey  canal, 
is  a  rise  of  26  feet  in  half  a  mile;  thence  to  Derby  5^ 
miles,  rise  12  feet.  It  here  crosses  the  river  Derwent 
by  means  of  a  tumbling  bay,  and  proceeds  3J  miles  to 
Little  Eaton,  rising  17  feet.  From  the  eastern  bank  of 
the  Derweni,  a  branch  proceeds  8  J  miles  to  the  Ere- 
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wash  canal,  with  a  fall  of  29  feet.  This  canal  is  for  boats 
of  14  feet  beam.  Act  33  Geo.  III.  Engineer,  Benja- 
min Ouuani.  There  are  railways  from  this  canal  to 
Horseley  collieries,  to  Smithy  Houses,  near  Derby,  4 
miles;  to  SmoUey  Mills,  Ij  mile.  The  exports  are 
coal,  lime,  iron. 

On  tbe  opposite  side  of  the  Trent  we  have  various 
navigations,  as  formerly  noticed.  The  Fossdyke  navi- 
gation from  the  Trent  to  the  Witham  at  Lincoln,  begun 
probably  by  the  Romans,  was  materially  enlarged  and 
improved  in  1121  under  Henry  I.  but  the  description  of 
it  belongs  to  the  Fen  district. 

At  Newark  the  Dean  river  has  been  improved  under 
the  12  Geo.  III.  for  two  miles  to  the  town  of  Newark. 
It  was  completed  in  1797. 

The  (jrantham  canal  (acts  33  and  39  Geo.  HI.)  com- 
mences at  the  liver  Trent,  nearly  opposite  to  the  mouth 
of  tlie  Nottingham  canal.  It  proceeds  up  the  Vale  of 
Belvoir,  by  a  crooked  course,  33  miles  to  Grantham. 
Total  rise  141  feet.  There  is  a  level  branch  ol  3  J  miles 
to  tlie  town  of  Bingham.  The  Grantham  canal  is  fed 
entirely  by  reservoirs,  which  collect  the  flood  waters. 
The  imports  are  coal,  lime,  deal  baulk,  8cc.  and  the 
exports  agricultural  produce. 

The  river  Soar,  or  Loughborough  navigation,  falls 
into  the  Trent  nearly  opposite  to  the  Erewash  canal. 
Act  15  Geo.  III.  It  follows  the  course  of  the  river 
Soar  for  9  miles  to  near  Loughborough,  where  a  cut  of 
one  mile  continues  it  to  tliat  town.  Here  it  connects 
with  the  Leicester  navigation,  and  also  tlie  Charnwood 
Forest  Railway,  which  proceeds  westward  2|  miles, 
with  a  rise  oi  185  feet  to  the  Forest  Lime  Basin,  where 
commences  the  Charnwood  Forest  water-level  of  8J 
miles,  with  a  branch  three  quarters  ol  a  mile  toThriiig- 
sloii  Bridge.  There  are  branches  of  railways  to  the 
lime  works  of  Coal  Orton,  Barrowhill,  and  Cloudshill, 
also  Swaiiniiigton  collieries.  From  the  Cloudshill  lime 
works,  the  railway  is  continued  6J  miles  to  the  Ashby 
de  la  Zuuch  Canal. 

The  main  line  of  the  Leicester  navigation  (acts  31, 
34,  and  37  Geo.  ill.)  co'Hinencing  in  the  Loughborough 
Basin,  proceeds  on  one  level  three  miles  to  the  separa- 
tion of  the  MeltonMoubray  line.  From  thence  to  Lei- 
cester the  distance  is  1 1  miles,  and  rise  45  feet.  En- 
gineers, William  Jessop  and  C.  Stavely. 

The  Mellon-Moubiay  line  (uels  31  and  40  Geo.  HI.) 
leaves  the  las;  at  Tuni  Water  Meadow,  3  miles  above 
Loughborough,  following  the  course  of  the  Wreak  and 
Eye  livers,  12  miles  to  the  town  of  Mellon- Moubray, 
where  the  Oakham  canal  commences. 

The  0)kham  canal  (acts  33  au'i  40  Geo.  III.)  as- 
cends by  a  winding  course  about  15  miles  to  the  gene- 
ral summit  between  the  Trent  and  (he  Fen  Basins,  at 
the  town  of  Oakham,  viz.  to  Edmoiidthoipe,  8J  miles, 
rise  of  20  feet;  thence  6 J  miles  lo  Oakham  level.  It 
is  supplied  by  reseivoii.i.  Engineers,  William  Jessop 
and  C.  Stavely.  It  was  opened  in  1803.  The  imports 
are  coal,  lime,  deal  baulk,  merchandise. 

Fiom  Leicester  the  Union  Canal  proceeds  to  Market 
H  II  borough,  and  from  thence  by  the  Grand  Union  to 
the  Grand  Junction  Canal,  and  compleies  the  connec- 
tion to  London  and  the  Tnames  ironi  this  part  of  the 
Trent  river;  but  this  last  canal  belongs  to  the  Central 
Disuict. 

Although  an  inland  navigation  has  been  opened  from 
the  vallies  of  the  Trent  and  the  Soar  to  the  summit  of 
the  country  at  Oakham,  and  although  an  extension  of 


1 5  miles,  down  to  Stamford,  would  connect  it  with  the 
Wetland,  which  falls  into  the  Wash  Bay,  yet  all  at- 
tempts at  accomplishing  this  have  hitherto  proved  abor- 
tive. In  1810,  riiomas  Telford  surveyed  the  country, 
and  made  a  plan  lor  extending  the  communication  to 
the  Welland  at  Stamford,  the  Witham  at  Boston,  and 
the  Neneat  Peterborough,  thereby  embracing  the  whole 
bay  of  the  Wash.  A  sum  equal  to  the  estimated  ex- 
pense was  subscribed,  and  u  bill  brought  into  parlia- 
ment; but,  from  various  causes,  it  was  opposed  and  de- 
feated. 

Fen  District. 

The  great  level  district  of  the  Fens  forms  a  strongly 
marked  division  of  our  subject.  The  high  ground  which 
forms  the  boundary  of  the  extensive  Hats  which  suiiound 
the  bay  called  the  Wash,  to  the  eastward  in  Norfolk  and 
Suttolk,  and  also  in  ihe  Wolds  ol'  Lincoln,  composed  of 
chalk,  and  the  inlet  of  the  Wash  itself,  seems  to  occupy 
a  great  breach  of  this  chalk  range.  To  the  westward, 
the  upper  grounds  are  of  a  different  nature,  being  chiefly 
the  freestones,  or  oolites,  which  occupy  a  considerably 
lower  place  in  the  series  of  strata.  It  may  therefore  be 
naturally  concluded,  that  the  bottom  of  the  great  level 
consists -of  the  sands  and  golts,  or  marls,  which  occur  in 
the  intermediate  space  between  these  rocks  when  found 
in  supra  position;  and  which  sands  and  marls  spread 
over  a  flat  surface,  will  readily  account  to  us  for  the  ob- 
structed drainage,  and  vast  accumulation  of  peat  bog,  or 
mour,  which  distinguishes  this  portion  of  our  island. 

Those  parts  within  the  reach  of  the  spring  tides  would 
first  be  covered  with  the  deposition,  or  warp,  from  the 
sea,  and  be  converted  into  rich  salt  marshes,  and  which, 
by  the  regular  flux  and  reflux  of  the  tides,  would  enjoy 
the  most  effectual  drainage.  The  securing  of  these 
would  naturally  attract  the  first  attention  of  an  indus- 
trious people;  hence  the  early  embankments  of  Holland 
and  Marshlands,  supposed  to  have  been  the  work  of  the 
Romans  :  but  this  embankment  became,  in  its  turn,  the 
main  cause  of  the  inundation  of  the  great  Fen  behind. 
The  greater  floods  ha<l  not  their  former  direct  passage 
to  the  sea,  but  were  confined  to  certain  reservoirs,  or 
creeks  only,  and,  regaining  a  head,  penned  up  the  land 
waters  in  the  inner  ()arts  of  the  flats.  Fhe  growth  of 
aquatic  vegetables  succeeds,  and  promotes  the  stagna- 
tion. The  depositions  both  from  the  land  and  sea  take 
place,  and  injure  the  outfalls,  which  go  gradually  to 
decay.  In  process  of  time  the  bed  of  the  ancient  outlet 
becomes  higher  than  the  adjacent  country,  and  obliges 
the  upland  waters  to  find  a  new  and  more  circuitous  out- 
let to  tiie  sea.  This  process,  of  which  we  have  abun- 
dant instances  in  all  countries  of  similar  formation,  is 
strongly  exemplified  in  the  outfalls  of  the  bay  of  the 
Wash,  while  the  numerous  cuts  which  have  been  made, 
very  questionable  even  as  regards  drainage,  prove  unde- 
niably injurious  to  the  navigaiioii  of  the  original  rivers. 
But  it  is  equally  certain  that  inland  navigaiion  generally 
has  thereby  been  greatly  extended ;  because,  as  these 
cuts  and  drains  are  chiefly  embanked,  and  nearly  still 
water,  they  form  navigations,  lamifying  and  crossing 
each  other  in  so  many  directions,  as  to  render  it  vain  for 
us  iiere  to  particularize  them  all. 

The  Ouse  is  the  chief  river  of  this  district.  Its  out- 
let was  formerly  by  Wisbeacn,  then  a  very  considen  )lc 
seaport.  Between  Wisbcach  and  Erilh  the  riv  r  lad 
two  channels,  viz.  one  on  each  side  of  the  island  of  Ely. 
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Of  these,  the  Eastern,  or  Old  Ouse  ran  by  Eiy  to  Lit- 
tlepoit.  Having  leceiveu  '.he  Grant  tVorii  Cambridge, 
aiui  the  Mildtiiliall  river  irom  Littleport,  it  passe;!  to 
Wisbeacli,  insieau  ol  iinitnij^,  as  at  present,  with  tlic 
Lesjcr  Ouse,  und  passiiijj  to  Lynn.  Tlie  otlier  braiicli, 
called  the  VV'csiwater,  passed  from  Eritli  to  Ramsay 
Mure  and  B-  luvick,  where  it  met  part  of  the  Nen,  then 
by  Great  Cross,  to  meet  the  other  branch  at  Wisbeach, 
and  so  out  to  the  sea. 

The  most  remarkable  change  on  this  river,  was  the 
cut  fioni  Littleport  into  the  Rumden  river  at  Rebeck. 
Not  only  the  original  eastern,  or  Ely  branch,  was  con- 
veyed to  the  sea  at  Lynn;  but  even  much  of  tne  West- 
water  and  river  Nen,  and  even  part  of  the  VVelland, 
instead  of  passing  to  Wisbeach,  ran  by  the  Weile  river 
to  the  same  new  cut  at  Littleport.  It  would  also  ap- 
pear by  the  petition  from  Marshland,  in  the  reign  of 
Edward  IH.  that  the  lower  part  of  the  united  Western 
Ouse  and  Nen,  called  the  river  Welle,  had,  at  the  suit 
of  the  inhabitants  of  the  upper  counties,  been  diverted 
from  the  original  outlet  at  Walsoken,  near  Wisbeach, 
and  carried  along  the  Marshland  to  the  Ouse  at  Wig- 
genhale.  While,  therefore  the  outlets  towards  Wis- 
beach were  rapidly  silled  up,  nearly  the  whole  waters 
of  the  Fen  were  conveyed  to  the  haven  of  Lynn  ;  which, 
from  this  cause  and  the  increased  flux  and  reflux  of 
the  sea,  became  greatly  deepened  and  enlarged.  Stre- 
nuous efl"orts  were  made  by  the  people  of  Marshland  to 
have  the  Ouse  narrowed,  and  confined  between  banks, 
as  formerly;  but  they  were  constantly  opposed  by  those 
of  Lynn. 

The  next  remarkable  alteration  on  the  Ouse  was  Pop- 
ham's  Eau,  from  Upwall  to  Denver.  Its  object  was  to 
take  off  the  Welle  stream  by  a  shorter  course  than  that 
at  Littleport,  and  more  open  ar,J  direct  than  the  old  chan- 
nel through  Welle.  But  Bedford  river,  and  the  New 
Bedford,  or  Hundred-foot  rivet,  parallel  to  it,  forming  a 
direct  channel  of  20  miles  through  the  Fens,  from  Erith 
to  Denver,  was  by  far  the  greatest  change  to  which  the 
course  of  the  Ouse  was  subjected,  and,  in  the  end,  has 
laid  dry  all  the  upper  part  sf  the  Westwater. 

Above  the  Fen  country  the  Ouse  river  continues  na- 
vigable to  Bedford,  about  84  miles  from  the  sea.  Its 
various  branches  will  be  described  hereafter. 

The  next  river  in  importance  and  order  is  the  Nen, 
navigable  from  the  sea  below  Wisbeach  through  the 
Fens  to  Peterborough,  and  thence  by  the  regular  chan- 
nel, improved  by  side  cuts  and  locks  to  Northampton. 
Below  Peterhoiough  the  river  seems  to  have  spread  into 
various  lakes,  as  Wettlesey  Mere,  Ramsay  Mere,  &c. 
ere  it  joined  the  western  branch  of  the  Ouse  at  Benwick, 
as  alore  mentioned,  and  passed  therev;ith  to  Wisbeach, 
as  to  the  Ouse  at  Salter's  Lode  by  the  river  of  Welle, 
&c.  Various  attempts  have  been  made  to  shorten  the 
course  of  the  Nen  :  Of  these,  the  Catwater,  on  the  north- 
ern side,  was  an  ancient  cut  to  the  triangular  bridge  at 
Crayland,  to  unite  with  the  Welland,  and  pass  by  Spald- 
ing;  but  tliai  outfall  decayin:^,  the  Catwater  became 
useless;  and,  somewhat  lower  down,  the  watcis  of  the 
Welland  were  brought  by  the  South  Eau  to  Guyhirn, 
and  thence  back  to  the  channel  of  the  Nen  and  W^is- 
beach,  or  even  by  tin  Welle  to  the  Ouae. 

To  the  south.  King's  Delf  and  Whitiley  Dyke  are 
ancient  cuis  to  shorten  this  river;  but  the  most  impor- 
tant is  Morion's  Leaoi,  fiom  Pcteruorough  to  Guyhirn 
and  Wisi)eacl),  first  opeiicij  by  Moreion,  bishop  of  Pe- 
terborough, in  the  reign  of  Henry  VII. ;  since  perfected 


by  Charles  I.  jointly  with  the  Bedford  level  adventurers. 

This  also  drains  of!"  the  walers  of  the  Welland. 

The  river  Weiland  having  entered  the  Fens  at  Deep- 
ing,  passed  originally  to  Crayland  Biidge,  and  by  Spald- 
ing to  Saifleet,  where,  receiving  the  river  Glen,  it  pro- 
ceeds to  the  sea  at  the  Foss-iiikc  Wash.  This  river 
seems  to  have  been  chiifly  injured  by  the  injudicious 
modes  employed  to  drain  the  adjacent  Fens,  thereby  ab- 
strarting  a  great  proportion  of  its  waters.  A  variety  of 
plans  have  been  suggested  for  changing  the  course  of 
the  Welland,  and  relieving  the  district  of  South  Hol- 
land, viz.  instead  of  allowing  its  waters  to  pass  to  the 
Ouse,  to  conduct  them  along  the  north  shore  to  the 
Witham  ;  and,  in  1751,  Kinderby  proposed  to  carry  both 
the  Nen  and  ^Vitham  nearly  as  far  east  as  Waiiislleet. 
But  to  understand  the  Fen  navigations,  we  must  enter 
at  some  length  into  the  history  of  drainage  in  these  very 
important  and  inteiesting  tracts  of  country. 

Until  the  latter  end  of  the  reign  of  Elizabeth,  the 
business  of  drainage  generally  was  entrusted  to  local 
Commissioners  of  Sewers,  regulated  partly  by  the  cus- 
tom of  Romney  Marsh,  and  partly  by  local  temporary 
statutes.  Their  object  chiefly  was  to  preserve  ancient 
channels  and  banks.  No  great  work  could  be  properly 
undertaken  under  their  authority  i  these  had  hitherto 
been  chiefly  performed  by  religious  houses ;  and  on  their 
dissolution  by  Henry  VIII.  it  is  probalile  many  fell  into 
decay,  but  about  this  time,  officers,  who,  during  their 
military  service  in  the  Low  Countries,  had  observed  the 
benefits  derived  from  embanking  and  draining,  intro- 
duced a  new  mode  of  proceeding,  by  professing  to  un- 
dertake the  recovery  of  extensive  tracts  of  land,  on  a 
regular  plan,  as  a  profitable  adventure. 

Captain  Thomas  Lovell,  who  undertook  the  drainage 
of  Deeping  Fen,  is  represented  in  the  petition  from 
Deeping  and  the  neighbouring  towns,  41st  Elizabeth,  as 
a  man  skilful  in  like  works,  wherein  he  had,  beyond  the 
seas,  been  much  used  and  employed.  He  was  to  have 
completed  the  undertaking  in  five  years,  and  receive  one- 
third  of  the  Fens.  He  however  failed,  and  the  Earl  of 
Exeter  and  others  succeeded  to  and  prosecuted  his  work, 
making  a  tunnel  for  passing  the  water  under  the  bed  of 
the  Welland,  and  thence  by  West  Lode  and  South  Hol- 
land to  the  sea:  but  the  drainage  after  all  seemed  im- 
perfect, and  during  the  civil  wars  the  works  fell  into  de- 
cay. 

Notwithstanding  the  feebleness  of  this  attempt,  it  ap- 
pears to  have  been  the  commencement  of  the  grand  pro- 
ject for  draining  all  the  Fens.  In  43d  Elizabeth,  a  gene- 
ral act  was  passed  for  recovering  many  thousand  acres  of 
marshes,  and  other  grounds  subject  to  commonty,  within 
the  isle  of  Ely,  and  the  counties  of  Cambridge,  Hunting- 
don, Northampton,  Lincoln,  Norfolk,  Suffolk,  Essex, 
Kent,  and  the  county  palatine  of  Duresme.  In  this  act, 
it  was  stated  that  the  chief  obstacle  to  tiie  recovery  of 
such  grounds,  by  skilful  undertakers,  is,  that  the  greatest 
part  of  them  are  wastes  and  commons.  A  power  was 
given  to  the  owners  and  majority  of  commoners,  to  make 
contracts  with  the  undertakers,  and  to  convey  to  them 
a  part  of  such  lands  (except  crown  lands  without  the 
royal  assent)  as  might  be  agreed  on  by  way  of  reim- 
bursement. 

Soon  after  the  accession  of  James,  this  business  was 
taken  up  with  much  earnestness.  The  king  agreed  that 
the  crown  lands  should  also  contribute  as  the  others,  and 
appointed  Henry  Totnall  and  John  Hunt  to  inspect  and 
treat  with  the  parties  interested,     Mr.  Richard  Atkins 
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was  employed  lo  bore  over  the  Fens  to  the  depth  ol'  1 1 
feet.  The  general  drainage  was  reputed  feasible,  and 
various  water-courses,  the  great  features  of  his  plan, 
were  explained  by  Mr.  Hunt,  the  artist  for  drainage,  viz. 
the  formation  of  a  new  channel  for  the  Nene,  from  March 
to  near  its  junction  witii  the  Ouse  at  Salter's  Lode,  and 
another  direct  channel  for  the  Ouse  from  Erith  to  near 
the  same  place,  where  the  Ouse,  at  low  water,  was  found 
to  be  ten  feet  below  the  soil  of  the  Fen.  Tliese  have 
since  been  nearly  executed  :  The  iirst  called  Pophani 
F.au,  the  last  the  Bedford  River.  Sluices  were  also  pro- 
posed by  him  at  the  t\T0  branches  of  the  Ouse,  at  the 
head  of  the  new  cut. 

By  a  survey  by  W.  Hayward,  the  contents  of  the  Fens 
proposed  to  be  drained  appeared  lo  be  307,242  acres. 
On  the  13ili  July  1605,  Sir  John  Popliani,  Lord  Chief 
Justice;  Sir  Robert  Fleming,  C;hief  Baron  of  the  Ex- 
chequer; Sir  William  Roniney,  alderman;  and  John 
Eldred,  citizen  and  clothworker  of  London,  were  de- 
clared undertakers  of  the  drainage  of  all  the  Fens  be- 
tween Ouse  and  Deeping,  and  were  to  have  130,000  acres 
for  their  portion. 

On  the  5th  August  1605,  Hunt  and  Atkins  laid  out 
Po])ham  E,iu,  which  was  opened  21st  December,  to  Up- 
weli  ;  but  in  the  following  March  it  broke  its  banks,  and 
had  to  be  stop|)ed.  In  1606,  a  bill  was  brought  in  to  re- 
gulate the  drainage,  which  proceeded  but  slowly.  In 
)609  Popliam  Eau  was  enlarged.  In  1611  a  channel 
vas  laid  out  and  made  by  Hunt,  for  the  drainage  of 
Ouldham  and  Waterscy,  being  a  separate  undertaking. 
In  1613,  a  very  high  tide  broke  the  dykes  of  Marshland, 
and  did  damage  to  llie  amount  of  40,000/.  Various  ef- 
forts were  made,  but  little  ellectunl  progress  was  made 
in  any  essential  improvement,  during  the  remainder  of 
this  reign  :  but  in  the  early  part  of  Charles  I.  the  busi- 
ness of  drainage  was  again  resumed.  Artists  were  brought 
from  Holland.  Cornelius  Vermuyden's  first  work  in  I'lng- 
land  was  the  embankment  of  Dagenham  marshes,  for 
wliich  he  had  a  part  of  the  lands  assigned  to  him,  and 
confirmed  by  patent  in  1621.  In  1626  he  undertook  the 
drainage  of  the  Fens  in  Hatfield  Chase,  between  the 
Trent  and  Ouse,  and  effected  the  same  in  five  years,  at 
an  expense  of  55,825/.  for  which  he  had  one-third  of  the 
lands  assigned  to  him.  In  the  same  year,  162S,  he  pro- 
posed a  plan  for  draining  the  great  level,  upon  ?5,000 
acres  being  assigned  to  him  ;  but  this  was  objected  to, 
on  account  of  his  being  an  alien.  Francis,  Earl  of  Bed- 
ford, with  various  other  adventurers,  undertook  the  works 
on  the  same  terms,  and  were  incorporated  by  10th  Charles 
1.  in  1633.  (See  Dugdale.)  The  woiks  performed  by 
ihis  company  were  as  follow  : 

1.  Tlie  Old  Bedford  River,  21  miles,  70  feet  wide,  with  a  sluice 

at  each  end,  as  a  slaker  to  the  Ouse. 

2.  Same  cut,  10  miles,  20  feet  wide,  fi'om  Feltwell  to  the  Ouse. 

3.  Mildenhall  cut,  two  miles,  40  feet  wide. 

4.  Bevil's  Leam,  10  miles,  40  feet  wide,  from  'Wittlesley  Mere. 

5.  Morton's  Leam  renewed. 

6.  Peacock  Drain,  10  miles,  17  feet. 

7.  Hill's  cut,  two  miles,  50  feet,  near  Peterborough. 
3.  New  South  Eau,  from  Crowlandto  Clow's  Cross. 

9.  Shire  Drain,  opened  at  Clow's  Cross  to  Tyd  and  the  sea,  with 
a  sluice  at  each  end,  lieing  a  slaker  to  the  Welland  ;  pro- 
jected in  the  reign  of  Ehzabeth,  and  perfected  by  these 
adventurers. 

Locks  for  navigation,  or  Sasses,  were  built  on  the 
Well  Creek,  and  at  the  Horse  Shoe,  below  Wisbeach. 

These  works  were  executed  in  about  three  years,  at  an 
expense  of  about  100,000/.;  but  it  was  found,  that  although 


the  country  was  greatly  relieved,  it  was  still  liable  to  in- 
undation during  winter  floods  ;  and  40,000  acres  only  were 
allotted  to  the  adventurers.  In  1638,  the  king  took  on 
himself  to  perfect  the  drainage,  both  of  the  Deeping 
Fen  and  the  Great  Level  ;  and  having  procured  reports 
on  the  subject,  chiefly  from  Sir  Cornelius  Vermuyden, 
a  system  was  devised,  with  broad  wakes  on  the  sides  of 
the  principal  drains,  to  contain  and  take  off  the  flood  wa- 
ters; and  the  king  was  to  have  half  the  portion  of  the 
former  adventurers,  and  an  additional  5000  acres,  for  tlie 
Bedford  Level  12,000,  and  3000  acres  for  the  otlicr 
marshes  and  fens  in  Holland  and  Marshland. 

The  works  executed  under  this  agreement  were,  Ist, 
The  south  bank  and  part  of  the  north  of  iMorton's  Leam  ; 
a  new  cut,  2i  miles  below  Horse  Slioe  Sluice,  at  ^Vis- 
beach  ;  a  new  outfall  sluice  for  Shire  Drain,  soon  after- 
wards swallowed  up  by  the  quicksands  ;  anti  a  navigable 
sas,  at  Stanground  on  the  Nene.  All  further  progress 
was  stopped  by  the  civil  wars. 

In  1649,  the  claims  of  the  adventurers  were  revived 
by  William,  Earl  of  Bedford  ;  and  having  obtained  their 
oiiginai  contract,  the  works  were  completed  in  1658. 
This  company  constructed  banks  along  the  river  Wel- 
land, Morton's  Leam,  the  Bedford  River,  the  river  Ouse 
and  its  branches.     They  also  made  the  following  cuts : 

1.  The  New  Bedford  River,  parallel  to  the  old  one,  of  100  feet 

in  breadth. 

2.  Vermuyden's  Drain,  from  the  river  Nene  at  Ramsay,  to  the 

Old  Bedford  River. 

3.  Monkland  cut  and  Dounham  Eau,   between  Denver  and 

Stowbridge. 

4.  Stoney  Drain,  and  a  variety  of  smaller  works,  besides  clear- 

ing and  repairing  the  old  outfalls. 

They  also  placed  sluices  for  navigation  at  Hermitage, 
near  Erith,  to  direct  the  water  by  the  new  channel  ;  and 
at  Denver,  near  the  outfall  of  the  said  channel,  to  pre- 
vent the  regurgitation  of  flood  waters  up  the  old  Ouse. 
The  silt  brought  down  by  the  greater  slope  of  the  new 
channel  soon  raised  the  bed  of  the  Ouse  at  Denver 
sluice  several  feet,  to  the  great  injury  of  the  navigation 
and  drainage  of  that  river.  That  sluice  having  been 
blown  up  in  1713,  its  re-establishment  was  opposed  by 
the  town  of  Lynn  and  other  places,  so  that  it  was  not  re- 
built until  1746.  Since  which  time,  the  most  remarkable 
alteration  in  tlie  wake  of  the  Great  Level  has  been  the 
Eaubrink  cut  of  2  J  miles,  to  straighten  the  course  of  the 
river  above  the  town  of  Lynn.  This  cut  was  recom- 
mended in  1725  and  1751,  by  Badeslade  and  Kinderby, 
and  has  since  been  executeil  under  acts  35lh,  36th,  45th, 
and  59th  Geo.  III.  Robert  Mylne,  Sir  Thomas  Hyde 
Page,  and  Joseph  Iluddart,  being  the  engineers  first 
employed,  and  at  present  John  Rennie  and  Thomas  Tel- 
ford. 

The  navigations  within  the  Fens  are  the  property  of, 
and  supported  by  the  Fen  company.  They  have  like- 
wise occupied  various  woiks  upon  the  other  outfall,  par- 
ticularly a  new  channel  for  the  Nene,  from  Wisbeach  to 
the  sea. 

The  districts  of  South  Holland  and  Marshland  drain 
immediately  to  the  sea  by  various  small  cuts;  and  Deep- 
ing Fen  by  tunnels  under  the  Welland.  Though  this 
bold  measure  effected  the  draining  of  Deeping  Fen,  it 
operated  seriously  to  the  injury  of  the  outfall  of  the  river 
AVelland  below  Spalding;  so  that  the  waters  of  that  river 
were  constrained  to  pass  towards  the  Nene  and  Ouse, 
thereby  injuring  a  country  much  more  extensive  tlian 
that  which  had  been  benefited  ;  and  in  1613)  SirClemerit 
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Edmonds  and  tlic  conimissioncrs  were  obliged  lo  have 
iheir  boats  canied  by  carts  tliree  or  four  miles  to  Foss- 
dike,  where  great  sliips  lay  at  anchor,  for  want  of  a  cur- 
rent to  carry  them  down  the  channel.  During  the  civil 
wars,  the  banks.  Sec.  became  ruinous,  and  in  Dugdale's 
time  the  level  was  overflowed.  The  drainage  was  re- 
stored by  a  new  company  under  act  1  5ih  and  17th  Charles 
II.  and  a  new  cut  of  four  miles  in  length  made  from 
Spalding  to  the  reservoir  at  the  mouth  of  the  Glen  river  ; 
and  the  lower  part  of  the  river  being  contracted,  the  na- 
vigation to  Spalding  was  much  improved  ;  and  in  1794, 
an  act  was  obtained  for  a  cut  from  Spalding  to  the  mouth 
of  the  Witham  at  Wybcrton  Roads,  but  which  has  not 
been  executed. 

The  drainage  of  South  Holland  and  Lindsey  Level, 
towards  the  VViiham,  instead  of  Wclland  or  Glen,  had 
been  an  early  project.  In  34th  Henry  VIII.  Charles 
Duke  of  Suffolk,  and  others.  Commissioners  of  Sewers, 
ordered  a  great  sewer  to  be  made  along  the  bounds  of 
Kistovan  and  Holland,  to  Langrake  on  the  Witham,  with 
four  new  sluices  of  freestone,  each  eight  feet  wide,  at 
Langrake,  by  which  we  may  perceive  that  the  use  of 
locks  was  not  then  known  in  England.  The  same  scheme 
was  renewed  17th  Elizabeth,  and  a  tax  proposed  for  the 
purpose  ;  but  nothing  useful  was  eflectcd  until  3d  Charles 
I.  when  Robert,  Earl  of  Lindsey,  and  others,  proposed 
to  undertake  the  drainage,  on  condition  of  having  20,000 
acres  of  the  land  recovered.  The  drainage  from  Keyme 
Eau  to  Glen  was  eflected  by  14th  Charles  I.;  but  during 
the  civil  wars  the  country  people  took  violent  possession, 
and  it  was  only  accomplished  by  an  act  5th  George  III. 
which  authorized  opening  the  South  forty  foot  drain,  from 
the  Black  Sluice  at  Boston  to  Hale  ;  and  thence  a  new 
and  main  drain  of  40  feet  wide  and  6  feet  deep,  south- 
wards to  Guthrem,  below  Bourne  on  the  Glen  ;  also  the 
repairing  the  old  and  new  Hammond  Becks.  And  in 
1770  an  act  was  passed  for  making  these  cuts  navigable 
by  locks. 

In  1720,  Earl  Fitzwilliam  cut  the  North  forty  foot  drain, 
to  drain  his  lands  on  the  north  of  the  Kyme  Eau.  The 
outfall  of  the  Witham  is  supposed  to  be  thereby  much 
injured. 

The  Fens  on  the  north  of  the  Witham  appear  to  have 
been  originally  drained  towards  WainReet,  and  the  north 
Gouts  above  Boston.  By  Gth  Charles  I.  the  general 
drainage  of  tliat  tract  was  undertaken  by  Sir  Anthony 
Thomas,  and  others,  for  an  allotment  of  land,  and  ex- 
cepting various  deep  pools,  it  was  effected  in  1634. 

From  1731  to  1751,  the  channel  of  the  Wiiham  had 
been  so  greatly  injured,  that  the  town  of  Boston  was 
hardly  accessible  to  vessels  of  30  tons,  and  the  naviga- 
tion above  that  was  entirely  lost.  After  obtaining  ths 
opinion  of  various  engineers,  it  was  resolved  to  erect  a 
grand  sluice  at  the  town  of  Boston,  and  to  excavate  a 
new  river  channel  above  that  as  f.r  as  Lincoln.  Acts  cf 
parliament  were  obtained  in  1761,  and  the  work  pro- 
ceeded with.  In  1766  the  sea  sluice  was  opened.  Lang- 
ley  Edwards  was  engineer.  The  channel  was  in  a  short 
time  greatly  improved.  Vessels  drawing  six  to  eight 
feet  of  water  pass  freely  up  to  the  town  at  neaps,  and 
springs  flow  at  the  town  from  12  to  15  feet.  It  is,  how- 
ever, very  doubtful  whether  or  not  this  improvement  be 
attributable  to  the  sluice. 

The  improvement  of  the  channel  below  Boston  next 
suggested  the  means  of  obtaining  a  better  drainage  for 
the  adjacent  Fens;  and  in  1812,  the  plan  of  Mr.  Rennie 
was  carried  into  effect,  for  conveying  the  outfall  of  the 
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Fens  to  a  lower  part  of  the  Witham,  and  taking  off  the 
upper  waters  by  a  general  catchwaler  drain  round  the 
Fen,  upon  a  higher  level. 

In  regard  to  the  ultimate  benefit  to  the  navigation  of 
the  Wash,  by  the  alteration  of  the  course  of  the  Wcl- 
land, we  must  refer  to  the  judicious  observations  of  Mr. 
Chapman,  an  intelligent  merchant  of  Boston,  who  has 
published  some  pamphlets  expressly  upon  this  important 
subject. 

In  this  quarter  we  must  not  omit  noticing  the  Car 
Dyke,  which  skirts  the  uplands  from  the  river  Ncne  at 
Peterborough,  to  the  Welland  near  Market  Deeping, 
and  from  thence  by  Bourne  and  Billingham  to  the  river 
^Vitham  near  Lincoln.  It  is  a  very  ancient  work,  pro- 
bably Roman.  Its  position  leads  us  to  think  it  has  been 
a  caich-water  diain,  but  it  might  also  be  used  for  the 
purpose  of  navigating  through  this  great  extent  of  coun- 
try. The  portion  between  the  rivers  Nene  and  Wel- 
land was  found,  by  Mr.  Telford's  survey  of  that  country, 
to  be  very  nearly  level;  and,  to  preserve  this,  the  line  is 
very  crooked,  and  is,  in  one  instance,  cut  deep  through 
a  rib  of  land.  To  the  north  of  the  Welland  the  line  is 
more  direct,  and  it  has  a  gentle  declivity  to  the  river 
Glen,  and  oilier  natural  streams  which  intersect  the  coun- 
try. 

The  great  drains  which  have  been  made  of  late  years 
are  all  navigable.  The  South  Forty  Foot  is  an  excellent 
canal,  being  about  40  feet  wide  at  the  surface  of  the  wa- 
ter: the  length  of  it  is  about  21  miles. 

The  Foss  Dyke  canal,  supposed  to  have  been  originally 
made  by  the  Roii;ans,and  restored  under  Henry  I.  is  con- 
nected with  the  Witham  at  Lincoln.  At  Braybrook 
Mere  it  proceeds  on  one  level  1 1  miles,  to  the  bank  of 
the  river  Trent  at  Forksay,  about  eight  miles  above 
Gainsborough.  It  is  preserved  at  the  same  level  by  a 
lock,  having  gates  pointing  in  both  directions.  This  is 
the  oldest  artificial  CLMial  in  England  ;  but  we  are  un- 
certain in  what  manner  it  was  anciently  connected  with 
the  'I'rent,  or  even  that  it  ever  did  form  such  a  connection. 
In  1762, 'John  Smeaton  and  John  G randy  examined,  and 
reported  both  with  regard  to  the  navigation  and  drainage. 
In  1782  Mr.  Smeaton  was  again  employed  ;  and  to  his 
Reports,  vol.  i.  we  must  refer  for  particulars,  observing 
only,  that  he  found  merely  2  feet  8  inches  of  water  in  this 
canal;  that  he  recommended  raising  the  banks,  cutting 
oil"  any  immediate  communication  with  Braybrook  Mere; 
constructing  a  lock  at  the  Lincoln  Summit;  reniovinsj 
the  natural  ford  called  Braybrook-head  ;  and  gaining  10 
inches  more  water  in  the  canal.  In  1782,  Mr.  Smeaton 
found  reason  to  change  some  parts  of  his  plan;  but  the 
general  objects  and  efl'ects  were  the  same.  The  naviga- 
tion has  since  been  perfected,  and  the  trade  of  the  town 
of  Lincoln  is  chiefly  carried  on  by  means  of  it. 

From  the  Foss  Dyke,  at  Lincoln,  tlie  river  Witham 
proceeds  south-east  about  40  miles,  past  the  town  of 
Boston  to  the  sea.  In  1762,  John  Smeaton,  John  Grandy, 
and  Langley  Edwards,  reported  on  the  means  of  improv- 
ing this  navigation,  which  had  been  ruined  by  imprudent 
drainage.  They  recommended  the  construction  of  a  sea 
sluice  at  Boston  to  exclude  the  tide  water,  having  two 
pair  of  gates  pointing  lo  the  land,  and  one  pair  to  the 
sea;  the  other  gates  of  the  sluice  to  be  so  regulated  as 
to  preserve  the  water  within  two  feet  of  the  surface  of  the 
I-"ens  ;  and  above  this  sluice  to  open  a  direct  channel,  80 
feet  wide  at  the  top,  50  at  the  bottom,  and  10  feet  deep, 
with  three  pound  locks,  furnished  with  flood  gates,  to 
continue  the  navigation  to  Lincoln.  The  river  is  em- 
3  I 
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banked  on  both  sides  to  within  13  miles  of  Lincohi ;  in 
the  remaining  part  the  banks  are  level  rvith  the  natural 
surface  of  the  Fens,  wliich  are  frequently  oveiflowed. 

From  the  north  bank  of  the  William,  at  Tatiersal,  pro- 
ceeds the  Horniastle  navigation,  (acts  o2tl  and  40th 
George  III.)  opened  in  1802.  It  commences  in  the  Old 
Witham  ;  follows  the  old  cut  to  Tattersal,  then  by  the 
course  of  the  Bain  River  to  Horncastle.  Its  length  is 
1 1  miles. 

From  the  south  bank  of  the  Witham,  at  Chapel  Hill, 
the  Sieaford  navigation  proceeds  12  miles,  in  a  south- 
west direction,  to  Sieaford,  being  embanked  most  of  its 
course  through  fens.  It  is  30  feet  at  top  water,  18  at 
bottom,  and  five  feet  deep.  The  locks  are  60  feet  long 
and  15  feet  wide.  Above  Spalding,  to  which,  as  has 
already  been  observed,  the  river  Welland  is  accessible 
by  the  present  channel,  the  navigation  proceeds  by  an 
artificial  channel  through  the  Fens  to  Market  Deep- 
ing, and  from  thence  by  sundry  side  cuts,  locks,  and  weirs, 
to  the  town  of  Stamford.  This  is  one  of  the  oldest  works 
of  this  kind  in  the  kingdom,  viz.  17th  James  I.  The 
works  have  been  originally  ill-planned,  and  are  now  in  a 
ruinous  state.  Mr.  Telford's  scheme  for  the  Stamford 
navigation  included  the  improvement  of  this  as  far  down 
at  St.  James's  lock,  below  Market  Deeping.  The  fall 
from  Stamford  to  the  third  lock  is  only  7  feet  in  the  dis- 
tance of  3  miles  and  306  yards.  From  thence  to  the  top 
of  St.  James's  lock  the  distance  is  6  miles  655  yards,  with 
a  fall  of  44  feet.  The  present  locks  are  12  in  number, 
admitting  vessels  of  7  feet  beam,  and  carrying  only  15 
tons. 

By  the  South  Eau  and  Cat  Water,  a  navigation  is 
formed  from  the  Welland  at  Crowland,  in  two  directions, 
to  the  river  None,  and  also  to  the  sea  by  Ganthorpe 
sluice. 

From  the  bay  of  the  Wash,  at  Peter's  Point,  the  river 
Nene  proceeds  about  9  miles  to  the  town  of  Wisbeach, 
and  thence  by  two  or  three  difi'erent  emlianked  chan- 
nels through  the  fens  to  Peterborough,  being  about  40 
jniles,  near  which  the  lock  of  Stoneground  sluice  was 
early  constructed,  partly  for  navigation,  and  partly  to  di- 
rect the  flood  waters  through  Morton's  Learn. 

From  Peterborough,  the  original  channel  has  been 
improved  by  side  cuts,  locks,  and  weirs,  under  acts  Geo. 
II.  and  34  Geo.  III.  for  about  50  miles  up  to  the  town  of 
Northampton,  where  a  canal  branch  ascends  by  112  feet 
to  the  Grand  Junction  canal.  The  improved  river  navi- 
gation was  opened  to  Northampton  in   1761. 

By  means  of  Well  Creek,  the  Nene  communicates 
with  the  Ouse  near  Salton  ford;  and  by  34  Geo.  III.  a 
still  more  direct  navigation  has  been  formed  from  Wis- 
beach to  Lynn.  This  canal  is  about  6  miles  in  length, 
embanked  through  the  fens.  From  the  old  sluice  at 
Wisbeach  to  the  Well  Creek  at  Oulwell,  it  has  a  flood 
lock  at  each  extremity  of  14  feet  in  width. 

The  Ouse  navigation  commences  from  the  Sea  in 
Lynn  Deeps,  below  Lynn.  Thence  passing  the  town  of 
Lynn,  and  by  the  Eau  Brink,  already  described,  to  Salter's 
Load  and  Denver's  sluice,  it  is  thus  far  an  open  cut  em- 
banked tide  river.  Above  Denver's  sluice,  the  original 
Ouse  proceeds  still  by  an  embanked  and  crooked  channel 
through  the  fens  to  Ely  and  Hermitage  sluice,  near 
Erith.  From  this  place  the  navigation  continues  by  the 
natural  bed  of  the  river  to  Bedford,  in  all  about  80 
miles. 

The  branches  of  the  Ouse  are,  the  Lynn  navigation, 


from  that  town,  15  miles,  (o  Norford  in  Norfolk.  About 
17  miles  above  Lynn,  at  Saltci's  Lode,  the  Well  Creek 
forms  a  communication  with  the  Nene  and  Wisbeach  ca- 
nal, and  hard  by  are  the  outlets  of  the  Old  and  New  Bed- 
ford rivers.  Here  also  the  Stoke  river  falls  in,  navigable 
fur  about  S^  miles  eastward  of  Siokeferry,  by  an  embank- 
ed channel  through  the  fens. 

Proceeding  upwards,  we  find,  at  Rebeck,  the  Little 
Ouse  or  Brandon  river,  navigable  for  about  20  miles 
eastward  to  Thetford,  the  lower  part  of  its  course  em- 
banked through  fens.  Continuing  up  the  Ouse,  we  have 
at  Prickwiilow,  5  miles  below  Ely,  the  Lark  or  Milden- 
hall  river,  which  is  navigable  for  22  miles  south-east  to 
the  town  of  Bury  St.  Edmunds.  The  Soham  Lode  is  na- 
vigable for  4  miles  to  Soham.  At  Harriniere,  above 
Ely,  is  the  Cam  or  Grant  river,  navigable  14  miles  to  the 
city  of  Cambridge.  There  is  also  a  branch  of  3  miles 
to  Rechc,  and  another  of  3i  miles  to  Burwell.  This 
river  is  embanked  in  the  lower  part,  and  provided  with 
sluices  for  making  flashes  of  water,  to  enable  loaded 
boats  to  pass  the  shallows.  From  Clayhithe  sluice,  7 
tniles  below  Cambridge,  the  Cambridge  and  London 
canal  was,  in  1813,  proposed  to  join  tlie  Lea  navigation. 

The  boats  in  the  Cam  river  are  about  45  feet  long, 
and  from  8  to  10  feet  wide,  drawing  2  feet  8  inches,  and 
carrying  about  18  tons.  They  are  furnished  with  decks, 
and  raised  in  the  fore  part.  As  they  have,  below  Denver, 
frequently  to  pass  through  rough  water,  they  have  a  mast 
36  feet  high,  and  a  square  sail. 

In  Bedfordshire,  the  Ivel  river  proceeds  from  the  Ouse 
at  Temsford ;  and  by  30  Geo.  II.  was  made  navigable  to 
Biggleswade.  It  was  generally  proposed  to  extend  the 
navigation  5  miles  to  Shefford.  The  locks  are  of  a  very 
rude  description 

It  is  evident  that  the  whole  system  of  navigation  in 
this  fen  district,  is  of  that  kind  which  we  have  called  agri- 
cultural;  that  is,  the  import  of  coals,  deals,  and  other 
commodities  for  the  consumption  of  the  country,  in  re- 
turn for  agricultural  produce.  Much  of  the  corn,  es- 
pecially for  malting,  is  taken  to  London  from  the  heads 
of  the  navigation,  as  at  Cambridge,  Sec.  by  land  carriage  ; 
but  the  gieater  part  is  shipped  from  the  ports  on-  the 
Wash,  as  Lynn,  and  Boston. 

Before  leaving  this  district,  we  may  notice  a  considera- 
ble natural  navigation  in  the  eastern  part  of  the  county 
of  Norfolk.  At  Yarmouth  is  the  mouth  of  the  united 
rivers  the  Yare  and  the  Waveney.  The  latter  forms  the 
boundary  between  the  counties  of  Norfolk  and  Suffolk, 
and  is  navigable  about  25  miles  to  the  town  of  Bungay. 
The  Yare  is  navigable  22  miles  to  the  city  of  Norwich. 
It  supplies  that  populous  and  manufacturing  town,  and 
serves  for  the  export  of  agricultural  produce  from  those 
extensive  and  well  cultivated  districts. 

The  Central  District. 

Having  described  the  principal  navigations,  whether 
natural  or  artificial,  connected  with  the  coasts  of  South 
Britain,  we  now  proceed  to  give  an  account  of  those  im- 
portant lines  of  canal  navigations,  which  serve  to  connect 
the  populous  and  industrious  districts  on  the  Mersey  and 
Trent  with  the  Severn  and  the  Thames,  The  father  of 
this  great  project  was  the  Duke  of  Bridge  water;  for,  after 
the  completion  of  his  canal,  there  seemed  no  physical 
difficulties  but  which  might  be  surmounted  by  skill  and 
perseverance.     It  was,  therefore,  immediately  proposed 
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lo  connect  the  Mersey  with  tlie  Trent,  by  proceeding 
from  the  Duke's  canal,  and  penetrating  through  tlie 
ridge  called  Harecastle  Hill,  by  means  of  a  tunnel;  and 
this  project  was  named  the  Grand  Trunk.  This  being 
approved  of  and  begun,  the  scheme  was  soon  greatly  ex- 
tended, by  carrying  a  branch  from  the  grand  trunk  at  the 
town  of  Stafford  to  the  river  Severn  at  Stourport.  Two 
years  afterwards,  in  1 768,  acts  were  obtained  for  extension 
to  the  towns  of  Birmingham  and  Coventry  ;  and  next 
year  for  a  continuation  of  a  long  line  by  Banbury  to  the 
river  Thames,  at  the  city  of  Oxford. 

The  farther  progress  of  canal  navigation  seemed  to  be 
checked,  until  some  years  after  the  conclusion  of  the 
American  war,  when  the  improvement  of  the  coal  and 
iron  trades,  and  the  general  application  of  the  lately  im- 
proved steam-engine  to  machinery,  (more  especially  in 
the  latter  manufactures,)  gave  new  life  to  these  under- 
takings. Numerous  projects  were  brought  forward, 
and  of  these,  the  Grand  Junction,  begun  in  1793,  com- 
pleted the  connection  between  the  manufacturing  districts 
in  the  interior  and  the  metropolis,  without  the  vexatious 
delays  of  the  river  Thames. 

In  describing  the  central  district,  we  shall  first  consi- 
der the  Grand  Trunk,  with  its  important  branch  the 
Staffordshire  and  Worcestershire  canal ;  then  abandon- 
ing the  order  of  time,  we  shall  proceed  from  the  metro- 
polis by  the  Grand  Junction  canal  along  what  now  forms 
the  great  line  of  traffic,  and  also  consider  the  numerous 
canals  on  either  side,  as  being  collateral  branches  connect- 
ed in  business  with  it. 

The  Grand  Trunk  was  so  named,  as  passing  through 
the  central  parts  of  the  kingdom,  and  being  the  great 
link  connecting  the  Mersey,  Trent,  and  Severn  rivers. 
From  its  commencement  at  the  mouth  of  the  river  Der- 
went  in  Derbyshire,  to  the  Derby  canal  at  Swarkstone, 
is  6  miles,  with  a  rise  of  32  feet  by  4  locks,  for  vessels 
of  14  feet  beam;  thence  to  Hornington  wharf  near  Burton 
10  miles,  the  rise  being  16  feet  by  two  locks  for  7  feet 
beam.  From  this  wharf  to  where  the  Coventry  canal 
turns  off  at  Fradley  heath  12  miles,  with  a  rise  of  85 
feet  by  1 1  locks.  From  this  point  to  where  the  Stafford- 
shire and  Worcestershire  departs  at  Hey  wood,  13  miles, 
the  rise  is  32  feet  by  4  locks;  thence  to  Etruria,  near 
Newcaslle-under-Line,  If  miles,  with  a  rise  of  150  feet 
by  19  locks.  From  this  place  the  summit  level  continues 
through  Harecastle  tunnel  to  near  Talk,  6  miles.  From 
the  northern  extremity  of  the  summit  level  to  tlie  town 
of  Middlewich,  1 1  miles,  the  fall  is  325  feet  by  35  locks. 
From  this  town  the  canal  proceeds  past  Northwich,  along 
the  north  bank  of  the  river  Weaver,  and  through  three 
short  tunnels  to  Preston  Brook,  in  Cheshire,  where  it 
terminates  in  the  Duke's  canal.  This  last  is  a  distance  of 
18  miles,  all  in  one  level.  From  the  river  Dcrwent  at 
Wilden  ferry,  to  near  Burton,  this  canal  admits  boats  of 
14  feet  beam  ;  all  the  rest  of  this  canal  and  its  branches 
are  for  7  feet  beam  only.  The  branches  are,  one  from 
near  Burton,  of  about  a  mile,  to  the  river  Trent.  From 
Stoke,  near  Newcastle,  there  is  a  railway  to  Lanes  End 
3  miles.  From  Etruria  there  is  a  railway  to  Hornby 
Green  and  Burslem  potteries.  From  Longport  to  Dole- 
hall  there  is  a  canal  branch,  and  thence  a  railway  to 
Burslem  potteries.  Adjacent  to  Etruria,  the  branch 
named  the  Caldon  canal  proceeds,  by  a  circuitous  course, 
near  Stanley  Moss  and  Froghall  to  Utoxeter,  in  all  a  dis- 
tance of  28  miles.  From  this  summit,  near  Etruria,  this 
Caldon  branch  or  canal  proceeds  5f  miles  to  the  eastward 


of  Norton  Green,  on  the  road  to  Leek  :  in  this  last  dis- 
tance there  is  a  rise  of  75  feet  by  7  locks.  From  this 
point  to  Stanley  Moss,  one  mile,  is  the  summit  level; 
thence  to  Froghall  is  9  J  miles,  with  a  fall  of  61  feet  by 
9  locks.  From  this  place  to  Utoxeter  is  11|-  miles. 
With  this  long  branch  is  connected  one  from  Stanley 
Moss,  3J  miles,  to  the  town  of  Leek  ;  a  short  cut  from 
Skellon  to  Cobridgc,  and  a  railway  from  Froghall,  3J 
miles,  which  ascends  to  the  Caldon  Low  limeworks. 

On  the  main  line  there  are  five  tunnels,  viz.  one  130 
yards  at  Armitagc  ;  one  2883  yards  upon  the  summit 
through  Harecastle  Hill;  one  on  the  north  bank  of  the 
river  weaver  570  yards  ;  Suttersford  tunnel  350  yards  ; 
Preston  Hill  tunnel  1241  yards;  Harecastle  tunnel  is 
only  9  feet  wide,  and  12  feet  high;  all  the  others  are  13 
feet  wide,  and  17  feet  high.  In  Rudyard  Vale,  above 
Leek,  there  is  a  reservoir  of  160  acres,  with  a  head  30 
feet  high  ;  near  the  summit  there  are  four  other  small 
reservoirs,  in  all  about  60  acres.  The  canal  was  begun 
in  1766,  and  the  main  line  opened  in  1777. 

Besides  the  raw  materials  and  manufactured  goods 
connected  with  the  numerous  potteries,  and  the  supplies 
of  merchandise,  the  thorough  trade  of  this  canal  is  so 
extensive  and  various  that  it  cannot  be  specified.  The 
acts  are  6,  10,  15,  16,23,25,  37,  42  Geo.  III.  The  en- 
gineers employed  were,  James  Brindley,  John  Smeaton, 
Hugh  Henshall,  and  John  Ronnie. 

From  Stoke  a  branch  proceeds,  in  a  very  circuitous 
manner,  past  the  town  of  Newcastle,  and  thence  to  the 
Apdale  and  Partridge  collieries:  the  whole  is  only  about 
8  miles  in  length.  It  consists  of  three  separate  proper- 
ties under  separate  acts.  Beginning  at  Stoke,  the  first 
three  miles  reaching  the  town  is  named  the  Newcastle- 
under-Line  canal.  Its  act  is  35  Geo.  III.  Next  is  the 
Newcastle-under-Line  junction,  which  comprehends  a 
short  piece  at  either  end  of  the  remainder,  by  act  38  Geo. 
III.  Lastly,  Sir  Nigel  Gresley's  canal,  which  occupies 
the  middle  space  between  the  two  last  mentioned  por- 
tions, under  act  15  Geo.  III.  The  purposes  of  these 
united  canals  are,  to  convey  the  Updale  and  Partridge 
coals  from  the  westward,  and  the  Cildon  lime  from  the 
eastward. 

The  line  of  navigable  communication  between  the  me- 
tropolis and  the  central  parts  of  the  kingdom,  was  for- 
merly accomplished  by  the  river  Thames  to  Oxford, 
and  of  late  years  extended  by  means  of  the  Oxford  ca- 
nal to  Coventry.  But  the  city  of  Oxford  lies  consider- 
ably to  the  westward  of  a  straight  line  from  London,  and 
the  crooked  course  of  the  Thames,  together  with  its 
very  imperfect  navigation,  suggested  the  idea  of  an  ar- 
tificial canal  from  the  vicinity  of  Daventry  ;  but  having 
to  cross  the  intervening  ridges  and  vallies,  obstacles  of 
no  common  magnitude  embarrassed  the  project.  Yet 
these  have  been  all  surmounted,  and  the  extensive  in- 
tercourse now  carried  on  fully  justifies  the  scheme, 
which  obtained  the  appropriate  name  of  the  Grand  June- 
tion  Canal. 

The  earliest  promoter  of  this  canal,  we  have  been  in- 
formed, was  William  Praed,  Esq.  who  having  prevailed 
on  the  Marquis  of  Buckingham  to  patronize  the  project, 
an  act  of  Parliament  was  obtained  early  in  1793.  The 
general  direction  of  the  canal  is  north-west,  through  the 
counties  of  Middlesex,  Hertford,  Buckingham,  Bedford, 
and  Northampton  ;  and  the  main  line  is  95  miles  in 
length.  It  commences  in  the  Thames  at  Brentford, 
from  which  it  proceeds  to  the  valley  of  the  Colne,  nea> 
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Cowley,  and  cominues  to  follow  it  past  Uxbridge,  Rick- 
tnanswortli,  Walford,  King's  Langley,  Two  Waters, 
Berkhanipstead,  to  Cow  Roast,  being  35  miles  2  furl.  8 
cli.  with  a  rise  of  395  feet,  and  through  an  almost  con- 
tinued succession  of  mill  pools.  The  summit  level  is 
only  3|  miles  in  length,  and  mostly  in  deep  cutting. 

From  the  northern  extremity  of  the  summit  tlic  ca- 
nal passes  by  Marswath,  near  to  Lcighton  Buzzard  and 
Fenny  Stratford  to  the  Ousc  at  Wolverston,  near  Stoney 
Stratford,  a  distance  of  25  miles  1  furl.  6  ch.  with  a  fall 
of  192  feet.  It  here  crosses  the  Oiise  and  valley  by  an 
embankment  about  half  a  mile  in  length,  and  30  feet 
high,  with  a  small  iron  aqueduct.  From  ;,thence  the 
canal  passes  along  the  western  side  of  the  Five  Rivers, 
and  having  crossed  it,  arrives  at  Sioke  Bruern,  being  a 
distance  of  sL-c  miles  4  furl.  4  ch.  with  a  rise  ol  1 12  feet. 
It  here  passes  through  Blisworlh  tunnel,  which  is  3080 
yards  in  length,  18  feet  high,  and  16  feet  6  inches  wide, 
and  proceeds  by  Western  Beck  to  the  south  end  of 
Whitlon  Parish,  in  all  13  miles  3  i'url.  6  chains,  on  one 
level.  It  then  passes  to  Whilton  Mill,  a  dislance  of  5 
i'url.  5  ch.  with  a  rise  of  60  feet ;  from  that  place  is  a 
level  of  4  miles  2  furlongs  to  the  farther  end  of  Braun- 
ston  tunnel,  wliich  is  2045  yards  in  length,  and  of  the 
same  height  and  width  as  that  at  Blisworlh.  From  t!ie 
western  enil  of  the  tunnel  to  the  junction  with  the  0.\- 
ford  canal  is  7  furl.  3  ch.  with  a  fall  of  37  feet. 

Halfway  between  Brentford  and  Uxbridge,  at  about 
84  feet  above  the  level  of  the  Thames,  a  branch  pro- 
ceeds upon  one  level  13.J  miles  to  Paddington,  where  it 
terminates  in  an  extensive  basin,  where  numerous  ware- 
houses have  been  erected,  to  accommodate  a  great  por- 
tion of  the  trade  between  London  and  the  interior  of  the 
country. 

From  the  northern  extremity  of  the  Tring  summit,  a 
branch  passes  off,  and  proceeds  upon  one  level,  6j  miles, 
to  near  the  town  of  Wendover.  It  is  chielly  for  supply- 
ing water. 

A  little  way  north  of  the  Tring  summit,  and  45  feet 
below  it,  a  branch  passes  6  miles  to  the  town  of  Ayles- 
bury, having  a  fall  of  95  feet  by  14  locks.  This  branch 
is  partly  for  the  supply  of  that  town  and  neighbourhood, 
and  chiefly  as  a  step  towards  forming  a  junction  with  the 
Wilts  and  Berks  canal  at  the  town  of  Abingdon,  to  which 
there  is  a  fall  from  Aylesbury  of  96  feet. 

The  next  branch  proceeds  from  the  west  end  of  Wol- 
verton  embankment,  and  passes  up  the  north  bank  of  the 
river  Ouse  9^  miles,  with  a  rise  of  13  feet,  to  the  town  of 
Buckingham,  chiefly  for  supplying  that  town  and  neigh- 
bourhood with  coals  and  other  articles. 

A  little  west  of  Ellsworth  tunnel  at  Gayton,  a  branch 
of  5  miles  passes  to  the  river  Nene,  at  Northampton, 
with  a  fall  of  112  feet,  to  supply  that  place  and  neigh- 
bourhood, and  open  a  direct  communication  from  it  with 
London. 

The  last  operations  upon  the  main  line  of  canal,  were 
tlie  embankment  at  Wolverton,  and  the  tunnel  at  Ells- 
worth. These  were  completed,  and  the  whole  naviga- 
tion from  London  to  the  Oxford  canal  at  Braunston open- 
ed in  1805.  The  tiade  is  various  and  great,  and  the  re- 
venue in  1813  was  168,390/.  notwithstanding  the  follow- 
ing low  rates  of  tonnage,  viz.  lime  and  limestone  a  far- 
thing per  ton  per  mile  ;  all  other  stone,  brick,  slate,  pig- 
iron,  lead,  and  all  sorts  of  manure,  one  halfpenny  ;  coal, 
coke,  three  farthings;  other  goods,  merchandise,  one 
penny  per  ton  per  mile. 

The  execution  of  a  line  of  canal  through  so  great  an 


extent  of  country  presented  a  variety  of  new  views  and 
interests,  and  of  course  required  a  number  of  separate 
acts,  viz.  53,  34,  35,  36,  38,  41,  43,  and  45  Geo.  III. 
William  Jessop  was  employed  as  engineer  in  planning 
the  works,  and  while  they  were  executing  ;  and  Thomas 
Telford  was  employed  to  examine  and  report  their  state 
previous  to  opening  the  Ellsworth  tunnel,  and  the  whole 
navigation,  and  continues  to  be  the  chief  engineer  for 
that  great  company. 

The  width  of  the  main  line  is  36  feet  at  top  water,  and 
24  feet  at  bottom,  with  4  j  feet  depth  of  water.  The  locks 
are  85  feet  long,  and  14  feet  6  inches  wide.  Some  of 
the  branches  are  for  7  feet  boats. 

The  Grand  Junction  Canal  having  opened  a  commu- 
nication between  the  great  manufacturing  districts  in  the 
interior  of  the  kingdom  and  the  metropolis,  created  a 
great  depot  at  the  western  suburb  at  Paddington  ;  but 
the  city  of  London  and  all  its  eastern  extremities  were 
still  very  distant,  and  difficult  of  access;  and  these  cir- 
cumstances gave  rise  to  the  project  named  the  Regent's 
canal. 

It  departs  from  the  Grand  Junction  canal  at  Padding- 
ton, and  passes  for  a  litlle  way  in  open  cuttings.  It  then 
crosses  the  Edge  ware  road,  and  some  high  ground  in  a 
tunnel  about  a  quarter  of  a  mile  in  length.  It  after- 
wards proceeds  chielly  in  deep  cutting,  along  the  north- 
ern side  of  the  Regent's  Park  to  the  Hauipstead  road, 
near  to  which  a  branch,  three-fourths  of  a  mile  in  length, 
passes  along  the  eastern  side  of  the  park  to  an  extensive 
basin,  all  hitherto  on  the  same  level  as  the  Grand  Junc- 
tion Paddington  arm.  After  crossing  the  Hampstead 
and  Highgate  roads,  the  line  crosses  the  fields  to  Isling- 
ton, having  descended  by  four  locks.  It  next  passes 
under  Islington  by  a  tunnel  990  yards  in  length. 

From  the  eastern  extremity  of  the  tunnel,  the  line 
passes  through  rich  pasturage  fields  to  the  inn  called 
the  Rosemary  Branch,  having  descended  by  two  more 
locks,  and  had  a  short  branch  taken  off,  in  order  to  ap- 
proach the  central  parts  of  the  city  of  London.  From 
the  Rosemary  Branch  the  canal  passes  the  Kingsland 
and  Haggerstone  roads  to  the  Hackney  road  on  Cam- 
bridge heath,  in  which  distance  there  is  one  lock.  It 
afterwards  passes  by  Bonner's  Hall  to  Mile  End  road. 
This  distance  has  two  locks.  It  then  crosses  the  com- 
mercial road  immediately  on  the  eastern  side  of  Messrs. 
Brunton's  patent  cable  chain  manufactory,  and  after 
crossing  a  field  and  Queen-street,  terminates  on  the  north 
bank  of  the  river  Thames  at  Limehouse.  In  this  last 
division  there  are  two  locks,  which,  with  the  tide  lock, 
makes  in  all  13.  The  whole  length  of  the  canal  being 
8|  miles,  and  the  fall  from  Paddington  level  to  the  high 
water  of  the  Thames  at  Limehouse  84  feet.  The  tide 
lock  and  basin  will  receive  coasting  vessels,  and  the  rest 
of  the  canal  river  barges.  It  is  thirty  feet  wide  at  the 
bottom,  and  45  leet  at  top  water,  which  is  to  be  5  fett 
deep. 

By  tlie  original  act  this  canal  was  to  have  had  ail  its 
water  pumped  up  from  the  river  Thames ;  but  an  ar- 
rangement has  been  lately  niade  for  the  Regent's  Canal 
Company  to  supply  the  Grand  Junction  water  works 
with  water  from  the  Thames,  and,  in  lieu  of  this,  to  de- 
rive a  supply  for  their  canal  from  the  Paddington  level 
of  the  Grand  Junction  canal,  which  formerly  went  to  the 
said  water  works. 

It  is  expected  that  a  great  proportion  of  the  trade, 
which  now  passes  by  Brentford,  or  is  transacted  at  Pad- 
dington, will   be  transferred    to  the   before  mentioned 
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basin,  adjacent  to  the  central  paits  of  the  city  of  London  ; 
and  that  all  the  northern  side  of  that  city  and  Westmin- 
ster, as  well  as  the  adjacent  extensive  suburbs,  which 
are  at  present  supplied  from  the  river  Thames  by  an 
extensive  cartafje  across  the  city,  will  in  future  be  sup- 
plied by  the  Regent's  canal.  If  these  expectations  are 
verified,  the  proprietors  will  be  amply  remunerated, 
although  they  iiave  unavoidably  had  to  contend  with  ma- 
ny obstacles,  and  incur  much  expense.  Mr.  Morgan  is 
the  engineer  employed  by  the  Regent's  Canal  Company, 
and  Thomas  Telford  by  the  Grand  Junction  Canal  Com- 
pany, and  the  commissioners  for  Exchequer  Bills,  which 
have  been  lent  to  complete  the  work. 

At  the  north-west  extremity  of  the  Grand  Junction, 
the  Oxford  canal  not  only  extends  the  connection  of  the 
former  with  the  interior,  but  opens  an  important  com- 
munication between  this  great  summit  of  the  country  (in 
a  south-west  direction)  with  the  river  Isis  at  Oxford, 
and  also  the  extensive  track  through  which  it  passes. 
This  canal  leaves  the  Coventry  canal  at  Longford,  about 
4  miles  north  of  the  town  of  Coventry,  and  proceeds 
upon  one  level  across  the  upper  part  of  the  valley  of  the 
Warwick  Avon  to  near  Hill  Morton,  a  distance  of  26 
miles  4  furlongs  3  chains.  Near  to  Hill  Morton,  in  the 
distance  of  3  furlongs  7  chains,  there  is  a  rise  of  18 
feet  10  inches  by  three  locks.  From  this  place  to  Nap- 
ton,  16  miles  6  furl,  the  line  is  level.  About  the  middle 
of  this  distance  the  Grafid  Junction  passes  off;  and  near 
Napton  on  the  Hill  the  Warwick  and  Napton  canal. 
From  the  last  mentioned  point  the  canal  proceeds  by 
Doles  wharf,  a  distance  of  1  mile  7  furl.  3  ch.  with  a  rise 
of  55  feet  3  inches,  by  9  locks.  It  has  here  reached  its 
summit  level,  which  continues  10  miles  6  furl.  7  ch.  to 
Claydon,  having,  by  means  of  a  tunnel  1188  yards  in 
length  near  Teney  Compton,  passed  a  ridge,  from  which 
the  water  on  one  side  flows  to  the  Severn,  and  on  the 
other  to  the  Thames.  From  Claydon  the  canal  falls  into 
the  valley  of  the  Charwell,  and  proceeds  to  the  town  of 
Banbury  7  miles  2  furl,  with  a  fall  of  77  feet  4  inches  by 
12  locks.  From  Banbury  the  canal  follows  the  Charwell, 
crossing  it  near  Hampton  Ciay,  and  passes  to  the  river 
Isis  at  Badcock's  garden,  on  the  east  side  of  Oxford. 
The  distance  from  Banbury  is  27  miles  2  furl,  with  a 
fall  of  114  feet  5  inches  by  17  locks.  At  Oxford  there 
is  a  lock  with  a  fall  of  3  feet  6  inches  into  the  Isis.  Its 
total  length  is  91  miles. 

The  canal  is  28  feet  wide  at  the  surface  of  the  water, 
16  feet  at  bottom,  and  generally  4^  feet  deep  ;  the  sum- 
mit is  6  feet  deep.  The  locks  arc  75  feet  long,  and  7 
feet  wide  at  bottom.  There  are  nearly  three  bridges  in 
a  mile  on  an  average.  In  1769  Mr.  Brindley's  plan  was 
approved  of,  and  the  work  begun.  In  1775  the  canal 
had  reached  Napton,  and  Banbury  in  1778.  In  1786 
the  work  was  resumed,  and  in  1790  it  was  completed  to 
Oxford. 

At  Hill  Morton  there  is  a  branch  half  a  mile  in 
le;)gth,and  another  of  the  same  length  at  Napton.  These 
two  are  on  the  same  level  as  the  canal  to  the  steam-en- 
gine for  pumping  up  water  to  supply  the  canal.  There 
is  a  third  branch  of  a  quarter  of  a  mile,  which  connects 
with  the  Isis  navigation  at  Godstow.  This  last  branch 
belongs  to  the  Duke  of  Marlborough.  The  steam-en- 
gine at  Hill  Morton  pumps  water  from  the  lowest  or 
long  level  into  the  Napton  level,  and  that  at  Napton 
from  this  last  mentioned  level  up  to  the  summit.  There 
are  also  reservoirs  to  supply  the  summit. 

This  canal  was  formed  chiefly  to   convey  coal   from 


the  counties  of  Wurv/ick  aiid  Slaflbrd  to  Oxfordshire, 
and  the  city  of  Oxford,  for  the  exportation  of  agricul- 
tural produce,  and  by  means  of  the  river  Isis  and 
Thames  to  form  an  intercourse  with  London.  The  acts 
are  9,  15,  26,  34,  39  Geo.  III. 

At  the  north-west  extremity  of  the  lait  canal  the  Co- 
ventry canal  commences,  and  passes  by  that  populous 
town,  also  Longford  and  Nimcaion  to  Atherstone,  16 
miles  6  furls,  upon  one  level.  From  Atherstone  to 
Fazely  near  Tamwath  10  miles,  there  is  a  fall  of  96 
feet  by  13  locks.  From  Fazely  to  the  Grand  Trunk, 
or  Trent  and  Mersey  canal  at  Fradley  heath,  near  Litch- 
field, is  1 1  miles,  and  level ;  but  the  first  5  miles  of  this 
last  portion  belongs  to  the  Birmingham  canal,  and  the 
part  next  the  Grand  Trunk  to  the  Coventry  canal;  so 
that  this  navigation  altogether  on  the  main  line,  from 
the  town  of  Coventry,  is  32  miles  2  furlongs.  The  canal 
and  locks  are  for  narrow  boats.  The  purposes  of  the 
canal  are  for  the  conveyance  of  coals,  and  all  sorts  of 
goods  between  the  Trent  and  Mersey  canal,  and  the  Ox- 
ford and  Grand  Junction  canals.  It  was  made  fi'om 
Coventry  to  Atherstone  in  1786,  and  the  whole  commu- 
nication opened  in  1790.  James  Brindley  was  engineer. 
The  acts  are  8,  25,  26  Geo.  HI. 

At  Marston  Bridge,  the  Ashby  de  la  Zouch  canal 
passes  off.  At  the  same  place,  at  the  opposite  or  west- 
ern side  of  the  canal,  there  is  a  branch  which  is  sepa- 
rated into  five  cuts  to  accommodate  several  collieries. 
A  little  farther,  another  branch  of  about  a  mile  passes 
to  the  Griff  collieries,  which  belongs  to  Sir  Roger  New- 
digate.  At  Fazely  is  the  junction  with  the  Birming- 
ham and  Fazely  canal  ;  and  near  Litchfield  the  Wierley 
and  Essington  falls  in,  and  the  united  canals  join  the 
Grand  Trunk.  This  canal  completes  the  communica- 
tion between  London  and  the  Trent  and  Mersey  naviga- 
tion, nearly  in  the  centre  of  England  ;  and,  having  thus 
completed  the  main  line,  we  shall  return  to  the  central 
summit,  and  proceed  to  describe  the  congeries  of  canals 
roud  Birmingham,  and  between  this  main  trunk  and  the 
river  Severn. 

From  the  Oxford  canal,  near  Napton  on  the  Hill,  the 
Warwick  and  Napton  canal  departs,  and  takes  a  pretty 
direct  course  towards  the  town  of  Warwick,  near  which 
it  crosses  the  river  Avon  by  an  aqueduct,  and  terminates 
in  the  Warwick  and  Birmingham  canal,  after  a  course 
of  about  15  miles,  on  the  same  level  as  the  last-mention- 
ed canal.  It  was  completed  in  1799.  The  acts  are  34lh 
and  36th  Geo.  HI. 

From  the  Warwick  and  N.ipton,  near  the  town  of 
Warwick,  proceeds  the  Warwick  and  Birmingham 
canal  to  the  town  of  Birmingham,  a  distance  of  about  25 
miles,  and  joins  the  branch  from  the  Fazely  canal, 
l-'rom  its  commencement  the  first  half  mile  is  level  ; 
thence  to  Hatton,  2i  miles,  by  20  locks;  from  Hatton 
to  the  Statford  junction  brancii,  five  miles  are  level ;  and 
this  continues  to  Knoule  common,  where,  in  one  mile, 
there  is  a  fall  by  seven  locks;  li'om  this  point  to  Direct- 
end,  near  Birmingham,  10  miles  are  level  ;  thence  to 
the  junction  with  the  Farely  branch,  li  miles,  there  is 
a  rise  by  five  locks.  This  canal  was  linished  in  179S. 
The  acts  are,  33d  and  35ih  Geo.  III. 

By  this,  and  the  Napton  and  Grand  junction  canals, 
Birmingham  has  a  very  direct  communication  with 
London. 

We  have  now  reached  Birmingham,  as  much  dis- 
tinguished for  the  singularity  of  its  inland  navigation,  as 
for  the  variety,  ingcnuiiy,  and  excellence  of  its  maau.'ac- 
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tures ;  for,  notwitlistanding  its  situation  in  a  iiigh  sum- 
mit, almost  destitute  of  water,  navigable  canals  diverge 
from  it,  by  means  of  lockage,  in  all  directions.  What 
nature  seems  to  have  denied,  human  ingenuity  and  skill 
have  accomplished.  The  mines  which  supply  the  ma- 
terials for  mamifactures,  are  made  to  afford  the  means 
of  carrying  the  produce  of  the  manufactures  to  market ; 
for  the  water,  which  was  not  to  be  had  on  the  surface, 
has,  by  the  aid  of  powerful  engines,  been  drawn  from 
the  bowels  of  the  earth.  We  must,  therefore,  from  this 
centrical  situation,  take  a  hasty  survey  of  its  numerous 
canals;  and  shall  begin  with  that  which  proceeds  from 
the  termination  of  the  line  which  we  last  described. 

The  Birmingham  and  Fazely  canal  commences  at 
the  termination  of  the  Birmingliam  and  Warwick  canal, 
in  that  part  of  the  town  of  Birmingham  called  Digbeth, 
and  skirts  its  base  to  Farmer's  Bridge,  and  thence  along 
the  valley  of  the  Tame,  past  Cadwath  and  Fazely,  and 
terminates  in  the  before-mentioned  detached  part  of  the 
Coventry  canal,  in  all  a  distance  of  30J  miles;  for  the 
first  1^  miles  from  Digbeth,  is  a  rise  of  40  feel  by  six 
locks  ;  from  thence  to  the  Old  Birmingham  canal  at 
Farmer's  Bridge,  \^  mile,  there  is  a  rise  of  83  feet  by  13 
locks;  from  the  junction  of  the  Digbeth  branch,  to  the 
aqueduct  over  the  Tame  at  Salford,  is  1^  mile,  with  a 
fall  of  71  feet  by  U  locks;  thence  to  Middlcion  Hall 
is  9| miles,  with  a  fall  of  90  feet,  by  14  locks  ;  and  fiom 
the  latter  place  to  the  termination  in  the  Coventry  canal, 
5^  miles  noith  of  Fazely,  is  8i  miles  level.  A  part  of 
the  Digbeth  branch  is  tunnelled  under  the  town.  This 
canal,  opened  in  1790,  forms  a  direct  line  from  Birming- 
ham to  the  Grand  Trunk  canal,  and,  of  course,  to  Liver- 
pool and  Hull.  The  acts  are,  23d,  24th,  25lh,  34th,  Geo. 
in.  It  is  now  the  property  of  the  Ok!  Birmingliam 
company.  It  is  made  for  boats  of  70  feet  in  length,  and 
7  feet  wide. 

The  Old  Birmingham  canal  departs  from  Farmer's 
Bridge,  and  proceeds  by  a  very  crooked  course  past 
Smithwick  and  Oldbury,  near  to  Dudley.  It  then  passes 
to  the  east  of  Tipton,  the  west  of  Bilstone,  and  the  east 
of  Wolverhampton,  to  the  Staffordshire  and  ^Vorcester- 
shire  canal  at  Autherly,  a  distance  of  22|  miles.  For  4-i 
miles  from  Smithwick,  it  continues  level,  but  there  it 
descends  18  feet  by  three  locks.  From  this  place,  to 
within  two  miles  of  its  junction  with  the  Staffordshire 
and  Worcester  canal,  it  is  level ;  but  in  the  last  space 
ialls  113  feet  by  17  locks.  At  two  places  the  canal  is 
doubled  :  first,  near  Smithwick,  where,  on  account  of  the 
great  press  of  business,  a  new  cut  has  been  made,  with 
three  locks,  parallel  to  those  originally  constructed  ; 
secondly,  at  Tipton,  where  a  passage  of  1^  mile  has  been 
made  through  the  hill,  in  order  to  avoid  a  crooked  course 
of  four  miles.  Upon  this  new  line  there  is  a  tunnel  of 
1000  yards  in  length. 

The  branches  from  this  canal  are  very  numerous  at 
Birmingham.  One  passes  to  Newhall  Ring  Basin, 
another  to  Soho  Foundery  ;  and,  at  Bromwich,  that  to 
Wednesbury  and  Walsal  goes  off,  and  is  8i  miles  in 
length.  At  the  point  of  separation  it  falls  18  feet,  by 
three  locks;  at  Ryder's  Green  it  falls  43  feet  by  six 
locks;  the  remainder  is  level.  Nine  branches  go  from 
this  to  distinct  works  ;  that  to  Toll  End  rises  15  feet  by 
three  locks  ;  that  to  Bradley  rises  20  feet  by  four  locks. 
All  the  others  are  level.  From  the  main  line,  east  of 
Tipton,  there  is  a  branch  of  one  mile,  to  Oktr  hill. 

This  canal  is  for  70  feet  boats,  of  seven  feet  beam. 
Some  water  is  supplied  on  the  summit  from  one  reser- 


voir at  Oldbury,  and  another  at  Smithwick  ;  but  its  chief 
dependance  is  upon  steam  engines  from  the  water  of  old 
works,  and  returning  the  water  from  the  lower  to  the 
higher  levels.  The  trade  of  this  canal,  which  is  very 
great,  consists  of  the  raw  materials  and  manufactured 
goods  of  Birmingham,  and  the  supply  of  that  populous 
and  industrious  place.  The  acts  are,  8th,  9th,  1 1  th,  2od, 
24th,  and  34th  of  Geo.  III.  James  Brindley  was  the 
engineer. 

From  the  Birmingham  canal,  at  Wolverhampton, 
passes  off  the  Wyerley  and  Essington  canal.  It  pro- 
ceeds past  Polsal,  the  south-east  corner  of  Connock 
Heath,  and  Litchfield,  to  the  Coventry  canal,  about 
five  miles  from  the  Grand  Trunk  on  Fradley  Heath. 
The  length  of  the  main  line  is  24  miles.  The  first  16] 
are  level.  On  the  remainder  there  is  a  fall  of  264  feet 
by  30  locks. 

This  canal  has  various  extensive  branches.  A  little 
to  the  east  of  New  Invention,  is  a  branch  to  Wyerley 
bank  collieries;  it  is  four  miles  long,  and  ascends  36 
feet  by  6  locks.  From  it  passes  off  a  branch,  a  mile  in 
length,  to  Essington  collieries;  which  ascends  24  feet 
by  four  locks.  Near  to  the  town  of  Walsal,  is  a  branch 
for  half  a  mile  on  a  level.  Near  Palsal  is  a  level  branch, 
2^  miles,  to  lord  Hay's  collieries.  From  Cannock 
Heath  is  a  branch  to  Hay  Head  lime  works.  It  is  six 
miles,  and  level.  The  canal  is  28  feet  wide  at  top 
water,  16  at  bottom,  and  4i  deep.  The  locks  are  for  70 
feet  boats,  of  7  feet  beam.  It  is  chiefly  for  coal  and 
lime.  The  acts  are,  32d,  34th  Geo.  III.  The  engineer 
was  William  Pitt. 

Not  satisfied  with  the  communication  with  the  Se- 
vern, by  Wolverhampton  and  Stourport,  a  more  direct 
line  has  been  found  from  Birmingham  immediately  to 
the  city  of  Worcester.  A  canal  passes  off  from  Ncw» 
hall  Ring  basin,  and  proceeds  by  Edgebarton  and  King's 
Norton,  to  Tardebig,  14  miles  upon  the  summit  level. 
In  this  distance  there  is  a  tunnel  of  110  yards  at  Edge- 
barton,  a  second  of  2700  yards  at  West  Hill  ;  a  third  of 
400  yards  at  Short  Wood,  and  a  fourth  of  500  yards  at  Tar- 
debig. In  1 798,the  navigation  was  opened  to  Tardebig.  This 
part  of  the  canal  is  42  feet  wide  at  top  water,  which  is  six 
feet  deep.  The  tunnels  are  IB  feet  6  inches  wide,  and  18 
high,  with  seven  feet  two  inches  water.  From  Tardebig 
to  the  Severn,  at  the  city  of  Worcester,  a  distance  of  15 
miles,  there  is  a  fall  of  428  feet.  For  this  portion  many 
projects  have  been  projiosed,  and  some  attempted,  such 
as  caissons  and  inclined  planes;  but,  alter  an  interrup- 
tion of  several  years,  it  has  at  last  been  completed  by 
narrow  locks. 

From  the  last  mentioned  canal  at  King's  Norton, 
about  six  miles  from  Birmingham,  that  of  Stratford- 
upon-Avon  proceeds  in  a  nearly  southern  direction,  by 
Lapworth  and  Preston  Mill,  to  Siraiforti,  a  distance  of 
23^  miles.  From  King's  Norton  to  Hockley  Heath,  10 
miles  are  level ;  from  that  to  Lapworih,  2i  miles,  there 
is  a  fall  of  147  feet;  thence  to  Preston  Green  one  mile 
is  level;  to  Preston  Mill,  1|  miles,  is  a  fall  76  feet; 
from  thence  to  Wilmcote  6  miles  are  level;  afterwards, 
in  one  mile,  there  is  a  fall  of  86  feet ;  then  to  Stratford 
lA  mile  is  level. 

From  Hockley  Heath,  a  branch  2^  miles  passes  to 
Tanworth  quarries,  upon  the  summit  level ;  from  near 
Lapworth,  a  branch  proceeds  1|  miles  to  the  Warwick 
and  Birmingham  canal.  Near  Aston  Cantelaw,  is  a 
branch  four  miles  to  the  Temple  Grafton  lime  works, 
with  a  rise  of  20  feet.      In   May  1796,  the  canal  was 
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opened  from  ihe  Worcester  and  Birnningham  to  Hock- 
ley Heath.  The  trade  is  chiefly  in  coal,  lime,  and 
paving-stones.  The  acts  are,  33d,  35th,  39th,  Geo. 
III. 

From  the  Worcester  and  Birmingham,  about  three 
miles  from  the  town,  at  Sclby  Oak,  the  Dudley  canal 
goes  off,  and  passes  a  little  east  of  Hales  Owen,  and 
north  of  Dudley  town,  to  the  old  Birmingham  canal, 
near  Tipton.  From  near  Dudley,  the  canal  proceeds  to 
the  Black  Delph  and  Stourbridge  canals.  From  its  com- 
mencement to  the  Black  Delph,  lOA  miles  is  level  ; 
thence  to  Stourbridge  it  falls  85  feet  by  nine  locks. 
From  the  main  line  to  the  entrance  of  Dudley  tunnel,  -J 
of  a  mile,  it  rises  31  feet  by  five  locks.  Through  the 
tunnel,  2926  yards  is  level ;  thence  to  the  old  Birming- 
ham, one  furlong,  it  falls  1 3  feet  by  two  locks.  There  is 
a  branch  to  Dudley  town  li  mile,  with  a  rise  of  64  feet, 
from  which  there  is  a  level  branch  J  of  a  mile,  to  Dudley 
coal  works.  On  the  canal  there  are  three  tunnels,  one 
at  Capal,  3776  yards  in  length,  another  at  Gortsy  hill, 
623  yards,  and  the  one  before-mentioned  at  Dudley,  2926 
yards.  At  Bradley  there  is  a  reservoir,  which  supplies 
water  for  lockage  to  the  Stourbridge  canal  at  Black 
Delph.  The  trade  is  in  coals,  lime,  and  iron.  The  acts 
are,  16th,  2sth,  30ih,  33d,  and  36lh  Geo.  III. 

Next,  in  a  westerly  direciion,  is  the  Stourbridge  canal. 
From  the  termination  of  the  Dudley  canal,  one  branch, 
on  the  summit  level,  passes  eastward  two  miles  to  Pen- 
sant  Chase,  and  a  small  branch,  ^  of  a  mile  adjacent 
thereto,  is  a  reservoir  of  12  acres,  which  supplies  the 
summit.  From  the  junction  eastward  to  the  Lays,  1| 
mile  is  level ;  thence  to  the  Slourbridge  branch,  1^ 
mile,  there  is  a  fall  of  148  feet  by  16  locks.  The  Stour- 
bridge branch,  of  one  mile,  is  level ;  and  from  it  to  Stew- 
poney  the  line  is  also  level.  In  the  last  three  furlongs, 
there  is  a  fall  of  43^  feet,  into  the  Staffordshire  and  Wor- 
cestershire canal.  The  canal  is  28  feet  wide  at  top 
water,  and  5  feet  deep.  The  acts  are,  16th  and  22d  Geo. 
in.  Articles  of  trade,  coal,  iron,  glass,  Stourbridge  fine 
clay,  kc. 

The  Staffordshire  and  Worcestershire  canal  com- 
mences in  the  Grand  Trunk  at  Heywood,  crosses  the 
river  Trent,  and  passes  a  little  south  of  the  town  of  Staf- 
ford and  Penkridge,  in  the  north  of  Wolverhampton, 
south  of  Aulherley  and  Tettenhall,  north  of  Scewpjney, 
and  through  Kidderminster  to  the  river  Severn  at  Stour- 
port ;  in  all  a  distance  of  46i  miles. 

From  Heywood  to  the  north  end  of  the  summit,  on  the 
old  Roman  Watling-street  road  at  Streetway,  the  dis- 
tance is  131  miles,  with  a  rise  of  lOOi  feet  by  13  locks. 
From  Streetway  to  Tottenhall  the  summit  level  is  10 
miles.  At  Autherton,  the  old  Birmingham  canal  falls 
in.  From  Tottenhall  to  Stewponey,  where  the  Stour- 
bridge canal  falls  in,  is  U  miles,  with  a  fall  of  165^  feet 
by  18  locks.  From  this  place  to  Siourport,  12  miles, 
there  is  a  fall  of  127^  feet  by  13  locks.  At  Stourport 
there  are  two  basins,  with  extensive  wharves  and  ware- 
houses, and  two  sets  of  locks  into  the  Severn,  one  for 
river  vessels,  and  the  other  for  small  canal  boats.  In  the 
course  of  this  canal  there  are  three  short  tunnels,  and 
three  small  aqueducts.  The  canal  was  begun  in  1766, 
and  completed  in  1772.  There  is  one  reservoir  at  Chit- 
tington.  and  one  at  Mosely,  from  which  the  summit  level 
is  supplied.  The  trade  is  very  great,  and  consists  of 
coal,  iron,  hardwares,  earthenwares,  glass,  general  mer- 
chandise, and  fruit  from  the  counties  of  Worcester  and 


Hereford.  The  acts  are,  6,  10,  SC  Geo.  III.  The  en- 
gineer was  James  Brindley. 

Having  described  the  navigations  on  llie  western  side 
of  the  Grand  Junction  line,  we  must  return  to  our  general 
summit  at  Daventry,  adjacent  to  which,  from  the  Grand 
Junction  canal,  near  the  eastern  extremity  of  the  Braun- 
ston  tunnel,  proceeds  the  Grand  Union  canal.  It  has  a 
double  lockage  and  two  tunnels,  and  passes  at  no  great 
distance  from  the  Oxford  canal.  It  unites  the  Leicester- 
shire and  Xorthamptonshire  canals  with  the  Grand 
Junction  canal.  From  the  Grand  Junction,  near  lock 
Buckley  wharf,  it  passes  about  5  miles  upon  a  level ;  it 
then  ascends  54  feet  by  7  locks;  it  then  proceeds  18 
miles  upon  the  summit  level,  and  afterwards  descends  76 
feet  by  10  locks,  and  unites  with  Leicester  Union  canal, 
near  Foxton.  The  summit  level  passes  two  tunnels  of 
considerable  leng^.*!  j  that  is  to  say,  one  at  Bosworth,  1 1 66 
yards  in  length,  and  »nother  at  Crick,  1524  yards.  These 
are  sufficiently  wide  to  admit  barges  of  14  feet  beam. 
The  locks  are  only  for  boats  of  7  feet  beam.  The  act 
was  obtained  in  1810.  The  works  were  completed,  and 
the  canal  opened  in  1814.  The  engineer  was  Benjamin 
Bevan . 

The  Union  or  Market  Harborough  canal  was,  accord- 
ing to  the  original  design,  to  have  proceeded  from  the 
river  Soar  at  Leicester,  by  Market  Harborough,  and 
across  the  valley  of  the  Welland,  to  Oxcnden,  and  then 
to  have  fallen  down  197  feet  to  the  Nene  at  Northamp- 
ton, which  would  have  been  in  all  a  distance  of  431  miles. 
From  the  Nene  a  line  was  to  ascend  by  the  Grand  Junc- 
tion branch,  112  feel  to  that  canal,  a  little  north  of  the 
Bilsworth  tunnel. 

The  portion  of  this  canal  now  executed,  commences 
in  the  river  Soar,  near  Leicester,  at  a  place  called  West 
Bridge.  It  proceeds  about  3  miles  parallel  with  that 
stream,  and  thence  to  Saddington,  a  distance  from  Leices- 
ter of  12J  miles,  with  a  rise  of  1 60  feet.  At  Saddington 
is  a  tunnel  880  yards  in  length,  through  which  the  canal 
proceeds  on  a  level  2i  miles  to  Gumley  wharf,  where,  to 
avoid  the  Foxton  tunnel,  upon  the  parliamentary  line, 
there  is  a  direction  surveyed  by  Thomas  Telford,  by 
which  the  canal  is  carried  on  a  level  for  six  miles  to  the 
town  of  Market  Harborough;  and  here  the  canal  termi- 
nates. 

But  Mr.  Telford's  survey  was  continued  across  the 
Welland  Valley,  and  ihence  to  Oxenden,  where  it 
ascended  33  feet  by  three  locks ;  and  thence  proceeded, 
on  the  same  level,  to  the  Grand  Junction  at  Buckley 
Wharf.  From  Arthington  a  level  branch  proceeded  six 
miles  to  the  limestone  quarries  at  Rushton,  making  in 
all  a  summit  level  of  about  30  miles,  and  that  corre- 
sponding with  the  Grand  Junction  summit  at  Biaunston, 
would  have  added  4  miles  more,  say  34  miles  of  sum- 
mit. The  objects  here  were  chiefly  agricultural,  viz.  the 
coals  from  Derbyshire,  in  one  direction,  and  by  the  Ox- 
ford and  Grand  Junction  Canals  in  the  other;  but  both 
led  to  the  limestone  quarries  in  Northamptonshire,  and 
ihence  exported  lime  in  all  directions.  General  mer- 
chandise, for  the  consumption  of  the  populous  country, 
would  also  have  been  considerable;  but  the  views  of  the 
Grand  Junction  proprietors  being  chiefly  commercial, 
the  most  direct  line  between  Buckley  and  Gumley 
Wharfs  was  preferred,  although  passing  near  to  the  0.\- 
ford  Canal,  and  encumbered  with  a  double  lockage  and 
two  tunnels. 

The  only  other  important  branch,  to  the  eastward,  is 
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the  Ashby  de  la  Zouo''  Canal,  which  passes  northward 
to  the  town  of  tliat  na»J«,  by  a  very  circuitous  course, 
south  of  Hinckley,  from  the  Oxford  Canal  •et  Marston 
Bridge,  near  Nuneaton,  i.i  all  a  distance  of  40  miles. 

From  the  Oxford  Canai  past  Hinckley,  to  Oakthorpe 
engine,  upon  the  Ashby  Voids,  a  distance  of  30i  miles, 
the  canal  is  upon  one  level  ;  from  this  place  to  Boothorpe 
feeder,  IJ  mile,  there  is  a  rise  of  140  feet.  The  sum- 
mit level  then  continues  4^  t'^Ues  to  the  north  end  of  the 
great  tunnel,  and  thence,  to  -he  C^oudshill  branch,  a 
quarter  of  a  mile,  the  fall  is  8t  feet.  A  water  branch 
goes  2^  miles  level  to  Swadli'.igcote  coalworks;  ano- 
ther of  seven  furlongs,  with  a  fall  of  23  feet,  to  Stainton 
limcworks;  a  third  of  200  yard;;  level,  to  Hinckley 
AVharf.  There  is  also  a  railway  ^.^_  miles  to  Titknall 
lime  works,  and  another,  5  miles,  to  »"'Jr.  Wilkes's  Mea- 
sham  collieries.  There  is  one  tunnel  (.)  yards  in  length, 
at  Ashby  de  la  Zouch,  and  another  200  at  Snareston.  At 
Boothorpe  is  a  large  reservoir,  from  which  water  is 
raised  by  a  steam  engine  into  a  feeder,  which  conducts 
it  to  the  summit  level.  This  navigation  was  completed 
in  1805.     Act  34  Geo.  III. 

ScotlaJicl. 

The  northern  division  of  Great  Britain,  called  Scot- 
land, being  chiefly  mountainous,  its  gei»eral  appropria- 
tion will  probably  always  be  pasturage.  Although,  in 
some  parts  of  the  country,  agriculture  has  of  late  years 
made  rapid  and  successful  progress,  yet  the  districts 
proper  for  it  are  of  small  extent,  the  valleys  narrow, 
and  the  hills  approaching  near  to  the  sea-shore.  It  is 
fortunate  that  the  central  parts  abound  in  coal,  lime,  iron, 
and  lead.  The  mountains,  though  numerous  and  lofty, 
are  generally  disposed  in  ridges  and  detached  groups, 
separated  by  valleys  whose  elevations  are  small.  Be- 
tween the  rivers  Forth  and  Clyde,  the  highest  part  of 
the  valley  is  only  156  feet  above  the  tideway.  The  val- 
ley of  Glenmore,  or  the  Great  Glen  of  Scotland,  which 
passes  from  the  Moray  Firth,  in  the  east,  to  the  Linnhe 
Loch,  on  the  west  side  of  the  island,  is  not  100  feet  high. 
Many  others,  although  not  so  correctly  ascertained,  ap- 
pear to  be  equally  low.  The  extremities  of  these  val- 
leys are  generally  filled  with  arms  of  the  sea,  while  fresh 
water  lakes  not  unfrequently  occupy  a  considerable  por- 
tion of  their  middle  space.  These  valleys,  being  also  ge- 
nerally exposed  to  temperate  v.inds  from  the  Western 
Ocean,  are  seldom  much  incommoded  by  frost  and  snow. 
These  circumstances  render  them  peculiarly  suitable  for 
lines  of  communication  between  different  parts  of  the 
country,  and  accordingly  several  of  them  have  from  time 
immemorial  been  thus  employed.  In  the  reign  of  the 
Roman  Emperor  Antoninus  Pius,  a  fortified  wall  and 
military  road  were  constructed  between  the  rivers  Forth 
and  Clyde,  as  a  barrier  against  such  of  the  natives  as  re- 
mained unsubdued.  After  that  badge  of  foreign  inter- 
ference had  been  destroyed,  the  same  pass  received  a 
principal  road  for  the  intercourse  between  the  populous 
districts  on  the  eastern  and  western  side  of  the  island. 

In  process  of  time,  when  inland  navigation  had  made 
considerable  progress  on  the  Continent  of  Europe,  the 
propriety  of  having  one  along  this  land-pass  between  the 
rivers  Forth  and  Clyde  became  so  evident,  that  in  the 
feign  of  Charles  II.  there  was  a  proposal  for  construct. 
ing  a  canal  capable  of  receiving  transports  and  small 
ships  of  war,  the  expense  of  which  was  estimated  at 
500,000/.     The  project  was  probably  suggested  by  the 


then  Duke  of  York,  an  experienced  naval  officer,  and  no 
doubt  well  acquainted  with  the  inland  navigation  of 
France  and  Holland.  That  no  practical  measures  were 
adopted,  may  be  attributed  to  the  turbulence  of  the 
times,  or  it  may  have  been  discovered,  that  although 
there  was  a  sufficient  depth  of  water  in  the  liver  Forth, 
yet  that  the  Firth  of  Clyde,  above  Port  Glasgow,  was 
unfit  for  vessels  of  the  above-mentioned  description.  The 
subject  was  not  resumed  until  the  year  1722,  and  then 
only  carried  the  length  of  a  survey.  In  1761  Lord  Na- 
pier had  a  survey  a?id  plan  made  at  his  own  expense. 
The  subject  having  been  thus  fairly  agitated,  it  was  in 
1763  taken  up  by  the  Trustees  for  Fisheries,  and  again 
in  1765,  at  the  expense  of  a  subscription  i.)  Glasgow; 
but  these  latter  projects  being  only  foi'  a  depth  of  from  4 
to  5  feet  water,  were  superseded  by  one  to  admit  small 
coasting  vessels,  and  Mr.  Smeaton,  one  of  the  most  emi- 
nent engineers  of  that  day,  was  employed  to  survey  the 
country,  and  prepare  plans.  Upon  these  an  act  of  par- 
liament was  obtained  early  in  1768.  Practical  operations 
were  commenced  on  the  lOth  of  June,  and  in  November 
1777,  the  navigation  was  completed  to  Hamilton  Hill, 
near  Glasgow.  In  1786,  the  extension  from  Kelvin  to 
the  Clyde  was  commenced,  and  completed  to  the  tideway 
at  Bowling  Bay  in  July  1790.  In  November  following 
it  was  carried  to  Port  Dundas,  and  from  thence  to  the 
Monkland  Canal  Basin. 

The  eastern  extremity  of  this  canal  is  in  the  small 
river  Carrcn,  near  its  junction  with  the  Forth,  where 
springtides  rise  about  18  feet.  At  this  place,  called 
Grangemouth,  there  is  a  tide  lock  and  basin.  The  lat- 
ter is  inconveniently  small,  and  the  entrance  altogether 
imperfect.  From  Grangemouth  the  canal  passes  on  the 
western  side  of  the  town  of  Falkirk,  and  from  thence  to 
the  summit  of  the  before  mentioned  low  pass,  a  distance 
of  about  10-J  miles,  having  ascended  156  feet  by  20  locks. 
From  this  point  the  canal  proceeds,  on  the  summit  level, 
for  18  miles,  to  the  city  of  Glasgow,  at  Port  Dundas.  It 
also  continues  one  mile  beyond  this  place,  to  the  Monk- 
land  Canal  Basin,  but  in  this  last  distance  there  is  one 
regulating  lock.  About  2^  miles  north  of  Port  Dundas, 
the  branch  to  the  Clyde  goes  off.  It  passes  the  Kelvin 
by'a  magnificent  stone  aqueduct,  (see  Plate  CCCCXIV. 
Fig.  3  and  4,)  and  proceeds  to  the  tideway  at  Bowling 
Bay,  having  descended  by  19  locks.  The  length  of  this 
branch  is  8|  miles.  The  distance  between  Grangemouth 
on  the  Forth,  and  Bowling  Bay  on  the  Clyde,  is  35  miles. 
The  locks  are  "4  feet  in  length,  and  20  in  breadth,  and 
when  the  canal  is  quite  full,  has  8  feet  water  on  the 
sills. 

This  canal  has  proved  a  useful  acquisition  to  the  coun- 
try, and  of  late  years  profitable  to  the  proprietors.  It  is 
an  instance  of  the  efficacy  of  public  aid.  A  loan  of 
50,000/.  enabled  it  to  be  completed  and  brought  into 
use.  That  sum  has  long  since  been  repaid  v.ith  interest, 
and  there  is  now  an  annual  revenue,  varying  between 
40,000/.  and  50,000/.  The  principal  articles  are  corn, 
timber,  sugar,  herrings,  and  passage-boats. 

It  has  already  been  observed  that  the  eastern  termi- 
nation of  this  canal  is  imperfect.  Instead  of  ending  in 
the  narrow  and  muddy  channel  of  the  Carron,  at  some 
distance  from  the  Forth,  the  shore  of  which,  at  that 
l)lace,"  is  itself  unfavourable,  the  canal  should  be  conti- 
nued to  Borrowstounness,  situated  upon  the  main  es- 
tuary, where  the  depth  of  water  is  greater  at  low  water, 
and'other  circumstances  more  favourable;  and  as  an 
act  has  been   obtained    for    this  extension,    its    evident 
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advantages  will,  no  doubt,   in  time,  ensure   its  execu- 
tion. 

Although  the  canal  now  described  opens  a  very  va- 
luable communication  between  the  estuaries  of  the  Forth 
and  Clyde,  and  also  with  the  city  of  Glasgow,  yet  having 
its  eastern  termination  at  Grangemoutli,  the  immediate 
intercourse  between  the  great  cities  of  Edinburgh  and 
Glasgow,  and  also  that  of  a  great  extent  of  the  inter- 
vening rich  and  populous  country,  was  left  subject  to 
land  carriage.  This  evident  imperfection  long  engaged 
the  attention  of  the  enlightened  inhabitants  of  these  two 
great  cities,  and  many  schemes  were  proposed  to  com- 
plete an  inland  navigation  between  them.  Difleient 
views  of  this  important  subject  produced  various  and 
prolonged  discussions,  and  for  st-veral  years  kept  va- 
rious canal  projects  afloat.  That  which  has  been  at  last 
adopted,  consists  in  proceeding  from  lock  No  16,  or  the 
fourth  below  the  eastern  termination  of  the  Forth  and 
Clyde  Canal  summit,  and  ascending  1 10  feet,  by  1 1  locks, 
to  a  height  which  enables  llie  line  afterwards  to  be  car- 
ried immediately  south  of  the  town  of  Falkirk  and  Lin- 
lithgow, to  the  lowest  practicable  summit  of  that  part 
of  the  country,  and  afterwards  through  a  beautiful  and 
rich  district  to  the  western  suburb  of  the  city  of  Edin- 
burgh— in  all  a  distance  of  about  30  miles,  upon  the 
same  level  as  that  near  Falkirk.  This  canal  was  planned 
by  Mr.  Hugh  Baird,  the  resident  engineer  upon  the  Forth 
and  Clyde  Canal;  and  Mr.  Telford,  who  was  occasionally 
consulted,  approved  of  it,  and  recommended  the  addi- 
tional plan  of  continuing  the  line  from  Falkiik  to  the 
eastern  extremity  of  the  Forth  and  Clyde  summit,  and 
considering  the  connecting  lock.  No.  16,  as  for  the 
Grangemouth  trade  only.  Bv  this  mode,  the  whole  dis- 
tance between  the  cities  of  Edinburgh  and  Glasgow  will 
be  distributed  into  two  long  levels,  one  of  28  and  the 
other  of  26  miles,  separated  at  Falkirk  by  six  locks.  This, 
if  executed,  will  permit  the  intercourse  between  the  two 
cities  to  be  carried  on  without  interrupting  the  thorough 
trade  to  Grangemouth,  and  instead  of  taking  water  from 
it,  will  give  an  increase  to  the  summit  level  of  the  Forth 
and  Clyde  Canal.  There  are  three  large  aqueducts  and 
one  short  tunnel  in  this  canal. 

From  the  CdStern  termination  at  Edinburgh,  it  is  pro- 
posed to  complete  a  communication,  either  by  a  canal  or 
railway,  witli  the  town  of  Lcith  ;  and  extensions  may  also 
be  made  into  East  Lothian  to  the  eastward,  and  into  Stir- 
liniishire  to  the  westward. 

On  the  northern  side  of  the  Clyde  valley,  and  imme- 
diately east  of  Glasgow,  the  Monklatid  Canal  affords 
a  cheap  communication  between  the  city,  and  the  col- 
lieries in  the  parishes  of  Old  and  New  Monkland,  dis- 
tant about  12  miles  It  was  suggested  to  the  magis- 
trates ill  1769:  they  employed  'he  justly  celebrated  Mr. 
James  Wait,  then  resident  in  Glasgow,  to  make  the  ne- 
cessary surveys  and  plans;  an  act  was  obtained,  the  cor 
poiation  took  shares  in  a  joint-stock  company,  and  the 
canal  was  carried  10  miles.  For  two  miles  from  the 
basin  at  Glasgow  it  is  level.  At  Blackhill  it  ascended  96 
feet  b\  an  inclined  plant-;  and  from  the  lop  of  this  hill 
the  canal  proceeds  8  miles  upon  a  level.  In  1770-  Messrs. 
"William  Stirling  and  Sons,  (having  preyiousl)  purchased 
the  whole  cai.al  stock.)  al(;ng  with  the  proprietors  of  the 
Fortti  and  Clyde,  procured  a  second  act,  with  powers  to 
make  a  junciioii  between  the  navigations,  build  locks  at 
Blackhill,  extend  tht-  Monkland  Canal  to  the  river  Cal- 
der.  and  thereby  rendering  it  an  aqueduct  for  the  Forth 
and  Ci)di'.  This  canal  is  24  feet  wide  at  the  bottom,  34 
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at  the  top,  and  has  4  feet  6  inches  of  water.  At  Black- 
hill there  are  8  locks  of  12  feet  rise,  and  at  Sheepford 
two  more,  of  11  feet  6  inches  each.  Coal  is  the  chief 
article  of  carriage,  and  some  iron  ;  also  manure  from 
Glasgow.  The  annual  revenue  has  increased  gradually 
to  about  12.000/. 

Besides  supplying  the  city  of  Glasgow  with  coah,  and 
the  adjacent  country  with  manure — from  the  canal  being 
in  the  midst  of  abundance  of  coals,  with  convenient  com- 
munication both  with  the  East  and  West  Seas,  its  banks 
arc  considered  favourable  for  manufactures  ;  and  from 
the  eastern  termination  at  the  Calder,  extensions  may  be 
made  to  the  whole  of  the  upper  parts  of  Lanarkshire,  and 
even  into  the  counties  of  Peebles,  Selkirk,  Roxburgh, 
and  Berwick,  as  has  been  shown  by  the  survey  made  bv 
Mr.  Telford  for  the  Glasgow  and  Berwick  railways. 

The  river  Clyde,  as  has  already  been  observed,  be- 
coming shallow  a  few  miles  above  Greenock,  it  is  only 
vessels  about  9  feel  Water  which  can  reach  Glasgow  or- 
dinary spring  tides.  This  shallowness  arises  from  the 
deposition  of  sand  and  mud  by  a  great  river,  where  it 
meets  the  influence  of  the  tides.  The  estuary  being  here 
very  wide,  it  will  be  difiicult,  probably  impracticable,  to 
remedy  this  defect.  These  circumstances,  and  the  great 
change  of  direction  near  Greenock,  subjecting  vessels  to 
frequent  detention,  combined  with  the  increasing  impor- 
tance of  the  mines  and  manufactures  in  and  near  Paisley 
and  Johnstone,  and  in  all  the  valley  which  connects  the 
counties  of  Renfew  and  .\yr,  have  led  to  the  construction 
of  a  canal  through  the  before-mentioned  valley  to  the 
harbour  of  Ardrossan,  which  is  situated  at  the  northern 
extremity  of  the  Bay  of  Ayr,  in  the  general  run  of  the 
tides  has  a  sufficient  depth  of  water,  and  aided  by  the 
vicinity  of  the  excellent  roadstead  at  Lamlash. 

The  canal  commences  at  Glasgow,  on  the  southern 
bank  of  the  river  Clyde,  from  whence  it  proceeds  upon 
one  level  through  a  part  of  the  town  of  Paisley,  and  three 
miles  farther  to  Ihe  village  of  Johnstone,  in  all  a  distance 
of  about  10  miles.  Thus  far  has  been  executed,  and 
affords  great  facility  of  intercourse  to  this  industrious 
district.  At  Johnstone  the  line  is  to  ascend  64  feet,  and 
afterwards  proceed  upon  one  level  along  the  before  men- 
tioned valley,  and  past  the  towns  of  Lorhwinnoch,  Beith, 
Dairy,  and  Kilwinning,  to  near  Saltcoats,  where  it  de- 
scends 1 10  feet  to  the  harbour  of  Ardrossan,  in  all  a  dis- 
tance of  30  miles  from  Glasgow.  The  canal  is  for  70 
feet  boats  of  ?  feet  beam. 

The  harbour  of  Ardrossan  is  on  a  scale  to  accommo- 
date West  Indiamen,  and  of  course  all  vessels  of  small- 
er dimensions;  and  from  it  vessels  may  arrive  and  de- 
part at  all  times,  a  circumstance  of  no  small  importance 
to  commercial  and  manufacturing  districts  and  connec- 
tions. This  canal  and  harbour  have  been  planned  and 
carried  on  under  the  direction  of  Thomas  Telford. 

Returning  to  the  east  coast,  atul  from  the  Frith  of  Forth 
proceeding  northwards,  we  find  the  estuary  of  the  liver 
Tuy  affording  navigation  to  the  industiious  and  popul<jus 
town  of  Dundee,  and  also  20  miles  faitherto  the  w  ..rfs 
at  the  town  of  Perth.  Biyond  the  Tay  the  Gran)pian 
mountains  extend  their  rugged  skirts  to  the  sea-s!  ore, 
without  leaving  any  considerable  valley,  until  at  Aoer- 
deen  the  valleys  of  the  rivers  Dee  and  Don  diverire  west- 
wards to  a  great  distance.  In  the  valley  of  the  D.in  there 
is  a  considerable  extent  of  arable  land,  and  much  p.  pu- 
lation.  The  industrious  town  of  Aberdeen  is  the  pun  of 
this  district,  and  from  it  a  canal  has  been  carrieil  la  •iiiles 
up  the  valley  of  the  Don  to  Inverary.  The  rise  is  le*' 
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feet  by  17  locks,  15  of  which  are  adjacent  to  the  city. 
These  locks  are  each  57  feet  long  and  9  feet  wide,  liav- 
ing  with  full  water  about  4  feet.  To  comjilete  the  pro- 
ject, the  canal  should  be  extended  about  12  miles  upon 
a  level.  The  cliief  trade  is  coal  and  lime,  imported  from 
Sunderland,  which  are  carried  far  back  into  the  country. 
The  canal  was  opened  in  1805.  This  canal  was  planned 
by  Captain  George  Taylor. 

At  the  north-eastern  extremity  of  Aberdeenshire  com- 
mences one  of  the  most  extraordinary  valleys  in  this,  or 
perhaps  any  other  country  ;  the  easlern  porlion  of  it,  for 
about  80  miles,  from  Kinnaird's  Head  to  where  it  con- 
tracts, at  Fort  George,  is  denominated  the  Murray  Firth, 
and  for  about  12  miles  to  Inverness  is  also  tideway. 
From  thence,  across  the  island  lo  Fort  William  on  the 
shore  of  Loch  Eil,  (an  arm  of  the  Western  Ocean,)  a 
distance  of  60  miles,  the  valley  is  formed  by  two  paral- 
lel ran:<es  of  very  high  mountains,  whose  sides  are  sitep, 
and  these  general  ridges  seldom  inlersecled  by  collate- 
ral valleys;  the  bottom  is  occupied  partly  by  rivers,  but 
chiefly  by  lakes,  in  one  direct  line,  from  sea  to  sea. 
Again,  entering  the  tideway  at  Fort-William,  the  valley 
is  continued  still  in  a  direct  line,  with  lofty  mountains  on 
each  side,  about  50  miles  further,  opposite  to  the  eastern 
end  of  the  sound  of  Mull  ;  and  by  passing  along  the 
eastern  side  of  the  island  of  Jura,  a  distinct  valley  is  con- 
tinued between  it  and  the  main  land  of  Cantyre,  making 
another  distance  of  SO  miles  ;  the  western  extremity  be- 
ing only  fairly  opened  to  the  ocean  near  the  northern 
base  of  Ireland,  a  distance  from  Fraserburgh  on  the  cast 
of  about  250  miles,  or  about  one  half  only  of  the  present 
track  by  the  Orkneys  and  Cape  Wrath. 

This  extraordinary  pass  has  excited  public  attention 
ever  since  the  time  of  the  Romans.  In  the  curious  map 
by  Richard  of  Cirencester,  (composed  in  the  fourteenth 
ceniuiy,  and  founded  chiefly  on  Ptolemy's  Tables,)  a 
continued  canal  is  represented  along  the  whole  of  the 
valley  between  the  east  and  West  Seas.  Of  this,  per- 
Iiaps  the  most  ancient  of  existing  maps,  a  correct  copy 
is  inserted  in  the  able  memoir  which  accompanies  Mr. 
Arrowsmith's  excellent  map  of  Scotland. 

The  magnificent  remains  of  Urquhart  Castle  on  the 
east,  and  those  of  Inverlochy  Castle  on  the  west,  with 
the  chain  of  vitrified  signal  forts  along  the  valleys,  and 
likewise  the  three  modern  forts,  are  satisfactory  evidence 
of  its  having  constantly  formed  an  important  political 
feature  in  the  country.  After  having  long  been  subser- 
vient to  the  purposes  of  contention  and  warfare,  it  oc- 
curred to  their  last  agents,  that  it  was  at  least  equally 
well  adapted  for  commercial  intercourse,  and  the  object, 
supplying  the  wants  of  the  garrison  at  Fort  Augustus, 
contributed  to  an  experiment  of  navigating  the  largest 
lake.  The  importance  of  a  general  intercourse  became, 
at  last,  so  manifest,  that  in  1773,  the  trustees  for  the  for- 
feited estates  employed  Mr.  James  Watt,  (the  celebrated 
improver  of  the  steam  engine,)  then  resident  at  Glasgow, 
to  make  a  survey,  and  report  respecting  the  practicabili- 
ty of  connecting  the  lakes  and  forming  an  inland  naviga- 
tion. This  able  and  enlightened  person,  having  made 
the  necessary  surveys  witli  his  usual  accuracy,  gave  a 
description  of  the  valley  ;  and  slated  that  the  regularity 
of  this  extensive  track,  in  such  a  rugged  country,  was 
truly  astonishing,  and  that  the  whole,  as  well  as  the  com- 
munications with  the  respective  seas,  were  particularly 
favourable  for  an  Inland  A'avigation. 

The  forfeited  estates  being  restored  to  the  respective 
families,  the  office  of  trustees  was  of  course  abolished, 


and  any  project  which  might  have   resulted   from  the 
above-mentioned  survey  was  lost. 

From  this  time  the  subject  lay  dormant  until  1802, 
when,  during  the  administration  of  Mr.  Addington  (now 
Lord  Sidmoutli)  the  state  of  warfare  in  the  northern  parts 
of  Europe,  the  best  mode  of  promoting  the  fisheries  on 
the  coasts  of  Scotland,  and  the  local  events  of  the  north- 
ern portion  of  the  kingdom,  having  become  objects  of 
serious  consideration,  the  lords  of  the  treasury  employed 
Thomas  Telford,  civil  engineer,  to  make  surveys  of  the 
whole  coasts  of  Scotland,  and  also  the  interior  of  the 
northern  counties,  to  report  their  present  state,  and  his 
opinion  as  to  various  modes  of  improvement.  The  re- 
sults of  his  extensive  surveys  and  reports  went  to  the 
establishing  naval  stations,  improving  ports,  superseding 
ferries,  by  opening  the  country  by  means  of  roads  and 
bridges,  and  constructing  an  inland  navigation  across  the 
great  glen  of  Scotland,  which  he  designated  the  Cale- 
donian Canal. 

These  reports  appeared  so  important  to  the  treasury 
board,  and  more  especially  to  Mr.  Nicholas  Vansittart, 
who  was  then  Secretary,  and  since  Chancellor  of  the 
Exchequer,  that  the  whole  was  immediately  referred  lo 
a  special  coinniittee  of  the  Mouse  of  Commons,  who,  af- 
ter investigating  the  several  subjects  and  examining  evi- 
dence upon  all  the  material  points,  recommended,  that 
the  whole  should  be  carried  into  effect ;  parliament  also 
approved  of  the  plan,  and  two  Boards  were  established 
under  two  separate  acts,  viz.  one  for  constructing  and  im- 
proving harbours,  and  making  roads  and  bridges;  and 
the  other  for  constructing  the  Cat.edonian  Canal. 
These  Boards  have  ever  since  been  assiduously  employ- 
ed upon  the  objects  committed  to  their  charge,  and  these 
objects  have  been  nearly  all  successfully  accomplished. 

Considering  the  facilities  afTorded  by  the  lakes,  and 
that  it  was  desirable  to  accommodate  the  trade  between 
the  western  parts  of  England  and  Scotland,  and  all  Ire- 
land ;  the  eastern  coast  of  Britain,  the  Baltic,  and  East 
Country  ;  and  also  between  the  east  coast  of  Scotland  and 
the  West  Indies,  and  likewise  to  pass  small  ships  of  war ; 
Mr.  Telford  recommended,  and  the  Board  adopted,  a  ca- 
nal upon  a  large  scale,  viz.  120  feet  wide  at  the  water 
surface,  50  feet  at  the  bottom,  and  20  feet  depth  of  water  : 
the  locks  of  170  and  180  feet  of  length,  and  40  feet  wide  ; 
these  dimensions  being  sufiicient,  both  in  single  and  unit- 
ed locks,  to  admit  of  the  largest  vessels  trading  between 
Liverpool  and  the  Baltic,  the  average  of  West  Indiamen, 
and  a  32  gun  frigate  when  fully  equipped.  It  likewise 
appeared,  by  the  evidence  of  commercial  and  seafaring 
men,  that  if  a  navigation  upon  this  scale  was  accom- 
plished, the  frequent  and  serious  losses  sustained  in  na- 
vigating by  the  Orkneys  and  Cape  Wrath,  during  the 
autumn,  winter,  and  spring  months,  would  be  avoided  ; 
that  it  would  at  all  times  be  much  more  direct,  and  that 
it  would  be  particularly  useful  in  the  time  of  war. 

On  the  eastern  coast,  the  seas  brought  in  by  the  east 
and  north-east  winds,  instead  of  discharging  their  violence 
into  the  bottom  of  the  Murray  Firth,  are  checked  by  the 
long  projecting  point  of  Tarbet  Ness,  and  are  also  made 
to  expand  upon  the  flat  sandy  shores  of  the  Dornoch 
Firth.  From  the  other  points  they  are  land  winds.  If 
vessels  should  be  prevented  by  strong  westerly  winds 
from  reaching  Fort  George,  the  Bay  of  Cromarty  affords 
an  excellent  navigable  roadstead.  Opposite  its  entrance 
the  Firth  is  about  7  miles  in  breadth,  with  from  7  to  13 
fathoms  water  at  spring  ebbs :  from  the  same  place  to 
Fort  George,  about  7  miles,  there  is  from  5  to  9  fathoms 
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in  the  nortli  channel,  the  two  shigular  slips  of  land,  viz. 
Channery  on  the  iiorlh,  and  Ardrossan  (occupied  by  Fort 
Georgt)  on  the  south  side,  being  each  about  a  mile  in 
length,  and  ihtir  points  crossing  each  other,  confine  the 
i.hannel  to  about  one  mile  in  breadth,  and  completely 
land-lock  all  the  upper  part  of  the  Firth.  The  tides  pass 
this  riarrow  channel  with  a  great  velocity,  and  create  a 
depth  of  from  19  to  21  fathoms.  From  Fort  George, 
towards  Culloden,  is  one  of  the  best  roadsteads  in  Bri- 
tain, about  4  milts  in  length,  and  from  3  to  10  fathoms 
water.  From  Chunnery  point  to  the  mouth  of  tiie  river 
Ness,  a  distance  of  about  10  miles,  the  wlioie  is  complete- 
ly land  locked  ;  hcie  the  Firth  is  narrowed  to  about  half 
a  mile  in  bicadth  at  Kessock  Ferry  ;  above  this  Ferry  the 
Firth  widens  very  cor.sideralily,  and  is  continued  about 
seven  miles  to  the  village  of  Beauly. 

Immediately  to  the  west  of  Kessock  Ferry,  there  is  a 
roadstead  in  from  4§  to  7  fathoms  water  ;  and  it  is  in 
this  sheltered  bay,  in  Loch  Beauly,  that  tlse  eastern  ex- 
tremity of  the  Caledonian  Canal  is  connected  with  the 
tideway.  To  have  20  feet  of  water  on  the  lower  sill  at 
high  water  in  ordinary  neaps  (which  rise  there  about  8 
feet,  and  ordinary  springs  about  14  feet)  it  was  necessary, 
from  the  flatness  of  the  shore,  to  place  the  tide-lock  about 
400  yards  from  high  water  mark.  In  constructing  this 
lock,  very  considerable  difficulties  were  to  be  surmount- 
ed, from  the  softness  of  the  ground  ;  but,  as  the  process 
will  be  described  in  another  part  of  this  article,  we  shall 
here  only  observe  that  the  lock  is  170  feet  long  in  the 
chamber,  40  feet  wide,  and  has  a  rise  of  8  feet.  From 
this  lock  the  canal  is  formed  by  artificial  banks,  until  it 
reaches  high-water  mark  at  Ciachnacarry,  where  another 
lock  of  similar  dimensions  is  placed  upon  hard  ground. 
Immediately  to  the  south  of  this  there  is  a  basin  or  float- 
ing dock,  of  967  yards  of  length,  and  162  breadth,  with  a 
wharf  at  the  upper  end,  for  the  trade  of  Inverness  and 
the  adjacent  country.  At  the  southern  extremity  of  the 
basin  is  a  public  road  bridge,  and  adjacent  to  it  four  unit- 
ed locks,  each  180  feet  long  and  40  feet  wide,  which  to- 
gether raise  the  canal  32  feet,  being  the  height  of  the 
surface  of  Loch  Ness  in  its  usual  summer  state.  From 
the  top  of  these  locks,  the  canal,  50  feet  wide  in  the  bot- 
tom, 120  at  the  water  surface,  and  20  feet  deep,  is  carri- 
ed by  easy  bends  to  the  bank  of  the  river  Ness,  and 
along  its  northern  side  to  the  small  loch  Doughfour,  a 
distance  from  Ciachnacarry  of  6i  miles.  This  lake  is 
about  1^  mile  in  length,  and  has  from  five  to  nine  fa- 
thoms water,  between  Ciachnacarry  and  this  place,  liy 
reason  of  the  sleep  banks  approaching  close  to  the  river 
in  three  different  places,  the  river's  channel  was  chang- 
ed. Previous  to  entering  Loch  Doughfour,  a  regulating 
lock  of  170  feet  in  length,  40  in  width,  without  any  rise, 
is  constructed.  The  entrance  from  the  canal  into  the 
small  loch,  and  from  it  into  Loch  Ness,  have  been  exca- 
vated to  a  proper  depth  by  a  dredging  machine. 

Loch  Ness  is  a  beautiful  sheet  of  water,  about  22  miles 
in  length,  from  one  to  one-and-a-half  miles  in  breadth, 
and  having  a  depth  varying  from  5  to  129  fathoms.  In 
the  whole  of  this  extensive  lake  there  is  not  one  rock  or 
bank  detached  from  the  shore :  and  although  its  general 
direction  is  straight,  there  are  several  small  bays  and 
anchoring  places  in  a  moderate  depth  of  water,  that  is 
to  say,  at  Urquhart,  Invermorrison,  and  Port  Clair,  on 
the  north  side,  and  at  the  bay  of  Dores  and  Fyers,  and 
the  Horse  Shoe,  on  the  south  side  ;  there  is  also  good  an- 
chorage at  each  end. 
At  the  south  end  of  Loch  Ness  stands  the  fort  and 


village  of  Fort  Augustus ;  and,  on  the  north  side  of  these, 
the  river  Oich  falls  into  Loch  Ness.  On  the  northern 
side  of  the  fort  the  canal  leaves  the  lake,  crosses  a  part 
of  the  glacis,  and  at  the  back  of  the  village  ascends  40 
feet  by  5  locks,  each  180  feet  in  length.  From  thence  it 
passes  along  the  south  side  of  the  river  Oich  to  the  north- 
east end  of  Loch  Oich;  in  this  distance,  of  about  five 
miles,  there  is  one  lifting  lock,  170  feet  in  length,  40  in 
widtli,  and  8  feet  rise  ;  and  one  regulating  lock,  of  the 
same  length  and  width,  but  with  a  rise  of  2  feet  to  6  inches. 
The  river  Oich  has  at  two  places  been  removed  into  new 
channels,  to  make  room  for  the  canal.  Locli  Oich  is 
about  five  miks  in  length,  its  breadth  is  irregular,  on  an 
average  about  one-fourth  of  a  mile  ;  the  entrance  to  and 
from  it,  and  a  small  space  in  the  middle,  being  shallow, 
have  been  deepened  by  a  dredging  machine.  This  lake, 
which  forms  the  summit  level  of  this  navijiation,  is  only 
94  feet  above  the  tideway.  The  river  Garry  falls  into 
the  norlh-west  side  :  this  stream  is  the  diain  of  the  ex- 
tensive valley  of  Glengary, and  initssource  passes  through 
two  large  lakes,  viz.  one  10  and  the  other  6  miles  in 
length  :  These  insure  an  ample  supply  of  water. 

Between  the  western  end  of  Loch  Oich  and  the  east- 
ern end  of  Loch  Lochy,  a  distance  of  about  2^  miles,  the 
surface  of  the  ground  is  about  20  feet  above  the  surface 
of  Loch  Oich,  whicii,  with  the  20  feet  depth  of  water,  re- 
quires a  cutting  of  about  40  feet.  Near  the  western  ex- 
tremity of  this  cutting,  there  are  two  locks,  one  lifting, 
and  another  a  lifting  and  regulating  lock.  The  fall  from 
Loch  Oich  to  Loch  Lochy,  after  the  latter  has  been  (as 
intended)  raised  12  feet,  is  about  9  feet  9  inches. 

Loch  Lochy  is  about  10*  miles  in  length,  and  one  in 
breadth  ;  its  general  direction  is  straight  ;  its  depth  from 
5  to  76  fathoms,  with  various  good  anchoring 'places ; 
there  is  one  considerable  bay  on  the  north-west  side,  and 
at  the  north-east  extremity,  a  singularly  well  protected 
roadstead.  In  order  to  avoid  rock-cutting  at  the  south- 
west extremity,  the  surface  of  the  water  in  the  lake  is  to 
be  raised  12  feet  above  its  former  level ;  and  a  new  chan- 
nel has  been  cut  from  it,  by  which  the  river  Lochy  is 
carried  into  the  river  Spean. 

From  Loch  Lochy  to  the  tideway  at  Loch  Eil,  a  dis- 
tance of  about  8  miles,  the  canal  is  carried  along  the 
north-west  side  of  the  river  Lochy,  over  ground  of  a 
rugged  surface,  intersected  by  one  considerable  river, 
and  various  small  streams,  all  of  which  require  aque- 
ducts to  pass  the  mountain  torrents.  A  small  distance 
from  the  south-west  end  of  Loch  Lochy,  there  is  a  regu- 
lating lock,  170  feet  in  length,  40  in  width,  with  a  rise 
of  two  feet;  but  the  ordinary  surface  of  the  lake,  after 
it  is  raised,  will  be  continued  to  within  one  mile  of  Loch 
Eil,  where  there  are  eight  connected  locks  of  180  feet 
in  length  each,  and  40  feet  wide,  and  together  descending 
64  feet :  from  thence  a  level  is  continued  to  Corpach 
shore,  where  there  are  first  two  connected  locks  falling 
15  feet,  and  one  single  sea-lock  falling  7  feet  9  inches^ 
which  enters  the  tideway  of  Loch  Eil.  The  chamber  of 
this  lock  was  excavated  in  rock,  to  afford  20  feet  of 
water  at  high  water  of  ordinary  neap-tides.  This  con- 
nection with  the  tideway,  being  to  the  westward  of  the 
general  direction  of  the  great  valley,  and  there  being 
good  anchorage,  an  excellent  roadstead  is  obtained. 

From  this  haven,  down  Loch  Eil,  to  the  strait  of  Ard- 
gower,  a  distance  of  about  9  miles,  the  inlet  is  about  a 
mile  in  breadth,  in  a  straight  direction.  This  strait  or 
narrow  of  Ardgower,  of  half  a  mile  in  width,  forms  an 
entrance  similar  to  that  of  Fort  George,  on  the  eastern 
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side  of  tlie  island.  From  this  station  onward  south-west, 
to  opposite  the  eastern  extremity  of  the  Sound  of  Mull, 
the  arm  of  the  sea  is  named  tlie  Linnhe  Loch,  it  opens 
gradually  to  about  nine  miles  in  width,  and  is  interspers- 
ed wiih  islands,  the  principal  (Lismori-)  being  about 
seven  milts  in  length  ;  Ihey  are  composed  chiefly  ot 
limestone,  which,  when  calcined  and  mixed  with  clean 
sand,  forms  a  moriar  which  hardens  under  water,  and 
was,  on  that  account,  and  its  vicinity,  a  most  valuable 
object  to  the  canal  works. 

The  inland  navigation,  when  arrived  at  the  Sound  of 
Mull,  falls  into  the  present  general  track  of  shipping, 
which  now  passes  by  the  Orkneys  and  Cape  Wrath,  and 
is  therefore  reckoned  the  western  termination  of  this 
new  line  of  communication,  which  not  only  lessens  the 
distance  one  half,  but  is  free  from  the  dangers  and  de- 
lays to  which  the  present  circuitous  one  is  subjected. 

All  tlie  most  difficult  works  upon  this  great  inland 
navigation  have  been  completed,  and  the  whole  is  in 
sucli  a  state  of  forwardness  as  to  afford  a  prospect  of  tlie 
communication  between  the  two  seas  being  opened  by 
the  latter  end  of  1821.  The  eastern  part  of  it  has  been 
navigable  for  the  last  three  years,  with  facility  and  safety. 
During  1820,  upwards  of  300  passages  have  been  made. 
A  steam  boat  has  also  plied  upon  it. 

Having  stated  that  the  navigation  by  the  Caledonian 
canal  extended  westward  to  opposite  the  island  of  Mull, 
and  that  the  general  track  of  shipping  continued  by  the 
eastern  side  of  Jura  Isle,  we  then  find  a  valuable  ap- 
pendage, named  the  Crinan  canal.  This  forms  a  very 
direct  communication  with  the  southern  extremity  of  the 
arm  of  the  sea  called  Loch  Fine,  also  the  Firth  of  the 
Clyde,  and  opens  the  Greenock  and  Glasgow  markets 
to  the  north-west  parts  of  Scotland.  By  consulting  the 
map  of  thai  country,  it  will  be  seen  that  this  canal  saves 
the  doubling  the  Mull  of  Cantyre,  a  slip  of  land  about 
60  miles  in  length;  the  passing  round  which,  besides 
the  great  distance,  requires  two  winds,  and  is  also  much 
exposed  to  the  north-west  gales,  so  frequent  and  violent 
in  this  quarter. 

Besides  being  an  accommodation  to  the  Clyde  traders 
and  fishers,  the  coasting  vessels  from  Liverpool,  and  all 
Ireland,  prefer  always  in  bad  weather  to  pass  up  the 
eastern  side  of  the  Cantyre  land,  and  cross  by  the  Crinan 
canal  into  the  before-mentioned  general  track,  near  the 
north-east  end  of  the  island  of  Jura.  Thus,  it  will  be 
evident,  that  by  means  of  this  Crinan  canal,  and  the  in- 
land navigation  to  Inverness,  &C.  vessels  will  pass  by  a 
well  sheltered  course  from  the  Irish  Channel,  quite  to 
the  North  Sea,  opposite  to  the  entrance  into  the  Baltic. 
The  length  of  the  Crinan  canal  is  nine  miles;  the 
summit  is  only  62  feel  above  the  tideway,  and  is  passed 
by  15  locks,  each  96  feet  in  .length,  and  24  in  breadth. 
During  the  last  two  years,  a  steam-boat  has  passed  re- 
gularly along  it  in  ita  "may  from  Glasgow  to  Fort  Wil- 
liam. 

From  this  brief  description,  it  is  evident  that  the  ar- 
tificial still  water  navigations  in  Scotland  are  but  few, 
and  of  small  extent ;  and  from  the  generally  mountain- 
ous and  pastoral  nature  of  the  country,  it  is  not  probable 
ihat  many  more  can  be  required  ;  more  especially  as  it  is 
singularly  well  accommodated  by  the  numerous  arms 
of  the  sea,  which  penetrate  deeply  into  this  narrow  coun- 
try ;  and  as  the  Firths  of  Forth,  Tay,  Dee,  Clyde,  Nith, 
and  Solway,  afford  useful  navigations  and  havens. 


Ireland. 

It  has  been  said  that  the  first  idea  of  improving  river 
navigation  in  Ireland  is  due  to  ihe  enlightened  adminis- 
tralion  of  the  unfortunate  St  ifTorri,  incited  probably  by 
what  had  been  done  in  the  Low  Countries;  but  we  find 
nothing  in  the  history  of  the  Ii  ish  Parli  imcnt  on  the  sub- 
ject, until  the  eailicr  part  of  the  last  ceiituiy.  The  ge- 
neral flatness  of  the  country,  and  the  abundance  of  lakes, 
waters,  and  morasses,  are  very  favourable  for  creating 
and  extending  inland  navigation. 

In  the  first  Parliament  of  Anne,  on  the  29th  Septem- 
ber, 1703,  a  committee  was  appointed  to  prepare  heads 
of  a  bill  for  making  the  river  Siiannon  navigable  from 
the  city  of  Limerick  to  James  Town  in  the  county  of 
Leitrim  ;  also  for  the  rivers  Barrow  and  Boyne,  and  a 
canal  from  Lough  Xeagh  to  Newry.  On  the  8th  No- 
vember, the  committee  reported,  that  the  scheme  for 
the  latter  was  practicable  and  beneficial,  and  might  be 
constructed  for  20  ton  lighters  for  20,000/.  The  sur- 
veys were  made  by  Captain  Francis  Nevil,  collector  of 
Armagh  ;  but  it  does  not  appear  that  any  farther  steps 
were  taken  at  tliis  time. 

In  1709,  the  heads  of  a  bill  were  brought  in  for  mak- 
ing the  Shannon  navigable  from  Limerick  toCarrick; 
also  a  petition  for  the  Ncwry  canal,  for  which  a  bill  was 
passed  ;  likewise  a  petition  for  making  the  Lim  naviga- 
ble from  Clonmel  to  Thurless  ;  and  another  petition  for 
removing  the  rocks  at  Portnaw,  in  the  river  Bann;  also 
for  making  the  river  Barrow  navigable  ;  but  no  progress 
was  made  in  these  matters  for  some  years.  In  1715, 
George  Frizell,  Henry  Crosdalc,  and  others,  having  un- 
dertaken to  make  the  Shannon  navigable,  an  act  for  that 
purpose  passed,  and  a  gerieral  law  was  established,  for 
undertakings  of  the  same  kind,  which  may  be  considered 
the  parent  of  the  inland  navigation  of  Ireland.  It  is  enti- 
tled, "An  act  to  encourage  the  draining  and  improving 
the  bogs  and  unprofitable  low  grounds,  and  for  easing 
and  dispatching  the  inland  carriage  and  conveyance  of 
goods  Iron  the  one  part  to  another  within  this  kingdom." 
The  undertakers  were  allowed  a  toll  of  2d.  per  cwt.  for 
every  ten  miles  of  12  furlongs,  and  3d.  for  c-ach  passen- 
ger. Gross  timber  for  building,  rough  stone,  bricks, 
lime,  to  pay  only  one  half  toll.  The  members  of  parlia- 
ment and  justices  were  appointed  commissioners,  and 
fur  other  rivers  than  the  Shannon,  with  powers  to  appoint 
undertakers;  and  the  following  improvements  were 
partly  proceeded  with  : 

1.  FroiTi  Uublin,  by  the  rivers  Liffey,  Rye,  Boyne,  Mungagh,  and 
Hrusiia,  to  Banagher  on  the  Shannon.  Two  canals  have  since 
been  carried  in  nearly  tliis  direction,  viz.  the  (Jrand  Canal  to- 
wards  the  lower,  and  the  Koyal  Canal  towards  the  upper,  parts 
of  the  river  Shannon. 

2.  The  river  Rarrow,  and  a  canal  from  thence  to  join  the  Grand 

Canal  at  Manroe  in  the  Bog  of  Allen. 

3.  The  rivers  Glyn  and  Bann,  from  Newry  to  Coleraine,  which  has 

been  made  to  I^ough  Neagh  under  the  name  of  the  Newry 
Canal. 

4.  The  Nore  and  Brosna,froni  New  Ross  to  the  Grand  Canal  near 

the  Shannon. 

5.  The  Litley  and  Greece,  from  Dublin  by  Kilcullen,  to  Carlow. 

A  branch  of  the  Grand  Canal  has  been  carried  nearly  to  Kil. 
cullen,  known  by  the  name  of  the  Kildare  Canal. 

6.  The  Ulackwater,  from  Youghall  to  Newmarket,  (only  effected 

asfar  asLismore.) 

7.  The  Foyle,  Flndberg,  and  Mourne,  from  Derry  to  Omagh,  (ef. 

fected  toStraBane.) 
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8.  The  Earn,  above  Lough  Earn,  (uiiattempted.) 

9.  The  Maigne,  from  f  IriH-rick  to  Cork,  (do.) 

10.  The  Boyne,  from  Urogheda  to  the  Grand  Canal ;  it  has  been 

rendered  navigable  to  Navan. 

11.  A  line  from  Sligo  to  the  Shannon,  atCarrick,  (unaltempted.) 

12.  A  line  connecting  the  Lakes  CoiTd  and  Mask  at  May  river, 
from  Galway  to  Killab,  Cunattemptcd.) 

13.  The  Slaney,  from  W.nford  to  B:iltinglcss,  (unattempted.) 

14.  The  Suir,  from  Watert'ord  to  Thurless;  some  improvements 
have  been  effected,  and  a  towing  path  made  to  Clonmell. 

15.  A  Ine  from  Galway  to  the  Shannon  at  Portumna,  (unat- 
tempted.) 

16.  The  Kiver  Inny,  from  Lough  Shillin  to  the  Shannon,  (unat- 
tempted.) 

17.  The   River  Luck,  from  Castlerea  to  the  Shannon,  (unat- 
tempted.) 

18.  The  Lee,  from  Cork  to  Macroome;  some  locks  were  made, 
but  to  no  purpose. 

19.  The  Bander,  from  Kinsale  to  Dummaneiy,  (surveys  only  were 
made.) 

20.  The  Leone,  from  Kosscastle  to  Castlemain  harbour,  (unat- 
tempted.) 

The  Laggan  navitjation  is  unnoticed  in  this  act,  and 
it  does  riOt  appear  that  for  14  years  al\erwards,  any  ef- 
fectual progress  was  made  in  coiisetjuence  of  these  un- 
dertakings. For,  in  an  act  in  1729,  it  is  stated,  that  the 
said  coniinissioners  having  only  power  to  contract  with 
undertakers  for  carrying  on  the  said  works  at  their  own 
private  expense,  the  great  charge  hath  discouraged  pri- 
vate persons  ;  and  where  encouraging  tillage,  and  em- 
ploying the  poor,  will  be  of  great  benefit,  and  it  is  rea- 
sonable and  fit  that  works  ot  such  public  benefit,  should 
be  carried  on  at  the  charge  of  the  kingdom  by  some 
public  fund,  8cc.  Sec. 

The  Lord  Lieutenant,  four  Archbishops,  Lord  Chan- 
cellor, and  the  Speaker  of  the  House  of  Commons,  with 
20  others  persons,  for  each  of  the  four  provinces,  were 
appointed  commissioners,  and  from  25  Geo.  IL  made  a 
corporate  body,  with  extended  powers  for  carrying  on 
the  inland  navigation  of  Ireland  ;  and,  for  a  fund,  a  duty 
was  imposed  on  private  carriages  of  20s.  per  annum  for 
four-wheeled  carriages,  and  5s.  for  two-wheeled  car- 
riages; on  cards,  6d.  if  made  in  the  kingdom,  and  Is.  if 
imported;  on  dice,  5s.  per  pair;  and  on  wrouglit  plate, 
Sd.  per  oz.  troy  weight.  The  amount  of  these,  to  the 
year  1735,  was  3000/.  per  annunn  ;  to  1740,  was  4000/. ; 
and  to  1750.  was  6000/. 

By  the  i,-.tition  of  the  commissioners  in  1758,  it  ap- 
pear.., that  for  19  years,  the  whole  fund  was  applied 
to  the  canal  from  Newry  to  the  Tyrone  collieries.  In 
1749,  there  was  expended  58,400/.  Is.  Irf.;  and  though 
the  works  were  imperfect,  the  savings  on  the  fund  was 
9393/.  10s.  Id.  In  1749,  they  engaged  in  other  works 
on  the  rivers  Boyne  and  Shannon,  by  which,  in  1758, 
they  had  expended  the  \vhole  fund,  amounting  nearly  to 
140.000/. 

In  1749,  the  House  of  Commons  renewed  the  expir- 
ing (ill!  Its  on  carriages,  kc.  and  granted  a  further  supply 
of  4000/.  per  annum  from  1751.  In  1753,  petitions  were 
presented  from  Belfast,  Lisburn,  Hilisborough,  Killala, 
and  Moira,  for  opening  a  rive  r  „nd  caiial  navigation  by 
the  river  Laggati  to  Lough  Ntagh,  estimated  at  26,000/. 
In  the  27  Cieo  II.  an  act  was  passed  to  open  a  naviga- 
tion between  Belf.ist  and  Lough  Neagh ;  and  Id.  per 
gallon  on  beer,  and  4d.  per  gallon  on  spirits,  was  levied 
on  the  district  ot"  Lisburn  for  eleven  years  for  said  navi- 
gation. 

In  1755-6,  many  petitions  were  presented  from  other 
districts,  but  few  had  the  independence  of  the  north,  to 
propose  local  taxation. 


The  city  of  Cork  petitioned  to  make  the  river  Lee 
navigable;  Kilkenny  for  the  river  Nore  ;  Newry  for 
an  improvement  in  its  river  below  the  quays;  and  Bel- 
fast lur  additional  aid  for  the  Laggan  navigation.  P';ti- 
tions  were  also  presented  for  rendering  the  Blackwater 
iiavigable  40  miles  to  '.he  collieries  of  Dromagh:  the 
Suir,  from  Clonmel  to  Waierford  ;  the  Bann,  from  Lough 
N.-agh  to  Coleraine. 

The  TilLge  Committee  reporting  that  these  various 
inland  nuvigations  were  the  most  effectual  means  to  in- 
crease tillage,  especially  from  Dublin  to  the  Shannon^ 
the  lines  of  the  present  Grand  and  Royal  canals  were 
then  in  agitation,  but  the  sum  of  20,000/.  voted  to  the 
corporation  for  inland  navigation  for  a  canal  to  the  Shan- 
non, was  directed  to  be  applied  to  the  line  on  the  south 
of  tlie  city,  now  the  Gr^nd  Canal.  Exclusive  of  the  be- 
fore-mentioned sum.  there  was  granted  for  river  naviga- 
tions and  harbours,  the  further  sum  of  65,000/.  and  this 
Was  besides  the  formerly  stated  tillage  dues.  The  na- 
tional revenue,  about  this  time,  did  not  exceed  half  a 
million. 

Mr.  Thomas  Orme  was  the  engineer  employed  to 
examine  most  of  these  lines  of  navigation,  as  appears 
by  his  petitions  to  the  House  of  Coinraons  for  remune- 
ration. 

The  system  of  promoting  the  inland  navigation,  and 
other  public  works,  by  grants  of  public  money,  was 
continued  for  many  years  by  the  Irish  Parliaincnt,  and 
has  been  the  leading  principle  on  which  they  have  beeii 
undei  taken. 

In  1767,  the  system  of  management  was  in  some 
measure  changed;  for,  in  appropriating  6000/.  towards 
improving  the  Lo*er  Shannon,  it  was  only  granted  un- 
der condition  of  10,000/.  being  subscribed  by  the  com- 
pany, and  20  per  cent,  of  that  paid.  An  act  of  Geo.  III. 
incorporated  the  Limerick  Company,  which  still  exists. 
William  Cliapman  was  their  engineer.  These  works, 
by  the  aid  of  the  directors  general,  are  completed  ;  but 
little  benefit  has  been  derived  from  them. 

On  renewing,  in  1771,  the  duties  appropriated  to  the 
purposes  of  inland  navigation,  for  seven  years,  it  is  stat- 
ed, 1  1  &  12  Geo.  II.  c.  4.  sect.  3.  that  "  ^Vhcreas  the 
method  of  carrying  on  inland  navigation  altogether  at  the 
expense  of  the  public,  may  be  found,  in  many  instances, 
inconvenient,  and  attended  with  great  delay;  and  the  im- 
provement of  the  kingdom  may  be  much  promoted,  if 
private  subscribers  could  be  found,  who  would  carry  on 
such  works  at  their  own  expense,  and  it  would  be  rea- 
sonable to  give  such  subscribers  encouragement  so  to 
do."  The  corporation  are  empowered  to  transfer  the 
property  to  such  a  company,  and  to  advance  one  sixth 
part  of  the  expense  for  completion,  out  of  the  duties  afore- 
said, the  new  company  paying  the  other  live-sixths. 
These  tillage  duties  amounted,  at  this  time,  to  8500/. 
per  annum,  and  Parliament  voted  1000/.  more.  The 
corporation  were  also  empowered  to  build  a  lock  across 
the  Shannon,  at  Limerick,  and  levy  a  tonnage  upon 
ships  for  its  support. 

The  11  &  12  Geo.  III.  c.  31.  empowers  certain  per- 
sons to  complete  the  Grand  Cjnal,  to  mnke  cuts  to  towns 
and  rivers,  and  vests  in  them  the  works  already  made, 
but  requires  of  them  to  subscribe  60  000/.  with  any  ne- 
cessary additions,  not  exceeding  150  000/  and  empowers 
them  to  levy  a  tonnage  duty  u(  4d.  ptr  mile,  and  2d.  per 
lock.  By  the  17  k  18  Geo.  III.  c.  29.  two-thirds  of  the 
bounty  on  corn.  Drought  by  inland  carriage  to  Dublin, 
was  i;ivcn  to  that  brought  partly  by  canals.  This  boun- 
ty somewhat  exceeded  the  price  ofland  carriage. 
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The  covporalion  for  inland  navigation  formed  a  body 
much  too  numerous  for  efiicienl  operaiions,  and  the  bu- 
siness fell  into  a  state  which  called  loudly  for  reform. 
On  renewing  their  powers  in  1798,  it  appeared  they  had 
overdrawn  their  funds  to  the  extent  of  20,1 39/. ;  these  pow- 
ers were  therefore  restricted  to  paying  the  salaries  and 
accidental  breaches  only,  until  all  just  debts  were  satis- 
fied. Notwithstandinij  this,  in  1784,  their  debts  had  in- 
creased to  26,284/.  By  27  Geo.  III.  c.  30.  the  corpora- 
tion was  dissolved,  and  their  debts  provided  for  by  de- 
bentures at  4  per  cent.  The  several  navigations  which 
had  been  undertaken  by  the  corporation  were  vested  in 
different  bodies  of  local  commissioners,  viz.  the  Nevvry 
Navigation,  the  Boyne,  the  Barrow,  the  Shannon  above 
Kilaloe,  and  the  Tyrone  colliery  canal. 

By  the  resolution  of  the  House  of  Commons  in  May 
1788,  it  appears  that  the  Grand  Canal  was  now  com- 
pleted to  the  river  Bariow  at  Monastercvan,  and  it  was 
thought  most  adviseable  to  expend  the  navigation  funds 
in  the  first  place  to  the  extent  of  10,000/.  on  the  improve- 
ment of  the  Barrow  and  the  Suir,  and  to  employ  engi- 
neers to  ascertain  the  best  northern  and  southern  lines 
from  the  Grand  canal  to  the  Shannon. 

The  Limerick  Navigation  Company  not  being  able  to 
complete  their  works,  it  was  resolved  to  grant  this  and 
others  in  a  similar  situation  to  new  companies  of  sub- 
scribers, who  might  be  willing  to  engage  in  them,  on 
being  furnished  one-sixth  part  of  the  expense  by  the 
public  ;  and  7000/.  a  year  were  voted  for  the  purposes 
of  inland  navigation. 

In  the  same  year,  (178S,)  local  duties  were  applied 
for  by  Newry  and  Drogheda,  for  procuring  1000/.  per 
annum  towards  their  respective  harbour  channels.  In 
this  year,  also,  it  appears  that  241,285/.  had  been  ex- 
pended upon  the  Grand  Canal,  besides  mterest  and  trea- 
sury warrants  unpaid.  They  complain  that  the  aid  of 
one-sixth  is  too  small  for  encouragement  of  canals  in  a 
country  where  mines  and  manufactures  do  not  exist. 
In  1789,  the  House  of  Commons  resolved  to  advance 
one-third  of  the  expense  of  any  new  undertaking  of  this 
kind  ;  and  as  the  tillage  duties  were  insufficient,  autho- 
rity was  given  to  issue  debentures,  bearing  interest  at 
4  per  cent,  to  the  extent  of  200,000/.  but  not  to  exceed 
25,000/.  in  one  year. 

The  schemes  which,  in  consequence  of  this  liberal 
provision,  were  the  following: 

The  Barrow  to  be  completed        .  .       ^20  000  0  0 

The  Shannon  below  Kilaloe         .  .             S,SOO  0  0 

The  Grand  Canal  to  tlie  Shannon  .             57,100  0  0 

Do.  for  junction  with  the  Liffy  .  .  10,000  0  0 
The  Royal  Canal  from  Dublin  to  the 

Upper  Shannon  at  Tormenbarry  .         66,000  0  0 

Boyne  from  Drogheda  to  Trim  .            12,500  0  0 

Newry  Navigation                         .  .          4,000  0  0 

County  Kiklare  Canal  to  Naas  .               2,400  0  0 

Do.  from  Naas  to  Kilcullen            .  .        3,300  0  0 

Lough  Earne  Canal            .  .        5,100  0  0 

^188,700     0    0 

And  by  the  31  Geo.  III.  the  additional  sum  of  1 1,300/. 
was  appropriated,  viz. 

For  the  Grand  Canal  for  the  junction 

between  Alky  and  Barrow  ^2,120  12  6 

Canal  towards  collieries            .            .  4,370    2  4 

Do.  to  Ballycider  .  .  .  1,204  12  4 
Marquis  of  Abercorn  for  Foyle  Navigation 

toStrathbane                         .            .  3,703  12  0 


By  the  reports  of  the  Commissioners  of  Account  in 
1790,  it  appears,  that  besides  all  that  had  been  expend- 
ed by  the  several  companies  who  had  undertaken  the 
works,  that  the  corporation  for  proinoting  inland  navi- 
gation had  disbursed 


Of  public  grants 

Of  income  from  duties 


i227,669    2    IJ 
359,868    9    6i 


Grand  Canal  for  Bocks 


^11,398  19    2 
22,000    0    0 


From  this  period,  to  1800,  various  other  grants  were 
made  upon  the  same  terms,  but  no  one  scheme  of  navi- 
gation was  adopted.  The  two  great  canal  companies, 
in  the  course  of  their  negotiations  with  government, 
hud  been  induced  to  undertake  ati  expensive  system  of 
wet  docks  in  Dublin,  which  greatly  embarrassed  their 
funds,  without  much  prospect  of  reimbursement. 

On  the  eve  of  the  Union,  in  1800,  a  sum  of  500,000/. 
was  granted  by  the  40  Geo.  III.  c.  51.  for  inland  navi- 
gation generally ;  for  the  improvement  of  the  port  of 
Dublin,  and  for  one  or  more  lines  of  communication 
from  Dublin  to  the  Shannon,  and  for  rendeiing  that  river 
navigable  t"rom  Lough  Allen  to  the  sea.  By  this  act, 
the  Lord  Lieutenant  is  empowered  to  appoint  five  di- 
rectors, with  salaries  not  exceeding  500/.  each,  for  ma- 
naging all  works  of  inland  navigation  to  which  public 
money  is  applied.  And  it  was  enacted,  that  no  new  ca- 
nal should  levy  a  higher  toll  than  \d.  per  ton  per  mile 
on  corn,  flour,  potatoes,  sand,  lime,  fuel,  or  manure  ;  2d. 
per  ton  on  other  goods  ;  and  od.  per  passenger.  In  car- 
rying the  act  creating  this  department  into  effect,  the 
following  grants  had  been  made,  up  to  1812: 

To  the  Royal  Canal  Company            .  ^95,866    7  10 

Barrow  Navigation             .            .  47,500    0  0 
Grand  Canal  Company  for  the 
Shannon    between   Lough 

Ree  and  Lough  Derg             .  54,63.1-  18  7 

For  improving  the  Port  of  Dublin  15,000    0  0 

^213,001     6    5 

Besides  which,  the  directors-general  have  themselves 
expended,  including  tolls,  up  to  that  date. 

Dublin  harbour,  for  plans,  Eic.  .           ^7,250  16     TS 

Newry  Navigation             .             .  .         54,516  19     o" 

Tyrone  and  Magbeny  Canals,  .               21,715  19  10 

Limerick  Navigation  to  Killaloe  .           53,639  16     4 

Upper  Shannon  Navigation            .  .        7,168  17    I 

^144,292    8  lOS 
And  the  expense  of  their  establishment 

for  12  years  .  .  .  66,504    9    5 

But  the  purchasing  a  reduction  of  tolls  to  so  low  rates, 
as  has  been  done  by  the  directors-general,  appears  in- 
judicious, for  while  the  public  must,  in  taxes  or  some 
other  shape,  pay  for  this  reduction,  the  resources  of  the 
canal  company  are  so  much  diminished,  as  totally  to  de- 
stroy any  prospect  of  profit,  and  all  spirit  of  adventure. 
Accordingly,  since  the  year  1800,  there  has  not  a  single 
new  canal  been  undertaken,  and  the  two  greatest  are  in 
very  embarrassed  circumstances. 

Besides  these  several  applications  of  their  funds,  the 
directors-general  have,  since  1810,  had  various  parts  of 
the  country  examined  by  their  engineers,  to  ascertain 
where  canals  were  practicable  and  advantageous ;  and 
surveys  have  been  made  between  the  Shannon,  Barrow, 
Suir,  and  grand  canal.  Similar  researches  have  been 
made  towards  Lough  Earne  and  Lough  Neagh,  and  to- 
wards the  improvement  of  the  Port  of  Dublin.  Vari- 
ous minor  lines  of  navigation  have  likewise  been  pointed 
out  in  consequence  of  the  parliamentary  survey  of  the 
bogs.  And  it  may  now  perhaps  be  said,  that,  with  the 
exception  of  Holland,  a  more  perfect  knowledge  of  the 
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levels  and  waters  of  Ireland  has  been  obtained,  than  of 
any  other  country  in  Europe. 

Having  now  given  a  general  view  of  the  rise  and  pro- 
jjress  of  inland  navigation  in  Ireland,  we  proceed  briefly 
to  describe  the  present  state  of  each  navigation,  whether 
canal,  lake,  or  navigable  river,  as  they  occur  in  alpha- 
betical order. 

The  Bandon  River,  in  the  county  of  Cork,  is  naviga- 
ble from  the  Port  of  Kinsale  to  wiihintwo  miles  of  Ban- 
don. A  canal  from  thence  to  Dunmanway  has  been 
projected. 

The  Bann  River,  rises  in  tlie  Mourne  mountains  in 
the  county  of  Down,  and  passing  northward,  lalls  inlo 
Lough  Neagli  ;  near  Port-a-riown,  it  is  joined  by  the 
Newry  canal,  and  is  navigated  from  thence  by  boats  of 
40  or  50  tons,  for  about  9  miles  to  the  lake. 

The  outlet  of  Lough  Neagh  is  called  the  lower  Bann, 
and  falls  into  the  sea  at  Coleraine  :  this  is  yet  unnavi- 
gable. 

The  Barrow  rises  in  the  northern  part  of  tlie  Slieve 
Bloom  Mountains,  running  eastward  to  Monasierevan, 
where  it  is  crossed  by  a  branch  of  the  Grand  Canal  ; 
from  thence  that  canal  passes  southward,  nearly  parallel 
to  the  river,  and  joins  it  at  Atliy.  From  Aihy  Bridge, 
in  the  county  of  Kildare,  the  river  has  been  rendered  na- 
vigable to  the  tideway  at  the  rocks,  called  the  scars,  be- 
low Si.  Mallin's,  in  the  county  of  Carlow,  a  distance  of 
about  34  Irish  or  43  English  miles.  The  total  fall  is 
172  feet;  in  1800,  there  were  14  old  and  new  locks,  the 
navigation  is  chiefly  in  the  bed  of  the  river,  the  total  ex- 
tent of  the  new  cuts  5  miles,  their  breadili  27  feet  at  bot- 
tom, and  42  at  water  surface,  with  5  feet  water.  Ten  of 
the  locks  are  80  feet  long  and  16  wide;  the  others  69 
by  14  feet. 

This  is  one  of  the  most  valuable  communications  in 
Ireland,  that  is,  from  Dublin  through  a  fertile  country, 
to  the  Rivers  Nore  and  Suir,  and  to  the  ports  of  Water- 
ford  and  Ross.  The  annual  amount  of  tonnage,  about 
40,000  tons,  tolls  4,250/.  from  grain,  potatoes,  lime,  ma- 
nure, coal  and  culm  from  the  Kilkenny  collieries.  Car- 
low  flags,  building  materials,  &c. 

The  Black-water,  a  river  in  the  county  of  Cork,  rising 
on  the  borders  of  Kerry  and  Limerick,  and  flowing  east- 
ward into  the  Atlantic  at  Youghall.  It  admits  vessels  of 
300  tons  over  the  bar.  Sloops  pass  to  Dromore,  about 
8  miles  up  the  Bridge,  within  two  miles  of  Tallagh.  A 
navigable  canal  has  been  made  by  the  Duke  of  Devon- 
shire, from  Cappoquin  to  Lismore,  3  miles.  Three 
miles  of  canal,  and  two  locks  of  large  dimensions,  were 
made  above  Mallow,  but  nothing  farther  has  been  tfftcted 

The  Black-water  is  also  the  name  of  a  river  in  the 
counties  of  Tyrone  and  Armagh,  forming  part  of  the 
colliery  canal,  or  Tyrone  navigation. 

The  Boyne.  This  river  rises  in  the  Bog  of  Allen,  in 
the  central  plains  of  Lcinster,  and  flows  north-east  into 
the  Irish  sea,  atDrogheda.  By  the  care  which  has  been 
taken  to  deepen  the  mouth  of  its  channel,  across  the  san- 
dy bay  of  Drogheda,  vessels  of  considerable  burthen  as- 
cend three  miles  to  that  town,  where  the  Boyne  naviga- 
tion commences,  and  continues  for  9  miles,  chiifly  in  the 
bed  of  the  river  to  Slane,  thence  6  miles  of  siill  water 
navigation  to  Navan,  and  7  more  from  Navan  to  Trim. 
The  chief  articles  of  trade  are,  coals,  slates,  timber,  iron, 
salt.  Etc.  upwards  ;  and  grain,  yarn,  and  linen,  down- 
wards. The  total  ascent  from  Navan  to  Trim  is  1S9 
feet.  Width  of  cuts  from  16  to  25  at  bottom,  and  from 
30  to  49  at  top  water,  which  is  5  feet  deep.  The  locks 
vary  from  80  to  100  feet  in  length;  the  breadth  is  15  feet. 


The  Foyle  river  is  formed  by  the  union  of  several 
streams  from  the  counties  of  Tyrone  and  Donnegal,  at 
Strabane  ;  its  course  is  northwards  into  the  bay,  called 
Lough  Foyle,  below  Londonderry.  The  river  is  natu- 
rally navigable  for  7  miles,  by  Londonderry  to  St.  John- 
ston, thence  a  navigation  was  made  by  the  Marquis  ol 
Abercorn  for  three  miles  to  Strabane. 

The  Fergus,  is  an  arm  of  the  Shannon  into  the  coun- 
ty of  Clare  ;  it  has  been  rendered  navigable  to  Ennis, 
the  county  town,  by  boats  which  ply  on  the  Shannon. 

The  Grand  Canal  and  iis  branches.  It  commences 
from  the  river  Liffey,  near  its  mouth,  where  there  is  a 
floating  dock,  whicii  could  contain  above  400  ships,  with 
16  feet  water;  it  has  three  entrance  locks,  and  three 
graving  docks.  From  thence  the  canal  proceeds  by  the 
south  side  of  the  city  of  Dublin,  to  James  Street  harbour, 
and  from  thence  westward  for  62^  Irish  miles  through 
the  counties  of  Dublin,  Kildare,  and  King's  county,  to 
the  river  Siiannon,  near  Banagher,  with  branches  to  the 
Barrow  at  Aihy,  and  to  various  reservoirs  and  towns,  in 
detail  as  follows: 

Tlie  circular  line  to  St.  James's  Street,       .        .  3  miles. 

From  James's  Street  Main  Trunk  to  Lawton,        .  21 

Main  Trunk  from  Lawton  to  the  Shannon,           .  44^ 

Branch  from  I.asv  ton  to  the  River  Barrow,        .  21 

Do.  to  Miltoun  Reservoir,           ....  7 

lio.  at  Bog  of  Allen  and  Toranfore  Reservoir,  .3 

Do.  to  Edenderry, 1 

The  Kildare  Canal  from  Sallins  to  Naas  and  Corbally,  6 

The  commodities  carried  on  this  canal  are,  flour, 
grain,  potatoes,  turf,  Kilkenney  coal,  manure,  building 
materials,  and  merchandise.  The  annual  revenue,  in 
1812,  was  79,500/.;  the  expense  of  establishment  and 
maintenance,  about  21,920/.  In  1813,  the  revenue  was 
90,000/.  but  since  the  peace  it  has  greatly  diminished. 
The  summit  level  is  240  feet  above  the  sea,  and  160 
above  the  Shannon  ;  the  width  is  25  feet  at  bottom,  and 
40  feet  at  the  water  surface  ;  depth,  5  feet  on  the  lock 
sills,  and  6  feet  in  the  canal.  There  are  5  double,  and 
29  single  locks,  between  Dublin  and  Tuilamore;  10 
from  thence  to  the  Shannon.  Length  of  locks,  70  feet, 
width,  14i  feet,  average  rise  and  fall,  9  feet. 

On  the  Barrow  line,  from  Lowton  to  Athy,  there  are 
10  single,  and  2  double  locks.  The  portion  of  this  canal 
adjacent  to  Dublin,  is  of  great  width,  laid  out  in  long 
straight  lines,  and  planted  with  trees  along  each  side  ; 
the  too  frequent  adherence  lo  these  straight  lines  has 
frequently  involved  unnecessary  expense,  by  cuttings 
and  embaiikings.  The  only  aqueduct  of  note  is  about  15 
miles  from  Dublin,  wheie  the  canal  crosses  the  Liffey  at 
Monasterevan,  the  Barrow  line  locks  down  into  the 
river,  and  crosses  the  stream  to  a  regulating  lock  on  the 
opposite  side. 

From  accounts  printed  by  the  House  of  Commons  in 
1812,  it  appears  there  had  been  expended  by  the  Grand 
Canal  company,  for  the  navigation,  only  956,364/.  13j. 
9rf.  In  1806,  the  directors-general  gave  tliis  company 
54,634/.  18*.  7d.  to  complete  the  navigation  of  that  part 
of  the  Shannon  river  between  Lough  Derg  and  Lough 
Ree,  to  have  6  feet  water  at  all  seasons.  These  works 
have  been  completed,  but  without  tr.nck-way,  at  an  ex- 
pense of  30,222/.  19*.  3rf.  beyond  the  sum  advanced  to 
the  company.  The  tolls  are  more  than  Id.  per  ton,  per 
mile,  in  this  part  of  the  Shannon. 

The  Cermlin  and  Inny  rivers,  in  the  county  of  Long- 
ford, falling  into  the  Shannon,  are  sluggish,  and  have 
few  obstructions ;  they  have  hitherto  not  been  used  as 
navigations. 
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The  Laggan  navigation  extends  from  the  tideway 
at  Belfast,  partly  in  the  river  passing  Lisburne,  Hills- 
borough and  Moira,  into  Luugh  Neal  ;  total  length,  16 
Irish  miles  ;  its  origin  and  progress  have  already  been 
narrated. 

The  river  Lee,  in  the  county  of  Cork,  is  navigable 
for  masted  vessels  of  200  tons,  to  the  old  bridges  of 
Cork,  and  for  barges  about  a  mile  farther,  to  the  head 
of  the  island,  to  the  Mill  Weirs.  The  only  attempt  to 
extend  the  navigation  was  the  formation  ol  one  lock  to 
pass  this  weir,  and  a  second  for  another  weir,  about  a 
mile  higher.  The  project  was  abandoned,  and  the  locks 
are  now  filled  up. 

The  Lane  and  Main,  in  the  county  of  Kerry,  unite 
and  fall  into  the  head  of  Dingle  bay ;  they  adnnt 
sloops  to  Killeglin  and  Castleinain  ;  and  it  has  been 
proposed  to  render  the  Lane  navigable  into  the  lake  of 
Killarney. 

The  LifTey  rises  in  the  Wicklow  mountains,  and  fall- 
ing into  the  sea  at  Dublin,  forms  the  harbour  of  that  city. 
It  is  navigable  for  three  miles,  to  the  upper  end  of  the 
city,  and  is  provicled  on  each  side  with  excellent  quay 
walls.  With  a  view  to  regulate  and  deepen  its  channel 
across  the  extensive  strand  of  Dublin  bay,  a  pier  has  been 
built  for  three  miles  in  length  from  the  shore  ;  having, 
in  near  the  middle  of  its  length,  a  small  fort,  called  the 
Pigeon  House,  with  a  dock  for  the  Holyhead  packets, 
and  an  elegant  lighthouse  at  the  extremity;  the  channel 
is  regularly  dredged  by  lighters.  These  works  have, 
for  upwards  of  a  century,  been  carried  on  under  the  di- 
rection of  the  Ballast  Board  ;  but  notwithstanding  the 
immense  sums  which  have  been  expended,  the  harbour 
of  Dublin  is  still  found  to  be  very  imperfect,  and  projects 
have  been  formed  for  making  artificial  harbours,  either 
within  or  without  the  bay,  to  which  vessels  may  safely 
resort  at  all  times. 

The  harbour  of  Houth,  originally  proposed  as  the 
packet  station,  has  been  enlarged,  with  the  view  of  also 
accommodating  trading  vessels,  and  is  now  nearly 
completed,  at  an  expense  of  about  300,000/.  granted 
by  parliament ;  but  this  great  work,  not  appearini^  to 
be  well  calculated  for  the  trade  of  Dublin,  another 
harbout  has  been  begun  within  the  bay  at  Dunleary, 
on  the  south  side,  the  expense  of  which  will  probably 
exceed  that  of  Houth,  and  it  is  supposed  a  ship  canal 
may,  at  some  future  time,  be  made  from  it  to  the  city, 
about  5  miles. 

Louj<h  Earne,  a  lake  in  the  county  of  Fermanagh,  is 
about  30  miles  in  length.  The  river  Earne  rises  in  Lough 
Gouiiah,  on  the  borders  of  Longford,  and,  passing 
through  the  county  of  Cavan,  becomes  navigable  below 
Bclturbct,  where  it  enters  Lough  Earne.  Leavirig  it 
again  at  Enniskillen,  the  navigation  is  obstructed  by 
weirs,  but  below  the  town  it  again  gradually  expands  to  the 
breadth  of  10  miles.  Near  Belleek,  the  naviujation  ter- 
minates at  the  bottom  of  a  fall,  or  salmon  leap  ;  thence 
the  river  passes  rapidly  for  five  miles  to  Bally  S.'iaiinon, 
where  it  falls  into  Donnegal  bay.  It  has  been  several 
titnes  proposed  to  complete  the  navigation  from  Beliur- 
bet  to  Bally  Sliannoii,  and  for  thai  purpose  a  company 
was  incorporated  in  1790;  but,  after  expending  several 
thousand  pounds,  the  pioject  was  abandoned. 

The  lake  and  river  of  this  name  are  navigable  from 
Galway  westward,  for  nearly  30  miles,  for  boats  carr)iiig 
abou'  14  tons.  The  chief  trade  is  turf,  lime,  and  giain, 
nto  Galway. 

The  Maig  is  a  branch  of  the  Shannon,  in  the  county 


of  Limerick;  it  is  navigable  for  the  Shannon  boats  to 
near  Adare. 

Moy,  in  the  county  of  Mayo,  is  navigable  from  Kiilala 
bay  to  Ballina. 

Tiie  Newry  navigation,  the  first  executed  in  Ireland, 
extends,  1st.  From  the  tideway  at  F,uhom,  2^  miles,  to 
Newry,  and  admits  vessels  drawing  9  or  10  I'eet  uf  water, 
having  a  sea  lock  at  each  end,  120  feet  by  22,  and  17 
feet  deep. 

2.  From  Newry  to  the  navigable  river  Bann,  12  miles, 
is  a  canal  for  barges  of  40  to  60  Ions  ;  it  has  30  feet 
water  at  the  surface,  and  5  leet  deep.  There  are  13  locks, 
60  feet  by  15.  Tlie  suinmit  is  here  55  feet  above  the 
sea,  and  22  above  Lough  Neagh. 

3.  The  river  Bann.  for  9  miles  into  Lough  Neagh, 
which  is  navigable  13  miles,  and  8  broad,  and  which 
also  communicates  with  Belfast  by  the  Laggan  navi- 
gation, with  the  Tyrone  collieries  by  the  Black- water 
river,  and  witli  the  tuwn  of  Aiuiim  by  the  Antrim 
river. 

The  chief  tr.Kle  on  the  Newry  canal,  is  importing 
bleaching  materials,  flax  seed,  iron,  timber,  and  f  .reign 
produce  from  Newry;  and  exporting  agricultural  pro- 
duce, yarn,  lineti,  and  coal. 

The  Nore  river  is  a  branch  of  the  Barrow,  It  rises 
in  the  Slieve  Bloom,  passes  Kilkenny,  becomes  n  viga- 
ble  for  barges  at  Tliomastown,  and  for  sea  vessels  at 
Inislogue,  and  near  .Vew  Ross  falls  into  the  Barrow. 

The  Royal  canal  extends  from  Dublin  westward  to 
the  Shannon,  nearly  parallel  to  the  Grand  canal,  seldom 
10  miles  distant.  The  navigation  commences  on  the 
north  side  of  the  Lifley,  by  a  sea  lock  116  feet  by  27 
feet,  with  14}  feet  high  water;  there  is  next  a  floating 
dock,  to  contain  25  sail  of  ships:  there  is  also  a  second 
dock,  now  incomplete;  from  thence  the  canal  has  6  feet 
Water,  24  feet  bottom,  and  44  width  at  surface  ;  in  li 
mile,  it  rises  62  feet,  by  4  locks,  to  the  broad- stone  level, 
wtieie  there  is  a  lari;;e  harbour  for  the  use  of  the  city. 
From  ihence,  in  18^  miles,  there  is  a  farther  rise  of  173 
feet  by  14  locks.  The  level  is  then  16  miles  in  length  ; 
then  8  locks,  in  5^  miles,  rise  70  feet  to  the  summit  level, 
which  IS  307  above  the  sea  ;  this  summit  is  12  miles  in 
length  to  Coolnahay,  communicating  by  a  navigable  river 
at  Mullingar,  with  Lough  Owell,  which  is  the  chief 
reservoir  for  this  navigation.  From  Coolnahay,  the  canal 
descends  by  15  locks,  in  22  .niles,  to  the  Shannon  at 
Tarmonbarry,  in  the  county  o!'  Longford.  Total  length, 
68  Irish  miles.  The  Shannon  is  navigable  from  this 
point  27  miles. 

Tiie  Shannon  is  the  largest  river  in  Ireland.  It  rises 
in  Lough  Allen,  in  the  county  of  Leiirim,  running  south- 
ward 100  miles  to  Limerick,  where  it  enters  the  tid,'-way, 
and  from  ihence  westward  30  miles  to  ine  Atlantic 
Ocean.  In  its  course,  this  river  exp  mils  into  a  variety  of 
wide  lakes,  of  wbieli  Louijjh  Ree  and  L  >u.«;i.  D  ri^are  the 
most  remarkable  ;  it  is  joined  by  the  Royal  C  n.il  at 
Tarmonbarry,  by  the  (Jrand  Canal  at  Sliannon  harho  ;r| 
near  B  manlier,  and  has  been  rend  red  mviga'de  throu  ;h 
the  greatest  part  of  its  Course.  Round  Louirh  Mien  re 
valuable  inin,s  of  iron-stone  and  coal.  Near  Lough 
Derg  are  quarries  of  excellent  slate,  and  although  mu  h 
of  the  immediate  bank  of  the  Shannon  is  turlliog.  i.ie 
course  of  the  river  is,  in  general,  thiougli  a  f.  rtile  coimiry. 
1st,  The  Sliannon  is  navigable  for  ships  of  300  tons,  to 
Li'nerick,  wiiere  the  Limerick  navigation  r omnuoces, 
and  proceeds  partly  in  the  river,  and  partly  by  canals,  to 
pass  the  rapids,  13  miles  to  Killaloe,  at  the  entrance  of 
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Lough  Derg.  There  are  1 1  locks  on  this  navigalion, 
and  a  track-way  for  the  whole  length.  There  are  cap- 
stans and  warping  chains  at  O'Brien's  bridge,  and  various 
lesser  works.  The  whole  suited  to  vessels  frequenting 
the  Grand  Canal. 

2d,  From  Killaloe  Lough  Dcrg  is  navigable  by  the 
sail  and  oar,  20  Irish  rriiles  (or  25i  English)  to  Portumna. 
At  the  upper  end  of  Lough  Derg,  the  Shannon  becomes 
the  property  of  the  Grand  Canal  for  40  Irisii  miles,  as 
far  as  Lough  Ree,  above  Athlone;  and,  to  facilitate  its 
navigation,  there  are  four  locks  of  large  dimensions, 
with  side-cuts  at  the  bridges  of  Athlone,  Shannon 
bridges,  Banagher,  and  Cloghan,  but  there  is  no  track- 
ing path. 

3d,  Above  Athlone,  we  enter  Lough  Ree,  13  Irish 
miles  in  length,  navigable  by  sail  and  oar.  Above  this 
lake,  at  Lanesborough,  commences  the  Upper  Shannon 
navigalion,  which  is  as  yet  public  property,  and  extends 
25  Irish  (equal  to  33  English)  miles  to  near  Leitrim,  fit 
for  boats  of  four  feet  water,  leaving  only  7  miles  unnavi- 
gable  to  Lough  Alien,  which  is  7  Irish  miles  in  length. 
The  vessels  using  this  navigation  generally  carry  30  to 
40  tons,  are  worked  with  a  square  sail,  and  have  four 
hands  on  board.  There  are  side-cuis  at  the  bridges  of 
Lanesborough,  Tarroonbarry,  Rooskey,  Jamestown,  &c. 
The  rest  of  the  navigation  being  in  wide  reaches  of  the 
river,  with  shallow  shores,  and  without  track-ways,  is 
necessarily  very  imperfect ;  but,  by  the  late  invention  of 
the  steam  boats,  most  of  the  difficulties  attending  the 
river  and  lake  navigation  may  be  obviated. 

The  Slaney  river  rises  among  the  Wicklow  moun- 
tains, and,  running  southwards,  falls  into  the  channel 
at  Wexford  ;  it  is  navigable  for  barges  IS  miles  to  En- 
niscorthy. 

The  Suir  river,  a  branch  of  the  Barrow,  rises  from  the 
Keeper  Mountains,  and  the  northern  part  of  the  range 
of  Slieve  Bloom,  in  the  county  of  Tipperary,  and  run- 
ning southwards,  passes  Thurles,  Cashel,  and  Cahir  ; 
afterwards  turning  eastward,  it  becomes  navigable  for 
barges  at  Clonmell,  for  sloops  at  Carrick,  and  the  largest 
sea  vessels  lie  afloat  in  40  feet  water,  at  the  town  of 
Waterford,  five  miles  below  which  it  joins  the  uniied 
Nore  and  Barrow,  and  thence  turning  southward  for  1 1 
miles,  forms  Waterford  harbour,  and  joins  the  Atlantic  ; 
but,  with  the  exception  of  a  towing  path  from  Carrick  to 
Clonmell,  no  remarkable  improvement  has  been  made 
upon  this  river. 

Below  Waterford,  the  Suir  divides  into  two  branches, 
embracing  the  little  island.  Of  these,  that  called  the 
King's  Channel,  though  deep,  is  circuitous  and  dan- 
gerous. The  other,  called  the  Ford,  is  more  direct, 
though  shallow.  An  act  w?.s  lately  obtained  for  the 
purpose  of  deepening  this  ford,  and  otherwise  improv- 
ing the  navigation  of  the  Suir,  and  levying  duties  on 
the  ships  for  defraying  the  expense.  A  steam-dredging 
engine  has  been  constructed,  and  the  work  is  now  in  pro- 
gress. There  are,  however,  other  bars  in  the  haven,  on 
vfhich  there  is  not  depth  at  low  water  of  more  than  12  or 
13  feet. 

The  Tyrone  colliery  canal  extends  from  Coal  Island, 
in  the  county  of  Tyrone,  three  miles  to  the  Blackwater 
river,  and  from  thence,  by  a  short  cut  across  the  Isthmus 
of  Maghery,  into  Lough  Xeagh,  thereby  avoiding  the 
bar  of  the  Blackwater,  upon  which  there  is  only  about  22 
inches  of  water  in  summer.  The  vessels  using  this 
canal  are  the  same  as  those  on  the  Newry  and  Laggan 
navigation.    There  are  eight  locks  to  the  Colliery  basin, 
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from  whence  a  wooden  railway  extends  to  the  mines. 
This  canal  is  chiefly  remarkable,  as  being  the  first  in 
this  country,  on  which  inclined  planes  and  railways 
were  employed  to  unite  canal  ponds  of  very  diff"erent 
levels.  'J'hc  merit  of  the  attempt  is  due  to  Mr.  Davi^ 
Llukart,  who  had  been  an  engineer  in  the  Sardinian  ser- 
vice, and  adopted  the  idea  fiom  the  rolling  biidges 
used  on  the  continent ;  but,  af(er  taking  the  oiiinion  of 
Messrs.  Smeaton  and  Jessop,  these  works  could  not  be 
completed,  from  the  want  of  funds,  and  the  death 
of  the  engineer,  and  a  common  rail-road  has  beeti 
adopted. 

Such  has  been  the  rise  and  progress  of  the  inland 
navigations  of  Ireland,  which  are  chiefly  remarkable  for 
bting  undertaken,  not  to  facilitate  any  existing  trade,  oi 
to  furm  a  short  passage  instead  of  a  circuitous  navigation, 
nor  even  for  the  export  of  inland  mines,  for  the  two  or 
three  solitary  instances  where  this  was  attempted  have 
been  unsuccessful  ;  but  they  have  been  undertaken 
chiefly  to  promote  agriculture  in  the  fertile  districts  of 
the  interior,  to  create  a  trade  where  none  h.ad  previousl) 
existed,  and  to  furnish  employment  for  the  poor.  The 
success,  in  this  way,  has  been  wonderful  ;  and,  though 
the  adventurers  have  not  yet  been  repaid,  and  perhaps 
never  will,  if  we  except  those  who  have  advanced  capi- 
tal by  way  of  loan,  to  whom  the  interest  has  been  paid 
with  great  regularity,  the  benefit  to  the  public  and 
landed  property  of  the  kingdom  has  been  great  and 
manifest.  The  nation  has  been  saved  the  payment  of 
a  bounty  of  100,000/.  per  annum  for  bringing  corn  to 
Dublin  ;  for,  in  place  of  this  being  the  case,  that  city  has 
now  become  one  of  the  first  corn  ports  of  Europe  :  and 
Ireland,  in  general,  which,  half  a  century  ago,  imported 
corn  to  the  value  of  half  a  million  per  annum,  has  now  a 
surplus  produce  in  that  article  to  the  value  of  four  mil- 
lions per  annum,  while  tlie  whole  amount  of  the  expendi- 
ture, whether  on  public  or  private  works  of  navigation, 
even  including  the  interest  paid  on  loans,  hardly  amounts 
to  three  millions. 

.4merka. 

In  treating  of  the  inland  navigalion  of  Xorlh  America, 
we  must  describe  lakes,  rivers,  and  projects  for  artificial 
canals. 

This  continent  is  singularly  favoured  by  nature  in  the 
immense  extent  and  ramification  of  its  navigable  waters 
Its  great  central  plain  is  occupied,  in  the  north,  by  the 
lakes  of  Canada,  the  largest  body  of  fresh  water  on  the 
globe,  the  outlet  of  which  forms  the  great  river  St.  Law- 
rence, running  to  the  north-east.  The  south  and  west 
are  drained  to  the  Gulph  of  Mexico  by  the  still  greater 
river  Mississippi,  which,  with  its  various  branches,  is 
navigable  in  most  places  nearly  to  their  sources. 

The  Mississippi,  including  the  Missouri,  (which  ar- 
ticles see)  the  Ohio,  and  all  iis  other  branches,  may 
generally  be  slated  as  affording  a  navigation  through  a 
triangle  of  country,  of  which  the  line  from  New  Orleans 
to  above  Pittsburg  on  the  Ohio,  1000  miles,  may  he 
reckoned  the  base,  and  the  other  sides  1600  miles  each  ; 
so  that  the  basin  of  navigation  is  nearly  one  half  greater 
than  that  of  the  Volga.  The  comparative  slopes  of  these 
basins  are  also  similar :  the  fall  from  the  Vishnie  Voloshok, 
to  the  lake  Ladoga,  is,  (according  to  Captain  Perry)  568 
feet ;  the  height  of  Lake  Erie,  above  the  tide-water  in 
the  Hudson  is  known,  by  the  levels  of  the  proposed 
Grand  New  York  Canal,  to  be  565  feet,  and  we  may  rea- 
3  L 
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sonably  suppose  the  slope  of  the  St.  Lawrence  through 
Detroit,  and  the  Hudson  between  Albany  and  Mew  York, 
to  be  much  the  sume  wiih  that  of  tlie  Neva  from  Lake 
Ladoga  to  the  Baltic.  Now  the  waters  of  the  Lake  Mi- 
chigan, when  higli,  are  said  to  back  into  the  head  waters 
of  the  Illinois,  a  branch  of  the  Mississippi,  and  admit 
boats  to  pass  from  the  one  to  the  other;  so  that  these 
I'.ead  waters  are,  in  all  probability,  very  nearly  at  the  same 
level  as  those  of  the  Twer  branch  of  the  Volga.  From 
this  gentle  inclination,  and  the  very  winding  course  of 
the  rivers,  which  are  in  general  two  or  three  times  longer 
than  the  direct  distance,  the  branches  of  the  Mississippi 
are,  for  the  most  part,  navigable  for  some  kind  of  craft, 
almost  to  their  heads.  Vessels  of  300  tons  ascend  as 
high  as  Natchez,  more  than  400  miles  from  the  sea;  but 
their  progress,  owing  to  the  velocity  of  the  currsni,  is  so 
very  slow,  that  the  passage  from  the  sea  to  New  Orleans 
is  from  5  to  30  days,  whilst  the  descent,  of  the  same  dis- 
tance, does  not  exceed  12  or  14  hours.  The  usual  pro- 
gress of  a  boat  up  the  river  is  about  five  leagues  per  day. 
But  the  steam-vessels  (of  which  there  are  now  upwards 
of  one  hundred  on  the  Ohio  and  Mississippi)  sail  against 
the  stream  at  the  rate  of  sixty  miles  a-day,  when  heavily 
laden.  The  current  down  the  Mississippi  is  from  three 
to  four  miles  an  hour.*  Between  Arkansas  and  the 
Delta,  the  current  is  one-third  less,  and  thence  to  the 
outlet  it  is  diminished  by  one  half. 

The  main  river  is  navigable  uninterruptedly,  as  high  as 
thefallsofSt.  Anthony, through  fifteen  degrees  of  latitude, 
and  measuring  by  the  stream  about  2000  miles.  The 
chief  branch  is  the  Missouri,  which  joins  St.  Louis,  15 
miles  above  by  water,  and  adds  a  navigation  of  about  2500 
miles  along  the  main  stream.  Its  chief  branches  are,  the 
Osage,  Grand  River  Kanses,  Platte,  Yellow  Stone  rivers, 
each  of  which  may  be  said  to  add  from  500  to  1000  miles 
of  navigation,  and  there  are  many  smaller.  The  other 
chief  branches  of  the  Mississippi,  above  the  Missouri, 
are  the  Illinois,  River  Des  Moines,  Rock  river,  and  St. 
Peter's,  to  eacli  of  which  we  may  allow  4  to  500  miles  of 
navigation;  and  from  some  of  which  there  are  only  short 
portages  to  the  lakes  of  Upper  Canada. 

But  by  far  the  most  important  branch  is  the  Ohio,  as 
affording  a  direct  communication  with  the  eastern  states, 
and  being  already  the  channel  of  a  great  inland  trade. 
The  Monongahela  and  the  Allegany  rivers  unite  near 
Pittsburg,  and  form  a  great  river,  the  Ohio,  which  flows 
948  miles  to  join  the  Mississippi  in  \3i.  37°  ;  beside  others 
of  lesser  note,  the  Ohio  receives  from  the  N.  W.  or 
right  side,  in  descending  from  the  junction  of  the  Alle- 
gany and  Monongahela,  Big  Beaver,  Muskingum,  Hock- 
hocking,  Scioto,  Little  Miami,  Great  Miami,  and  Wa- 
bash ;  from  the  south-east  or  left  side,  comes  in  the  Little 
Kenhawa, Great  Kenhawa,  Big  Sandy,  Licking,  Kentucky, 
Salt  Greene,  Cumberland,  and  Tennessee.  The  Alle- 
gany branch,  which  rises  in  the  state  of  Pennsylvania,  is 
navigable  a  distance  of  270  miles,  and  by  French  creek 
has  a  direct  communication  towards  lake  Erie.  Its  out- 
let is  350  yards  in  width,  the  mean  velocity  is  a  mile  and 
a  half  per  hour,  but  when  the  waters  are  high  it  is  four 
miles.  The  Monongahela  is  navigable,  except  at  low 
water,  in  dry  seasons,  to  Morgantown,  for  boats  100 
miles  from   its   mouth ;    and    during  the  swell  of  the 

*  This  is  an  exaggeration,  common  not  only  in  Europe  but  in 
America  also.  It  is  not  easy  to  fix  the  exact  mean  velocity  of  the 
current  of  any  large  stream:  but  from  actual  observation  I  am 
convinced  that  of  the  Mississippi  falls  f^  short  gf  three  miles  per 
hour.  PA8Br. 


waters  in  spring  and  autumn,  ships  of  400  tons  may 
enter,  and  proceed  some  disl.mce  from  its  mouth, 
which  is  440  yards  in  width  ;  the  mean  velocity  of  the 
current  is  two  miles  per  hour,  excep'.ing  during  the  period 
of  the  swell  of  the  water  in  Spring  and  Autumn,  when  it 
is  from  three  to  four. 

The  Mj^kingum,  or  Elk's  Eye,  of  which  the  outlet  is 
25  yards  in  width,  is  navigaWc  for  small  boats,  through 
its  whole  course,  to  its  head  m  a  small  lake,  a  distance 
of  150  miles;  and  large  boats  ascend  to  the  Three  Legs, 
110  miles  from  its  mouth.  Great  Hockhocking,  which 
unites  with  it  215  miles  from  Pittsburg,  is  navig 'hie  to 
tlie  distance  of  70  miles,  from  its  source  to  the  Cayhaqu 
River,  which  communicates  witU  lake  Erie;  there  is 
but  a  mile  of  portage.  The  great  Kanhawa  rises  in  North 
Carolma,  in  the  easternmost  ridge  of  the  Allegany 
mountains,  and  joins  the  Ohio  283  miles  below  Pittsburg. 
Tne  navigation  is  good  for  the  distance  of  ten  miles  ; 
thence  to  the  Falls,  60  miles,  the  stream  is  rapid,  and 
the  passage  of  boats  is  interrupted  by  a  cataract  called 
the  Great  Falls,  70  miles  distant  from  its  mouth,  which 
is  500  yards  in  width.  From  the  Great  Kjnhawa  to 
James'  River,  which  falls  into  the  Chesapeake  bay,  the 
portage  is  but  a  few  miles.  Great  Sandy  river  is  navigable 
toCumberland  Mountain.  The  Big  Scioto,  which  ■'"alls  in 
under  the  parallel  of  38°  43',  at  the  distance  of  330  miles 
from  Pittsburg,  is  navigable  nearly  200  miles,  to  a  point 
from  which  the  portage  is  but  four  miles  to  Sandusky 
river  of  Lake  Erie.  Salt  river,  which  discharges  itself 
on  the  south-east  side  20  miles  from  the  rapicls,  by  an 
outlet  150  yards  in  width,  is  navigable  thence  to  the  dis- 
tance of  60  miles.  The  Great  Miami,  or  Rocky  river, 
which  enters  435  miles  from  Pittsburg,  is,  at  the  distance 
of  120  miles,  navigable  for  loaded  canoes.  Licking 
river,  which  enters  422  miles  from  Pittsburg,  is  naviga- 
ble to  the  distance  of  70  miles  from  its  moutli.  Kentucky 
river,  which  enters  495  miles  from  Pittsburg,  is  navigable 
in  high  water  for  loaded  boats  to  the  distance  of  160 
miles  from  its  mouth.  Cumberland  enters  the  Ohio 
883,  and  Tennessee  896,  below  Pittsburg;  both  those 
great  branches  are  navigable  many  hundred  miles  above 
their  mouths.  Bulfjlo  river  is  navigable  for  boats  of 
seven  tons  for  150  miles.  The  Wabash,  which  joins  the 
Ohio  810  miles  below  Fort  Pitt,  lat.  37°  41',  is  navigable 
for  small  boats  drawing  three  feet  water  to  Ouitanon,  a 
distance of412  miles.  The  Cumberland,  948, isnavigable, 
for  ships  of  3  or  400  tons,  two  hundred  miles  above 
Nashville.  The  Tennessee,  the  largest  branch  of  the 
Ohio,  rises  in  the  Iron  Mountains,  on  the  borders  of 
Carolina  and  Georgia,  and  passes  across  the  Cumberland 
Ridge,  where  its  bed  is  confined  within  the  breadth  of  70 
yards,  though  above  the  mountains  it  is  800  yards,  and 
at  its  mouth  500  yards.  Vessels  of  burden  can  ascend 
no  higher  than  the  Mussel  shoals,  which  extend  20  miles 
in  length,  and  (except  in  high  floods)  interrupt  the  na- 
vigation. From  these  shoals  it  is  navigable  for  vessels 
of  40  tons  to  the  mouth  of  the  Holstein,  and  up  that 
river  to  Long  Island,  600  miles  from  the  mouth  of  the 
Tennessee. 

Below  the  Ohio,  the  chief  branches  of  the  Mississippi 
are,  the  Arkansas,  and  the  Red  River,  each  of  which 
add  about  1000  miles  of  navigation.  They  rise  in  the 
mountains  of  New  Mexico,  and  pass  through  the  graz- 
ing country,  which  hitherto  has  been  scarcely  explored. 

As  the  foregoing  brief  notice  of  the  inland  navigation 
of  the  Mississippi,  and  other  waters  of  the  United  States, 
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gires  but  a  very  partial  view  of  the  subject ;  the  follow- 
ing is  now  subjoined.* 

The  most  south-western  stream  of  the  United  States 
is  that  of  the  Sabine.  This  river  has  its  source  in  the 
province  of  Texas,  North  Lji.  32°  30'.  It  flows  in  a 
general  course  nearly  soutli,  but  curves  to  the  eastward 
about  mid-distance  between  its  source  and  mouth.  At 
North  Lat.  30°  it  expands  into  a  large  lake,  of  30  miles 
in  Icnt^ih,  and  from  5  to  8  wide  ;  which  at  its  lower  ex- 
tremity again  contracts  into  a  river,  and  discharges  into 
the  gulf  ot  Mexico,  at  North  Lat.  29°  28'  West  Long, 
from  Washington  city,  16°  45'. 

The  Sabine  affords  no  navigation  of  consequence, 
havmg  oi.ly  3  feet  water  on  the  bar  at  its  mouth  :  the 
Sabine  lake  is  also  shallow,  not  having  more  than  4  or  5. 

The  Calcasbiu  is  the  next  stream  east  of  the  Sabine. 
The  former  rises  in  the  angle  between  the  latter  and  Red 
river;  flows  nearly  south  about  120  miles,  and  falls  into 
the  gulf  of  Mexico,  30  miles  east  of  the  mouth  of  the 
Sabine.  The  Calcassiu,  similar  to  the  Sabine,  expands 
inio  a  lake,  and  again  contracts  into  a  river  channel,  be- 
fore its  final  discharge.  The  former  is  also  similar  to 
the  latter  in  its  navigation,  being  impeded  by  a  bar,  and 
by  the  shallowness  of  its  large  lake.  The  mouth  of  the 
Calcassiu  river  is  at  North  Lat.  29°  20'. 

Following  the  coast  of  the  gulf  of  Mexico,  12  miles 
east  from  the  discharge  of  the  Calcassiu,  is  found  the  en- 
trance of  the  Mcrmentau.  This  latter  stream  is  formed 
by  a  number  of  branches,  having  their  sources  in  the 
prairies  of  Opelousas.  The  general  course  of  the  Mer- 
meniau  is  from  north-east  to  south-west  about  100  miles. 
It  is  remarkable  as  possessing  similar  features  to  the  Cal- 
cassiu and  Sabine  rivers,  and  similar  also  in  a  defective 
navigation,  arising  from  a  bar  at  tlie  entrance,  and  by  the 
shallowness  of  its  large  lake,  neither  affording  more  than 
3  or  4  feet  water. 

An  interval  of  near  60  miles  stretches  east  of  the 
mouth  of  the  Mermentau  to  that  of  the  Vermilion,  a 
fine  but  small  stieam,  rising  in  Opelousas,  but  flowing 
through  Attacapas  into  the  i;ulf  of  Mexico,  after  an 
entire  course  of  about  80  miles.  The  lands  along  the 
Vermillion  river  are  of  the  first  quality,  producing  cot- 
ton, and  towards  the  mouth  some  plantations  of  sugar- 
cane have  been  successfully  attempted  ;  but  vessels  draw- 
ing more  than  5  feet  water  cannot  enter.  The  Vermil- 
lion enters  the  gulf  of  Mexico  at  North  Lat.  29°  45'. 

The  united  streams  of  Atchafalaya,  Teche,  and  Cour- 
tableau,  form  a  river  of  much  greater  importance  and 
magnitude  than  any  other  in  the  United  States,  west  of 
the  Mississippi. 

The  Atchafalaya  is  the  upper  mouth  of  the  Missis- 
sippi, and  leaves  the  latter  at  North  Lat.  31°,  and  West 
Long,  from  Washington  city  14°  47',  by  a  stream  110 
yards  wide  ;  its  course  is  a  little  east  of  south,  and  by 
its  windings  48  miles  to  where  it  receives  the  Courta- 
bleau  from  the  north-west.  Below  the  Courtableau,  the 
Atchafalaya  flows  80  miles,  and  ib  a.ijain  augmented  by 
the  Teche,  also  from  the  north-west.  After  receiving 
the  Teche  the  Atchafalaya  flows  20  miles,  where  it  is 
lost  in  a  large  bay,  known  by  the  same  name.  The  Atcha- 
falaya bay  is  about  23  miles  long,  and  13  miles  wide.  It 
is  enclosed  on  the  south  west  by  two  loi.ij-  nairow  points 
of  land,  Point  Chevreuil.  and  Poiiu  au  Per.  Between 
those  two  points  extends  a  bar,  over  which  there  is  9  feet 
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water,  and  within  the  bay  aiiU  river  suflicieiit  depth  to 
permit  the  passage  of  any  vessel  to  the  mouth  of  the 
Teche,  which  can  pass  the  bar.  The  mouth  of  Atcha- 
falaya is  at  North  Lat.  29°  21';  West  Long,  from 
Washington  city,  14°  22'. 

The  Teche  rises  in  Opelousas,  and  flowing  30  miles, 
enters  Attacapas,  where  it  receives  a  creek  from  the  west, 
and  assumes  the  form  of  a  river.  After  entering  Atta- 
capas, the  Teche  continues,  by  a  very  winding  course  of 
80  miles,  a  little  east  of  south,  to  New  Iberia,  North  Lat. 
30°  2'.  The  town  of  New  Iberia  stands  upon  the  right 
bank  of  the  Teche,  at  the  head  of  schooner  or  sloop  na- 
vigation. Vessels,  however,  drawing  five  feet  water, 
can  ascend  to  this  place  at  all  seasons.  The  Teche,  be- 
low New  Iberia,  gradually  widens  from  about  30  to  100 
yards,  and  deepens  from  5  to  30  or  40  feet.  Its  stream 
now  turns  to  E.S.E.  and  continues  90  miles,  where  it 
mingles  its  waters  with  the  Atchafalaya. 

The  Teche  is  a  small,  but  a  very  singular  and  impor- 
tant stream.  In  all  its  length  it  drains  one  of  the  most 
fertile  tracts  in  the  United  States.  On  its  upper  waters 
cotton,  and  towards  its  mouth  sugar  and  molasses,  are 
the  staples  produced  for  market. 

New  Iberia  is  a  port  of  entry,  and  ressels  are  fre- 
quently cleared  out  from  that  place,  but  the  general  com- 
mercial communication  is  with  the  city  of  New  Oileans, 
through  the  Atchafalaya,  Plaquemine,  and  Mississippi,  or 
by  the  lakes  Palourde  and  Verret,  and  the  Lafourche  and 
Mississippi  rivers. 

The  Plaquemine  is  an  outlet  of  the  Mississippi,  117 
miles  above  New  Orleans.  It  is  only  during  the  seasons 
of  flood  that  water  is  discharged  into  the  Plaquemine, 
which,  after  a  very  circuitous  course  of  15  miles,  joins 
the  Atchafalaya.  Through  the  Plaquemine  is,  however, 
transported  most  of  the  merchandise  for  the  supply  of 
the  very  flourishing  settlements  of  Attacapas  and  Ope- 
lousas; and  by  this  route  is  also  sent  to  market  the  va- 
luable staples  of  those  places. 

Boats  from  IS  or  20,  to  50  or  60  tons,  ascend  from 
New  Orleans,  and  entering  the  Plaquemine,  pass  into  the 
Atchafalaya.  Those  destmed  to  the  lower  part  of  Atta- 
capas descend  the  latter  river,  and  enter  by  the  mouth 
of  Teche.  Those  bound  to  the  central  part  of  Attacapas 
ascend  the  Atchafalaya  about  20  miles,  and  ihence,  by 
an  outlet  and  lake  Chetimaches,  proceed  to  the  Pause 
Point  landing.  Here  is  a  portage  of  10  or  12  miles 
to  Si.  Martinsville,  the  chief  town  of  Attacapas.  Ano- 
ther outlet,  and  a  chain  of  small  lakes  and  bayous, 
(creeks)  enable  vessels  to  be  conveyed  to  the  upper  part 
of  Attacapas,  and  the  lower  part  of  Opelousas.  Vessels 
destined  for  the  higher  and  cenlial  parts  of  Opelousas, 
ascend  the  Atchafalaya  to  the  mouth  of  Coui  tableau,  and 
thence  up  the  latter  river  to  L'.meli's  laudint;,  6  miles, 
or  into  bayou  Carron,  within  4  miles  from  St.  Landie, 
seat  of  justice  and  cl.ief  town  of  Opelousas. 

The  Courtableau  is  a  fine  little  river,  formed  by  the 
united  streams  of  Crocodile  and  Bceuf.  The  two  lat- 
ter creeks  unite  at  North  Lat.  30°  40',  The  general 
course  of  the  Courtableau  is  S.E.  about  30  miles  in 
length.  It  affords,  during  high  water,  |)art  of  a  very 
eligible  channel  of  communication,  between  the  settle- 
ments of  Opelousas.  and  the  lower  part  of  Rapides,  witii 
the  banks  of  the  Mississippi. 

The  navigation  of  the  Atchafalaya  is  entirely  obstructed 
by  rafts  of  timber,  above  the  mouth  of  the  Courtableau. 
These  extraordinary  masses  of  trees  commence  26  miles 
below  the  efflux  of  the  Atchafalaya  from  the  Mississippi, 
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and  exteml,  by  inteivals,  to  within  5  miles  of  its  junction 
with  tlie  Courtableau. 

Advancing  along  the  gulf  of  Mexico,  eastward  from 
the  mouth  of  Atchafalaya,  the  Lafourche  is  the  first  in- 
Jet  of  consequence,  in  a  commercial  point  of  view.  In 
ihe  intermediate  distance  of  sixty  miles,  several  small 
creeks  enter  the  gulf,  but  from  their  very  abridged 
ienglh  of  course  are  unimportant. 

The  Lafourche,  (the  Fork)  as  its  name  imports,  is  an 
outlet  of  the  Mississippi,  and  the  second  from  the  right 
in  descending  from  the  Atchafalaya,  the  i'laciuemine 
being  the  first.  The  outlet  of  the  Lafourche  is  at  North 
Lat.  30°  6';  West  Long,  from  Washington  city,  14"  l'. 
After  leaving  the  Mississippi,  the  general  course  of  the 
Lafourche  is  south-east  by  south,  90  miles.  It  enters 
the  gulf  of  Mexico  at  North  Lat.  28°  57';  West  Long, 
from  Washington  city,  13°  30'. 

The  Lafourche  is  one  of  the  most  important  inlets  of 
Louisiana,  having  9  feet  water  on  its  bar,  and  admitting 
vessels  drawing  4  or  5  feet  to  within  30  miles  of  its  ef- 
flux. An  arable  border  of  extremely  productive  soil, 
skirts  both  banks  of  the  Lafourche  for  60  or  70  miles 
from  the  Mississippi.  Cotton  and  sugar  aie  the  princi- 
pal staples.  Most  of  the  produce  and  merchandise  of 
the  seulenienls  along  its  banks,  are  transported  by  the 
route  of  the  Mississippi,  to  and  from  New  Orleans. 

Between  the  mouth  of  the  Lafourche  and  that  of  the 
Mississippi,  several  inlets  admit  a  boat  navigation  to 
New  Orleans.  The  principal  of  these  bays  is  that  of 
Barataria,  by  which,  and  a  number  of  lakes  and  inter- 
locking streams,  a  direct  communication  exists  from  the 
gulf  of  Mexico  to  the  Mississippi  at  New  Orleans. 

The  Mississippi  itself  has  three  main  and  three  lesser 
passes  or  outlets.  The  most  frequented  of  which  is  that 
of  the  south-east,  upon  the  bar  of  which  there  is  12  feet 
water  at  low  tides.  Next  to  that  of  the  south-east  that 
of  the  south-west  is  the  best  entrance.  The  latter  has  in- 
deed as  great  a  depth  of  water  as  the  former.  Upon  the 
south  Pass  there  are  8  feet  water.  These  three  are  the 
chief  outlets  of  this  great  stream.  The  west,  north,  and 
Pass  a  la  Loutrc,  have  from  5  to  8  feet  water  on  their 
respective  bars. 

Between  New  Orleans  and  Mobile  bay,  a  very  inter- 
esting inland  navigation  exists,  through  lake  Pontchar- 
train,  tlie  Rigolets,  lake  Borgne,  Pass  au  Christian,  and 
Pass  au  Heron.  This  channel  is  formed  by  a  chain  of 
islands,  the  low  marshy  expanse  north-east  of  the  Mis- 
sissippi river,  and  the  main  shore  of  Louisiana  and  Mis- 
sissippi. Vessels  above  5  feet  draught  cannot  make  this 
passage,  as  over  either  the  shoals  of  the  Pass  au  Chris- 
tian, or  Heron,  that  is  the  ordinary  depth. 

This  interior  channel  is  continued,  to  the  north-west 
of  New  Orleans,  by  lake  Pontchartrain,  Pass  au  Manchac, 
lake  Maurepas,  Amite  river,  and  bayou  Iberville,  to 
ihe  Mississippi  river,  125  miles,  by  water,  above  that 
city.  Schooners  drawing  5  feet  water,  go  up  as  far  as 
(lalveztown,  at  the  confluence  of  bayou  Iberville  and 
Amite  rivers.  From  the  efflux  of  the  Iberville  to  the 
Pass  of  Heron  is  about  200  miles,  80  of  which  are  to 
the  north-west,  and  120  to  the  north- east,  by  east,  of  New 
Orleans.  Into  this  extensive  channel  are  discharged, 
exclusive  of  the  Amite  and  Mobile  rivers;  the  Tick- 
foha,  into  lake  Maurepas  ;  the  Tangipao  and  Chifuncte, 
into  lake  Pontchartrain  ;  Pearl  river  into  the  Rigolets ; 
and  the  Pascagoula,  opposite  Horn  island.  Each  of 
those  minor  streams  aflTord  less  or  more  facilities  to  na- 
vigation, but  do  not  admit  vessels  of  more  than  5  feet 


draught  but  a  very  short  distance  from  the  sea.  Scliooners 
are  most  commonly  used  in  the  commerce  of  these  inlets 
and  shallow  rivers.  A  steam-boat  plies,  however,  between 
New  Orleans,  and  Mobile  and  Blakely. 

Mobile  bay  is  a  fine  sheet  of  water,  of  30  miks  in 
length,  with  a  medium  width  of  U  miles.  Dauphin 
island,  and  Mobile  Point,  land-locks  Mobile  bay.  The 
main  entrance,  with  18  feet  of  water,  lies  between  the 
island  and  poirit.  Pass  au  Heron,  with  5  feet,  lies  be- 
tween Dauphin  island  and  the  main  shore  of  Alabama. 
A  bar,  with  only  10  feet  of  water,  crosses  Mobile  bay, 
about  5  miles  below  the  town  of  Mobile. 

Above  Mobile  town  the  bay  gradually  ceases,  and  is 
succeeded  by  a  low  sunken  tract  of  30  miles  in  length, 
and  from  3  to  5  miles  wide.  Through  this  occasionally 
inundated  tract,  beside  many  minor  streams,  meanders 
the  Mobile  and  Tensau  rivers  ;  the  former  being  the  con- 
tinuation of  the  Tombigbee,  and  the  latter  of  the  Ala- 
bama river.  Vessels  drawing  5  feet  water  are  taken  as 
high  in  the  Tombigbee  as  Fort  St.  Stephens,  and  in  the 
Alabania  to  Fort  Claiborne.  At  each  of  those  two  latter 
places,  shoals  impede  the  farther  navigation  of  the  rivers 
respectively,  with  vessels  propelled  by  sails,  though  boats 
ascend  and  descend,  in  the  Tombigbee,  to  Cotton  Gin 
port,  and  in  the  Alabama,  to  its  head  at  the  junction  of 
Coosa  and  Tallapoosa. 

East  of  Mobile,  Pensacola  is  the  first  harbour  of  any 
consequence.  The  Perdido  intervenes,  but  having  but 
little  water,  and  terminating  in  a  barren  uninteresting 
country,  merits  no  particular  notice.  Pensacola,  to  its 
depth  of  water,  is  one  of  the  finest  havens  of  the  world. 
Its  entrance  is  at  North  Lat.  30°  23' ;  West  Long,  from 
Washington  city,  10°  20'.  The  entrance,  between  Rose 
island  and  Barancas  point  is  over  a  bar  having  22  feet  ^^ 
water,  upon  a  fine  sandy  bottom.  The  bay  is  about  20  9 
miles  in  length,  with  a  medium  width  of  about  3  miles. 
The  anchorage  is,  in  every  part,  a  soft  mud  or  sand.  No 
rocky  banks  or  dangerous  shoals  environ  this  noble  sheet 
of  water.  The  bay,  above  the  town  of  Pensacola,  is  di- 
vided into  two  arms  ;  one,  stretching  north,  receives  the 
Escambia,  and  the  other,  to  the  north-east,  the  Yellow 
Water  river. 

The  basin  of  the  Appalachicola  is  remarkable,  as 
forming  the  connecting  link  between  the  waters  which 
flow  into  the  gulf  of  Mexico  from  those  which  enter  the 
Atlantic  ocean.  The  Appalachicola  is  formed  by  two 
streams,  the  Chatahooche  and  Flint  rivers.  The  former 
rises  in  the  Appalachian  mountains,  at  North  Lat.  35°, 
interlocking  with  the  souices  of  Tennessee,  Oakmulgee, 
Oconee,  and  Savannah  rivers  ;  and  flowing  south-west 
by  south,  through  two  degrees  of  latitude,  turns  thence 
nearly  due  south,  to  North  Lat.  30°  45',  where  it  receives 
the  Flint.  The  latter,  an  inferior  stream  to  the  former, 
has  its  sources  in  the  angle  between  theOakmulgee  and 
Chatahooche  rivers,  at  North  Lat.  33°  40',  and  flowing 
south-west  by  south,  200  miles,  unites  with  the  Chata- 
hooche, and  forms  the  Appalachicola. 

This  latter  fine  river  flows  a  little  west  of  south,  to 
North  Lat.  29°  50',  having  an  entire  course  of  about  70 
miles  ;  its  mouth  is  into  St.  George's  sound. 

The  basin  of  the  Appalachicola  aff'ords  an  inland  navi- 
gable expanse  of  400  miles  in  length,  with  a  mean  width 
of  150,  and  having  an  area  of  about  20, COO  square  miles. 
Though  interrupted  by  some  falls,  and  many  shoals,  the 
rivers  of  Chatahooche  and  Flint  are  navigable  almost  to 
their  sources  ;  and  schooners  of  considerable  size  ascend 
the  Appalachicola  to  its  head. 
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Cotton,  tobacco,  grain,  tar,  and  lumber,  are  the  com- 
mon staples  of  this  basin. 

In  all  the  immense  distance,  from  Pensacola  to  the 
bay  of  Espiritu  Santo,  except  the  mouth  of  the  Appala- 
chicola,  there  is  noiiilet  of  any  commercial  consequence, 
ill  a  general  view. 

The  fine  bay  of  Espiritu  Santo  is  situated  upon  the 
west  coast  of  the  peninsula  of  East  Florida,  at  North 
Lat.  27°  40' ;  West  Long,  from  Washington  city  6°  20'. 
There  is  about  two  feet  more  water  upon  the  bar  of 
Espiritu  Santo  than  upon  that  of  Pensacola,  but  the 
country  around  the  latter  remains  so  imperfectly  known, 
that  its  commercial  value  cannot  be  estimated  with  any 
certainty  at  present. 

Both  these  harbours  are  so  land-locked,  as  to  be  safe 
from  all  winds,  and  are  of  great  importance  in  situations 
where  capacious  or  secure  havens  are  rare. 

The  residue  of  the  coast  of  Florida,  from  the  bay  of 
Espiritu  Santo  to  St.  Augustine,  is  so  imperfectly  known 
as  to  render  any  specific  description  impracticable,  until 
more  precise  and  detailed  information  is  obtained. 

St,  Augustine  is  situated  upon  the  eastern  shore  of  the 
peninsula  of  Florida,  at  North  Lat.  29°  42' ;  West  Long. 
from  Washington  city  4°  30'.  The  harbour  of  this  city 
is  safe  and  commodious,  but  the  bar  at  the  entrance  ad- 
mits, at  the  highest  tides,  only  vessels  of  9  feet  draught. 
The  mouth  of  St.  John's  river,  at  North  Lat.  30"»  20', 
and  nearly  due  north  from  St.  Augustine,  has  still  less 
water  than  the  latter. 

St.  Mary's  river  opens  a  very  deep  and  spacious  en- 
trance from  the  Atlantic  ocean,  at  North  Lat.  30°  43',  be- 
tween Amelia  and  Cumberland  islands.  The  St.  Mary's 
river  does  not  derive  its  source  far  inland,  but  the  coun- 
try it  drains  is  in  a  great  part  fertile.  Sugar  and  cotton 
are  the  most  common  and  most  valuable  staples  culti- 
vated upon  its  banks  ;  therefore,  compared  with  its  length 
of  course,  the  St.  Mary's  river  is  amongst  the  most  im- 
portant streams  upon  the  Atlantic  coast  of  the  United 
States. 

The  Altamaba  is  the  first  river  of  the  United  States, 
advancing  from  Cape  Florida,  which  rises  in  the  great 
spine  of  the  Appalachian  mountains.  It  is  formed  by 
two  great  branches,  the  Oakmulgee  and  Oconee,  with 
many  lesser  tributaries.  Both  the  Oconee  and  Oakmul- 
gee have  their  sources  in  the  mountains.  Boats  of  30 
tons  can  be  navigated  upon  the  Altamaha,  as  far  up  as 
the  town  of  Milledgville,  300  miles  by  the  windings  of 
the  stream,  and  about  as  far  in  the  Oakmulgee  branch. 
This  river  discharges  between  St.  Simonds  and  Sapelo 
islands,  over  a  bar  of  14  feet  water  at  low  tide. 

Skirting  the  Atlantic  Ocean,  and  extending  from  Cape 
Florida  to  the  mouth  of  the  Hudson  river,  extends  a 
border  of  level  sandy  soil,  through  which  the  rivers  wind 
in  their  courses  from  the  interior.  In  most  instances, 
the  ocean  tides  penetrate  this  border  to  the  base  of  the 
hilly  or  rocky  region,  but  in  no  instance  south-west  of 
the  Hudson  does  the  tide  pass  the  alluvial  sea  border. 
Such  rivers,  the  sources  of  which  originate  in  the  Ap- 
palachian mountains,  are  uniformly  precipitated  over 
ledges  of  rock  by  rapids,  in  their  passage  from  the  hilly 
to  the  flat  sandy  sea  region. 

From  this  circumstance,  all  the  great  Atlantic  rivers 
of  that  part  of  the  United  States,  south-west  of  the  Hud- 
son, may  be  divided  into  three  portions ;  first,  the  tide 
section,  reaching  from  the  ocean  to  the  first  ledges  of 
iock  crossing  the  streams  ;  second,  the  short  but  stiongly 


marked  space  occupied  by  the  liist  ra|)ids ;  and  thirdly, 
and  lastly,  the  residue  of  the  stream  above  the  head  ot 
the  tides  and  the  lapids  already  noticed. 

These  natural  features  produce  an  entire  difference  in 
the  mode  and  manner  of  navigating  the  respective  sec- 
tions. Vessels  propelled  by  sails  or  steam,  are  used 
almost  exclusively  as  far  as  the  tides  extend.  Above 
the  tides  and  rapids,  the  navigation  is  performed  with 
sharp  keeled  and  flat-bottomed  boats,  which  arc  impel- 
led by  oars,  poles,  or  dragged  by  ropes,  and  the  sail  so 
little  used  as  to  scarcely  deserve  notice. 

We  will  now  proceed  to  review  the  residue  of  the  .\t- 
lantic  rivers  of  the  United  Slates,  from  the  Savannak 
river  to  Passamatjuoddy  bay.  After  surveying  their  na- 
tural features,  a  view  will  then  be  taken  of  such  artifi- 
cial works,  as  have  been  executed,  or  projected,  to  la- 
cilitate  navigation  and  commerce. 

The  basin  of  the  Altamaha  is  followed  by  the  small 
and  unimportant  basin  of  Ogeechee,  about  150  miles  in 
length,  from  north-west  to  south-east,  with  a  mean  width 
of  30  miles,  comprising  an  area  of  4500  square  miles. 
The  Edisto,  and  the  Cambahee,  augmented  towards  its 
mouth  by  the  Camchee,  from  the  west,  rises  in  the  small 
triangle  between  the  Santee  and  Savannah  rivers,  nearly 
upon  the  line  of  separation  between  the  primitive  and 
sea  sand  alluvial  formations. 

The  Savannah  river  basin  follows  rather  that  of  the 
Altamaha,  than  that  of  Ogeehee.  The  Savannah  river 
has  its  sources  in  the  Appalachian  mountains,  on  the 
primitive,  over  which  it  flows  150  miles,  on  its  course 
towards  the  Atlantic  ocean.  At  Augusta  it  leaves  the 
primitive,  and  enters  the  alluvial  sea  sand,  over  which 
latter  it  again  flows  about  120  miles,  having  an  entire 
comparative  course  of  270  miles.  The  sources  of  the 
Savannah  interlock  with  those  of  Altamaha,  Chatahooche, 
Tennessee,  and  Santee.  It  is  a  long  stream,  receiving 
but  few  tributary  branches,  and  draining  a  basin  250 
miles  in  length,  by  a  mean  width  of  40  miles,  comprising 
an  area  of  10,000  square  miles.  Large  vessels  ascend 
to  Savannah,  18  miles  from  the  Altantic  ocean,  and  boats 
of  considerable  tonnage  to  Augusta.  It  is  again  navi- 
gable with  boats  to  some  distance  above  the  falls  or  ra- 
pids at  the  latter  place. 

At  the  mouth  of  Savannah  river  the  Atlantic  coast 
turns  in  a  nearly  north-east  direction  300  miles,  to  the 
entrance  of  Pamlicoe  Sound.  In  this  distance,  leaving 
Savannah  river,  the  first  inlet  is  that  round  Port  Royal 
island,  into  which  the  Coosahatchie  river  is  discharged. 
Between  the  Coosahatchie  and  Charleston  bar,  the  Cam- 
bahee and  Edisto  enter  the  Atlantic  ocean.  Neither  of 
those  three  latter  streams  admit  of  extensive  inland  na- 
vigation. 

Ashly  and  Cooper  rivers  arc  still  more  confined  in 
extent  than  the  Cambahee  and  Edisto,  but  the  two  former 
contribute  to  produce  one  of  the  finest  harbours  on  liie 
Atlantic  coast  of  the  United  States,  that  of  Charleston, 
in  South  Carolina.  This  noble  haven  is  the  mart  of  an 
extensive  tract  of  country,  chiefly  watered  by  the  tribu- 
tary streams  of  the  Santee. 

The  latter  is  a  river  of  considerable  magnitude,  having 
its  sources  in  the  Appalachian  mountains,  at  North  Lat. 
36°,  West  Lon.  5°,  from  Washington  City,  and  falling 
into  the  Atlantic  ocean  at  North  Lat.  33°  12',  West  Lon. 
2°  from  Washington  City  :  it  consequently  runs  through 
three  degrees  of  latitude  and  three  degrees  of  longitude, 
having  an  entire   length  of  250  miles  by  comparative 
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courses,  and  draining  about  11  000  square  miles.  The 
Santee  is  formed  by  the  united  streams  of  the  ^V■ateree 
and  Congarte  rivers,  both  originating  in  the  Appalachian 
mountains.  The  Watcree,  in  the  higher  part  of  its 
course,  is  known  by  the  name  of  Catawba,  and  the  Con- 
garce  is  foim^d  hy  the  Saluda  and  Broad  rivtrs.  The 
Santee  is  navigable  by  sloops  a  considerable  distance 
above  the  main  fork,  and  steamboats  ascend  at  high  wa- 
ter to  Columbia,  on  the  Congaree. 

The  Great  Pedee  follows  the  Santee  in  position  and 
consequence.  The  Pedee  rises  at  North  Lat.  36°  30', 
West  Lon.  from  Washington  Ciiy  4°,  and  flownig  by 
comparative  courses  250  miles,  falls  into  Winyaw  Bay, 
12  miles  below  Georgetown,  North  Lat.  33"  18',  West 
Lon.  from  Washington  City  2°.  This  river  drains 
15-000  square  miles,  and  is  navigable  with  boats  of  40 
or  50  tons  Imrthen  near  200  mile?,  following  the  winding 
of  the  stream.  Near  the  mouth  it  receives  Little  Petlee, 
and  Wjckimau  branches,  both  also  navigable  for  some 
distance  from  their  respective  mouths.  The  Pedee, 
like  the  Altamaha,  Savannali,  and  Santee,  originates  by 
both  its  great  branches  from  the  Appalachian  mountains. 

Cape  Fear  river  rises  in  the  hilly  region  intervening 
between  the  mountains  and  alluvial  sea  border,  at  abwut 
North  Lat.  36",  West  Luo.  from  Washington  City  3°, 
an,l  flawing  south-east  by  south  200  miles,  by  compara- 
tive courses,  falls  into  the  A'Uniic  ocean  at  North  Lat. 
33°  SO',  West  Lon.  from  Washington  Ci.y  1°  05',  and 
drains  about  7000  square  miles.  Cape  Fear  nver  is 
formed  by  the  stream  of  that  name,  pro|)trly  so  called. 
Black  river,  and  the  north-east  Brancb,  all  unitint;  above 
Wilmington.  This  river,  having  18  feet  water  on  its 
bar,  aff(nds  the  best  navigation  in  North  Caiulina.  Ves- 
sels drawing  1 1  feet  water  ascend  to  the  city  ol  Wilming- 
ton, 35  miles  above  the  bar.  Boats  of  sufficient  tonnage 
for  the  commerce  of  the  country,  ascend  in  the  main 
stream  105  n.iles  to  Fayetteville,  and  in  the  n'>r  n-ea&i 
Branch 70  milesaboveits confluence  withCape  Feai  river. 

Between  the  mouth  of  Cape  Fear  river  and  Pamlico 
Sound,  extends  a  range  of  low  islands,  with  a  narrow 
channel  intervening  between  them  and  the  main  shore. 
Into  this  channel  are  discharged  a  number  of  small 
streams,  undeserving  particular  notice. 

Cape  Lookout  is  reiTiarkable  as  being  the  southern 
extremity  of  a  very  singular  chain  of  long  and  narrow 
islands,  enclosing  two  very  lart^e  i;ulfs  or  sounds.  Cape 
Lookout  is  at  Noun  Lat  34°,  22',  and  East  Lon.  from 
Washington  City  0°  05',  and  is  the  south-west  end  of 
Corebank  island.  Between  this  island  and  the  main 
shore  extends  Core  Sound,  about  20  miles  in  length, 
opening  gradually  into  Pamlico  Sound,  between  Ocricoke 
inlet  and  the  mouth  of  Neuse  river.  From  Cap','  Look- 
out to  Cape  Hatieras  is  75  miles.  At  the  latter  the 
coast  of  the  United  Statts  turns  to  nearly  due  north, 
which  course  it  maintains  135  miles  to  the  north  of  Che- 
sape.-ki-  bay. 

Cape,H>tleras,  at  North  Lat.  45°  10',  East  Lon.  from 
Wasnnigton  City  1°  05'.  torms  the  salient  point  of  a  long, 
low,  sandy  reef,  extendini^  from  Ocricoke  to  New  Inlet 
60  (lilcs.  Within  this  reef  spreads  Pai>ilico  Sound, 
into  which  are  discharged  Neuse  and  Pamlico  rivers. 

Neuse  river  rises  in  Orange  county,  in  North  Ca- 
rolina, and  flowing  south  east  by  east  160  miles,  opens 
by  a  very  wide  estuary  into  Pimiico  sound.  The  tides 
ascend  Neuse  12  or  15  miles  above  Newbern,  and  thus 
far  vessels  of  considerable  tonnage  are  taken ;  the  river 


is,  however,  navigable  for  boats  to  near  its  source.  Neuse 
river  rises  at  North  Lat.  36°,  West  Lon.  from  Washing- 
ion  City  2°  lis  mouth  is  at  North  Lat.  34°  50',  East 
Lon.  from  Washington  City,  0°  20' 

North-east  from  Neuse  fljws  the  Pamlico  river. 
The  two  streams  originate  nearly  together,  their  gene- 
ral courses  nearly  parall  1,  and  but  very  little  difference 
exists  in  the  space  they  respectively  drain;  taken  to- 
gether, they  drain  abou;  9000  square  miles.  Pamlico 
is  frequently  denominated  Tai  river;  it  rises  near  the 
sauthern  border  of  Virginia,  a  little  farther  north  than 
the  sources  of  the  Neuse  river.  Washington,  Green- 
ville, and  Tarborough.  towns  of  considerable  trade,  stand 
upon  its  banks.  Vessels  drawing  9  feet  Vfater  ascend 
to  the  former  place  40  miles ;  boats  of  40  or  50  tons  are 
navigated  above  Tarborough. 

Thus  far  northward  Cotton  is  more  or  less  the  staple 
commodity  raised  for  exportation  ;  but  though  that  vege- 
table continues  to  be  cultivated  in  the  basin  of  the  Ro- 
anoke and  Cnowan,  it  is  more  rare  and  of  less  value  than 
more  southwardly. 

North-east  from  the  mouth  of  the  Pamlico  river 
stretches  a  flat  marshy  Peninsula,  60  miles  in  length  by 
45  in  breadth.  This  peninsula  is  limited  on  the  east  by 
the  narrow  inlet  which  unites  Pamlico  and  Albemarle 
sounds,  and  is  united  to  the  main  land  by  a  compara- 
tively wide  isthmus,  between  ^\'ashington  on  the  Pam- 
lico, and  the  mouth  of  Roanoke  river.  The  counties 
of  Wishington,  Hyde,  Tyrrel,  and  Beaufort,  in  North 
Carolina,  occcupy  the  extensive  alluvial  tract  between 
Pamlico  and  Albemarle  sounds. 

The  latter  is  the  estuary  of  two  large  rivers,  the  Ro- 
anoke and  Chowan.  The  Roanoke  rises  in  the  chain 
of  the  Appalachian  mountains,  and  is  formed  by  two 
blanches,  the  Staunton  and  Dan  rivers.  Thus  far,  the 
eastern  side  of  the  Blue  ridge  bounds  the  sources  of  the 
Ailantic  streams,  but  the  Staunton  branch  of  Roanoke 
rises  West  of  the  BiUe  ridge,  in  Bottetourt  and  Mont- 
gomery counties  in  Virginia,  interlocking  with  the 
sources  of  the  Great  Kinhawa  branch  of  Ohio,  and 
James  river  flowing  in'o  Chesapeake  bay.  Alter  form- 
ing a  considerable  siream  it  pierces  the  Blue  Ridge,  and 
winding  about  150  miles  by  comparative  courses,  joins 
Dan  river  between  Halifax  and  Charlotte  counties  in 
Virginia.  The  extreme  northtin  source  of  the  Staun- 
ton river  is  at  North  Lat.  37°  25',  West  Lon.  from 
Washington  City  3°  20'.  Dan  river  rises  partly  in  Vir- 
ginia and  partly  in  North  Carolina,  by  a  great  number 
of  small  branches,  flowing  from  the  Blue  ridge,  and  op- 
posite to  the  sources  of  the  Great  Kenhawa.  Below  the 
junction  of  the  Dan  and  Siaunto}!,  ihe  united  streams 
taking  tlie  name  of  the  R  anoke,  flows  by  comparative 
courses  south-east  by  east  150  miles,  falls  into  the  south- 
west angle  of  Albemarle  sound.  The  tide  flows  up  the 
Roanoke  to  Halifax,  at  the  foot  of  the  Gieat  Falls, 
about  100  miles  following  the  windings  of  the  river,  and 
75  miles  by  land  from  the  mouth. 

Vessels  of  40  or  45  tons  ascend  to  the  falls,  and  above 
those  natural  obstructions  the  river  is  navigable  for  large 
baiieaux  to  the  junction  of  the  Dan  and  Staunton  rivers, 
and  Ijy  others  of  lesser  draught  to  the  mountains. 

The  Chowan  is  formed  by  the  waters  of  the  Meherin, 
Nottaway,  and  Blackwater.  The  Nottaway  rises  at 
Norih  Lat.  37°  15',  West  Lon.  from  Washington  City 
1°  40'.  Its  general  course  is  south-east  115  miles  by 
comparative  course.    The  junction  of  the  Roanokeand 
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Chowan  is  at  North  Lat.  36°,  and  clue  south  frotn  Wash- 
ington Ciiy.  The  lalter  is  navi^'able  for  vessels  of  con- 
siderable tonnage  as  far  as  the  main  forks,  and  for 
smaller  vessels  some  distance  up  each  branch. 

The  Roanoke  and  Chowan  yield  a  very  extensive  and 
lucrative  commerce.  The  lands  upon  the  latter  are 
considered  amongst  the  most  productive  of  any  of  the 
Atlantic  streams.  Tobacco  is  the  principal  staple  com- 
modity of  this  fine  basin.  The  Albemarle  sound  com- 
municates with  the  Atlantic  ocean  by  two  inlets,  the 
Roanoke  and  Currituck. 

From  the  general  course  of  the  Blackwater  branch, 
and  of  the  Chowan  below  their  junction,  an  extensive 
flat  per.insula  is  formed  between  Albemarle  sound,  Che- 
sapeake iiay,  and  James  river,  of  about  70  miles  in  length 
from  north  to  south,  by  SO  mean  width,  east  and  west,  or 
3500  square  miles.  This  extensive  flat  region  is  occu- 
pied by  Currituck,  Camden,  Pasquotank,  Perquimans, 
Chowan,  and  Gates's  counties  in  North  Carolina,  and  by 
the  Isle  of  Wight,  Nansemond,  Norfolk  and  Princess 
Anne  counties  in  Virginia.  Though  the  central  parts 
are  occupied  by  the  Dismal  swamp,  and  much  of  the 
residue  marshy,  yet,  by  the  census  of  1820,  the  ten 
counties  comprise  a  population  of  87,510  inhabitants. 
The  canal  already  executed  between  the  Albemarle 
sound  and  Nansemond  river  will  be  noticed  in  the  sequel 
of  this  article. 

Under  the  general  head  of  the  confluents  of  Chesa- 
peake bay  is  included  a  basin  of  navigation,  in  form  of  an 
immense  triangle,  having  450  miles  base  from  the  ex- 
treme southern  sources  of  Nansemond  river,  North  Lat. 
36°  40'  to  those  of  the  Chenango  branch  of  Susquehan- 
na, North  Lat.  42°  55';  and  250  miles  perpendicular 
from  Cape  Henry,  North  Lat.  37°,  East  Lon.  from  W.ish- 
ington  City  1°  10',  to  the  extreme  western  sources  of 
James  river,  North  Lat  37°  15',  West  Lon.  from  Wash- 
ington City  3°  30',  with  an  area  of  65  000  square  miles. 
This  is  by  far  the  most  extensive  and  peculiar  basin  of 
the  Atlantic  slope  of  the  United  Slates.  The  bay  of 
Chesapeake  penetrates  it  from  north  to  south  175  miles. 
Into  the  western  side  of  this  great  bay,  or  rather  gulf, 
flow  a  number  of  tributary  branches,  of  which  the  priii- 
cipal  are,  James  river,  York  river,  Rappahannoc,  Po- 
tomac, Patuxent,  Pa'ap^co,  and  Susquehanna  : — oi  these 
in  their  order  from  s:mili  to  north. 

James  river,  the  great  southern  tributary  of  the  Chesa- 
peake basin,  rises  by  a  number  of  sources  in  the  valley 
of  the  Appalachian  chain,  interlocking  with  the  sources 
of  the  Great  Kenhawa.  The  approximation  of  those 
two  rivers  forms  the  channel  by  which  the  legislature  of 
Virginia  contemplates  a  junction  between  the  Atlantic 
and  Ohio  waters.  The  intended  improvements  in  order 
to  effect  this  object  will  be  amply  noticed  in  the  sequel 
of  these  articles. 

The  mountain  sources  of  James  river  having  united 
in  Rockbridge  cour.ty  in  Virginia,  where  they  have 
already  formed  a  considerable  river,  it  pierces  the  Blue 
ridge,  and  enters  the  hilly  region  between  the  mountains 
and  Atlantic  alluvion,  and  resuming  a  course  of  south- 
east by  east  220  miles  by  comparative  courses,  falls  into 
Chesapeake  bay  between  Point  Comfort  and  Willoughby 
Point.  After  its  egress  from  the  Blue  ridge,  James 
river  receives  a  number  of  tributary  streams,  the  prin- 
cipal of  which  are.  Rivanna  and  Chickahomna  from  the 
left,  and  Appomattox  from  the  right.  The  tide  flows 
up  James  river  to  Richmond,  and  in  the  Appomatox  to 


Petersburg.     Vessels  of  upwards  of  100  tons  burthen 
ascend  to  either  of  those  cities. 

That  remarkable  range  of  gneiss  rockj  which  impedes 
the  navigation  of  all  t!ie  rivers  which  flow  over  it,  from 
the  Appomattox  to  the  Delaware  inclusive,  becomes, 
advam  ing  from  the  south,  first  in  a  remarkable  manner 
conspicuous  at  Petersburg,  and,  as  will  be  seen,  termi- 
nates, or  sinks  beneath  the  incumbent  earth  at  Trenton. 
This  primitive  barrier  has  a  very  great  influence  over 
the  inland  navigation  of  a  very  interesting  section  of  the 
United  States.  It  will  be  more  particularly  noticed  when 
treating  upon  canals 

York  river  follows  James  river.  The  latter  rises  in 
the  north-east  mountains,  and  drains  the  angle  between 
James  and  Rappahannoc  rivers,  and  flowing  nearly  pa- 
rallel to  the  former  by  a  comparative  course  of  about 
200  miles,  falls  into  Chesapeake  bay  16  miles  north-west 
by  north  from  the  mouth  of  James  river.  York  river  is 
formed  by  the  Pamunkey  and  Mattapony  rivers,  which 
unite  35  miles  from  the  Chesapeake  bay  ;  the  tide  as- 
cends some  distance  up  each  branch,  and,  as  far  as 
their  junction,  ships  of  1000  tons  may  be  navigated  with 
ease  and  safe'y. 

Rappahannoc  river  rises  on  the  south-eastern  slope  of 
the  Blue  ridge,  interlocking  with  the  Rivanna  branch  of 
James  river  and  the  Shenandoah  branch  of  Potomac  ; 
it  is  formed  by  the  Rappahannoc,  properly  so  called,  and 
Rapid  Ann  rivers,  which  unite  about  10  miles  above 
Fredericksburg,  after  a  course  respectively  of  60  miles. 
The  tides  are  arrested  at  Fredericksburg  by  the  gneiss 
ledge  already  noticed.  Thus  far  vessels  of  140  tons  are 
navigated. 

The  Potomac  next  demands  our  attention.  This  is  a 
stream  of  incalculable  importance  in  the  interior  or  in- 
land navigation  of  the  United  States.  If  we  turn  our 
eye  to  a  map  of  Virginia,  we  perceive  the  extreme  north- 
western sources  of  James  river  flowing  to  the  south- 
west along  the  moutitaiii  valleys,  and  extending  our  view 
to  the  head  waters  of  Potomac,  we  behold  them  flowing 
parallel  to  each  other  northeast,  also  down  the  moun- 
tain valleys ;  and  in  the  latter  case  we  are  struck  with 
the  very  remarkable  fact,  that  the  Potomac  rises  west 
of  all  the  ridges  of  the  Appalachian  system,  except  that 
denominated  Laurel  Hill.  The  south-west  angle  of 
Maryland,  or  extreme  western  source  of  the  Potomac, 
having  the  residue  of  the  collateral  ridges  to  pierce  in 
its  progres  towards  its  recipient,  the  Chesapeake  bay. 
This  peculiar  structure  of  the  river  valleys  of  the  Uni- 
ted States  yields  an  unequalled  facility  of  forming  in- 
land water  communications  through  a  very  broad  chain 
of  mountains.  Before  proce-.;f'.ing  to  describe  the  Poto- 
mac or  Susquehanna,  it  may  be  remarked,  that  the  Ap- 
palachian, or  Allegheny  system  of  mountains,  does  not 
form  the  dividing  ridge  which  separates  the  waters  flow- 
ing into  the  Atlantic  ocean  from  those  which  enter  the 
Mississippi  ba.>in ;  but  that  the  separating  liver  line 
cuts  the  mountains  obliquely.  But  to  return  to  our 
survey. 

The  Potomac,  draining  the  valleys  of  the  Appalachian 
mountains  from  North  Lat.  38?  25'.  to  40°,  unites  its 
various  branches  before  pierrir.g  the  Blue  Ridge,  which 
it  finally  effects  at  Harp>:r's  Ferry,  60  ■niles  north-west 
from  Washington  city.  B-:ow  its  passage  through  the 
Blue  Ridge  to  its  egress  into  Ch'sapeakc  bay  is  about 
200  miles,  following  the  windings  of  the  stream.  The 
tide  ascends  to  Georgetown,  3  miles  above  the  capital 
in  Washington,  where  it  is  arrested  by  the  gneiss  range 
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of  rocks.  Ships  of  the  largest  class  are  navigated  to 
the  Navy  yard,  one  mile  below  the  capitol.  Like  ail 
other  tributaiies  of  Chesapeake  bay,  the  Potomac,  below 
the  head  of  tide  water,  opens  gradually  inio  a  long  nar- 
row bay.  By  a  singular  caprice  of  custom,  the  Susque- 
hanna is  considered  as  terminating  at  the  head  of  tide 
■water,  whilst  in  nature,  what  is  known  by  the  name  of 
Chesapeake  bay  is  merely  the  continuation  of  that  noble 
river;  and  in  strictness,  James  river,  York  river,  Rap- 
pahannoc  liver,  and  Potomac,  are  tributaries  to  the  Sus- 
quehanna. 

Tlie  sources  of  Cheat  river  branch  of  the  Mononga- 
hela  rise  in  Randolph  county  in  Virginia,  in  the  same 
valley  with  the  Potomac,  and  those  of  tlie  Youghiogany, 
with  a  single  intervening  ridge,  separating  them  from 
those  of  Potomac,  partly  in  Randolph  and  Monongahela 
counties  in  Virginia,  and  partly  in  Allegany  county  in 
Maryland.  Thus,  here  again  occurs  the  second  in- 
stance of  advancing  from  the  south  to  north  of  the  origin 
of  waters,  flowing  into  the  two  opposite  systems  of  the 
Mexican  (iulf  and  Atlantic  Ocean,  without  an  interven- 
ing mountain,  and  yet  amidst  the  Appalachian  ridges. 
Tlie  peculiar  features  we  have  noticed  in  this  section  of 
country  has  drawn  the  attention  of  persons  incjuiring  into 
the  subject  of  canal  connexion  between  the  two  river 
systems.  The  facilities  affoidcd  to  such  designs  by  the 
connecting  waters  of  the  Potomac  and  Monongahela 
will  be  more  particularly  noticed  in  its  proper  place. 

The  south-east  and  main  source  of  the  Potomac  rises 
in  Pendleton  county  in  Virginia,  at  North  Lat.  38?  25', 
and  the  next  considerable  stream  of  the  valley,  the 
Shenandoah,  rises  in  Augusta  county,  as  far  south  as 
North  Lat.  SS*".  The  latter  overheads  the  sources  of 
York  and  Rappahannoc  rivers,  and  interlocks  with  the 
sources  of  James  river :  the  middle  ridge  of  the  Appa- 
lachian, or  the  mountain  properly  called  the  Kittatinny, 
ranges  between  the  Potomac  proper,  and  the  Shenan- 
doah. Both  rivers  and  all  their  branches  flow  to  the 
north-east  down  the  mountain  vallies.  The  Potomac 
continues  in  that  direction  as  far  as  North  Lat.  39°  41', 
within  two  miles  of  the  south  boundary  of  Pennsylvania, 
whence  it  turns  at  right  angles,  pierces  the  Kittatinny 
mountain,  and  flows  to  the  south-east.  Foity  miles  by 
comparative  courses,  below  its  passage  through  the  Kit- 
tatinny, the  Potomac  receives  the  Shenandoah  from  the 
south-west,  and  the  united  waters  here  pierce  the  Blue 
Ridge.  This  latter  passage  of  the  Potomac  through 
another  of  the  Appalachian  ridges  is  known  as  the  cele- 
brated Harpei's  Ferry.  At  their  junction,  the  Potomac 
has  flowed  by  comparative  courses  160,  and  tiie  Shenan- 
doah 120  miles. 

From  Harper's  Ferry  to  the  head  of  tide  water,  or  to 
where  the  Potomac  quits  the  primitive  and  enters  the 
alluvial  sea  border  formation,  is  50  miles,  and  thence 
continuing  by  a  general  course  south-east,  and  by  com- 
parative courses  100  miles,  that  river  is  lost  in  the  Chesa- 
peake bay  at  North  Lat.  3S°,  having  regained  exactly  the 
latitude  of  the  sources  of  Shenandoah.  The  entire  length 
of  the  Potomac  valley,  as  it  is,  is  300  miles,  presenting  a 
very  remarkable  navigable  channel.  Many  of  its  minor 
valleys  are  composed  of  very  productive  soil,  a«d  already 
an  immense  amount  of  produce  is  reared  within,  and 
transported  to  the  Atlantic  ports  from,  this  valley. 

It  may  be  remarked  that  tobacco,  as  a  staple  commo- 
dity in  large  quantities,  may  be  considered  as  limited  by 
this  valley,  whilst  wheat,  rye,  and  the  apple,  as  staples, 
may  he  viewed  as  commencing.     From  the  peculiar  form 


of  the  valley,  and  from  the  very  great  difference  of  ele- 
vation of  its  parts,  it  presents  a  greater  variety  of  cli- 
mate than  could  be,  at  a  first  glance  upon  its  extent 
and  position  on  a  map,  believed  probable.  If  climate 
and  the  features  of  nature  are  both  taken  into  the  ac- 
count, ths  Potomac  presents  the  most  favorable  facilities 
of  any  river  in  the  Susquehanna  basin  to  efl'ect  a  water 
communication  between  the  .\tlantic  ocean  and  the  val- 
ley of  Oliio. 

The  Potomac,  in  its  natural  state,  is  the  most  naviga- 
ble brancli  of  the  Susquehanna.  Ships  of  any  burthen 
can  be  brought  up  to  the  Navy  yard  at  \Vashiniiton,  five 
miles  below  the  extreme  head  of  tide  water.  Washing- 
iiigton  is  upwards  of  100  miles  in  a  direct  line  ;  and  fol- 
lowing the  Chesapeake  bay  and  Potomac  river,  about 
200  miles  distant  from  the  Atlantic  ocean.  Washington 
is  therefore  the  point  in  the  United  States,  to  which  the 
largest  vessels  can  be  navigated  the  farthest  into  the 
interior  of  the  continent. 

This  subject  will  be  more  particularly  noticed,  when 
we  come  to  examine  the  subject  of  canals. 

Tlie  next  stream  flowing  into  Chesapeake  bay,  after 
the  Potomac,  is  the  Patuxent,  affording  however  too  few 
navigable  facilities  to  merit  particular  notice.  Patapsco 
bay  and  river  follows  the  Patuxent.  At  the  head  of  Pa- 
tapsco bay,  12  miles  above  Chesapeake  bay,  and  at  the 
foot  of  the  primitive  ledge,  stands  the  city  of  Baltimore. 
To  the  lower  part  of  this  city  or  Fell's  Point,  vessels  of 
500  and  600  tons  ascend.  Between  the  mouth  of  the 
Potomac  and  that  of  Susquehanna  are  several  indentings 
of  the  right  shore  of  Chesapeake  bay  besides  Patuxent 
and  Patapsco,  but,  except  the  two  latter,  the  others  are 
of  too  little  moment  to  be  correctly  included  in  a  gene- 
ral view.  The  Maryland  part  of  the  eastern  or  left  shore 
of  Chesapeake  is  also  much  broken  by  small  rivers  and 
bays;  the  principal  of  which  are  the  Pocomoke  river  from 
Worcester  county  ;  Manekin  and  Wicomico  from  Somei^ 
set  county ;  Nanticoke  river  in  the  state  of  Delaware, 
flowing  into  Maryland,  dividing  Dorchester  and  Somer- 
set counties;  Choptank,  the  longest  river  of  the  pen- 
insula between  the  Atlantic  ocean  and  Chesapeake  bay, 
rising  also  in  Delaware,  and  entering  Maryland  in  Caro- 
line county,  enters  Chesapeake,  separating  Talbot  and 
Dorchester  counties ;  St.  Michael's  bay,  separating  Tal- 
bot and  Queen  Ann  counties;  Chester  river,  separating 
Kent  and  Queen  Ann  ;  Sassafras,  separating  Kent  and 
Co:cil  counties,  and,  finally,  Elk  river  in  Coecil  county. 
These  latter  bays,  rivers,  and  creeks,  have  more  or  less 
water,  and  admit  vessels  suitable  to  the  commerce  of 
the  country  they  drain.  The  three  latter,  Chester,  Sas- 
safras, and  Elk  rivers,  are  the  channels  through  which 
projected  canals,  and  other  improvements,  have  at  dif- 
ferent times  designed  to  unite  the  Chesapeake  and  De- 
laware bays. 

The  Susquehanna  loses  its  name  at  the  foot  of  its 
falls,  at  North  Lat.  39°  33',  exactly  one  degree  East 
from  Washington.  From  its  magnitude,  and  from  the 
western  origin  of  its  sources,  the  Susquehanna  seems  to 
form  a  natural  chain  of  water  communication  between 
the  Atlantic  ocean  and  Ohio  valley  ;  and  the  curious 
fact,  that  all  its  great  tributaries  flow  from  the  right  and 
completely  pierce  the  Appalachian  chain,  renders  this 
observation  still  more  striking.  If  we  turn  our  atten- 
tion to  the  general  physiognomy  of  the  Susquehanna, 
we  find  its  extreme  northern  source  in  Madison  county, 
New- York,  within  16  miles  of  Oneida  lake,  and  15  from 
the  line  of  the  Great  Canal,  and  in  the  angle  between 
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the  sources  of  the  Mohawk  and  Seneca  rivers.  This 
is  the  Chenango  liver,  afterwards  augmented  by  the 
East  branch.  The  latter  originates  in  the  northern  spine 
of  the  Catsbergs,  in  the  angle  between  the  iieads  of  (he 
Coquago  branch  of  Delaware,  the  Chenango,  and  oppo- 
site to  the  Mohawk  river,  reaching  within  less  than  ten 
miles  from  the  line  of  the  Great  Canal  of  New-York. 
The  East  branch  is  correctly  so  called,  as  its  sources 
are  in  fact  the  most  eastern  tributary  waters  of  the  Sus- 
quehanna. The  East  branch  and  Chenango  unite  in 
Broome  county  in  New- York ;  the  former  having  by 
an  abrubt  curve  entered  and  retreated  from  Pennsylva- 
nia. Below  their  junction  the  united  waters  flow  a  little 
south  of  west,  enter  Tioga  county  in  New-York,  and 
turning  nearly  south  into  Bradford  county  in  Pennsylva- 
nia, receive  the  Tioga  branch  from  the  north-west,  at 
Tioga  Point. 

The  Tioga  river  rises  in  the  angle  between  the 
sources  of  the  Genesee  and  Seneca  rivers,  in  Steuben, 
Allegheny,  and  Ontario  couniies,  in  New  York,  and 
within  30  miles  from  the  line  of  the  Great  Canal. 

The  general  course  of  the  Tioga  river  is  from  north- 
west to  south-east,  by  comparative  courses  about  80 
miles.  The  general  course  of  tlic  Susquehanna  proper, 
already  noticed,  is  from  noith-east  to  south-west,  by  com- 
parative courses  120  miles. 

What  in  a  particular  manner  renders  remarkable  the 
two  great  northern  constituents  of  the  Susquehanna,  is 
their  enclosing  the  two  long  and  navigable  lakes  Seneca 
and  Cayuga  ;  the  latter  stretching,  in  an  almost  direct 
line,  from  the  Great  Canal  to  within  20  miles  of  the 
Tioga  river,  at  the  mouth  of  the  Ntwtown  creek,  about 
20  miles,  by  comparative  courses,  above  Tioga  Point ; 
and  the  latter,  or  Cayuga,  stretching  also  from  the  line 
of  the  Great  Canal,  to  within  30  miles  from  the  Susque- 
hanna, at  the  mouth  of  the  Oswego,  about  20  miles 
above  Tioga  Point.  Nature,  in  this  section  of  country, 
seems  to  have  advanced  half  way  to  aid  the  efforts  of 
man  in  forming  channels  of  communicaiion  between  the 
basins  of  the  Susquehanna  and  St.  Lawrence.  The  two 
fine  lakes  of  Seneca  and  Cayuga  are  each  respectively 
upwards  of  35  miles  in  length,  and  occupying  the  angle 
between  the  two  main  northern  constituents  of  the  Sus- 
quehanna, would  appear  to  have  been  placed  in  their  ac- 
tual position,  as  if  to  give,  in  their  utmost  extent,  the 
greatest  navigable  facility. 

From  the  Tioga  Point,  the  Susquehanna  flows  by 
comparative  courses  60  miles,  to  the  mouth  of  the 
Lawahannoc  creek,  in  the  centre  of  Luzerne  county.  In 
this  range,  the  river  flows  nearly  due  south,  10  miles  to 
the  western,  or,  more  correctly,  north-western,  verge  of 
the  Appalachian  mountains.  Hitherto,  the  entire  tribu- 
tary waters  of  this  stream  have  originated  and  flown 
north-west  of  the  Appalachian  chain,  and  on  the  second- 
ary formation.  At  the  mouths  of  the  Towanda  and  \Vy- 
saukin  creeks,  the  river  curves  to  S.  E.  and  enters  the 
mountains,  nearly  at  right  angles  to  their  general  range. 
Continuing  about  10  miles  still  farther  upon  the  second- 
ary, the  river  enters  on  the  great  central  transition 
formation,  near  the  mouth  of  the  Tunkhannoc,  where  it 
passes  the  main  ridge  of  the  Appalachian  chain,  and 
issues  into  the  fine  valley  of  Wyoming,  across  which  it 
maintains  a  south-east  course  to  the  mouth  of  the  Lawa- 
hannoc. Here  the  now  noble  stream  of  the  Susque- 
hanna again  turns  at  nearly  right  angles,  and  flows  down 
the  remarkable  Wyoming  valley,  by  comparative  courses, 
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70  miles,  to  its  junction  with  the  west  branch  at  North- 
umberland and  Sunbury. 

The  west  branch  rises  entirely  in  Pennsylvania,  and 
within  the  Appalachian  valleys,  though  upon  the  second- 
ary formation.  Its  general  course  is  nearly  from  west 
to  east,  by  comparative  courses,  150  miles,  to  where  it 
passes  the  main  ridge  of  the  Appalachian  chain,  anit 
enters  on  the  transition  formation  20  miles  below  Wil- 
liamsport.  Here  the  river  pierces  the  mountain,  flows 
into  the  great  valley,  and  turning  to  nearly  due  south 
25  miles,  to  its  junction  with  the  Susquehanna. 

Below  the  mouth  of  the  West  Branch,  the  Susque- 
hanna pursues  a  general  direction,  a  little  west  of  south, 
40  miles  to  the  mouth  of  the  Juniata.  The  latter  is 
literally  a  mountain  stream,  and  has  its  whole  valley  on 
the  central  transition  formation.  Its  general  course  is 
nearly  from  west  to  east,  parallel  to  the  West  Branch. 
Similar  to  the  other  secondary  rivers  of  the  basin  of  the 
Susquehanna,  the  Juniata  traverses  the  Appalachian 
ridges  in  several  places,  and  flows  in  either  a  parallel 
direction,  or  at  right  angles  to  those  ridges. 

Below  the  mouth  of  Juniata,  the  Susquehanna  assumes 
a  south-east  direction  of  80  miles,  by  comparative 
courses,  and  being  precipitated  from  the  primitive  on 
the  sea-sand  formation,  loses  its  name  and  rank  as  a 
river  in  Chesapeake  Bay. 

Between  the  head  of  the  latter  bay,  and  the  mouth  of 
the  Juniata,  the  Susquehanna  passes  three  mountain 
ridges  :  the  Kiitatinny  above,  and  the  Blue  RiJge  below 
Harrisburgh,  and  wliat  may  correctly  be  called  the  south- 
east mountain,  below  the  mouth  of  the  Conestogo  and 
Pequea  creeks. 

The  valley  of  the  Susquehanna  proper  presents  an 
area  of  inland  navigation  of  about  20,000  square  miles. 

If  we  turn  our  eye  to  the  whole  basin  of  the  Susque- 
hanna, and  consider  it  geographically,  we  have  before  us 
a  mighty  link,  which  connects  the  three  great  river  sys- 
tems of  North  America — those  of  the  Gulf  of  Mexico, 
St.  Lawrence,  and  Atlantic  Ocean  proper.  The  natural 
facilities  it  presents  to  channels  of  inland  navigation  will 
be  shown  in  the  sequel,  with  the  relative  elevation  of  its 
mountain  valleys,  and  the  obstructions  opposed  to  artificial 
water  routes. 

If  we  examine  this  basin  geologically,  we  find  its  gene- 
ral physiognomy,  in  a  very  remarkable  manner,  com- 
manding our  attention.  We  have  in  this  basin  all  the 
formations  which  the  world  affords,  from  the  highest 
class  of  primitive  rocks,  to  the  most  recent  alluvion. 
And  we  have  all  those  formations  on  an  immense  scale. 
But  the  circumstance  arising  out  of  this  geological  struc- 
ture, most  worthy  of  our  attentive  observation,  is,  that 
the  courses  of  the  waters,  or  their  fitness,  or  unfitness 
for  navigation,  appears  to  be  totally  independent  of  the 
rock  formations.  It  appears,  also,  that,  although  the 
mere  windings  of  the  streams  are  influenced  by  the 
mountain  ridges,  that  their  general  courses  towards  the 
recipient,  into  which  the  waters  are  discharged,  have  no 
dependence  upon  either  the  mountains  or  rock  forma- 
tion. The  latter  character  the  Susquehanna  ba-in  par- 
takes, in  common  with  its  three  contiguous  Atlantic 
basins,  those  of  Roanoke,  Delaware,  and  Hudson. 

These  very  important  facts  prove  how  little  we  are 
advanced  in  a  correct  view  of  any  of  these  basins,  in  a 
navigable  point  of  view,  by  the  most  minute  knowledge 
of  the  relative  position  of  the  mountains,  the  extent  and 
relative  position  of  the  different  formations,  or,  more, 
that  of  the  courses  of  the  rivers  themselves.  Falls,  in 
3  M 
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the  proper  sense  of  the  term,  are  rare  in  any  of  the  At- 
lantic rivers.  What  are  usually  denominated  falls  are  in 
reality  rapids  ;  but  those,  in  respect  to  cither  their  posi- 
tion or  magnitude,  have  but  an  incidental  connexion  with 
the  mountain  ridges.  In  most  instances,  where  the 
rivers  do  pass  the  mountains,  rapids  occur  ;  but  this  co- 
incidence is  by  no  means  universal.  The  rivers,  in  a 
number  of  the  mountain  gaps,  present  an  intervening 
smooth  sheet  of  water.  This  is  remarkably  the  case 
with  the  Juniata,  below  Bedford,  and  wiUi  the  Lehigh,  at 
its  passage  through  the  Kittatinny  range.  The  real  lall 
of  the  water,  in  its  descent  IVom  the  mountain  valleys  to 
the  level  of  the  tides,  can  in  no  instance  be  even  tolerably 
correctly  estimated  by  a  comparison  with  its  course 
through  the  mountains.  Every  stream,  to  be  well  under- 
stood, must  be  surveyed  separately,  and  considered  a 
whole  in  itself. 

Before  quilting  the  general  review  of  the  basin  of  the 
Suscjuehanna,  we  may  remark,  that  the  main  volume  of 
that  river,  from  its  source  to  the  Atlantic,  receives  all 
its  large  tributary  streams  from  the  right,  and  serves  as  a 
common  recipient,  lying  along  the  base  of  an  inclined 
plain,  extending  from  the  37th  to  the  42d  degree  of  north 
latitude.  It  will  be  seen  by  inspection,  that  this  feature 
is  also  prominent  in  the  physiognomy  of  the  Potomac, 
Delaware,  and   the  Hudson. 

The  Delaware  basin,  intervening  between  that  of  Sus- 
quehanna and  that  of  the  Hudson,  extends  about  250  miles 
from  north  to  south,  with  a  mean  width  of  60  miles,  ex- 
tending over  an  area  of  15,600  square  miles.  The  Dela- 
ware rises  by  two  branches  in  the  Catsbergs,  draining 
the  angle  between  the  Susquehanna  and  Schoharie 
branch  of  Mohawk.  The  sources  of  the  Delaware  flow 
south-west,  by  comparative  courses,  50  miles,  through 
Delaware  county,  in  New  York,  unite  at  the  north-east 
angle  of  Pennsylvania,  and  turn  at  right  angles  to  a  course 
of  south-east ;  following  the  latter  direction,  by  com- 
parative courses,  70  miles,  to  the  north-west  angle  of 
New  Jersey,  and  the  base  of  the  Kittatinny  mountain ; 
again  turning  with  the  mountain  to  the  south-west,  fol- 
lows that  course  along  its  base,  by  comparative  courses, 
40  miles,  to  the  mouth  of  Broadhead  creek,  where  the 
river  again  turns,  and  passes  the  Kittatinny  mountain. 
The  general  physiognomy  of  the  Susquehanna  and  Dela- 
ware, every  where  remarkable,  is  in  no  other  place  so 
striking  as  in  the  valley  between  the  Kittatinny  moun- 
tain and  the  continuation  of  the  Blue  Ridge,  below 
Easton  and  the  mouth  of  the  Lehigh.  I  have  already 
noticed  that  reach  ef  the  Susquehanna  from  the  mouth 
of  the  West  Branch  to  that  of  the  Juniata.  A  corres- 
ponding reach  in  the  Delaware  extends  across  the  Kit- 
tatinny valley,  to  where  the  river  pierces  the  south-east 
mountain. 

In  the  -Kittatinny  valley,  25  miles,  by  comparative 
courses,  below  the  Delaware  water  gap,  the  Lehigh 
comes  in  from  the  north-west. 

The  latter  stream  claims  a  very  large  share  of  atten- 
tion, as  being  one  of  the  great  channels  from  which  the 
city  of  Philadelphia,  and  indeed  the  whole  Atlantic  coast, 
is  destined  to  receive  exhaustless  supplies  of  coal.  Our 
notice  of  the  Lehigh  need  be  only  brief  in  this  general 
view,  as  an  ample  survey  of  its  valley,  as  a  navigable 
route,  will  be  made,  when  we  reach  the  subject  of 
canals. 

This  branch  of  the  Delaware  rises  in  Wayne,  Luzerne, 
and  Northampton,  and  is,  emphatically,  a  mountain 
stream.     Flowing  fiist  to  south-west,  curves  to  south 


and  south-east,  pierces  the  Kittatinny  mountain,  crosses 
the  Kittatinny  valley  in  a  south-east  direction,  is  turned 
by  the  south  east  mountain  at  Allentown,  where  it  winds 
to  north-east,  and  joins  the  Delaware  at  the  borough  of 
Easton,  after  a  comparative  course  of  about  80  miles. 

Below  the  south-east  mountain,  the  Delaware  turns  to 
a  south-east  course  35  miles,  to  where  it  leaves  the 
primitive,  and  falls  into  the  alluvial  formation  at  the  head 
of  tide-water.  Continuing  over  the  alluvion  four  or  five 
miles,  the  Delaware  again  turns  to  south-west,  nearly 
parallel  to,  and  about  five  miles  distant  from,  the  primi- 
tive ledge,  in  which  direction  it  flows,  by  comparative 
courses,  35  miles,  to  the  mouth  of  the  Schuylkill. 

As  with  the  Lehigh,  we  may  reserve  to  the  subject  of 
canals,  most  of  what  we  have  to  say  respecting  the 
Schuylkill :  it  is  sufficent  to  observe,  that^the  latter  has 
its  principal  sources  in  Northampton  and  Schuylkill 
counties  ;  that  its  general  course  is  from  north-west  to 
south-east,  by  comparative  courses,  120  miles.  Few 
secondary  rivers  of  the  American  continent  are  destined 
to  become  of  equal  importance  with  the  Schuylkill,  as  a 
channel  of  inland  navigation.  The  general  course  of 
south-west  is  maintained  by  the  Delaware,  about  30 
miles  below  the  mouth  of  the  Schuylkill,  or  about  5  miles 
below  New  Castle.  Here  the  river,  already  considera- 
bly expanded  in  width,  opens  into  a  wide  triangular  bay, 
60  miles  in  length,  and  20  wide,  between  Capes  Henlopen 
and  May. 

The  basin  of  Delaware  reaches  through  three  and 
one-third  degrees  of  latitude,  and  extends  almost  di- 
rectly from  north  to  south. 

Leaving  that  of  the  Delaware,  the  basin  of  the  Hudson 
next  presents  itself.  If  we  include  Rariion  bay  and  river, 
the  bay  of  Newark,  with  its  two  small  confluent  rivers, 
Hackinsack  and  Possaick,  and  the  contiguous  part  of 
Long-Island  sound,  in  the  Hudson  basin,  we  have  before  us 
a  very  curious  connexion  between  inland  and  maritime 
navigation.  Taken  with  this  extension,  the  Hudson  basin 
reaches  from  Sandy  Hook  North  Lat.  40°  30',  to  the  ex- 
treme sources  of  the  Hudson  in  North  Lat.  44°  05',  or 
about  250  miles  in  length,  with  a  mean  width  of  50  milesi 
exclusive  of  the  western  part  of  the  valleyof  the  Mohawk 
above  the  mouth  of  the  Schoharie  river.  This  latter 
section  includes  a  parallelogram  of  60  miles  long,  and 
35  wide.  The  whole  basin  spreading  over  an  area  of 
1  4,600  square  miles. 

It  will  be  observed  that  the  rivers  in  the  Atlantic  sys- 
tem, south-west  of  the  basin  of  the  Susquehanna,  flow, 
with  the  exception  of  the  St.  John's  river  of  Florida, 
from  the  north-west  and  south-east.  The  Susquehanna, 
on  the  contrary,  flows  from  north  to  south,  and  all  the 
other  Atlantic  rivers  to  the  north-east  of  the  basin  of  the 
Susquehanna  to  the  Penobscot  inclusive,  flow  also  in  a 
similar  direction  nearly. 

At  the  mouth  of  the  Hudson,  the  primitive  rock  reach- 
es the  shore  of  the  Atlantic  Ocean,  the  tides  of  which  in 
the  first  and  last  place,  along  the  coast  of  the  United 
States,  passes  that  barrier,  and  traversing  tl«e  base  of  two 
ranges  of  mountains,  penetrates  the  continent  nearly  as 
far  as  the  confluence  of  the  Hudson  and  Mohawk  rivers, 
one  hundred  and  sixty-five  miles.  What  is  most  extra- 
ordinary in  this  long,  narfow,  but  deep  bay,  rifted  by  the 
hand  of  nature  through  primitive  mountains,  is,  that 
through  one  ridge,  a  depth  of  water  is  found  sufficient 
for  ships  of  the  line  of  the  largest  class.  Newburgh, 
placed  nearly  on  the  line  of  separation  between  the  pri- 
mitive and  transition  formations,  and  actually  in  one  of 
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tlic  Appalachian  valleys,  iias  been  proposed  as  the  site 
of  a  navy-yard,  in  which  the  heaviest  vessels  could  be 
launched,  and  from  thence  conducted  to  tlie  ocean.  New- 
burgh  is  situated  70  miles  inland,  and,  as  we  have  seen, 
on  the  interior  verge  of  tlie  primitive.  Above  this  place, 
the  bay  or  river  gradually  shoals,  but  sufhcient  depth 
continues  to  the  head  of  tide-water  for  sloops  of  consi- 
derable burthen.  Albany  160,  and  Troy  165  miles 
above  Sandy  Hook,  may  be  considered  as  the  two  most 
remote  poinis  from  the  Atlantic  Ocean,  in  the  United 
States,  by  a  direct  line  to  which  the  tides  flow,  and  to 
which  sea  vessels  can  be  navigated. 

All  the  small  water  courses,  which  flow  into  the  Hud- 
son, below  its  confluence  with  the  Mohawk,  are  precipi- 
tated from  a  very  great  comparative  height,  and  reach 
their  common  recipient  by  a  scries  of  cataracts.  These 
small  streams  are  generally  abundant  in  the  driest  sea- 
sons, and  afford,  it  is  probable,  the  most  extended  con- 
nected lines  of  manufacturing  sites  on  the  globe;  sites 
placed  upon  the  very  brink  of  one  of  those  extraordina- 
ry channels  of  inland  commerce,  which  cannot  be  seen 
without  astonishment. 

The  protrusion  of  the  Canadian  lakes  towards  the  Atlsn- 
tic  rivers,  which  we  have  noticed  as  remarkable,  north  of 
the  Susquehanna  basin,  occurs  again  in  a  still  more  strik- 
ing manner,  with  the  Hudson  and  Lake  Champlain.  The 
head  of  the  latter  approaches  tide  water  in  the  former, 
to  within  60  miles,  with  a  difference  of  level  of  86.5 
feet,  and  the  highest  elevation  of  the  intervening  valley 
142  feet.  From  the  Hudson  river,  however,  below 
Baker's  Falls,  to  Whitehall  on  lake  Champlain,  is  about 
twenty-three  miles.  This  is  the  route  of  the  northern 
canal  of  New  York,  which  will  be  more  particularly  no- 
ticed in  the  sequel.  A  similar  reservaiiori  may  be  made 
respecting  the  residue  of  the  basin  ;  as,  in  the  notice  of 
the  Grand  Canal,  every  necessary  observation  will  be  in- 
cluded. 

Long  Island  Sound,  east  of  the  mouth  of  the  Hudson, 
receives,  besides  the  Connecticut  river,  the  Housatonick, 
and  Quinnipiack,  between  the  Hudson  and  Connecticut ; 
and  the  Thames  east  of  the  latter.  From  their  elevated 
origin,  and  abridged  courses,  those  minor  streams  con- 
tribute but  little  to  the  inland  commerce  of  the  sections 
of  country  they  drain,  though  New  Haven  at  the  mouth 
of  Quinnipiack,  New  London  near  the  mouth,  and  Nor- 
wich near  the  fork  of  the  Thames,  are  flourishing  com- 
mercial towns. 

Connecticut  is  amongst  the  most  curious  of  the  At- 
lantic rivers.  Its  extreme  northern  sources  are  in  a  hilly 
though  not  mountainous  country,  at  North  Lat.  45°  10', 
interlocking  with  the  sources  of  the  St.  Francis,  branch 
of  St.  Lawrence,  and  with  those  of  the  Kennebec,  as- 
suming a  course  of  a  little  west  of  south,  down  a  valley 
between  two  ranges  of  mountains,  separating  Vermont 
from  New-Hampshire,  to  North  Lat.  42°  43'.  Thence 
crossing  MassaAusetts  and  Connecticut  in  a  direction 
of  nearly  due  south,  finally  at  Middletown  turns  to  north- 
east, and  enters  Long  Island  Sound  at  North  Lat.  41°  16'. 
The  entire  length  of  the  Connecticut  basin  is  280  miles, 
with  a  mean  width  of  about  45  miles,  draining  12,600 
square  miles. 

Though  the  basin  of  Connecticut  is  almost  entirely  on 
the  primitive  rock,  and  though  passing  one  small  ridge 
of  mountains  near  Middletown,  it  is  nevertheless  naviga- 
ble for  vessels  drawing  ten  feet  water  to  the  latter  place, 
above  the  mountain  pass  36  miles  by  the  windings  of  the 
stream  from  the  mouth ;  and  by  vessels  of  7i  feel  draught 


to  Hartford,  1 5  miles  still  higher  than  Middletown.  The 
latter  place  is  at  the  head  of  ship  navigation,  but,  though 
considerably  obstructed  by  falls,  rapids,  and  shoals,  the 
navigation  of  this  river  has  been  so  much  improved  by 
dams,  locks,  and  short  canals,  as  to  permit  boats  of  con- 
siderable tonnage  to  ascend  to,  and  descend  from,  the 
fifteen  mile  falls  above  Haverhill,  upwards  of  250  miles, 
following  the  stream  from  Long  Island  Sound.  This  is 
very  considerably  the  deepest  inland  navigation  in  the 
United  States,  east  of  the  Hudson. 

The  Conneciicut  flows  down  nearly  along  the  middle 
of  its  basin,  and  in  all  its  length  comparatively  of  280, 
and  by  its  meanders  of  near  400  miles,  does  not  receive 
one  considerable  tributary  branch. 

Narragansett  and  Buzzard's  bay  are  two  deep  indent- 
ings  of  the  Atlantic  coast,  between  Long  Island  Sound 
and  that  singular  peninsula  called  Cape  Cod.  The  latter, 
extending  nearly  in  a  north  and  south  direction  30  miles, 
receives  from  the  north-west  the  Pawtucket,  and  from 
the  north-east  the  Taunton  river.  The  city  of  Provi- 
dence, the  third  in  size  in  the  United  States,  beyond 
New  York  to  the  north-eastward,  stands  at  the  head  of 
Narragansett  bay,  near  the  mouth  of  Taunton  river. 
To  its  extent  the  basin  of  Narragansett  presents  the 
most  extensive  inland  commerce  in  the  United  States. 
The  bay  of  Narragansett  is,  at  once,  one  of  the  most  pic- 
turesque and  interest ing  sheets  of  water  on  the  Atlantic 
coast.  It  is  filled  with  islands  rising  considerably  above 
the  level  of  the  highest  tides.  Sufficient  depth  of  water 
is  found  at  the  entrance  for  ships  of  the  heaviest  tonnage, 
and  to  Providence  for  merchant  vessels  of  the  largest 
class. 

Buzzard's  bay,  extending  to  the  north-east  between  the 
main  shore  of  Massachusetts  and  Elizabeth  islands  and 
Barnstable  peninsula,  is  more  extensive,  but  much  less 
navigable  tnan  that  of  Narragansett.  The  extreme  head 
of  Buzzard's  bay  reaches  within  7  miles  of  Sandwich 
harbour,  in  Cape  Cod  bay.  Here  is  one  of  the  points 
where  a  canal  has  long  been  projected  to  unite  the  two 
bays,  and  to  facilitate  the  coasting,  or,  correctly  speak- 
ing, inland  navigation  of  ihe  United  States.  The  depth 
of  water,  and  smallness  of  the  tides  in  Buzzard's  bay, 
seems,  however,  to  preclude  any  very  beneficial  improve- 
ment as  a  channel  of  commercial  intercourse. 

Cape  Cod,  stretching  near  40  miles  directly  into  the 
Atlantic  ocean,  and  then  protruding  an  arm  of  almost 
equal  length,  encloses  a  wide  circular  bay.  This  bay 
may,  nevertheless,  be  viewed  as  extending  to  Cape  Ann, 
45°  N.  N.  W.  from  Cape  Cod.  With  such  extension, 
this  bay  would  reach  from  Barnstable  to  Salem,  65  miles, 
with  a  mean  width  of  20  miles.  This  large  bay  con- 
tains, besides  many  of  smaller  note,  the  harbours  of  Ply- 
mouth, Boston,  and  Salem,  though  receiving  no  water 
course,  the  sources  of  which  are  20  miles  inland.  The 
small  streams  flowing  into  Narragansett  bay,  and  into  the 
Concord  branch  of  Merrimac  river,  interlock  within  less 
than  twenty  miles  south-west   from  Boston. 

The  Merrimac,  rising  in  the  White  mountains  of  New 
Hampshire  at  North  Lat.  44°  10',  fl'jws  south  south-east, 
by  comparative  courses,  about  iOO  miles,  turns  abruptly 
to  north-east  by  north  25  miles,  falls  into  the  Atlantic 
Ocean  20  rniles  due  north  from  Salem.  The  Merrimac 
basin  is  about  130  miles  in  length  by  a  mean  width  of  36 
rniles,  embracing  an  area  of  4350  square  miles.  The 
navigation  of  this  river  has  been  more  improven  by  art 
than  any  other  stream  of  the  United  States.  Those  im- 
provements will  be  noticed  under  the  head  of  canals. 
3  M  2 
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The  flourishing  town  of  Newburyport  stands  at  the 
mouth  of  the  Merrimac,  and  vessels  of  100  tons  ascend 
to  Haverhill,  12  miles  above  the  former  place.  The 
tides  are  arrested  near  Haverhill  by  the  rapid  ascent  of 
the  interior  country  ;  all  navigation  beyond,  to  Concord, 
has  been  effected  by  human  labour. 

From  some  cause  hitherto  not  very  satisfactorily  ex- 
plained, Cape  Cod  forms  a  remarkable  point  of  separation 
between  the  Atlantic  tides.  To  the  south-west  of  that 
peninsula  the  tides  become  more  and  more  moderate, 
but  here  at  once  an  excessive  change  takes  jilace.  In 
Buzzard's  bay  the  tides  do  not  exceed  4j  feet,  whilst  in 
that  of  Cape  Cod  they  amount  to  17  or  18  feet  perpen- 
dicular, and  increase,  advancing  to  the  north-east,  until 
in  the  bay  of  Fundy  the  ocean  swells  pour  on  the  coast 
with  the  enormous  weight  of  upwards  of  60  feet.  This 
peculiar  circumstance  renders  the  rivers  more  navigable, 
upon  an  equal  descent,  to  the  noitli-east,  than  to  the 
south-west  of  Cape  Cod,  though  the  rapid  acclivity  of  the 
former  section  of  country  compensates  in  a  gieat  mea- 
sure for  the  natural  advantage  of  such  excessive  tides. 
Another  advantage  is,  however,  gained  by  the  high  swell, 
and  depression  of  the  north-eastern  tides,  that  is,  to  render 
the  rivers  much  less  liable  to  be  frozen  over  in  winter. 

The  small  basin  of  Fiscataqua,  enclosed  between 
those  of  Merrimac  and  Saco,  gains  celebrity  from  pos- 
sessing the  fine  haven  of  Portsmouth  in  New  Hampshire. 
It  is  otherwise  unimportant,  and  becomes  unnavigable  at 
a  short  distance  from  the  head  of  Gieat  Bay.  From  the 
extreme  rapidity  of  the  ebb  and  flow  of  the  tides,  the 
water  in  Portsmouth  harbour  is  never  so  much  frozen  as 
to  obstruct  navigation  to  any  great  extent.  The  basin 
of  the  Piscataqua  embraces  an  area  of  about  800  square 
miles. 

The  Saco  heads  in  the  White  mountains,  interlocking 
with  the  sources  of  the  Merrimac,  Connecticut,  and  the 
Androscoggin  branch  of  the  Kennebec.  Tins  river  is 
only  navigable  by  sea  vessels  7  miles,  to  the  head  of  tide 
■water  at  Biddeford.  Its  basin  is  about  65  miles  in  length, 
by  a  mean  width  of  25  miles,  comprising  an  area  of  up- 
wards of  1600  square  miles. 

The  basin  of  Presumscot  or  Casco  follows  that  of 
Saco.  The  former,  though  inferior  in  extent,  is  never- 
theless, in  a  navigable  point  of  view,  of  superior  conse- 
quence to  the  latter.  The  Presumscot  river  has  its 
sources  between  those  of  Saco  and  the  Androscoggin, 
and  after  a  comparative  course  of  50  miles  falls  into 
Casco  Bay  at  Falmouth,  opposite  to  Portland  in  Maine. 
The  basin  of  the  Presumscot  is  about  50  miles  long  from 
north-west  to  south-east,  with  a  mean  width  of  10  miles, 
comprising  an  area  of  about  500  square  miles.  Here 
again  the  tides  are  arrested  by  the  approaching  high 
country,  and  reach  but  a  small  distance  into  the  Pre- 
sumscot. 

Casco  bay  is  a  fine  sheet  of  water,  20  miles  long  by  5 
miles  wide,  filled  with  numerous  islands,  and  having 
sufficient  depth  of  water  to  Portland  for  ships  of  the  first 
rate. 

At  Casco  the  character  and  direction  of  the  coast  of 
the  United  States  again  changes.  From  the  mouth  of 
the  Chesapeake  bay  to  that  of  the  Hudson,  250  miles,  the 
Atlantic  coast  extends  a  little  east  of  north.  From  Sandy 
Hook  to  Buzzard's  bay,  200  miles,  the  coast  turns  to 
north-east  by  east.  Including  Cape  Cod,  the  bearing  of 
the  coast  fiom  Buzzard's  Bay  to  Casco  Bay,  is  nearly 
from  south  to  north  150  miles. 

In  all  this  great  range  of  coast,  of  600  miles,  though 


much  indented  by  bays  and  rivers,  and  chequered  with 

islands,  yet  comparatively  it  is  compact  and  uniform, 
when  contrasted  with  that  extending  200  miles,  between 
Casco  and  Passamaqiioddy  inclusive.  Mere  the  coast 
stretches  something  east  of  north-east,  and  is  more  broken 
than  any  other  equal  distance  of  the  coast  of  America, 
upon  either  the  Atlantic  or  Pacific  Oceans. 

In  a  survey  relating  rather  to  the  river  basins  than  to 
their  egress  into  their  common  recipient,  it  would  be 
irrelevant  to  even  name  the  many  deep  inlets  between 
Casco  and  Passamaquoddy  bays  ;  we  will  therefore  pur- 
sue our  review  of  the  rivers. 

Casco  bay  is  succeeded  to  the  north-east  by  the  in- 
tricate outlet  of  the  Kennebec.  The  latter  river  is  form- 
ed by  the  union  of  the  Kennebec  proper  with  the  An- 
droscoggin, and  drains  a  basin  of  150  miles  in  length, 
with  a  mean  width  of  80  miles,  embracing  an  area  of 
about  12,000  square  miles.  The  tide  flows  up  the  Ken- 
nebec to  Augusta  45  miles,  and  in  the  Androscoggin  to 
near  Durham.  Though  interrupted  by  falls  and  shoals, 
both  branches  afford  very  considerable  extent  of  inland 
navigation.  Teconich  falls  occur  in  the  Kennebec  at  . 
Waterville,  about  20  miles  above  Augusta,  but  the  stream 
is  navigated  to  a  considerable  distance  higher  than  that 
obstruction.  Timber  is  the  principal  staple  brought 
down  either  branch  of  the  Kennebec. 

Penobscot  river  falls  into  the  Atlantic  Ocean  fifty  miles 
north-east  from  the  mouth  of  the  Kennebec.  The  basin 
of  the  Penobscot  is  150  miles  in  length,  with  a  mean 
width  of  55  miles.  The  sources  of  this  river  remain 
imperfectly  known,  but  reach  above  north  Lat.  46°,  and 
interlock  with  the  sources  of  Chandiere  branch  of  St. 
Lawrence,  those  of  St.  John's  river  of  New  Brunswick 
and  Maine,  and  those  of  Kennebec.  This  basin  extends 
over  an  area  of  8000  square  miles.  The  tide  ascends  to 
the  town  of  Bangor,  50  miles  above  the  entrance  of  the 
bay.  Though  draining  less  surface  than  the  Kennebec 
and  Androscoggin,  the  Penobscot  is  more  navigable  than 
either,  and  is  considered  as  the  principal  stream  of 
Maine.  Falls  do  not  immediately  occur  in  the  Penobscot 
at  the  head  of  the  tide.  Boat  navigation  remains  unin- 
terupted  20  miles  farther  inland.  Timber  and  fish  are 
the  chief  staples  exported  from  this  fine  river,  the  former 
in  immense  quantities. 

From  Penobscot  bay  to  that  of  Passamaquoddy,  in  a 
distance  of  about  100  miles,  a  number  of  small  rivers 
enter  the  Atlantic  Ocean,  the  principal  of  wluch  are, 
Union  river,  Narraguagus  river,  Pleasant  river,  Chan- 
dler's river,  Machias,  and  East  rivers. 

Union  river  falls  into  the  Blackliill  bay,  the  Narragua- 
gus into  Pigconhill,  or  Narraguagus  bay;  Pleasant 
river  into  the  bay  of  the  same  name;  Chandler's  river  into 
English  bay  ;  and  Machias  and  East  rivers  into  Machias 
bay.  None  of  those  streams  have  sources  sixiy  miles 
inland,  and  though  in  a  very  remarkable  manner  supplied 
with  convenient  harbours,  the  inland  commerce  of  the 
country  is  very  confined. 

We  have  now  reached  the  limit  of  the  north-east  boun- 
dary of  the  United  States,  at  the  mouth  of  the  Si.  Croix, 
or  Schoodic  liver.  Important  only  as  a  bourn  between 
two  nations,  the  St.  Croix  is  insignificant  in  every  other 
respect,  and,  in  a  survey  of  the  river  basins  along  the 
Atlantic  coast,  merits  no  farther  notice,  than  merely  to 
mention  that  the  Passamaquoddy  bay,  into  which  it  is 
precipitated,  has  depth  of  water  for  the  largest  vessels. 

Passamaquoddy  bay  is  only  an  indenting  of  that  of 
Fundy,  which  extends  upwards  of   120  miles  from  the 


NAVIGATION  INLAND. 


32S 


north-east  angle  of  the  United  Statep,  between  New  treal,  upwards  of  550  miles  from  the  gulf.  St.  Lau- 
Brunswick  and  Nova  Scotia.  Towards  its  extreme  head  rence  basin  is  subdivided  into  three  natural  sections,  or 
this  vast  gulf  divides  into  the  Chignecto  channel,  and  secondary  basins.  First,  that  of  Lake  Superior  and  tri- 
Basin  of  Minas,  both  reacliing  within  a  few  miles  from  butary  streams;  second,  that  of  Lakes  HunMi,  Michi- 
ihe  strait  between  Prince  Edward's  island  and  the  main  gan,  and  Erie;  third,  that  of  Lake  Ontario,  and  the  re- 
shore  of  New  Brunswick  and  Nova  Scotia.  The  tide  sidue  of  rivers  to  tide  water.  Of  these  in  order, 
flows  into  Chignecto  channel  with  a  depth  of  60  feet.  ^ake  Superior  is  an  immense  reservoir,  elevated  above 
Ihis  unparalleled  t,de  renders  the  bay  of  Fundy,  with  is  ^^^^  ,g^g,  ^f  ,j,^  ^(j^^^j^  ^-^^^  g^,  ^  ^^^  extending 
minor   bays  and  tributary   rivers,  of  extremely  difficult  „^^^  ^  ^             ^f  300  ^-^^^  ^^^^  ^-^      ^^  g^^^^  | 

navigation,  though,  trom  the  inenuahty  ot  elevation  and  _,:i„„      r\e  .»,:    „  t    i  „  c  .„     •      •.     ir  • 

.   ,°  .   ,       ^  ,••,',         •     ,  ,  miles.     Ut  this  expanse  Lake  bupenor  itself  occupies  a 

violence  ot  the  currents,  this  inland  sea  IS  less  encumber-  ,,.:o„„i„  „r  »tr,  ,„;ioo  u.  .,>    ,.  ui,  T^^ i      i       V  i  <:« 

,     .  ,   .        ,  ',  ,  -  ,  triangle  ot  350  miles  base,  with  a  perpendicular  o!   160 

eu  with  ice  than  many  places  SIX  or  seven  degrees  01  la-  ^-.y" „„u       •  ,    „f  „  „    or>^^^^  i 

,  .  ,  °  miles,  or  embracing  an  area  ot  near  30,000  square  miles. 

titude  more  to  the  south.  This   greatest   fresh    water   lake   of   the   globe   extends 

Canals  have  been  projected,  at  many  points,  to  unite  f,.„^  jf,^  ^^^^-^^  ^^  s,_  ^        ^^  ^^^  ^^^^^  ^,  ^^   Louis 

the  bay  ot  Fundy  with  the  opposite  strait,  and  would  be,  ^-  fcn^wing   the   windings  of  the  shore,   400  miles, 

It   completed,  a  most  useful  inland  route  from  the  St.  ,,-^^^  f^„^  ^^  ,^  ,50  ^j,^^  In  ^y\dih.     Sufficient  depth  of 

Lawrence  into  the  Atlantic  ocean.  .„„,,_  •  u        r        i  r     .u    i  »  i        c 

c.    r  ,    ,    .      ,         ,      ■  r  .,      ,,  •      1  water  is  every  where  lound  lor  the  largest  vessels.     So 

at.  John  s  is  the  only  river  oi  considerable  magnitude  „.  „i,  „f  .u      u  r  .i  ■    i  i      ■  i    u        i 

,  •   ,  ,     ,         r  T-     J        I'L-        i_i  ^     •  much  ot  the  shore  of  this  lake  is  rock  bound,  as  to  ren- 

wt>ich  enters  the  bay  01  r  undy.      1  his  noble  stream  rises  j„„  :,    „     •      .•       •         i  •    u    i  j  j      -.u 

.    «,  •        .  '  ,      ^       ,         ,  der  Its  navigation  m  a  high  degree  dangerous,  and  with 

in  Maine ;  Its  extreme  northern  and  north-western  sources  «u„  .„  „  :.       r  .u      i-      ?         j    .     -v.      r  •.       r 

,        '        •,„„■,        r  L.     o     r  rVi  thfi  severity  of  the  climate,  and  sterility  of  its  adjacent 

reaching  to  wit  un  20  miles  ot  the  St.  Lawrence,    row-  „,, „    :     „     .     i  n    ■  .   i  j       • 

c  1.  .u  1  c     11  ,  shores  in  most  places,  will,  in  a  great  degree,  deprive 

ing  tirst  to  the  north-east,  then  east,  and  final  V  south-east  „     i  •   j     r  .u     iT       c.       r         i         l     .     r        .  e 

°,  ,     r  1.     •  L     u        r  T-      1        r  mankind  ol  the  benefits  of  such  a  sheet  of  water  so  far 

and  south,  ialls   into  the  bay  oi  rundy,  alter  an  entire  jnlnn  1 

comparative  course   of  350   miles,  forming  the  largest 

stream  on  the  Atlantic  coast,  between  the  basin  of  the         Draining  60,000  square  miles  of  land,  it  must  be  ob- 

Susquehanna  and  that  of  the  St.  Lawrence.     The  tide  vious  that  an  immense  body  of  water  is  poured  into  Lake 

flows  up  this  stream  upwards  of  80  miles:  its  mouth  be-  Superior;   which,  besides  innumerable  smaller  streams, 

iween  St.  John  and  Castleton  is  narrow,  and  impeded  by  receives,   from  the   south,   Bois   Brul6,    La   Mauvaise, 

a  ledge  of  rocks,  on  which  there   is  only  17  feet  water  Montreal,  Iron,  and  Huron  rivers;  from  the  north,  Red- 

at  low  tide.     The  St.  John  is  very  difficult  of  entrance,  stone;  from   the  north-west,  Grand  Portage  river;  and 

from  the  violence  and  eddying  of  the  tide,  and  the  incum-  ^oni  the  west,  St.  Louis  river. 

bent  mass  of  fresh  water  from  the  river.  The   inland  route   to  the  sources  of  the  Mississippi, 

The  basin   of  St.  John  is  about  250  miles  in  length,  and  adjacent  regions,  is  by  the  channel  of  the  latter.     The 

with  a  mean  width  of  100  miles,  comprising  an  area  of  following  distances  and  relative  elevations  from  tlie  Fond 

25,000  square  miles.     In  its  natural  state  the  St.  John  is  du  Lac,  or  mouth  of  St.  Louis  river,  to  the  sources  of  the 

one  of  the  most  navigable  rivers  in  the  Atlantic  system,  Mississippi,  are  extracted  from  Schoolcraft's  travels  with 

being  much  less  impeded  with  falls  than  any  other  of  the  Governor  Cassf. 
streams  entering  that  ocean,  between  the  Hudson  and 

gulf  of  St.  Lawrence.     The  lands  watered  by  either  the  From  the  mouth  of  St.  Louis  river  to  the  South-West 

•  11,  I  r     .1      .u        .u   »  Company  s  House,  .....  J4 

mam  river  or  branches  are  also  more  fertile  than  that  Tothefoot  of  the  Grand  Portage,  -        -        -        -  2    26 

contained  in  the  river  basins  north-east  of  the  Connecticut.  To  the  Galley, 2    28 

In  point  of  climate  the  St.  John's  basin  reaches  the  48th  To  the  head  of  Grand  Portage,     ...        -  7    35 

degree   of  North    Lat.  and    terminates   on  the   Atlantic  To  the  foot  of  the  Portage  aux  Coteaux,    -        -        -        6    41 

coast  at    North    Lat.   45°    10',  extending   through  near  To  the  head  of  do.  do.    -        -        -  i*  f^J 

.,  ,  „       r  .   ,-,     ,  ^  ^  To  the  Is  e  aux  P  aie, 3    45* 

three  degrees  ot  latitude.  t>    .i,    ,  i       _  d„..  «    «ii 

,,,.        a  r  1      ,  To  the  Isle  aux  Pms,     ......  o     51* 

We  now  proceed  to  survey  one  ot  not  only  the  greatest  To  the  he.->d  of  do. i     52 

rivers  of  North  America,  but  of  the  world,  the  St.  Lau-  To  the  foot  of  the  Grand  Rapids,  -        ...  2    54 

rence.  To  the  head  of         do.        do.  -        -        .        -        6     60 

As  a  basin  of  inland  commerce,  it  may  indeed  be  truly  To  Glukie  liapids i     k3 

asserted  that  the  St.  Laurence  stands  alone  on  the  i^lobe.  —"  }^*    „    \°' "oioo 

_,,  ...  ,  ,.        r  r    .  ..     ■  To  Gros  Rocher  .^1     i58 

Ihe  sublime   and   peculiar  features  of  that  unequalled  To  mouth  of  Savannah  river 12     100 

assemblage  of  fresh  water  seas  demand  more   than  or-  To  the  portage,  from  St.  Louis  river,    ...  24    124 

dinary  attention  from  the   geographer  and  statistical  in-  Over  the  Savannah  portage, 6    130 

quirer.     This  immense  basin'extends  from  the  mouth  of  Bown  another  Savannah  river  discharge  into  Sandy 

the  St    Laurence  to  the  head  waters   of  Lak<>   Superior,  south-Weli-Company'sHouse  on  Sandy  lak^,       "-  3     151 

1350  miles,   with  a  mean  width  ot  about  400  miles,  and 

containing  an  area  of  upwards  ol  500  000  square  miles.         Relative  elevations  in  the  foregoing  distances: 

The  tide  ascends   farther  in  that  basin  than  in  that  of 

any  other  of  the  known  world,  or  upwards  of  400  miles,  p^^^  ^^e  mouth  of  St.  Louis  river  to  South-West-   ^"^"'^"'■ 

by  comparative  couists  trom  the  gult,  to  about  halfway  Company's  House, 4 

between   Quebec   and   Muiiireal.     Above  tide   water  to  To  the  Galley,  4  miles  farther,  -        .        .        -  8     12 

Ogdensburg,    the    navigation   of  the    river  is  much  im-  To  the  head  of  the  Grand  Portage,  -        -        -220     232 

peded   by  shoal   sand   r.ipids,  hut  is  in  no  place  actually  To  the  foot  of  the  Portage  aux  Coteaux     -        -         18     250 

r  ,,        ■  ,  ]        •..  r  1  1-  Totheluadof  do.  do.        -         -         -     42     292 

impassable  with  vessels,  eitner  ascending  or  descending,  to  the  muulh  of  the  Savannah  river,  -        -     212,«=     5C4.6 

Ships  ol  the  line,  oi  the  hi  St  class,  are  navigated  as  high  To  the  Savannah  Portage, 18    525.6 

as  Quebec,  and  ve.sels   of  400  ions  arc  taken   to   Mon-  To  the  head  of  the  West  Savannah,  -        -        .         30    552.6 

•  Schoolcraft's  travels,  p.  '?61 ;  and  this  work,  Vol.  XIII.  Part  II.  p.  627,  Article  Mississipri. 

f  Schoolcraft's  travels,  p.  236  and  262, 


326 


NAVIGATION  INLAND. 


We  thus  find  the  extreme  summit  level,  between  Lake     other  smaller  lakes,  and  the  rivers,  we  have,  in  round 
Superior  and  Sandy  lake,  to  be  550  6  feet  above  the  sur-     numbers,  in  the  second  or  middle  basin  ol'  St.  Lawrence, 


face  of  the  former,  in  a  direct  distance  of  about  70  miles 
If  this  estimate  is  correct,  the  country  west  of  lake  Su- 
perior has  a  rise,  in  70  miles,  of  within  90.4  IVet  as  much 
as  from  tide  water  in  the  Hudson  to  the  head  of  that 
lake. 

Depression  from  the  summit  level  to  Sandy  lake : 


Dep.  Feet. 
2 

-  5       7 
4     11 

-  8     19 
4  6     23  6 


To  first  Rapid,  ... 

Descent  of  the  rapid, 

Head  of  second  rapid, 

Descent  of    do.  .        .        - 

Thence  to  the  level  of  Sandy  lake, 

This  depression  taken  from  550  6  feet  leaves  527  feet, 
as  the  elevation  of  the  surface  of  Sandy  lake  over  that  of 
lake  Superior.  Mr.  Schoolcraft  (page  261)  estimates 
the  entire  fall  from  the  summit  level  througli  Sandy  Lake 
into  the  Mississippi  at  60  feet ;  and  the  elevation  of  the 
sources  of  that  river,  above  that  of  the  mouth  of  Sandy 
Lake  river,  at  162  feet. 

From  these  elements  we  have  36.4  feet  fall  from  San- 


50,000  square  iiules  of  water,  or  one  fourth  part  of  the 
entire  surface. 

The  middle  is  the  most  valuable  of  the  three  minor 
basins  of  St.  Lawrence.  In  point  of  climate,  it  reaches 
from  North  Lai.  40°  20'  lo  North  Lat.  47°.  The  arable 
surface  is  unequally  divided,  as  near  two  thirds  of  the 
whole  is  on  the  riglit  or  United  Slates  side  of  the  chain 
of  lakes.  It  would  be  needless  to  enumerate  the  great 
number  of  rivers  which  every  where  flow  from  the  ad- 
jacent country  into  the  lakes  :  we  will  therefore  particu- 
larly notice  only  these  which  from  their  position  have 
already,  or  may  become  noted  channels  of  Inland  Navi- 
gation. 

Of  the  latter,  proceeding  from  west  to  east,  the  first 
which  demands  attention  is  Fox  river,  flowing  into  Green 
Bay,  or  the  north-western  arm  of  lake  Michigan.  The 
entire  length  of  this  river  is  260  miles,  50  of  which  con- 
sist of  lakes.  It  is  foi  nied  by  two  branches,  the  Va- 
seux,and  Portage  rivers,  which  unite  15  miles  from  Port- 
age from  the  latter  to  the  Ouisconsin  branch  of  Missis- 
The  Vascux  flows  in  from  the  north-west,  and 


dy  lake  into  the  Mississippi,  yielding  an  elevation  of  that     sippi.     The  V 

stream  at  the  mouth  of  Sandy  Lake  river,  above  the  sur-  from  its  junction  with  the  Portage  river  to  Winnebago 
face  of  lake  Superior,  of  490,6  feet.  If  to  the  latter  sum  lake  is  190  miles,  iollowing  the  windings  of  the  stream, 
we  add  162  feet,  we  have  652.6  feet  as  the  elevation  of  In  this  distance.  Fox  river  in  most  places  resembles  a 
the  sources  of  Mississippi  river  above  the  surface  of  canal  or  strait  more  than  a  river,  its  current  is  gentle, 
lake  Superior.  We  have  already  found  that  the  latter  and  often  expanded  into  lakes  of  considerable  extent, 
lake  was  elevated  641  feet  above  the  Atlantic  tides,  The  river  here  appears  to  wind  across  a  valley,  which  is 
which  sum  added  to  652.6  produces  1293.6,  say  in  round  terminated  by  a  ridge  of  hills  crossing  between  Green 
rumbers  1,300  feet,  as  the  elevation  of  the  sources  of  Bay  and  Winnebago  lake.  Tne  latter  opens  above  the 
the  Mississippi  over  the  Atlantic  tides ;  (see  article 
Mississippi,  page  627,  in  the  note.)  In  that  note  it  will 
be  seen  that  Mr.  Schoolcraft's  deduction  does  not  agree 
with  his  elements.  He  there  deduces  1330  feet  as  the 
elevation  of  the  Mississippi  sources  :— But  by  adding 
together  641  feel  the  elevation  of  lake  Superior,  550.6 
feet  rise  to  the  intermediate  summit  level  between  lake 
Superior,  and  the  mouth  of  Sandy-lake  river,  and  162 
feet  as  the  rise  of  the  Mississippi  river  from  Sandy-lake 
river  to  its  sources,  we  have  1353.6  feet  ;  and  this  sum, 
less  60  feet,  the  fall  from  the  summit  level  before  no- 
ticed, to  the  mouth  of  Sandy-lake  river,  leaves  as  before 
1293.6  feet  as  the  real  elevation  of  the  sources  of  the 
Mississippi. 

By  the  river  of  the  Grand  Portage,  which  enters  lake 
Superior  nearly  opposite  to  the  south-west  end  of  Isle 
Royal,  a  route  is  opened  with  the  wide  uncultivated  ex- 
panse upon  the  sources  of  the  Winnepeg,  Assiniboin, 
Red,  and  other  branches  of  Saskashawin.  This  is  the 
great  thoroughfare  of  the  fur  trade. 

The  enormous  surplus  mass  of  the  waters  of  lake  Su- 
perior are  discharged  at  the  falls  of  St.  Mary,  North 
Lat.  46°  31',  by  a  fall  of  22  feet  10  inches,  according  to 
the  admeasurement  made  by  Col.  Gratiot.*     The  river. 


ridge  we  have  noticed,  and  extends  with  a  width  of  5  or 
6  miles  about  24  in  length.  The  adjacent  country  has 
been  described  as  in  a  peculiar  degree  fertile  and  agreea- 
ble to  the  eye. 

At  the  bottom  of  the  Winnebago  lake,  the  river  chang- 
es its  character  :  the  shores  become  rocky,  and  preci- 
pitous, and  the  bottom  of  the  stream  much  embarrassed 
with  falls,  rapids,  and  shoals.  By  a  very  circuitous  chan- 
nel of  40  miles,  through  this  mountain  pass,  the  naviga- 
tion of  the  river  is  obstructed  by  the  'NVinnebago,  Little 
Kakalin,  Grand  Kakalin,  and  the  Rock  rapids.  From 
the  foot  of  the  latter  to  the  head  of  Green  Bay  is  about 
6  miles  of  smooth  water.  At  low  water,  late  in  the  sum- 
mer and  early  in  autumn,  the  navigation  of  the  moun 
tain  pass  of  Fox  river  is  extremely  dangerous,  difficult, 
and  fatiguing,  but  during  the  spring  floods  may  be  as- 
cended and  descended  with  ease  and  safety. 

Green  Bay  extends  120  miles  in  length,  in  a  direction 
of  north  north-east,  nearly  parallel  to  lake  Michigan, 
with  which  it  communicates  by  a  wide  strait,  about  75 
miles  west  from  the  straits  of  Michilimakinac.  It  was 
through  this  channel  that  the  first  discovery  was  made 
of  the  Mississippi  river  from  Canada,  and  it  has  long 
continued  and  still  remains  the  principal  route  from  the 
or  strait  of  St.  Mary's  is  about  40  miles  in  length,  and  Canadian  sea  to  the  upper  waters  of  the  Mississippi, 
connects  the  upper  secondary  basin  of  St.  Lawrence  The  distance  by  comparative  courses,  from  the  mouth 
with  that  of  Lake  Huron.  Michigan,  Erie,  and  their  con-  of  Green  Bay  lo  the  Portage,  from  the  Fox  lo  Ouiscon- 
fluent  waters.  The  latter  basin,  depressed  below  the  sin  rivers,  is  250  miles,  and  down  the  latter  stream  to 
former -6  feet,  spreads  over  a  parallelogram  of  500  by  its  junction  with  the  Mississippi  150  miles  :  but  the  dis- 
400  miles-  or  embracing  a  superficies  of  200,000  square  lance  following  the  windings  of  the  stream  is  probably 
miles  Of  this  extent,  lake  Huron  occupies  20,000  one-third  more  than  by  comparative  courses,  or  from 
souare  miles,  Michigan  13.500,  and  Erie  15,000,  or  over  lake  Michigan  to  the  Mississippi  about  530  miles, 
an  aeereeate  of  48,500  square  miles.  If  to  this  we  add  The  Ouisconsin,  though  a  rapid  stream,  is  unimpeded 
!. 500  square  miles  for  lakes  St.  Clair  and   Nipissing,     by  either  falls,  shoals  or  rapios.  .  The  Portage,  from  the 

•  Schoolcraft's  travels,  p.  130- 
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Fox  to  ihe  Ouisconsin  river  is  one  of  those  singular 
situations  which  the  interior  of  America  affords,  where 
nature  seems  to  have  made  preparation  for  the  opera- 
tions of  human  intercourse.  Both  rivers  originate  about 
100  miles  to  the  north  of  tlie  Portage,  but  at  the  latter 
place  they  approach  to  within  1^  mile.  The  interven- 
ing ground,  level  prairie,  over  which  at  high  floods  load- 
ed canoes  aie  navigated  from  one  stream  to  the  other. 
This  circumstance  establishes  the  fact,  of  the  facility  of 
completing  the  connection  by  a  short  canal,  perhaps  with- 
out locks.* 

The  next  point  of  contact  between  the  navigable  waters 
of  the  Canadian  sea  and  Mississippi  river,  is  near  the 
south-west  extremity  of  Lake  Michigan.  Here  the  small 
river  Chicago,  entering  Lake  Michigan,  heads  with  the 
Theakiki  branch  of  Illinois,  and,  from  the  nature  of  the 
intermediate  country,  opens  at  high  water  a  natural,  un- 
interrupted route  between  those  two  great  sections  of  the 
United  States. 

The  following  observations  and  facts  were  pi>blished, 
two  years  past,  in  a  common  newspaper,  but  we  deem  it 
necessary  to  republish  the  whole,  as  illustrating  the  sub- 
ject we  are  now  engaged  to  discuss. 

Whilst  engaged  in  collecting  facts  to  show  the  di- 
rect and  remote  connections  which  would  be  formed  by 
the  New-York  canals,  the  subject  of  a  natural  communi- 
cation between  the  Canadian  sea  and  the  waters  of  the 
Mississippi,  was  often  canvassed  with  more  or  less  ac- 
curacy, as  the  means  of  topographical  information  was 
more  or  less  ample,  and  well  authenticated.  It  has  long 
been  reported  that  a  channel  did  exist  at  high  water,  be- 
tween the  south-west  bay  of  Lake  Michigan  and  the 
sources  of  the  river  Plein,  (Theakiki,)  a  branch  of  the 
Illinois.  Local  knowledge  upon  that  section  of  country 
has  been,  and  continues  to  be,  very  limited  ;  but  the  fact 
of  an  intercommunication  between  the  waters  of  Michi- 
gan and  Illinois,  is  now  rendered  certain,  as  far  as  the 
mere  fact  is  concerned,  though  we  yet  possess  no  maps 
whose  correctness  of  delineation  can  enable  us  to  trace 
distinctly  the  interlocking  streams.  The  following  com- 
munication, however,  serves  to  throw  light  upon  this 
truly  interesting  subject,  and  places  the  fact  of  a  com- 
munication of  the  nature  we  have  been  reviewing  beyond 
dispute. 

"  New-Orleans,  Dec.  15. 

"  Passage  by  water/rom  Lake  Michigan  into  the  Illinois 
River. — During  the  discussions  respecting  the  feasibility 
and  expediency  of  the  New-York  Grand  Canal,  it  was 
asserted,  that  connecting  the  lakes  with  the  Hudson, 
would,  in  fact,  be  opening  a  communication  into  the 
waters  of  the  Mississippi,  and  effecting  a  route  of  inter- 
nal navigation  or  boating  from  New-York  to  New-Or- 
leans. It  was  asserted,  that  in  the  wet  season,  or  during 
the  high  stage  of  the  western  waters,  there  was  a  pass- 
age of  boats  from  Lake  Michigan  into  the  Illinois  river. 
Most  people,  we  believe,  did  not  doubt  the  assertion — 
they  supposed  that,  during  some  extraordinary  season,  a 
canoe  of  wood,  but  more  probably  of  bark,  had,  partly  by 
making  its  way  through  swamp,  grass,  and  reeds,  and 
partly  by  being  dragged  through  the  mud,  actually  ef- 
fected this  wonderful  passage  ;  and  it  proved,  that  canal 
connecting  Lake  Michigan  with  the  Illinois  was  not  very 


difficult,  and  some  hundred  or  hundred  and  fifty  years 
hence  might  be  deemed  expedient.  The  writer  of  the 
present  paragraph  was  not  long  since  speaking  on  the 
subject  to  a  gentleman  residing  in  New-Orleans,  and 
expressing  an  opinion  similar  to  the  foregoing,  when  the 
gentleman  said,  that  in  October  1805,  he  was  one  of  a 
party  who  performed  this  passage,  of  which  lie  related 
from  memory  the  following  particulars  : 

'  Fort  Dearborn,  erected  in  1804,  is  situated  on  the 
western  bank  of  Lake  Michigan,  in  lat.  42°,  at  the  mouth 
of  a  smaller  river  or  bayou,  called  Chicago,  in  width 
from  30  to  40  yards,  and  at  its  mouth  perhaps  100. 
Passing  through  low  meadows,  it  has  little  current,  con- 
siderable depth,  and  is  navigable  to  its  mouth.  From 
this  fort  a  detachment  of  3  officers  (of  whom  I  was  one) 
and  15  soldiers,  with  an  experienced  pilot,  embarked  in 
a  large  pirogue,  on  the  20th  Oct.  1805,  our  destination 
St.  Louis.  We  ascended  the  Chicago,  without  difficulty, 
from  35  to  40  miles,  when,  suddenly,  this  small  stream 
expanded  into  a  lake,  its  length  and  breadth,  judging 
solely  by  the  eye,  about  3  by  5  miles,  without  current  or 
wave,  the  banks  flat,  and  destitute  of  limber  ;  and  we  left 
it  on  the  second  day  of  our  voyage,  at  the  western  end, 
through  a  stream  or  bayou  resembling  the  Chicago,  with 
a  gentle  current,  but  directly  opposite  course.  In  the 
dry  season,  say  three  months  of  the  year,  the  waters  of 
the  lake  disappear,  and  there  is  a  portage  of  from  2  to  3 
miles  between  the  great  lakes  and  the  waters  of  the  Mis- 
sissippi. The  stream  on  which  we  now  entered,  was 
called  Theakiki,  winds  its  course  slowly  west,  through 
extensive  meadows,  and  receiving  on  either  side,  at 
every  8  or  10  miles,  small  auxiliary  streams,  soon 
becomes  sufficiently  enlarged  for  heavy  boat  navigation. 

'  On  the  evening  of  the  second  day  we  overtook  a 
trading  boat  belonging  to  Messrs.  M'Kenzie  and  For- 
syth, of  the  North  West  Fur  company,  which  had  left 
Fort  Dearborn  a  day  or  two  before  our  embarkation. 
She  was  laden  with  merchandise  for  the  Indian  trade 
on  the  Mississippi  or  Missouri,  in  burden  perhaps  fifty 
tons,  navigated  by  eight  oars ;  we  continued  in  company 
with  her  the  greater  part  of  the  voyage  to  St.  Louis. 

'  On  the  fourth  day,  having  run  perhaps  seventy 
miles,  we  reached  the  junction  of  the  Theakiki  with 
Fox  river,  the  first  considerable  stream  which  puts  in 
from  the  right,  and  the  two  united  form  the  Illinois,  in 
breadth  one  hundred  and  fifty,  or  two  hundred  yards. 
The  next  day  brought  us  to  the  mouth  of  Kickapoo  river, 
a  considerable  stream  from  the  left,  called  the  Vermil- 
lion. Soon  after  passing  the  last  river,  we  came  to  the 
Rapids,  the  greatest  obstacle  to  the  navigation  of  the 
Illinois. 

'Our  little  craft  being  crowded  with  soldiers,  by  the 
advice  of  the  pilot,  some  of  our  men  took  the  land,  and 
others  went  on  board  the  large  boat,  myself  and  three 
others,  besides  the  pilot,  continuing  in  the  pirogue. 
The  liver  is  here  narrow  ;  its  bed  and  sides  consist  of  ir- 
regular broken  rocks,  the  current  rapid,  but  no  where,  I 
think,  so  rapid  as  to  arrest  the  ascent  of  a  light  boat,  im- 
pelled by  a  strong  force.  Both  the  boats  passed  without 
accident,  and  at  the  foot  of  the  rapids  we  waited  for  the 
party  on  land,  who  started  early  in  the  day,  and  joined 
us  about  dark.' 

"  Here  concludes  the  account  which  this  gentleman 
was  so  obliging  as  to  afford,  and  which,  allowing  the  in- 
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accuracies  of  memory,  and  optic  measurement,  may 
serve  to  give  us  a  good  general  idea  of  this  interesting 
and  important  communication  between  the  waters  of 
the  north-east  and  the  south-west.  The  Illinois,  it  is 
well  known,  is  one  of  the  most  navigable  of  our  western 
rivers.  Nothing  more  seems  necessary  to  render  this 
communication  useful  to  commerce,  than  to  deepen  the 
passage  from  the  Chicago  to  the  Theakiki — the  rapids 
of  the  Illinois  would  not,  probably,  need  to  be  locked. 
Where  a  boat  of  50  tons,  unwieldy,  and  carried  alone  by 
the  current,  could  pass  in  safety,  the  stream  would  be 
navigable  for  a  steam-boat  of  much  larger  burden.  Thus 
easy  would  it  be,  in  conjunction  with  the  Grand  Canal, 
to  open  a  chain  of  internal  communication  of  between  2 
and  3000  miles  m  length." 

The  two  following  lists  of  land  and  water  stages  from 
New-York  to  St.  Louis,  by  the  Ohio  and  Illinois  routes, 
will  exhibit  the  relative  distances  at  a  single  glance  : 

Route  from  the  city  of  JVeio-York  to  St.  Louis,  by  Hamil- 
ton, Pittsburgh,   Cincinnati,  Louisville,  and  the  Ohio 

and  Mississi/ifii  rivers. 

Miles. 

Newburgh 60 

Cochecton  ....  60      120 

Hamilton 200     320 

Pittsburgh      ....  261     581 
Steubenville            .         .         .         .       59     640 

Cincinnati  ....  363   1003 

Louisville      .         .         .         .         .  131    1134 

Mouth  of  Ohio  ...  393    1527 

St.  Louis 198   1725 

Route  from  the  city  of  J^ew-York  to  St.  Louis,  by  Albany, 
Buffalo,  Detroit,  Michilimakinac,  lake  Michigan,  Il- 
linois, and  Misaissi/i/ii  rivers. 

Miles. 

Albany 143 

Canandaigua       .         .         .         •         213     356 

Buffalo 92     448 

Erie 90     538 

Cleaveland 90     628 

Detroit  .         .         •         •         HO     738 

Fort  Gratiot  .         .         .         .       67     805 

Michilimakinac  ...         190     995 

Mouth  of  Chicago  river  .         .     280    1275 

Head  of  Illinois         do.       .         .  40    1315 

Mouth  of  do 400   1715 

St.  Louis  ....  30   1745 

It  will  be  at  once  seen,  by  an  inspection  of  this  table, 
that  the  difference  in  distance,  by  the  two  routes,  is 
trifling;  and,  all  things  considered,  no  great  diversity 
exists  naturally  in  tlie  facility  offered,  or  impediments 
opposed  to  mercantile  transportation  ;  but  with  the 
Grand  Canal  from  Albany  to  Buffalo,  the  advantages  are 
obviously  in  favour  of  the  northern  route. 

Canal  communication  between  Lake  Michigan  and 
Illinois  river,  must  speedily  follow  the  advance  of  popula- 
tion into  that  section  of  country. 

A  number  of  rivers  of  considerable  magnitude  enter 
the  eastern  and  south-eastern  shore  of  Michigan,  by  the 
channels  of  which  a  considerable  commerce  must  be 
carried  on,  as  settlement  and  wealth  increase.  Of  these 
the  St.  Joseph  heads,  with  the  Muumec  falling  into  the 
head  of  Lake  Erie,  and  with  Wabash  flowing  into  Ohio. 
The  intermediate  country  has  not,  however,  been  sur- 


veyed with  sufficient  accuracy,  to  permit  us  to  determine 
how  far  nature  has  prepared  the  way  to  enable  man  to 
complete  the  entire  navigable  communication  from  any 
one  water  to  any  of  the  others. 

The  Maumee  is  a  river  deserving  very  particular  no- 
tice, in  a  survey  of  the  inland  navigation  of  the  United 
States.  This  river  has  its  sources  on  the  table  land,  be- 
tween Lakes  Michigan  and  Erie  and  the  Ohio  river,  in- 
terlocking its  branches  with  liiose  of  Miami,  Wabash, 
Illinois,  and  St.  Joseph.  On  this  extensive  flat  table 
land  the  streams  are  sluggish,  and  only  gain  current  by 
reaching  a  more  inclined  descent.  Such  a  construction 
of  country  is,  in  an  eminent  manner,  calculated  to  facili- 
tate the  formation  of  canal  and  lock  navigation. 

Maumee  is  formed  by  three  branches  ;  the  St.  Jo- 
seph's, interlocking  with  the  sources  of  the  river  of  the 
same  name  flowing  into  Lake  Michigan  ;  the  St.  Mary's, 
the  sources  of  which  rise  with  those  of  the  Wabash,  and 
Miami,  flowing  into  Ohio;  and  the  Auglaize,  heading 
with  the  Miami.  From  the  earliest  settlement  of  Ca- 
nada, the  peculiar  structure  of  the  intervening  country, 
between  the  heads  of  the  foregoing  rivers,  struck  every 
traveller;  and  at  the  present  moment,  when  the  Indian 
title  to  the  soil  is  extinguished,  and  an  active  civilized 
population  must  rapidly  arise  upon  its  surface,  the  abun- 
dant natural  resources  for  inland  commerce  will  be  called 
into  active  operation. 

The  St.  Joseph's  and  St.  Mary's  branches  of  the  Mau- 
mee unite  near  the  west  boundary  of  Ohio,  but  within 
Indiana.  Turning  to  north-east,  the  united  streams  flow 
in  that  direction,  by  comparative  courses,  about  100 
miles,  and  fail  into  the  extreme  south-western  angle  of 
Lake  Erie.  The  current  is  in  general  rapid,  though  the 
bed  of  the  river,  except  in  one  place,  is  unincumbered 
with  shoals  or  falls.  That  exception  occurs  near  Fort 
Meigs,  20  miles  above  the  mouth,  where  a  ledge  of 
rocks  crosses  the  river,  and  produces  shoals  for  14  or 
1 5  miles  along  the  stream.  The  entire  depression  of  the 
river  at  this  obstruction  has  never  been  dvitermined  ac- 
curately, but  is  not  supposed  to  exceed  100  or  150  feet 
perpendicular.  A  bar  crosses  the  mouth  of  Maumee 
river,  over  which  there  is  not  above  7  feel  water.  A 
glance  upon  a  map  of  the  entire  region  between  Ohio 
river  and  Lakes  Michigan  and  Erie,  can  scarcely  leave  a 
doubt  but  that  the  channels  of  Maumee,  Wabash,  and 
Miami,  must  become  the  great  lines  of  inland  naviga- 
tion between  the  Canadian  sea  in  that  quarter,  and  the 
valley  of  Ohio.  The  distance  from  Lake  Erie  to  the  head 
of  boat  navigation  in  Maumee  is,  as  has  been  observed, 
100  miles  by  coinparative  courses.  By  a  similar  mode 
of  admeasurement,  the  navigable  channel  of  the  Wabash 
is  250  miles,  making  the  entire  channel  from  Erie  to 
Ohio  of  360  miles ;  which,  by  adding  one-third  for  the 
particular  bends  of  the  rivers,  will  yield  an  inland  route 
of  480,  say  in  round  numbers  500  miles.  The  entire 
portage  betvecen  the  naturally  navigable  points  of  the 
two  rivers  is  not  quite  5  mile?.  The  other  route,  through 
the  Miami,  is  200  miles  shorter  than  the  former;  but 
striking  the  Ohio  360  miles  higher,  following  the  bends 
of  the  latter  river,  and  also  with  a  much  wider  inter- 
vening portage,  the  Miami  channel  offers  much  fewer 
advantages  than  that  by  the  Wabash. 

The  next  navigable  route  from  Lake  Erie  to  Ohio  ri- 
ver, after  the  preceding,  is  through  the  Sandusky  and 
Sciota  rivers.  The  latter  is  a  very  direct  line  of  inter- 
communication, of  about  300  miles,  following  the  bends 
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of  the  streams,  100  of  which  are  in  the  Sandusky  and 
intcrrening;  portage  of  about  20  miles,  and  200  in  the 
Sciota.  The  country  between  the  sources  of  Sciota  and 
Sandusky  is  flat,  and  in  spring  floods  in  great  part  over- 
flown. The  portage,  as  already  observed,  20  miles  be- 
tween the  naturally  navigable  waters  of  those  two  rivers. 
The  navigation  of  Sandusky,  like  that  of  the  Maumec,  is 
impeded  by  rapids  and  falls  before  reaching  Lake  Erie, 
but  is  otherwise  suitable  for  the  conveyance  of  boats  of 
considerable  size. 

Hitherto  the  confluents  of  Ohio  river  are  without  falls 
or  dangerous  rapids.  The  Wabash,  Miami,  and  Sciota, 
are  sluggish  streams  near  their  sources,  but  become 
more  rapid  in  their  progress  towards  their  common  re- 
cipient. They  are  all,  at  seasons  of  high  water,  naviga- 
ble to  very  near  their  sources,  and  flow  through  a  highly 
fertile  country. 

From  the  advance  of  population,  and  from  the  near  ap- 
proximation of  the  Ohio  river  to  Lake  Erie,  the  channels 
of  Cayahoga  and  Tuscarawas  branch  of  Muskingum 
have  been  chosen  by  the  legislature  of  the  state  of 
Ohio,  as  the  route  of  a  navigable  canal  to  connect  the 
Car.adian  sea  to  the  valley  of  Ohio. 

TheCayalioga  river  rises  principally  in  Portage  and  Ge- 
auga couniies  in  Oliio,  and  flowing  fifty  miles  south-west, 
reaches  within  ten  miles  from  the  navigable  waters  of 
the  Tuscarawas.  Already  a  fine  boatable  stream,  the 
Cayahoga,  turns  at  an  acute  angle  near  the  village  of 
Northampion,  and  flows  in  a  direction  of  north  north-west 
about  40  miles,  falls  into  Lake  Erie  in  Cayahoga  county, 
at  the  flourishing  town  of  Cleveland. 

The  Tuscarawas  rises  in  Wayne,  Medina,  Portage 
and  Siark  counties,  and  forming  a  large  navigable  creek 
in  the  latter,  flows  south  south-east  30  miles,  receives 
Sandy  creek  from  the  east,  and  12  miles  still  lower, 
Sugar  creek,  from  the  west  near  New  Philadelphia. 
Below  the  latter  place  the  Tuscarawas  curves  gradually 
south-east,  south-west,  and  finally  west,  flows  50  miles 
to  its  junction  with  Wiiitewoman's  river  at  the  town  of 
Coshocton.  The  two  rivers  at  their  confluence  are  near- 
ly of  equal  size,  and  are  both  lost  in  the  general  name  of 
the  Muskingum.  Assuming  a  southern  course  of  ten 
miles,  Wills  creek  enters  from  the  south-east,  and  wind- 
ing more  to  the  west,  30  miles  farther,  receives  Lick- 
ing creek,  a  large  tributary  branch,  at  the  town  of 
Zanesville,  in  Muskingum  county.  Here  the  river  is 
precipitated  over  its  only  falls, orratherrapid,  30or  40  feet 
entire  depression.  Below  the  falls,  Muskingum  turns 
to  the  south-east  80  miles,  to  its  junction  with  Ohio 
river  at  Marietta,  in  Vv'ashington  county. 

From  this  sketch,  we  find  this  inland  channel  lying  in 
nearly  a  north  and  south  direction.  Advancing  from 
Cleveland  on  Lake  Erie,  up  the  Cayahoga  40  miles,  we 
reach  the  Portage,  from  that  stream  to  the  Tuscarawas  ; 
thence  ten  miles  over  that  portage,  and  again  down  the 
Tuscarawas  and  Muskingum  212  miles  to  Marietta, 
exhibits  an  entire  line  of  262  miles.  As  this  is  probably 
the  first  route  of  inland  navigation  to  connect  the  river 
systems  of  Mississippi  and  St.  Lawrence,  which  will  be 
completed  by  act,  it  will  be  necessary  to  take  particular 
notice  of  the  steps  already  taken  to  carry  those  improve- 
ments into  effect. 

In  1814  the  legislature  of  Ohio  granted  corporate 
powers  to  a  company  for  the  purpose  of  cutting  a  canal 
and  constructing  locks  around  the  falls  of  the  Muskin- 
gum  at   Zanesville.     The  necessary  expenses  of  the 
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works  are  calculated  at  from  70,000  to  100,000  dollars. 
The  undertaking  is  in  rapid  progress,  and  will  no  doubt 
be  soon  completed.  The  adjacent  country  abounds  with 
exhaustless  beds  of  mineral  coal,  and  the  water  power 
afforded  by  the  falls  renders  the  vicinity  of  Zanesville 
one  of  the  most  favourable  manufacturing  sites  in  the 
valley  of  Ohio.  Independent  of  the  communication  be- 
tween the  Tuscarawas  and  the  Canadian  sea,  the  canal 
and  locks  past  the  falls  of  Muskingum  will  open  to  the 
Ohio  trade  an  expanse  of  country  having  an  area  of 
about  8  000  square  miles. 

The  following  papers  are  extracted  from  Col.  Charles 
G.  Haines's  able  collection  of  documents  respecting  the 
canals  of  New-York  in  particular,  but  incidentally  upon 
the  policy  of  constructing  artificial  water  communica- 
tions throughout  the  United  States  in  general.  We 
have  made  the  extracts  as  illustrative  of  the  incipient 
progress  made  in  the  stale  of  Ohio  to  unite  the  waters 
which  boimd  that  state  on  its  northern  and  southern  bor- 
ders. In  the  language  of  Col.  Haines,  "  these  letters, 
and  the  essay  with  which  they  are  accompanied,  cast 
much  light  on  the  second  great  Western  Canal.  They 
will  be  read  with  deep  interest  in  the  nation,  and  out  of 
the  nation." 

Columbus,  Sept.  20th,  1820. 

Charles  G.  Haines,  Esq. 

Dear  Sir — I  have  been  prevented  by  business,  and  a 
desire  of  communicating  more  satisfactory  information, 
from  sooner  acknowledging  the  receipt  of  your  letter  of 
the  4th  of  August. 

You  give  great  pleasure,  by  informing  me  of  the  in- 
terest felt  in  the  state  of  New- York,  in  regard  to  the 
commencement  and  completion  of  a  canal  from  the  Ohio 
river  to  Lake  Erie. 

Young  as  our  state  is,  and  forced  hitherto  to  rely,  al- 
most exclusively,  on  direct  taxation,  for  public  improve- 
ments, as  well  as  for  the  support  of  government,  we  look 
to  your  state  for  capital,  in  the  first  instance,  towards 
effecting  this  object,  either  by  way  of  loan,  should  the 
■work  be  undertaken  by  the  state,  or  for  individual  sub- 
scription, should  it  be  thought  necessary  to  incorporate 
a  company  for  the  purpose. 

I  should  be  much  obliged  by  the  views  that  may  be 
entertained  by  any  members  of  your  association,  con- 
cerning the  prospect  of  raising  these  funds  in  New- York, 
in  either  of  the  abovemeniioned  alternatives;  to  the  lat- 
ter of  which,  I  confess,  1  feel  a  repugnaiice,  while  a  hope 
can  reasonably  be  entertained,  that  the  work  will  be  ac- 
complished by  the  state. 

You  are  pleased  to  observe,  that  "the  command  of 
public  opinion  will  be  the  command  of  financial  resour- 
ces ;"  this  is  very  true,  but,  even  in  the  rich  stale  of  New- 
York,  it  requires  time,  patience  and  perseverance,  to 
acquire  that  command  ;  by  proofs  heaped  upon  demon- 
stration, when  a  vast  enterprise,  of  a  nature  still  new  to 
this  country,  was  proposed;  and  we  are  greatly  indebt- 
ed, here,  for  your  daring  experiment,  inasmuch  as  it 
may  lead,  by  force  of  its  great  example,  to  an  investi- 
gation of  what  latent  resources  Ohio  may  possess. 

You  first  enquire  whether  it  be  practicable  to  connect 
Lake  Erie  with  the  Ohio,  by  means  of  a  canal  ? 

The  House  of  Representatives  of  cur  legislature  ad- 
dressed to  me  last  winter  a  similar  inquiry,  in  answer  to 
which,  I  communicated  what  information  I  then  possess- 
3  N 
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cd  on  the  subject ;  a  copy  of  this  message,  to  which  I 
beg  leave  to  refer  you,  is  forwarded  by  this  post.  The 
intelligence  I  have  sinee  acquired  on  this  head  is  fa- 
vourable. One  of  the  public  surveyors  has  since  assur- 
ed me,  that,  in  the  dry  season  pieccding,  he  found  the 
two  eastern  branches  of  the  Sandusky  that  issued  from 
the  Morass,  mentioned  in  that  paragraph  of  the  message 
marked  A,  to  aflbrd  each  a  supply  of  water  sufficient  to 
turn  a  large  run  of  mill-stones,  by  an  undershot  wheel. 
There  seems  no  doubt,  that  these  can  be  diverted  into 
the  Scioto.  On  the  other  hand,  a  more  correct  exami- 
nation has  proved,  that  the  little  Scioto,  at  the  place 
mentioned  in  the  same  paragraph,  is  elevated  seven  feet 
above  the  Sandusky.  I  have  no  further  information  of 
the  supply  of  water,  for  the  route  through  the  valley  of 
j\Iad  river,  nor  any  thing  to  add  concerning  the  prac- 
ticability of  a  water  communication  through  the  north- 
eastern part  of  this  slate,  and  part  of  Pennsylvania. 

Your  next  inquiry  relates  to  the  distance,  the  fall,  and 
number  of  locks  required  ? 

I  can  ohly  answer  the  first,  as  regards  geographical 
distance:  The  length  of  the  canal  must  inevitably  de- 
pend on  the  course  which  the  face  of  the  country  will 
compel  the  engineer  to  pursue  ;  and  this  is  not  likely  to 
be  so  sinuous  as  the  western  ranal.  By  the  road  (tolera- 
bly direci)  from  Sandusky  Bay,  to  the  mouth  of  Scioto, 
the  distance  is  about  two  hundred  miles  :  From  the  bay 
to  Cincinnati,  by  a  road  less  direct,  about  ten  miles  less. 
In  relation  to  the  fall,  I  have  to  observe,  that  the  survey 
made  by  Mr.  Briggs  from  the  tide  water  in  James  ri- 
ver, in  Virginia,  to  the  mouth  of  the  Kenahawa,  shows 
my  conjecture  to  be  nearly  correct,  concerning  the  com- 
parative elevation  of  the  lake,  and  of  the  Ohio,  at  the 
mouth  of  the  Scioto.  I  should  presume,  that  at  Cincin- 
nati, the  river  must  be  at  least  40  feet  lower. 

The  survey  alluded  to  in  paragraph  C,  was  from  the 
level  of  the  bay,  in  a  direction  towards  the  heads  of  the 
Great  Miami  and  Mad  rivers.  In  the  opinion  of  many 
judicious  persons,  there  must  have  been  some  error  in 
this  survey  ;  although  the  summit  in  that  course  must 
be  considerably  higher  than  in  a  line  northwardly  from 
this  place,  where  the  Scioto  flowing  from  the  west,  and 
branches  of  the  Sandusky  from  the  north-east,  approach 
each  other  ;  and  from  whence  each  river  bends  its  course 
to  an  opposite  point  of  compass  from  the  other.  The 
reason  for  supposing  this  error,  is  chiefly  grounded  on 
the  circumstance,  that  the  principal  rapids  of  the  San- 
dusky are  within  18  or  20  miles  of  the  level  of  the  lake, 
and  have  been  surmounted  by  canoe  navigation  ;  while 
above  them,  from  its  most  southern  bend,  the  current  of 
the  river  is  represented  as  very  gentle. 

I  perceive  that  the  New-York  newspapers  (probably 
on  the  authority  of  Mr.  Steele)  represent  the  summit  be- 
tween Sandusky  and  Scioto  as  elevated  300  feet  above 
Lake  Erie;  I  think  it  probable  that  this  approaches  the 
truth. 

You  will  be  more  competent  to  judge  of  the  number 
of  locks  that  may  be  required  than  I  am. 

Your  third  inquiry  concerns  the  leading  advantages  of 
the  canal  to  the  state  of  Ohio,  and  to  the  country  border- 
ing on  the  lakes,  on  the  completion  of  the  great  western 
canal,  from  Erie  to  the  Hudson  ? 

Among  the  principal  benefits  which  may  first  be  ex- 
pected to  be  derived  from  the  completion  of  these  works 
would  be  the  importation  of  salt,  iron,  and  some  other 
heavy,  but  indispensable  commodities,  not  yet  produced 
here  in  sufficient  quantities;  besides  the  diminished  cost 


of  transportation  of  various  articles  of  merchandise,  con- 
sumed among  us,  and  for  which  a  large  portion  of  the 
western  country  would  resort  to  the  market  of  New  -York 
— a  trade  which  heretofore  has  been,  in  a  great  measure, 
the  life  of  Philadelphia  and  Baltimore. 

If  lateral  and  diverging  canals  are  to  be  formed  (espe- 
cially towards  the  Muskingum)  the  importationof  gypsum 
for  manure  might,  at  no  great  distance  of  time,  become 
an  item  of  great  importance :  but,  the  greatest  advan- 
tage we  should  expect,  would  be  the  easy  and  cheap  con- 
veyance, to  your  grand  mart,  of  our  agricultural  produc- 
tions; which,  under  an  imperfect  cultivation  by  a  popu- 
lation still  thin,  are  already  immense.  The  region  in  the 
south-western  part  of  this  state,  called  the  Miami  country, 
is  one  of  our  most  fertile,  best  cultivated,  and  most  po- 
pulous districts.  From  one  county  within  it,  containing 
about  400  square  miles,  my  correspondent  last  winter 
acquainted  me  with  the  result  of  his  inquiries  into  its 
product,  as  follows  :  Harvested  last  season,  (18  19)  246,000 
bushels  of  wheat — 43,500  bushels  of  rye — 463,000  bushels 
of  corn.  In  the  winter  preceding,  I  was  informed,  that 
the  same  county  had  prepared,  and  chiefly  sent  off, 
4,000  hogs  for  market.  This  kind  of  stock  is  almost 
uniformly  driven  to  the  lake,  or  to  the  Ohio,  to  be  slaugh- 
tered, by  way  of  saving  expense,  in  the  carriage  of  salt 
pork  and  bacon.  Of  the  proceeds  of  their  dairies,  and 
considerable  numbers  of  neat  cattle  and  horses  reared  in 
this  county,  I  have  no  returns.  This  county  may  be  as- 
sumed as  the  average  of  what  is  severally  produced  by 
7  or  8  others,  all  nearly  of  the  same  dimensions,  in  the 
quarter  above  mentioned. 

The  average  cost  of  land  carriage,  to  places  where 
these  provisions  can  be  embarked,  on  the  Ohio  or  the 
lake,  is  scarcely  to  be  reckoned  less,  even  in  these  dull 
times,  than  from  50  to  75  cents  per  hundred,  through 
the  year.  It  is  true,  that  much  of  this  cost  of  land  car- 
riage is  occasionally  saved  in  this  state,  by  transporting 
on  the  principal  streams  that  cross  different  parts  oi'Ohio ; 
but  this  navigation  is  not  without  considerable  difficulties 
and  dangers,  and  is,  withal,  so  uncertain,  depending  on 
the  rise  of  the  waters  (which,  after  all  the  preparation  of 
adventurers,  sometimes  fails  of  their  expectation)  that  it 
forms  an  increase  of  expense. 

North  and  west  of  Chilicothe,  lies  the  most  fertile 
part  of  the  country  on  the  waters  of  the  Scioto — exten- 
sive and  beautiful  in  a  high  degree,  to  the  eye  of  the 
farmer,  but  more  lately  settled,  less  populous,  and  in 
general  much  less  cultivated,  than  the  Miami  country. 
The  small  county,  however,  contiguous  to  this  in  which  I 
am  writing,  has,  for  successive  seasons,  produced  far 
greater  wheat  harvests  than  have  ever  been  gathered  in 
any  of  the  more  western  counties,  and  of  corn  perhaps 
nearly  equal.  Land  carriage  has  heretofore  been  gl  50 
per  hundred  between  Columbus  and  the  Ohio  river,  and 
more  to  Sandusky  bay. 

Of  the  country  on  the  lakes,  I  know  nothing  personally, 
except  our  own  coast  of  Lake  Erie.  Governor  Cass  and 
the  secretary  of  Michigan,  Mr.  Woodbridge,  are  per- 
sons whose  intelligence  and  active  zeal  in  discovering 
what  concerns  their  territory  will  enable  them,  better 
than  any  one  known  to  me,  to  satisfy  you,  of  what  ad- 
vantages would  be  likely  to  result  to  the  countries  bor- 
dering on  the  Detroit,  and  lakes  Huron,  Michigan,  and 
Superior,  from  the  accomplishment  of  these  great  canal 
communications. 

The  settlement  of  that  part  of  this  state,  bordering  on 
the  lake,  is  considerably  more  recent  than  that  near  the 
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Ohio,  and  much  less  of  its  forests  have  yielded  to  the 
hand  of  improvement.  That  portion  of  territory  known 
by  the  appellation  of  the  '  Connecticut  Western  Reserve,' 
as  well  as  most  of  the  land  (not  yet  sold)  lying  v/est  of 
it,  is  in  general  less  a  grain,  than  a  grating  country, 
Avhich  may  partly  account  for  a  slower  progress  of  settle- 
ment, till  within  a  few  years,  during  which  it  has  rapidly 
increased,  in  population  and  improvement,  and  the  inha- 
bitants exhibit  a  great  deal  of  public  spirit,  in  promoting 
and  accomplishing  works  of  public  utility.  Iron  ore  is 
abundant  in  various  parts  of  the  reserve.  They  have 
yet  few  forges  or  furnaces.  Their  search  for  salt  has 
been  less  successful,  and  I  anticipate  that  for  this  article 
they  must  depend  on  New-York.  Coal  has  not  been  dis- 
covered in  any  considerable  quantity  near  the  lake  ;  but 
it  is  understood,  that  inexhaustible  beds  of  this  mineral 
are  found  in  the  south-eastern  part  of  the  reserve,  and 
touching  on  the  probable  route  for  a  canal  in  that  quarter, 
adverted  to  in  a  preceding  part  of  this  letter. 

Your  last  question  requires  an  account  of  what  lateral 
canals  can  be  connected  with  the  Ohio  canal  ? 

I  am  unable  to  answer  this  question  by  any  conjecture 
of  tolerable  accuracy.  I  believe  there  are  several  prac- 
ticable, of  greater  or  less  extent.  At  present,  I  dare  not 
venture  to  add  any  thing  to  the  hazardous  remark  con- 
tained in  paragraph  D,  of  the  message,  so  often  (and  I 
fear  so  fatiguingly)  referred  to. 

You  will  observe  that  there  is  a  part  of  the  communi- 
cation transmitted  to  you  at  this  time  relative  to  a  finan- 
ciering plan,  irrelevant  to  the  subjects  of  your  inquiries. 
Our  legislature  passed  an  act  at  their  last  session  pro- 
posing to  purchase  from  the  United  States,  from  one  to 
two  millions  of  acres  for  the  object  of  a  canal ;  and  for 
a  survey,  and  estimates,  in  case  the  proposition  should 
be  agreed  to.  It  was  not  accepted  by  congress,  not  that 
the  price  offered  was  insufficient,  or  that  the  security 
would  in  other  circumstances  be  objectionable,  but  on 
the  principle,  as  I  understand,  that  it  is  impolitic  for  con- 
gress to  give  credit  to  a  state,  or  for  a  state  to  become 
indebted  to  the  United  States,  on  any  terms  or  condi- 
tions, or  for  any  purpose  whctever.  A  bill,  however, 
passed  the  senate,  providing  for  a  survey,  &c.  which 
now  lies  among  the  unfinished  business  of  the  house  of 
representatives.  Unsuccessful  in  this  attempt — uncer- 
tain what  may  be  the  disposition  of  congress  at  their 
next  session,  and  the  aspect  of  affairs  among  us  rather 
gloomy,  from  the  depression  of  our  agriculture,  we  are 
compelled  to  view  the  accomplishment,  and  even  the 
commencement,  of  the  Ohio  canal,  as  more  remote  than 
our  own  sanguine  wishes  had  once  imagined  it  to  be. 
But  I  cannot  consent  to  lose  sight  of  it,  while  its  prac- 
ticability remains  probable.  Patience  and  perseverance 
may  at  length  prevail  :  diligeiit  investigation  may,  I  trust, 
devolve  dormant  resources  in  our  state  ;  its  government 
is  free  from  debt,  its  credit,  (yet  untried  abroad)  may 
prove  good  ;  but  our  legislature  must  be  well  convinced, 
betore  they  consent  to  pledge  that  credit  in  a  new 
scheme  of  immense  magnitude. 

It  is  to  me  a  source  of  regret,  that  I  have  not  possessed 
the  means,  to  afford  you  information  more  exact  and  sa- 
tisfactory. I  have  taken  measures,  which,  I  hope,  will 
be  effectual,  to  enable  me  to  digest  several  statistical  ac- 
counts and  estimates  of  the  nature  and  quantity  of  our 
productions,  in  agriculture  and  manufactures.  If  I  suc- 
ceed according  to  my  hopes,  I  shall  have  it  in  my  power 
to  furnish  you,  in  the  course  of  next  winter,  with  more 
precise  and  certain  answers  to  some  of  your  queries. 


After  the  polite  invitation  I  hare  received,  -to  contribute 
to  the  general  stock  of  information,  on  the  great  subject 
of  the  internal  trade  and  navigation  of  the  country,  ir 
would  be  ungrateful,  and  argue  a  want  of  patriotism  in 
me,  should  I  withhold  from  you  and  the  association,  what 
knowledge  on  the  subject  I  possess,  or  may  acquire.  If 
any  thing  valuable  can  be  culled  from  this  communica- 
tion (too  imperfect  in  matter  and  manner  for  publication) 
I  shall  be  proud  to  have  furnished  it ;  and  I  still  indulge 
the  hope  of  being  able,  in  a  few  months,  to  offer  you  a 
statement  on  some  of  tlie  points  of  your  inquiry,  moro 
ccrlsin  and  therefore  more  worthy  of  their  acceptance. 
I  am,  Sir,  with  great  esteem. 
Your  obedient  servant, 

Ethan  A.  Brown. 

New-York,  August  1st,  1821. 
Ch.  G.  Haines,  Esq. 

Sir — I  have  received  your  note  of  this  dale,  on  behalf 
of  the  New-York  corresponding  association  for  the  pro- 
motion of  internal  improvements,  reques'ing  information 
as  to  the  practicability  and  probable  expense,  of  making 
a  canal  across  the  state  of  Ohio,  from  lake  Erie  to  the 
Ohio  river. 

In  answer  to  your  inquiries,  I  %vill  refer  you  to  an  essay 
on  the  subject  of  the  contemplated  canal  across  Ohio, 
(which  is  herewith  transmitted  to  you)  which  I  trans- 
mitted to  Governor  Brown,  of  Ohio,  and  which  was  by 
him  laid  before  the  legislature  of  that  state  at  their  last 
session.  The  ideas  contained  in  that  essay  were  hastily 
thrown  together  during  severe  indisposition  ;^but  I  have 
every  reason  to  believe  that  they  may  be  relied  on  as 
correct. 

The  completion  of  the  Erie  and  Hudson  canal,  and  the 
Erie  and  Ohio  canal,  will  produce  a  complete  revolution 
in  the  trade  of  a  considerable  portion  of  the  western 
country.  It  will  cement  the  eastern  and  western  states 
together  by  the  strongest  ties;  and  if  similar  improve- 
ments are  made  throughout  the  United  States,  we  need 
not  dread  a  separation  of  the  American  union,  which  no 
American  can  desire  to  behold  ;  and  I  wish  that  the  ge. 
neration  that  witnesses  its  dissolution  may  witness  also 
the  world  wrapt  in  flames. 

With  sentiments  of  esteem, 

I  am  yours,  &c. 

W.  Steele. 

The  following  considerations  on  the  project  of  acanal, 
to  connect  Lake  Erie  with  the  Ohio  river,  were  submit- 
ted to  the  legislature  of  the  slate  of  Ohio  in  1820,  by  W. 
Steele,  esq. 

"  Nothing  can  be  of  more  importance  to  the  state  of 
Ohio,  than  the  making  a  navigable  canal  from  Lake  Erie  to 
the  Ohio  river.  That  it  is  practicable  to  make  such  canal 
admits  not  of  a  doubt.  Were  it  made,  and  the  Hudson  and 
Erie  canal  finished,  we  should  have  an  easy  and  cheap 
highway  on  which  to  transport  our  surplus  produce  to 
the  New-York  market.  I  have  had  the  levels  taken  at 
three  different  places,  from  the  summit  level  between 
the  Scioto,  and  the  Sandusky,  to  the  head  of  Sandusky 
bay,  at  Lower  Sandusky.  From  the  summit  level  on  the 
most  favourable  route  for  a  canal  that  I  am  acquainted 
with  to  Lower  Sandusky,  the  descent,  agreeable  to  the 
report  of  Mr.  Farrer,  whom  I  employed  for  the  purpose 
oftaking  the  levels,  is  318  feet.  ^i^.  Farrer  had  good  in- 
struments, and  I  presume  that  the  levels  are  taken  with 
tolerable  accuracy.     By  the  report  of  the  engineers  em- 
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ployed  by  the  state  of  Virginia,  they  make  the  Ohio  river, 
at  the  mouth  of  the  Great  Kenhawa  river,  83  feet  lower 
than  lake  Erie.  If  those  levels  are  to  be  relied  on,  and 
we  ascertain  wiiat  is  the  amount  of  the  descent  in  the 
Ohio,  from  the  mouth  of  the  Great  Ki;nha\va  to  the  point 
where  the  canal  is  intended  to  communicate  with  the 
Ohio,  we  will  then  know  what  will  be  the  wliole  amount 
of  lockage  required.  If  we  allow  50  feet  for  that  descent, 
tlie  lockage  will  be  as  follows  :  Fron>  Lske  Erie  to  the 
summit  level  318  feet:  From  the  sunimit  level  to  the 
Ohio  433  feet,  making  the  whole  amount  of  lockage  75 1 
feet.  The  estimate  by  tin:  commissioners  for  making 
the  New- York  canal  is  S13  800  per  mile.  Owing  to  the 
reduction  in  the  price  of  labour,  it  is  found  that  ii  can  be 
made  for  much  less  money.  The  ground  for  making  a 
canal  across  the  state  of  Ohio,  is  much  more  favourable 
than  that  over  whicli  the  New- York  canal  is  now  making. 
And  although  there  would  be  more  lockage  on  the  Ohio 
canal  than  on  the  New  York  canal,  yel  it  is  believed  that 
it  can  be  mude  at  less  expense  than  an  equal  distance  of 
the  New  York  canal.  There  would  not  have  ;o  be  that 
heavy  expense  incurred  in  excavating  rock  ihat  is  encoun- 
tered on  the  New- York  canal.  When  we  take  into  con- 
sideration the  low  price  at  which  labi.ur  can  be  liad,  and 
the  advantage  to  be  gained  by  the  employment  (f  ex- 
perienced engineers,  now  employed  on  the  New-York 
canal,  I  think  I  hazard  hut  little  in  sajing  that  a  canal 
can  be  made  across  this  slate  for  812,000  per  mile.  If 
we  suppose  the  canal  to  be  200  miles  long,  at  this  rate 
it  will  cost  2,400,000  dollars.  I  am  aware  that  some  will 
say  that  the  state  of  Ohio  is  too  young  and  too  poor  to 
undertake  this  mighty  project.  But  I  deny  that  the  state 
of  Ohio  is  either  young  or  poor.  She  contains  at  this 
time  more  than  500,000  souls,  and  ranks  the  4th  or  5th 
Btate  in  the  Union.  Can  a  state  with  such  a  population 
be  young?  can  a  state  with  such  a  population  (of  indus- 
trious people  too)  be  poor  i  It  lias  been  justly  remarked, 
"  That  population  is  power,  and  industry  is  wealth."  So 
I  contend  that  we  are  both  powerful  and  rich.  If  the 
whole  line  of  the  canal  was  divided  into  feet,  it  would 
not  make  (admitting  its  length  to  be  200  miles)  13  1-2 
to  each  man  in  the  state  subject  to  militia  duly.  The 
enquiry  by  some  will  be,  how  is  the  money  to  be  raised 
to  dig  this  mighty  ditch  1  Raise  it  in  the  same  way  the 
state  of  New- York  doet — borrow  it  on  the  credit  of  the 
state.  Many  there  are,  I  have  no  doubt,  who  will  doubt 
whether  money  can  be  borrowed  on  the  credit  of  the  state  : 
To  such  I  would  say,  go  and  try.  If  we  stand  at  the 
base  of  a  hill  and  look  up  without  making  an  effort  to  as- 
cend we  will  never  reach  its  summit,  and  it  may  be  fairly 
estimated,  on  the  completion  of  the  canal,  it  will  produce 
a  revenue  that  will  discharge  the  interest,  and  enable  the 
state  to  pay  large  annual  instalments  of  the  principal  debt ; 
and  in  addition  to  the  instalments,  in  a  few  years,  defray 
the  whole  expenses  of  the  state  government.  The 
amount  received  for  toll  could  be  expended  in  making 
the  canal  ;  so  that,  although  it  cost  2,400,000,  yet  it  might 
not  be  necessary  to  borrow  any  thing  like  that  sum.  The 
distribution  of  the  sum  of  money  that  the  canal  would 
cost  among  the  people  of  this  state  would  give  them 
Uiore  relief  from  their  present  pecuniary  embarrassments, 
than  can  be  had  from  any  laws  that  may  be  enacted  for 
that  purpose. 

As  the  lands  in  the  vicinity  of  the  canal,  belonging  to 
the  general  government,  would  be  greatly  enhanced  in 
value,  I  think  it  not  improbable  that  congress  will  make 


a  donation  to  the  state  of  a  body  of  land  in  its  vicinity,  so 
far  as  it  passes  through  their  territory  ;  if  so,  it  would  aid 
very  much  in  making  it.  The  celebrated  Brmdiey,  the 
greatest  engineer  that  England,  or  perhaps  the  world 
ever  produced,  Mr.  Philips,  in  his  history  of  inland  na- 
vigation, says,  "  Having  spoken  of  various  circumstance* 
of  rivers  before  a  committee  of  the  House  of  Commons, 
in  which  he  seemed  to  treat  ail  sorts  of  rivers  with  great 
contempt,  a  member  asked  him  lor  what  purpose  he  ap- 
prehended rivers  were  created.  Alter  coniidering  a 
moment  before  he  gave  his  answer,  replied,  to  feed  navi- 
gable canals."  Such  was  the  opinion  of  this  great  man, 
and  such  indeed  must  have  been  the  opinions  of  many 
others;  for  we  find  canals  in  Great  Britain,  in  many 
places,  running  parallel  with  navigable  rivers.  Persons 
unacquainted  with  the  cheap  rates  at  which  goods  are 
transported  on  canals,  are  surprised  when  they  learn 
that  a  ton  weight  can  be  transported  at  the  rate  of  one 
cetit  per  mile.  The  illustrious  Fulton,  but  a  short 
time  previous  to  his  death,  gave  it  as  his  opinion  that 
goods  could  be  transported  on  the  New -York  canal,  when 
completed,  at  the  rate  of  one  cent  per  ton  per  mile. 
Wc  find  him  supported  in  this  opinion  by  Charles  G. 
Haines,  Esq.  "  Corresponding  Secretary  to  the  New- 
Yoik  Association  for  the  promotion  of  Internal  improve- 
ments." Col.  Haines'  situation  enables  him,  on  this  sub- 
ject, to  form  correct  opinions;  his  opinions  on  any  sub- 
ject are  entitled  to  great  respect.  Mr.  Philips,  in  the 
preface  to  his  history  of  inland  navigation,  says,  "  All 
canals  may  be  considered  as  so  many  roads  of  a  certain 
kind,  on  which  one  horse  will  draw  as  much  as  30  horses 
do  on  ordinary  turnpike  roads,  or  on  which  one  man  alone 
will  transport  as  many  goods  as  three  men  and  eighteen 
horses  usually  do  on  common  roads.  The  public  woidd 
be  great  gainers,  (he  further  adds)  were  they  to  lay  out 
upon  the  making  of  every  mile  of  canal,  twenty  times  as 
much  as  they  expend  upon  making  a  mile  ot  turnpike 
road." 

SutclifT  in  his  treatise  on  canals  says,  "  That  within 
the  last  35  years  there  has  been  expended  on  canals  in 
England  more  than  8130,000,000." 

A  country  is  never  made  poorer  by  making  internal 
improvements,  even  if  the  people  are  taxed  to  make 
them.  If  money  be  taken  from  the  people,  it  is  again 
paid  out  among  them,  and  kept  in  circulation.  Were 
the  canals  through  Ohio  and  New-York  finished,  I  have 
no  doubt  but  that  two-thirds  of  the  surplus  produce  of 
all  the  country  watered  by  the  Oliio,  and  its  tributary 
streams  above  the  Falls,  would  pass  through  them  to 
the  New- York  market.  That  it  would  be  the  interest 
of  every  shipper  to  give  the  preference  to  New- York  is 
obvious.  You  have  there  a  heahny  climate,  where,  if  you 
think  proper  to  store  up  your  produce,  you  can  do  it  in 
safety.  Not  so  at  New-Orleans;  if  you  there  store  up 
perishable  articles,  they  may  be  considered  next  to  lost. 
The  amount  of  produce  that  perishes  on  the  way  to,  and 
at  New-Orleans,  every  15  years,  would  itself  more  tlian 
pay  for  building  a  canal  across  the  state  of  Oliio.  During 
the  spring  tides,  when  the  principal  part  of  the  produce 
of  the  western  country  is  carried  to  New-Orleans,  that 
market  is  glutted,  and  the  shipper  is  very  often  pleased 
at  being  able  to  return  home  with  half  the  money  his 
cargo  cost  him. 

If  Mr.  Fulton's  estimate  as  to  the  expense  at  which 
goods  can  be  transported  on  canals  be  correct,  the  ex- 
pense of  transporting  a  barrel  of  flour  to  the  city  of  New- 
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New- York  (allowing  ten  barrels  for  a  ton)  will  be  as  fol- 
lows:— 


From  tlie  Oliio  to  lake  Erie 
Down  lake  Erie 
Through  the  New-York  canal 
Down  the   IIuclsoi)  to  the  city  of 
New-York 


Miles. 

Cents. 

200 

20 

260 

20 

353 

35 

160 


Total 97J  90 

To  tliis  must  be  added  the  tollage  through  both  canals. 

The  lowest  rate  at  which  flour  is  at  present  freighted 
to  New-Orleans  from  the  falls  is  gl  25  per  barrel.  Nor 
is  it  probable  that  the  price  will  be  reduced,  as  the  boats, 
which  cost  from  100  to  150  dollars,  are  generally  thrown 
away  at  New-Orleans,  or  sold  for  a  sum  not  exceeding 
the  tenth  part  of  their  cost.  Opportunities  but  seldom 
offer  to  ship  in  steam-buats,  owing  to  the  difficulty  of 
passing  the  falls.  It  will  be  recollected,  that  while  our 
produce  is  carried  to  New-York,  at  the  cheap  rate  quoted 
above,  that  our  foreign  goods  can  be  brought  through  the 
same  channel  at  the  same  rates  (whereas,  at  present,  the 
expense  of  transportation  costs  horn  3  to  5  cents  per  lb. 
or  from  67  to  112  dollars  per  ton.)  More  or  less  of  these 
goods  the  people  will  have,  and  the  cheaper  the  rates  at 
which  they  can  be  furnished,  the  belter  for  the  country. 
And  besides,  it  must  be  recollected,  that  if  they  arc 
brought  rcross  the  mountains  by  way  of  Pittsburgh,  or 
from  New-Orleans,  by  way  of  the  Alississippi  and  the 
Ohio,  that  the  expense  of  transportation  is  paid  to  the 
citizens  of  other  slates.  If  they  are  brought  through  the 
Ohio  canal,  the  money  saved  in  the  state  thereby  would, 
in  twenty  five  years,  amount  to  more  than  the  whole  cost 
of  the  canal.  It  must  be  admitted  that  the  risk  on  the 
canal  and  lake,  is  much  less  than  on  the  Ohio  and  Mis- 
sissippi, and  the  time  required  to  carry  the  produce  that 
way  much  less. 

By  turning  the  trade  from  New-Orleans  to  New- York, 
we  would  save  thereby,  the  lives  of  many  of  our  most 
enterprising  and  useful  citizens,  who  would  otherwise 
fall  victims  to  the  diseases  of  the  lower  Mississippi. 
The  state  of  Kentucky  has  lost  more  of  her  citizens  by 
the  Orleans  trade  within  the  last  fifteen  years,  than  she 
has  lost  by  the  late  war,  and  it  is  known  she  bled  at 
every  pore. 

Lateral  canals  may  be  made  from  the  main  canal  in 
many  places,  which  will  serve  to  collect  to  the  main  ca- 
nal the  rich  products  of  the  soil  through  which  tliey 
pass,  and  at  the  same  time  afford  means  of  furnishing 
the  country  wiih  many  of  the  necessaries  of  lite,  at  prices 
greatly  below  what  they  now  cost,  or  ever  will  cost,  with- 
out the  canal.  I  will  only  name  the  article  of  salt,  which, 
by  means  of  the  canal,  may  he  furnished  to  the  people  in 
the  interior  of  the  state,  from  the  Salines  of  New-York, 
at  a  price,  but  little,  if  any  thing,  exceeding  fifty  cents 
per  bushel.  It  is  impossible  to  calculate  what  will  be 
the  benefits  that  may  be  derived  to  the  people  of  this 
stale  by  the  making  of  the  canal.  In  its  progress,  it  will, 
no  doubt,  lay  open  rich  beds  of  minerals.  It  will  lay  us, 
as  it  were,  along  side  of  the  Atlantic.  It  will,  in  short, 
elevate  the  character  of  the  state,  and  put  it  half  a  cen- 
tury in  advance  of  her  present  situation. 

And  I  would  respectfully  inquire  whether  the  convicts 
now  in  the  penitentiary  might  not  be  more  usefully  em- 
ployed in  making  a  canal,  than  at  work  in  the  peniten- 
tiary ? 

It  only  remains  for  the  legislature  of  Ohio  to  apply 


the  means  within  their  reach  to  accomplish  this  desirable 
object.  When  accomplished,  there  can  be  no  doubt  but 
that  it  will  produce  a  sufficient  revenue  to  defray  the  ex- 
penses of  the  state  government  for  ever. 

By  a  letter  of  the  llth  of  March,  1822,  from  James 
Geddes,  Esq.  one  of  the  engineers  upon  the  New-York 
canals,  to  the  author  of  this  article,  the  people  of  Ohio 
have  voted  a  sum  of  money  for  the  purpose  of  exploring 
the  foregoing  route.  "  The  acting  governor,  Allen  Trim- 
ble, Esq.  has  written  to  Governor  Clinton,  requesting 
that  an  engineer  from  that  state  (New  York)  would  un- 
dertake the  task  of  exploring."  Mr.  Geddes  intimates  an 
intention  of  obeying  the  requisition  of  Governor  Trimble. 

It  would  be  needless  to  notice  the  suggested  route  of 
water  communication  between  lake  Erie  and  the  Ohio 
valley,  through  Big  Beaver  river,  or  the  branches  of  the 
Allegheny  river,  as  the  elevation  of  the  intermediate 
ground  precludes  any  rational  hope  of  efTecting  canals  to 
a  profitable  issue  in  that  quarter.  We,  therefore,  close 
our  observations,  in  this  place,  upon  the  United  States' 
side  of  the  middle  basin  of  St.  Lawrence,  and  refer  the 
reader  to  our  review  of  the  New-York  canals,  for  our 
concluding  remarks  upon  that  subject. 

If  we  turn  our  attention  to  the  Canada  side  of  the  St. 
Lawrence  middle  basin,  we  perceive  a  long  triangular 
peninsula,  bounded  souih-east  by  lake  Erie,  Niagara 
strait,  and  lake  Ontario,  on  the  north  west  by  the  Detroit 
river,  lake  St.  Clair,  St.  Clair  river,  and  lake  Huron, 
and  on  the  north-east  by  Black  river  of  lake  Huron, 
lake  Simcoe,  a  chain  of  small  lakes  leading  into  the  head 
of  the  river  Trent,  down  that  river  inio  the  bay  of 
Qnini6,  and  by  that  bay  toils  mouih,  into  the  north  east 
part  of  lake  Ontario.  This  peninsula,  of  280  miles  in 
length,  by  a  mean  width  of  about  80,  or  embracing  an 
area  of  22,400  scjuare  miles,  is  partly  in  the  lower,  but 
mostly  in  the  middle  St.  Lawrence  basin. 

Through  the  chain  of  lakes  and  rivers  extending  from 
lake  Ontario  to  Gloucester  bay  of  lake  Huron,  an  inland 
route  already  exists,  with  only  one  short  portage,  which 
abridges  the  distance  from  the  head  of  St.  Lawrence 
river  at  Kingston,  to  lake  Huron,  one  half;  it  being  only 
300  miles  from  the  latler  to  lake  Ontario,  by  the  Quinle 
and  lake  Simcoe  route,  and  between  600  and  700  by  lake 
Ontario,  Niagara  river,  lake  Erie,  Detroit,  and  lake  and 
river  St.  Clair. 

The  peninsula  is  the  best  peopled  part  of  Upper 
Canada,  and  in  the  arlvance  of  population  and  wealth,  ihe 
im|)rovement  of  the  Quin'6,  and  Gloucester  bay  channel, 
of  inland  commerce,  must  follow  in  the  very  nature  of 
human  affairs.  This  channel  has  some  other  pre-emi- 
nent advantages  over  that  by  the  great  valley  of  the  Ca- 
nadian sea.  The  former  avoids  the  falls  of  Niagara,  and 
the  dangei-ous  navigation  of  lakes  Ontario,  Erie,  and  St. 
Clair. 

We  have  now  reached  the  lower  or  inferior  basin  of 
St.  Lawrence.  Tliis  immense  country  extends  from 
north-west  to  south-cast  700  miles,  wiih  a  mean  widih  of 
300,  or  over  a  superficies  of  210,000  square  miles.  Of 
this  vast  expanse,  the  United  Slates  possess  only  a  strip 
350  miles  in  length,  by  70  miles  mean  width,  or  an  area 
of  24.500  square  miles,  leaving  185,500  square  miles  in 
Upper  and  Lower  Canada. 

In  the  Niagara  strait,  from  the  surface  of  lake  Erie  to 
that  of  lake  Ontario,  in  a  distance  of  about  28  miles,  a  de- 
pression takes  place  of  334  feet.  Of  this  depression,  the 
stages  are  :— From  lake  Erie  to  the  head  of  the  rapids 
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IS  feet;  in  the  rapids,  51  feet ;  in  the  falls  of  Niagara, 
162  I'cct ;  from  the  falls  to  Lewislown,  104  feet;  and 
from  the  hutcr  place  lo  the  surface  of  lake  Ontario,  2  feet. 

Lake  Eric  is  within  a  trifling  fraction  of  565  feet  above 
the  Atlantic  tides;  of  course,  565  less  534,  or  231  feet, 
is  the  elevation  of  lake  Ontario  above  the  same  tides. 

Tlie  following  papers  afford  most  invaluable  informa- 
tion upon  the  obstructions  to  the  navigation  of  St.  Law- 
rence river.  The  author  of  the  communication  to  the 
Treasuiy  Department,  politely  furnished  the  author  of 
this  article  with  a  copy,  for  the  use  of  his  geographical 
disquisitions  generally.  They  are  now,  for  the  first  time, 
laid  before  the  public. 

Treasury  Department,  11th  June,  181S. 

Sir — During  the  last  session  of  congress,  a  resolution 
was  adopted  by  the  house  of  representatives,  directing 
the  secrctai-y  of  the  treasury  to  report,  at  the  next  ses- 
sion, a  plan  for  the  application  of  such  means  as  are  in 
the  power  of  congress,  for  making  roads  and  canals. 

The  survey  which  has  been  lately  made  under  your 
direction,  of  the  river  St.  Lawrence,  from  the  Canada  line 
to  the  Ontario,  will,  no  doubt,  furnish  the  data  necessai-y 
to  determine  whether  the  improvement  of  the  navigation 
of  that  river  can,  with  propriety,  enter  into  the  plan  re- 
quired by  the  resolution.  I  have  been  informed  that  in- 
dividuals have  already  constructed  locks,  and  cut  canals 
upon  that  river,  which  have  greatly  improved  the  naviga- 
tion ;  and  that  an  expenditure  of  less  than  one  hundred 
thousand  dollars  will  render  it  perfectly  secure,  in  its 
whole  extent  within  the  United  States.  If  you  can,  con- 
sistently with  the  discharge  of  the  important  duties  im- 
posed upon  you  by  your  present  appointment,  give  me 
such  information  as  will  enable  me  to  judge  of  the  pro- 
priety of  embracing  the  St.  Lawrence  in  the  report  to 
congress,  required  by  the  resolution,  you  will  not  only 
greatly  oblige  me,  but  perform  an  important  service  to 
the  nation,  and  especially  to  the  inhabitants  of  that  part 
of  the  state  of  New  York. 

This  information  will,  it  is  presumed,  embrace  the 
number  and  length  of  the  general  canals,  and  the  num- 
ber of  locks  which  have  already  been  constructed — the 
fall  in  the  river  which  is  overcome  by  them — the  fall 
which  remains  to  be  surmounted  by  canals  and  locks 
yet  to  be  constructed— the  dimensions  of  the  canals  and 
locks  constructed,  and  the  expense  at  which  they  have 
been  made.  Any  other  information  of  the  same  nature, 
which  you  may  be  able  to  communicate  in  the  course  of 
the  summer,  will  be  highly  acceptable  to  the  department. 

I  remain,  with  respect,  your  most  ob't  serv't, 

Wm.  H.  Crawford. 

Coi.  Samuel  Hawkins. 

lion.  W.  H.  Crawfobd,  St.  Regis,  2rth  Oct.  1818. 

Secretary  of  the  Treasury. 

Sir — I  have  deferred  answering  your  letter  request- 
ing information  in  relation  to  the  navigation  of  the  river 
St.  Lawrence,  as  I  could  not  lay  before  you  all  the  facts 
necessary  to  a  full  and  clear  understanding  of  the  subject 
until  now. 

That  you  may  have  a  critical  knowledge  of  the  various 
obstacUs  to  an  easy  and  safe  navigation  along  our  shore, 
upon  this  river,  I  herewith  transmit  a  sketch  composed 
from  authentic  materials.* 

The  first  obstruction  originates  on  our  side,  3  miles 


and  1320  yards  above  St.  Regis.  Here,  for  a  distance 
of  440  yards,  the  velocity  of  the  current  is  5  miles  per 
hour;  but  the  water  being  deep,  and  near  a  lime-stone 
shore,  its  navigation  can  be  sutfiiicniiy  aided  by  the  erec- 
tion of  a  towing  path,  at  an  expense  of  about  300  dollars. 
The  next  rapid,  of  any  consequence,  is  the  strait  sepa- 
rating Masscoa  point  from  the  head  ot  Cornwall  island. 
The  current  runs  through  this  strait,  lor  more  than  800 
yards,  at  the  rave  of  8  knots  per  hour;  but  the  bank  is 
so  formed  at  this  place,  that  the  navigation  may  be  ren- 
dered entirely  convenient  by  a  towing  paili,  at  an  expense 
of  about  700  dollars. 

About  one  mile  and  a  half  above  Mersena  point,  com- 
mences a  series  of  rapids,  generally  denominated  '•  T/ie 
Long  Sault  Rafiids."  For  this  distance  navigators  avail 
themselves  ol  several  bays  formed  by  the  incurvity  of  the 
shore,  and  a  current  to  propel  boats  of  the  largest  classj 
by  setting  poles  and  oars  On  arriving  at  point  Ellicotl, 
9}  miles  from  St.  Regis,  a  very  suong  current  is  met, 
running,  for  the  tli-;tance  of  a  mile  above,  at  the  average 
velocity  of  1 1  knots  per  hour.  After  doubling  this  point, 
boatmen  find  relief  from  a  small  basin  of  still  water,  ex- 
tending upwards  a  tew  rods.  The  difficulties  of  the 
navigation  at  these  rapids  may  be  overcome  by  a  well 
constructed  towing  road,  the  expense  of  which  would  not 
exceed  1000  dollars. 

A  reflux,  or  eddy,  renders  navigation  very  easy  from 
the  termination  of  the  last  proposed  path,  to  Sturgeon 
Point,  nearly  opposite  to  Long  Sauk  island,  and  14  miles 
from  St.  Regis.  Here  boats  encounter  a  violent  rapid, 
called  by  the  Canadians  La  fietite  C/iAte,  in  contradis- 
tinction to  La  grand  C/iUce,  upon  the  opposite  side  of  the 
river.  From  the  foot  of  tne  former  rapid,  for  890  yards, 
and  upwards,  the  current  rushes  at  the  rate  of  16}  miles 
per  hour.  This  is  considered  as  the  most  difficult  pass- 
age for  all  boats  or  vessels  ascending  between  St.  Regis 
and  lake  Ontario;  and  to  render  it  practicable,  (without 
the  aid  of  locks,)  it  will  be  necessary  to  have  a  towing 
path  of  nearly  a  mile  in  length,  of  sufficient  strength  to 
resist  the  shocks  of  the  descending  ice,  and  wide  enough 
to  allow  two  or  more  horses  to  be  employed  at  the  same 
time  in  dragging  boats  against  the  stream.  As  a  great 
portion  of  the  materials  necessary  for  this  work  must  be 
brought  from  a  great  distance,  the  expense  will  be  en- 
hanced. I  should  suppose  the  completion  of  this  work 
would  require  an  expenditure  of  about  5500  do41ars.  But 
to  render  the  navigation  of  La  fietite  Ch&te  permanently 
good,  I  should  recommend  a  well  connected  line  of  locks. 
After  passing  Polly's  bay,  another  rapid  of  considera- 
ble velocity  occurs  at  Store's  point.  A  towing  path  will 
be  required  here  1220  yards  in  length,  and  will  probably 
cost  750  dollars. 

At  Pepper  mill  point,  17  miles  587  yards  from  St. 
Regis,  is  a  short,  but  very  strong  rapid :  this  may  be 
rendered  navigable  by  a  towing  path  at  the  expense  of 
about  400  dollars.  A  short  distance  below  the  last  point, 
is  a  rapid  of  considerable  extent,  that  will  require  a  tow- 
ing path,  which  may  cost  220  dollars.  At  Wilson's 
point,  opposite  to  the  lower  end  of  Baxter's  Island,  and 
18i  miles  from  St.  Regis,  runs  another  rapid,  though  of 
no  great  extent.  The  passage  of  vessels  here  will  re- 
quire a  towing  path  of  250  yards  in  length;  to  construct 
this,  and  to  remove  a  quantity  of  rocks  lying  along  the 
point,  will  occasion  an  expense  of  about  350  dollars. 
At  Point  Hemlock,  19|  miles  from  St.  Regis,  is  a  rapid 


•  This  sketch,  alluded  to  by  colonel  Hawkins,  can  be  fully  supplied,  by  refereHce  to  either  Eddy's  or  Tanner's  maps  of  the  state  of 
TS'ew-York. 
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that  makes  a  towing  path  of  about  100  yards  in  length  in  length,  but  of  no  great  velocity.  A  pathway,  that  can 
necessary ;  this  may  cost  200  dollars.  There  is  an  ob-  be  made  for  200  dollars,  will  answer  here, 
struction  in  the  navigation  from  Point  Hemlock  to  Bluff  Four  miles  above  the  last  mentioned  place  commences 
Point,  other  than  a  steady  ascent,  whose  average  velo-  the  Rafiid  au  Galloufie.  This  is  generally  known  by  the 
city  is  about  two  miies  per  hour.  At  the  last  mentioned  name  of  the  Rrd  mills,  and  is  ol  great  force  for  250 
Point  we  find  rapids  of  considerable  swiftness  ;  but  these  yards.  Although  navigation  may  be  rendered  practica- 
are  of  inconsiderable  length,  and  materials  to  form  a  path  bie  here  by  means  of  a  wide  and  strongly  constructed 
are  at  hand  and  plenty;  its  expense  is  estimated  not  to  towing  path  and  railing,  yet  I  could  recommend  the  sub- 
exceed  450  dollars.  At  several  places  between  Bluff  stitution  of  a  Lock  and  Canal.  A  Lock  of  5i  feet  lift 
Point  and  Dry  Island,  (a  distance  of  aboui  eignt  miles,)  and  a  Canal  100  feet  in  length  would  be  sufficie'nt.  But 
the  strength  of  the  stream  obliges  the  boatmen  to  have  little  excavation  will  here  be  necessary,  and  as  stone  and 
recourse  to  their  setting  poles;  but  in  no  place  is  it  so  materials  abound  on  or  near  the  spot,  it  is  believed  that 
swift  as  to  make  a  pathway  indispensably  necessary,  the  expense  of  such  a  canal,  with  walls  of  stone  laid  in 
Dry  Island  itself,  however,  requires  some  notice:  it  is  mortar,  and  the  construction  of  a  good  Lock,  would  not 
so  called,  because  separated  from  the  .Vew-York  main  by  exccea  10,000  dollars.  A  towing'path  alone,  such  as  I 
a  small  stream,  which  in  the  summer  season  is  nearly  have  described,  will  cost  about  1500  dollars, 
dry.  It  appears,  indeed,  that  this  passage  between  the  At  Tibbit's  Point,  near  the  Red  mills,  the  current  is 
inland  and  main  was  made  several  years  ago.  The  bol-  such  as  to  make  a  short  pathway  necessary.  The  ex- 
tom  of  this  channel  is  composed  of  clay  and  round  stones,  pense  of  which  may  be  estimated  at  200  dollars, 
mixed  with  gravel.  A  canal,  sufficient  for  all  the  pur-  There  are  no  obstructions  to  a  free  and  easy  naviga- 
poses  of  navigation,  may  be  completed  here  at  an  ex-  tion  from  Tibbet's  Point  to  Lake  Ontario, 
pense  of  1000  dollars.  The  next  rapid  that  requires  A  recapitulation  of  the  expenses  of  improving  the  na- 
consideration  is  Rafiide  fildc,  running  between  an  island  of  vigation  of  St.  Regis  to  Lake  Ontario,  by  means  of  tow- 
that  name  and  the  late  village  of  Hamilton,  (now  called  ing  paths,  including  the  Lock,  Canal,  and  bridge  at  the 
Waddington.)  These  falls  are  37  miles  above  St.  Regis.  Rafiide  P/a!. 
JudgeOgden,  who  resides  upon  the  island,  has  elected  Towing  path  at  RestoraUon  Point      .        -     --         S      300  00 

a  dam  and  bridge  across  them.     It  is  said,  previous  to  Qo.  Massena        do 700  00 

the  erection  of  this  dam,  that  this  current  was  very  im-     Point  Ellicot  1,000  00 

petuous  for  several  miles,  and  that  an  abrupt  fall  of  nearly      Sturgeon  Point 5,500  00 

10  feet  rendered   the  navigation  utterly  impracticable.     Stone's  Point  750  00 

„,.  .        1,     -         u  I  .u    u        Pepper  mill  do. .  400  00 

1  he   water    havmg   become    comparatively   smooth    by     ^mM  Point  below 200  00 

means  of  the  dam.  Judge  Ogden  and  others  supposed     WiUson's  Point 350  00 

that  boats  would  be  transported  over  his  dam  by  means     Point  Hemlock 200  00 

of  a  lock,  and  on  petitioning  the  legislature  of  the  state     Bluff's  Point 450  00 

of  New- York,  obtained  an  act,  dated  1st  April,    1803,     "■•>• /shnd 1,000  00 

.,       •    •         .1         ,              .        ^           ,        f.        1        J    T       1  Lock,  Dam,  and  Canal,  at  fiaA/ffe  P/ii<    ...           2400  00 

authorizing  them  to  construct  such  a  Canal  and  Locks     Towing  path  at  Troquois  - 550  00 

as  they  should  think  proper  to  aid  the  navigation  to  this     Tousant  Island 2''0  00 

place.     The  grantees  were  authorized   to  receive  a  toll     Rapide  au  Galloupe 1,500  00 

of  50  cents;  and  for  every  vessel  under  the   burthen  of     Tibbet's  Point 200  00 

two  tons,  and  for  every  vessel   exceeding  six  tons,   one  ^'^^  tor  clearing  away  trees  that  have  fallen  in  the  ri. 

dollar  and  fifty  cents.     By  this  act  the  cfnai  and  Locks  /,,  I^^e^lrar^"''"."'^'^."""'."  "°!"'''"'     I'Z  m 

were  to  be  erected  in  three  years  from  the  first  of  July     3  per  cent,  for  contingencies 2*245  00 

1309,  and  were  to  be  sufficiently  large  to  afford  free  pas-  11. 

sage  for  boats  of  50  feet  in  length,  10  feet  in  width,  and  47,145  00 

drawing  2*  feet  water.     Intending  to  accomplish  the  ob-  Should  Locks  be  made  at  the  Long  Sault,  ami  at  the 

ject  of  this  law.  Judge  Ogden  has  built  a  Lock  100  feet  ^TL""u''I'°'S''  '^,1  'T^°'  "^'T  '^°"^" 

•     1        .u       J  ,/M  <■     .If.       T-u          11              .     .          ,   -1  must  be  added,  being  the  difference  of  cost  be- 

in  length  and  lOS  feet  lilt.     The  walls  are  ot  stone,  laid  tween  Lockage  and  Towing  paths.         -        .        53,000  00 

in  the  best  cement,  are  6  feet  thick  and  1 3  feet  in  height.  _! 

The  capacity  of  the  lock  is  such  as  to  admit  a  vessel  of  Sum  Total,     §80,000  00 

75  feet  hull,    13  feet  beam,  and  drawing  3  J  feet  water.  In  the  foregoing  I  hive  endeavoured  to  point  out,  with 

The  plan  is,  in  my  opinion,  judicious,  and  the  work,  as  as  much  precision  as  my  information  would  allow,  the 

far  as  it  has  been  accomplished,  is  well  executed.     The  places  where  impiovements  are  necessary,  together  with 

Lock  above  has  cost  about  12,000  dolldrs,  and  it  is  esti-  the  expense  at  which  they  may  be  respectively  effected ; 

mated  that  a  dam  built  of  stone  will  require  12,000  more,  and  although  the  estimates  have  been  made  with  rreat 

or,  if  built  of  stone  and  timber,  7000  dollars.     The  com-  care,  it  is  probable  that  in  some  cases  they  are  computed 

pletion  of  these  will  constitute  a  lasting  and  easy  passage  too  high,  in  others  too  low  :  I  feel  pretty  confident,  how- 

for  boats.     The  next  rapid  we  meet  is  a  Point  Iroquois,  ever,  that  the  above  sum  is  sufficient  to  accomplish  the 

The  removal  of  a  quantity  of  loose  stones  lying  in  the  object  in  view. 

river  at  the  extremity  of  this  Point,  and  the  construction  My  remarks  have  hitherto  been  confined  to  the  shores 

of  an  ordinary  towing  path,  of  about  100  yards  in  length,  of  the  St.  Lawrence  ;  but,  guided  by  the  obvious  intcn. 

would  sufficiently  facilitate  navigation  here.     Five  hun-  tion  of  your  letter,   I  deem  it  a  du'v  to  present  another 

dred  and  fifty  dollars,  judiciously  expended,  will  com-  project  for  improving  the  navigation  along  the  frontier - 

plete  this  improvement.                               _  from  the  adoption  of  which  most  important  benefits  are 

About  two  miles  above  Point  Iroquois,   and   at  the  anticipated, 

head  of  Tousant's  Island,  is  a  rapid  of  about  400  yards  From   the  mouth  of  Grass  river*  to  a  place  called 

*  Grass  river  rises  in  St.  Lawrence  county,  New-York,  and  flows  north-west  about  50  miles,  by  comparative  courses,  and  rea-hes 
within  4  miles  from  the  Oswegatchie  river,  12  miles  above  the  mouth  of  the  latter,  into  St.  Lawrence,  at  the  town  of  Ogdei.v 
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Fauclies  Mills,  is  about  7  miles:  for  this  distance,  wiih     Willson,  (boili  included)  by  means  ol  Locks  and  toivini^ 
the  exception  of  a  short  and  inconsiderable  rapid  4  miles     paths,  amount,  according  to  my  estimate,  to  34,000  do 


from  its  mouth,  the  river  affords  an  excellent  communi- 
cation for  vessels  of  30  tons,  those  being  the  largest  ge- 
nerally  employed   between  Ogdensburgh  and  Montreal. 

Rly  design  is  to  connect  the  St.  Lawrence  with  Grass 
river,  by  opening  a  Canal  from  the  Bay  above  Willson's 
Point  to  the  foot  of  the  rapid  at  Faiiches  Mills. 

As  there  are  no  villages  on  the  Si.  Lawrence  to  be    rio  will  stand  thus: 
accommodated,  or  in  any  way  affected,  by  the  Canal  from     Canal 
Willson's  Point  to  the  mouth  of  Grass  river,  the  short-    Towing  path  and  Locks 
tst    practicable  route  ought  to  be  pursued.     It  is  true, 
that  art,  combined  with  great  labour  and   expense,  may 
do  much  towards  improving  the  navigation  of  these  ra- 
pids.    I  scarcely  believe  it  possible  that  all  the  difficul- 
ties opposing  themselves  to  an  easy  passage  can  be  en- 
tirely subdued  ;  besides,  any  works  erected   upon  them 
must  be  equally  affected  and  endangered  by  the  attrition 
of  immense  bodies  of  ice  and  water  rushing  against  them 


lars.  Deduct  this  sum  from  tliat  at  which  the  Canal 
can  be  opened,  and  it  presents  a  difference  of  24,537. 
The  advantages  of  the  Canal  navigation  over  that  of  the 
river,  are  too  apparent  to  require  elucid.jtion. 

Should  the  Ciiial  project  be  adopted,  the  expenses  of 
improving  the  navigation  from  Si.  Regis  to  Lake  Onta- 


-    S  58,537  00 
46,145  00 

S104,682  00 

Although  I  may  already  have  incurred   the  charge  of 

prolixity,  yet  I  cannot  conclude,  without  submitting  a  few 

remarks  on  the  consequences  likely  to  result  from    the 

iinprovemeiit  of  navigation  on  this  frontier. 

The  navigation  of  the  St.  Lawrence  has  hitherio  been 
principally  carried  on  upon  the  shore  of  Upper  Canada, 
The  Canal  can  be  supplied  with  water  in  abundance  although  no  natural  advantages  contributed  to  secure 
at  the  summit  just  above  Willson's  Point,  and  the  ar-  this  preference  to  our  neighbours.  The  cause,  however, 
rangcment  and  quality  of  the  strata  upon  the  above  route  is  i"  ibe  history  of  the  country,  for,  until  within  a  few 
are  favourable  for  a  Canal.  There  are  no  ranges  of  very  yeais,  the  population  of  this  frontier  was  exclusively 
high  or  very  lowlands;  and  there  are  no  valleys,  springs,  British,  and  miprovements  in  navigation  were  conse- 
brooks,  or  rivulets,  (with  one  exception)  worthy  of  no-  quently  confined  to  the  Canada  shore.  But  these  are 
tice  that  cross  it.  For  a  considerable  portion  of  the  dis-  inconsiderable  still,  consisting  chiefly  of  a  few  locks, 
tance  the  soil  is  composed  of  loam  and  clay,  through  wretchedly  constructed,  and  of  narrow  and  unsafe  tow- 
which  water  cannot  percolate  :  the  soils  of  the  residue,  '".S  Pal''S,  which  a  little  exertion  on  our  part  would  con- 
however,  are  porous,  consisting  of  sand  and  gravel,  but  sign  to  comparative  disuse.  Yet  these  improvements, 
as  the  country  here  abounds 'with  the  best  puddling  however  miserable  they  may  be,  (aided  by  the  judicious 
stuff,  (loom  and  coarse  sand  mixed)  it  is  fair  to  presume  Po'icv  of  licensing  our  vessels  and  employing  our  sailors) 
that  the  expense  will  not  be  great.  A  short  distance  have  enabled  the  Bniish  government  to  maintain  a  de- 
above  Pepper  Mill  Point,  the  route  is  crossed  by  a  bank  "ded  superiority  over  us  as  carriers  upon  these  waters, 
upon  an  aciueduct.  Indeed,  it  is  not  to  be  disguised,  that  nearly   all  exports 

It  will'be  necessary  to  dig  deep  for  a  short  distance  at  »"''  imports  in  that  quarter  are  conveyed  in  British  bot- 
the  proposed  commencement  of  the  Canal,  unless  it  toms,  or  rather  m  vessels  owned  and  navigated  by  Ame- 
should  be  thought  expedient  to  run  it  along  the  shore  "cans,  sailing  under  British  colours.  But  render  the 
for  about  900  yards  below.  This  could  be  done  with  communication  on  our  side  safe  and  commodious,  and 
ease,  the  bank  of  the  river  at  this  place  being  composed  t'lese  now  increasing  evils  will  vanish.  Afford  our  own 
of  clay  and  loam.  As  the  main  river  will  always  be  People  facilities  of  intercourse  with  one  another  and  with 
preferred  for  a  downward  passage,  it  only  becomes  ne-  Canada,  and  you  will  open  a  wide  neld  for  speculation 
cessary  to  provide  for  ascending  vessels.  The  project-  and  adventure,  you  will  then  impart  another  spring  to 
ed  Canal  need  not,  therefore,  be  so  wide  as  to  admit  large  commerce,  and  new  life  to  agriculture, 
boats  to  pass  each  other.  Twenty-five  feet  in  width  An  easy  exportation  of  our  surplus  commodities  must 
upon  the  surface  of  the  water,  16  feet  at  the  bottom,  excite  industry,  and  open  a  true  source  of  wealth.  By 
and  3*  feet  water,  will,  it  is  believed,  be  sufficient.  these  two,  you   will   hold   an  irresistible  inducement   to 

It  is  the  opinion  of  Mr.  Adams,  (our  astronomical  sur-  settlers,  and  speedily  require  an  industrious  and  cnter- 
veyor)  that  not  more  than  4  Locks,  of  10  feel  lift,  would  prising  frontier  population.  Such  a  population  would, 
be  required  upon  this  route;  and  as  the  average  length  '"  the  event  of  another  war,  prove  more  invincible  than 
of  these  will  not  exceed  75  feet,  the  expense  of  Lockage  a"  t'le  garrisons  we  have  ever  had  upon  i(,  and  the  ba- 
may  be  safelv  computed  at  32  000  dollars.  The  cost  of  'an^e  of  trade  there  falling  greatly  in  our  favour.  This 
this  Canal  w'ould  not  vary  much  from  the  following  es-  ''"e  of  defence  would  constantly  gain  strength  at  the  ex- 
pense of  the  enemy. 

It  will  not  be  forgotten,  that  this  river  runs  into  a  fo- 
reign country,  by  the  laws  of  which,  its  great  water  com- 
munication may  be  disadvantageously  obstructed,  or  our 
commerce  upon  it  subjected  to  indiscriminate  restriction. 
To  guard  against  these,  let  government  place  itself  in 
a  situation  to  retaliate,  let  us  improve  our  local  advan- 
tages, and  provide  communication  within  our  own  limits 
shorter  and  better  than  the  colonists  can  ever  have  within 
theirs,  and  upon  and  through  which,  it  will  be  their  in- 
terest to  conduct  their  trading,  and  I  q\iestion  not  but 
we  shall  secure  a  lasting  and  highly  beneficial  commerce 
with  them. 

The  proposed  improvements  will,  in  their  completion, 


timate. 

Expense  for  excavating,  say  2J  miles       -        -        -    { 
Grubbing',  clearing  away  timber,  puddling  and  towing 

paths 5,750  00 

AVooden  aqueduct  over  a  brook  at  Grass  river         -      30,500  00 

4  Locks  32,000  00 

Clearing  out  and  deepening  the  channel  at  the  small 

rapids  in  Grass  river     ...•-. 
Tools  and  implements  ..... 

r.ngineer  superintendance 

Add  for  contingencies  5  percent.    .... 


6,500  00 


500  00 
3,500  00 
4,000  00 
2,787  00 


Aggregate,     58,537  00 

The    expenses  of  facilitating   navigation    along    the 
shore  of  the  St.  Lawrence,  from  I\Iassena  Point,  to  Point 

burg.   Where  the  two  rivers  approach  the  nearest  to  each  other,  they  are  united  by  a  natural  canal.    Below  this  very  remarkable  co«- 
nexion  the  Grass  river  flows  40  miles,  gradually  approaching  the  St.  Lawrence,  into  which  it  finally  falls,  5  miles  above  St.  Regis. 
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not  only  secure  a  growing  augmentation  of  the  public 
receipts,  but  add  facility  and  certainty  to  their  collection ; 
and  numbers  of  well  informed  men,  residing  upon  this 
frontier,  have  discovered  that  the  mere  increase  of  re- 
venue, added  to  tollage  of  the  locks.  Sec.  willfully  reim- 
burse the  above  expense,  in  less  than  a  period  of  ten  years. 
It  is  also  believed,  that  the  practice  of  smuggling,  too 
frequently  sheltered  in  this  quarter,  under  the  protec- 
tion and  for  the  benefit  of  distinguished  individuals,  a 
practice  no  less  immoial  in  principle  than  ruinous  to 
the  treasury,  will  be  in  a  great  measure  restrained,  if  not 
wholly  prevented,  by  these  improvements.  I  forbear  to 
dilate  upon  their  importance  in  other  respects;  such  as 
the  facility  they  will  impart  to  warlike  operations;  the 
immense  sums  they  will  consequently  save  ;  the  ready 
communications  they  will  supply  for  commerce,  and 
thus,  by  rendering  intercourse  more  easy,  will  more  in- 
timately bind  our  citizens  together.  These  it  is  only  ne- 
cessary to  mention — they  are  too  plain  to  need  illustra- 
tion, though  too  important  to  be  overlooked. 
I  have  the  honour  to  be,  £cc. 

The  foregoing  communication  is  alike  honorable  to 
the  intelligence  and  patriotic  feelings  of  its  author,  but 
in  his  estimate  of  expense  he  has,  no  doubt,  been  much 
too  limited.  The  series  of  rapids,  from  Ogileiisburg  to 
St.  Regis,  is  very  correctly  delineated.  The  causes 
which  have  hitherto  carried  the  navigation  to  the  Ca- 
nada shore  of  St.  Lawrence  were,  as  Col.  Hawkins 
states,  in  great  part  political,  but  the  mere  circumstance 
of  the  uncultivated  condition  of  the  United  States  shore 
has  had  a  large  share  in  producing  this  result. 

If  five  limes  the  sum  estimated  by  Col.  Hawkins  was 
expended  upon  this  inland  navigable  line,  it  would  be 
money  most  beneficially  employed. 

Below  the  limit  of  the  United  States,  the  St.  Law- 
rence expands  into  lake  St.  Francis,  of  about  30  miles 
in  length,  with  a  mean  width  of  4  miles.  At  the  lower 
end  of  this  lake  the  river  again  contracts  into  two  narrow 
channels,  separated  by  Gros  Isle.  Here  rapids  again 
occur,  which  is  also  the  case  at  the  Cedars,  a  few  miles 
lower  down.  At  the  lower  end  of  the  Cedar  rapids,  the 
river  again  dilates,  having  one  channel  communicating 
with  the  Ottawa  river,  and  the  other  opening  into  lake 
St.  Louis.  The  latter  continues  17  miles  to  La  Chine, 
the  upper  port  of  iMontreal.  Here  the  river  is  once 
more  restricted  to  a  confined  channel,  with  strong  ra- 
pids. Nearly  opposite  to  Montreal,  however,  the  last 
rapids  occur,  and  below  that  point  to  lake  St.  Peters,  or 
head  of  tide  water,  the  current  is  gentle,  and  channel 
sufiiciently  deep  for  600  ton  vessels. 

The  observations  upon  the  St.  Lawrence  basin  might 
be  indefinitely  enlarged,  but  we  must  close  our  general 
>iew  of  that  subject  with  a  few  brief  notices. 

Ottawa,  or  Grand  river,  is  a  great  northern  branch  of 
St.  Lawrence,  rising  in  the  imperfectly  known  regions 
north  from  lake  Huron,  and  Bowing  south-east,  by  com- 
parative courses,  600  miles,  falls  into  the  Coteau  du  Lac, 
25  niiies  nearly  west  horn  the  city  of  Montreal.  The 
Ottawa,  often  called  the  (irand  river,  is  one  of  the  routes 
pursued  by  the  Cauddian  traders,  who  ascend  that  river, 
and,  by  a  short  port.At;e.  enter  lake  Nipissing,  and  from 
the  latter  into  lake  Huron.  The  distance  from  Montreal 
into  lake  Superior  is  one-third  longer  through  the  St. 


Lawrence  and  great  lakes,  than  by  the  Ottawa  river. 
The  navigation  of  the  latter  is  much  incumbered  with 
rapids  and  shoals,  but  is,  nevertheless,  much  frequented, 
from  its  superior  safety,  and  from  being  so  much  shorter. 

Montreal  is  extremely  well  situated  to  become  the 
centre  of  a  very  extensive  inland  commerce.  It  is  al- 
ready such,  as  far  as  the  advance  of  population  will  ad- 
mit. Standing  at  the  head  of  ship  navigation,  this  city 
is,  on  the  St.  Lawrence,  the  point  of  contact  between  the 
foreign  and  interior  commerce  of  an  immense  expanse 
of  country. 

La  Chine  (Bouchette,  135,)  is  the  upper  port  of  Mon- 
treal, and  situated  on  the  same  island  with  that  city,  and 
at  the  lower  extremity  of  lake  St.  Louis.  La  Chine  is 
the  centre  of  shipment  between  the  Upper  and  Lower 
provinces,  and  the  North  country.  In  May  and  Novem- 
ber, boats,  to  and  from  various  parts  of  Upper  Canada, 
are  continually  arriving  and  departing  from  this  place. 
They  are  from  35  to  40  feet  in  length,  with  about  6  feet 
beam  ;  their  usual  freight  from  4  to  4^  tons.  They  are 
worked  by  oars,  a  mast,  and  sail,  drag-ropes  for  towing, 
and  long  poles  for  setting  them  through  the  strong  cur- 
rents or  rapids.  Four  men  manage  them  in  summer. 
They  bring  down  wheat,  flour,  salt  provisions,  pot  and 
pearl  ashes,  and  peltries.  They  are  usually  navigated  in 
squadrons  of  from  4  to  IS  boats,  in  order  to  enable  the 
crews  to  aid  each  other  in  passing  the  rapids. 

From  La  Chine,  (Bouchette,  1 36,)  the  bark  canoes  em- 
ployed by  the  North-West  company  in  the  fur  trade 
lake  their  departure.  Of  all  the  contrivances  fortrans- 
poiting  heavy  burdens  by  water,  these  vessels  are  per- 
haps the  most  extraordinary.  They  are  formed  by  a 
slight  frame,  to  which  the  bark  of  the  white  birch  tree, 
(Betula  alba)  in  slips,  is  attached.  These  canoes  are 
the  lightest  of  all  navigable  vessels  to  their  capacity.  It 
is  the  latter  circumstance  which  enables  the  Canadian 
boatmen  to  perform  so  many  long  and  fatiguing  portages, 
with  their  vessels  and  cargo. 

With  these  light  canoes  the  traders  proceed  up  the 
Grand,  or  Ottawa  river,  to  the  south-west  branch,  by 
which,  and  a  chain  of  small  lakes,  they  reach  Nipissing  ; 
through  it,  and  down  the  French  river,  into  lake  Huron; 
along  its  northern  coast,  up  the  narrows  of  St.  Mercy, 
into  lake  Superior  ;  and  then,  by  its  northern  side,  to  the 
Grand  Portage,-  a  distance  of  about  11,000  from  the 
place  of  their  'departure.  From  the  Grand  Portage, 
which  is  9  miles  across,  there  is  a  continuation  of  similar 
toils  in  bark  canoes  of  smaller  size,  through  chains  of 
lakes  and  streams,  that  run  from  the  height  of  land  west- 
ward to  the  lake  of  the  Woods,  and  lake  Winnepeg,  to 
the  more  distant  establishments  of  the  company  in  the 
remote  regions  of  tiie  north-west  country. 

From  the  city  of  Montreal  to  the  eastward,  the  shores 
are  from  15  to  20  feet  absve  the  level  of  the  St.  Law- 
rence; but,  in  the  opposite  direction,  towards  La  Chine, 
they  are  low.  Between  tiie  Coteau  St.  Pierre  and  the 
river,  the  land  is  so  flat,  and  particularly  near  the  small 
lake  St.  Pierre  so  marshy,  as  to  induce  a  conjecture  that 
it  was  once  covered  with  water.  Over  this  place  it  is 
intended  to  cut  a  canal,  by  which  a  direct  communica- 
tion would  be  formed  between  La  Chine  and  the  city, 
and  the  rapid  of  St.  Louis  (interveninir)  avoided." 

Near  the  head  of  lake  St.  Louis  extends  the  Point  des 
Cascades,  and  in  the  river  lies  the  island  des  Cascades, 


*  Montreal,  •ipriljit,  1822. — We  are  informeil  that  the  contractors  for  the  Laclune  C«na/have  employed  from  2  to  300  men  all  the 
winter,  and.will  immediately  add  500  more  to  their  number,  and  prosecute  their  undertaking  with  all  possible  energy. 
Vol.  XIV.  Pakt  I.  3  O 
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which,  with  one  or  two  other  smaller  ones,  break  the 
current  of  the  river  at  its  entrance  into  lake  St.  Louis, 
and  present  nearly  the  same  eOTect  that  would  be  pro- 
duced by  the  most  violent  tempest.  To  avoid  these,  a 
canal,  usually  called  the  Military  Canal,  has  been  con- 
structed across  the  point  of  land,  and  through  which  the 
boats  pass  to  the  locks  at  Le  liuiesscn  ;  it  is  500  yards  in 
length.  At  a  place  near  Lorguil's  mill,  the  boats  going 
up  the  St.  Lawrence  are  unloaded,  and  their  freights 
transported  in  carts  to  the  village,  while  the  empty  boats 
are  towed  through  the  rapid  du  Coteau  des  Coches.  At 
Cote«u  du  Cac,  just  above  the  river  de  Lisle,  ascending 
boats  again  enter  locks,  to  avoid  a  verv  strong  rapid. 

We  m.;y  now  take  a  brief  view  of  those  rivers  by 
which  a  water  communication  is  had  from  the  United 
States  to  the  St.  Lawrence.  Of  these,  the  most  import- 
ant is  tlie  river  Richelieu,  which  flows  from  the  lake 
Champlain,  in  a  northerly  course,  and  unites  with  the 
river  St.  Lawrence,  at  the  town  of  William  Henry.  The 
navigation  is  cariied  on  by  boats,  canoes,  and  rafts, 
(llouchette,  p.  224.)  l>"rom  its  junction  with  the  St. 
Lawrence,  decked  vessels  of  150  tons  may  ascend  13 
or  14  miles  ;  its  mouth  is  about  230  yards  in  width,  and 
this  continues  nearly  to  the  basm  of  Chambly  ;  from 
thence  to  the  Island  du  Portage,  it  is  500  yards  ;  beyond 
this,  it  is  double  that  extent  to  St.  John's,  from  whence 
there  is  a  ship  navigation  160  miles  along  lake  Cham- 
plain.  From  the  basin  down  to  the  St.  Lawience,  the 
current  is  gentle,  notwithstanding  the.  shoals  and  flats; 
but,  from  lake  Champlain,  the  stream  is  in  some  places 
broken  by  rapids.  There  is  much  trade  upon  this 
important  navigation,  and  its  importance  is  unequivocal. 

The  river  St.  Francis  is  also  an  important  line  of  com- 
munication, only  it  is  obstructed  by  a  number  of  violent 
rapids;  its  source  is  a  large  lake  of  the  same  name,  in 
the  townships  of  Garlhley  and  Coleraine  ;  it  flows  in  a 
south-west  direction  for  30  miles,  then  nearly  north-west 
for  about  80  miles,  and  falls  into  the  lake  of  St.  Peter  ;  a 
branch  connects  with  lake  Memphremagog,  from  which 
several  streams  descend  into  the  state  of  Vermont.  Not- 
withstanding the  imperfection  of  this  navigation,  much 
trade  is  thereby  sent  to  the  St.  Lawrence. 

The  general  staples  brought  down  the  St.  Lawrence, 
are  peltry,  grain,  flour,  and  timber.  The  town  of  Og- 
densburg,  at  the  mouth  of  the  Oswegatchie,  in  St.  Law- 
rence county,  New-York,  is  the  point  off  ontact  between 
ship  and  boat  navigation  above  the  rapids.  From  Og- 
densburg  the  navigation  is  pursued  up  the  St.  Lawrence, 
and  through  lake  Ontario,  in  sloops  and  large  vessels, 
170  miles  to  the  river  Niagara,  where,  on  account  of  the 
great  falls,  a  trans-shipment  and  land-carriage  takes 
place,  in  order  to  reach  lake  Erie.  Canals  have  been 
proposed,  both  on  the  British  and  American  side,  to  pass 
the  falls.  At  present,  on  the  British  side,  the  ijoocls  are 
landed  at  Queenstown,  seven  miles  within  the  Niagara 
river,  from  whence  they  are  transported  by  waggons  to 
the  Chippewa  creek.  Down  this  river  they  are  sent  into 
the  lake  Erie,  (231  miles  in  length,)  which  is  navigated 
by  vessels  of  60  or  70  tons,  that  pass  through  the  straits 
of  Detroit,  (28  miles  long)  and  the  lake  of  St.  Clair,  (20 
miles  across)  and  along  the  river  Sr.  Clair,  (60  miles  in 
length)  into  the  lakes  Huron  and  Michigan.  In  lake  St. 
Clair  the  water  is  so  shallow,  that  tl:e  vessels  roust  be 
lightened.  Between  lake  Huron  and  lake  Superior,  are 
the  rapids  of  St.  Mary  straits,  along  a  part  of  which  a 
caral  has  been  formed  by  the  North  West  company. 


The  river  St.  Lawrence,  from  Quebec  to  Kingston, 
and  a  great  part  of  the  lakes,  are  frozen  over  from  the 
begiiming  of  December  until  the  month  of  April,  and 
during  that  period  navigation,  of  course,  ceases,  but 
sledges  are  passed  upon  the  ice. 

We  have  now  completed  a  brief  survey  of  the  basins 
of  inland  navigation  in  the  United  States,  and  proceed  to 
notice  the  canals  and  locks  already  completed,  now 
in  progress,  or  which  are  designed,  with  a  prospect  of 
being  carried  into  eflect. 

In  the  latter  review,  our  advance  will  be  made  in  a 
retrogade  direction  from  that  pursued  when  examining 
the  rivers. 

The  improvements  made  upon  the  navigation  of  the 
Connecticut  river,  within  the  limits  of  New-Hampshire, 
are  the  most  northern  works  of  a  similar  nature  yet  made 
in  the  United  States.  A  canal  with  locks  has  been  made 
round  the  falls  near  Hanover,  opposite  Norwich,  in  Ver- 
mont, at  North  Lat.  43°  41'.  This  is  aoout  10  mi- 
nutes of  latitude  nortn  of  Whitehall,  in  New-York,  the 
northern  cxtremiiy  of  the  canal  between  the  Hudson 
river  and  lake  Champlain.  In  several  other  places  from 
Hanover,  in  New-Hampshire,  lo  Spiingtield,  in  Massa- 
chusetts, canals  and  locks  have  been  constructed.  The 
distance  to  which  an  uninterrupted  navigation  has  been 
effected  in  the  Connecticut  river,  by  the  aid  of  canals 
and  locks,  is  upwards  of  150  miles,  following  the  wind- 
ings of  the  stream.  Below  Springfield,  the  river  was 
navigable,  for  boats  of  considerable  tonnage,  in  its  natu- 
ral state. 

The  most  remarkable  canals  on  Connecticut  river,  in 
Massachusetts,  is  at  South  Hadley.  The  upper  falls  are 
55  feet  descent.  The  lower,  or  Willimansett  fall,  de- 
scends 18  feet.  A  canal  leads  round  eacn  fall.  These 
canals  belong  to  separate  companies;  the  expenditure 
about  200,000  dollars.  By  the  improvements  made  at 
Hadley  and  Springfield,  the  most  fertile  part  of  Massa- 
chusetts and  New-Hampshire  are  opened  to  the  Atlantic 
Ocean. 

The  great  canal  operations  of  Massachusetts  have, 
however,  been  performed  upon  the  Merrimac,  and  be- 
tween that  stream  and  Boston  harbour.  The  geographi- 
cal structure  of  the  country  near  Boston  demands  some 
notice,  previous  to  an  investigaiion  of  the  canals  and 
locks  already  made  in  that  quaiier. 

The  Merrimac  river  rises  in  the  mountains  of  New- 
Hampshire,  but  is  more  panicularly  supplied  with  water 
from  the  Winnipiseogee  lake,  Contoocook  river,  Nashua 
river,  and  Concord  river.  The  general  course  of  the 
Merrimac  is  south  south-east,  as  far  as  about  midway 
between  the  mouths  of  the  Nashua  and  Concord  blanches. 
Here  it  turns  to  north-east,  which  course  is  maintained 
to  Newburypori,  where  the  rivor  is  lost  in  the  Atlantic 
Ocean.  The  course  of  the  Merrimac,  below  its  junction 
with  the  Concord  branch,  is  very  nearly  parallel  to  that 
of  the  Atlantic  coast,  from  the  mouth  of  Charles  river, 
in  Boston  harbour,  to  Cape  Ann,  leaving  an  intervening 
peninsula  of  30  miles  in  length,  from  north-east  to  south- 
west, and  18  miles  wide. 

In  order  to  avoid  the  great  circuit  from  the  Patucket 
falls  above  Chelmsford,  by  the  Merrimac  river  and  At- 
lantic Ocean,  a  canal  was  projected  and  executed  across 
the  peninsula. 

In  the  higher  part  of  its  course,  the  Concord  is  a  slug- 
gish stream,  but  is  precipitated  over  falls  in  the  town  of 
Belerica,  4  miles  above  its  confluence  with  the  Merri- 
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mac.  Advantage  was  taken  of  the  superior  height  of 
the  water  in  Concord  river  above  its  IjIIs.  The  canal 
commences  in  the  Merrimac  river  above  the  Patucket 
falls,  and  in  a  distance  Sj  miles  by  course  of  south- 
east, and  by  three  locks  descends  21  feet  to  the  water 
level  in  Concord  river  above  the  falls.  It  crosses  Con- 
cord river,  and  follows  the  level  of  that  stream  U 
miles.  In  this  latter  distance,  much  deep  cuttinsj  was 
unavoidable,  and  in  some  places  to  the  depth  of  20  feet, 
and  through  some  large  ledges  of  rocks.  Beside  seve- 
ral smaller,  two  fine  aqueducts  were  constructed;  one 
of  280  feet  broad.  22  feet  high  over  the  Shawshine  river, 
and  one  of  less  dimension  at  Mtdford.  At  the  end  of 
the  1  1  miles  from  Concord  is  a  lock  of  7  feet  lift  and  fall, 
and  another  of  equal  dimensions  I  J  mile  nearer  Boston. 

The  whole  length  of  the  Middlesex  canal  is  29J  miles, 
and  entire  fall  107  feet  by  13  locks.  The  canal  is  24 
feet,  and  with  a  depth  of  4  feet  water.  The  locks  are 
90  feet  by  12.  of  excellent  masonry. 

Another  canal  has  been  also  cut  around  Patucket  falls, 
in  order  to  connect  that  part  of  Merrimac  river  above 
those  obstructions  with  that  below  to  tide  water.  The 
latter  canal  is  4  miles  in  length,  and  by  3  locks  descends 
34  feet.  It  does  not  extend  to  tide  water,  but  the  stream 
below  the  mouth  of  the  canal,  though  rapid,  is  naviga- 
ble, and  falling  in  about  36  miles,  45  feet  reaches  the 
tide  at  Haverhill. 

The  Merrimac,  above  Patucket  falls,  has  been  ren- 
dered navigable  to  Concord.  The  first  great  improve- 
ment made  in  the  stream  below  the  latter  place  is  the 
Bow  canal  constructed  in  1812,  at  an  expense  of  20,000 
dollars.  Hooksett  canal,  6  miles  still  lower,  in  a  fall  of 
17  feet,  passes  another  difficult  fall  or  rapid.  Amoskeag 
canal,  8  miles  below  that  of  Huokseit,  affords  the  second 
most  extensive  body  of  works  of  a  similar  nature  in  New- 
England.  In  nine  miles  below  Amoskeag  canal  are  6 
more  of  smaller  extent,  round  as  many  falls.  Crom- 
well's falls,  also  made  navigable  by  a  canal,  is  14  miles 
below  Amoskeag,  and  15  miles   still  lower  is  the  Wi- 


casse  falls,  around  which  is  also  a  canal.     This  is  the 
last  canal  above  that  of  Middlesex. 

The  following  communication,  from  Mr.  John  L.  Sul- 
livan to  the  President  of  the  Board  of  Commissioners 
of  the  grand  canal,  New-York,  gives  every  requisite 
information  respecting  the  canal  improvements  in  Mas- 
sachusetts and  New-Hampshire,  or  the  Merrimac.  That 
part  of  Mr.  Sullivan's  letter  relating  to  the  New- York 
canals  is  omitted  in  this  place,  as  irrelevant  to  the  sub- 
ject before  us. 

Cofty  of  fiart  of  a  letter  to  the  President  of  the  Boar" 
of  Commissioners,  from  John  L.  Sullivan,  Esquire,  v>h° 
has  had  the  charge  of  constructing  several  short  canals^ 
•with  locks,  dams,  iJfc-  around  falls,  in  the  Merrimac 
river,  and  has  for  eight  years  been  aufierintcndant  of 
the  Middlesex  canal,  in  Massachusetts. 

Albany,  March  7,  1817. 

The  Hon.  De  Witt  Clinton, 

President  of  the  Board  of  Canal  Commissioners. 
Sin, 

The  Middlesex  canal  is  27  miles  in  length  ;  its  depth 
is  intended  to  carry  at  least  3  feet  of  water.  The  banks , 
where  formed,  are  meant  to  be  one  foot  above  the  water. 

The  width  generally  30  feet  on  the  surface,  and  on 
the  bottom  20  feet.  In  carrying  the  work  on  it  was 
found  necessary  to  purchase  some  estates,  the  whole  of 
which  was  not  essential  to  the  canal.  The  lands  were 
generally  paid  for,  where  most  valuable.  There  was 
some  considerable  expense  attending  litigations,  and 
perhaps  some  mistakes,  which  are  not  likely  to  happen 
in  the  proposed  work.  The  whole  expense  in  assess- 
ments lias  been  520,000  dollars;  not  including  the  ap- 
plication of  income  for  several  years  past,  in  renovating 
and  completing:  it;  and  the  buildings,  wharves,  &c.  ne- 
cessary to  the  business.  As  neither  of  these  objects  of 
expenditure  apply  to  the  present  question,  I  shall  leave 
them  out,  and  also  deduct  50,000  dollars,  as  having  been 
applied  to  the  other  works  leading  to  the  principal  canal. 


,/lnalysis  of  the  cost  of  Middlesex  Canal,  in  the  state  of  Massachusetts. 


Descrifition  of  the  Levels. 

EmlraDlc- 
ment. 

Excava- 
tions 

Locks. 

Aqueduca 

Culverts. 

Bridges. 

Lands  & 

Eltras. 

1st.  in  Charlestown. 
The  mills  and  contiguous  land — reserving  the  part  used 

for  the  landing, 

1st  Lock  in  the  tide, 

2  Lock  in  the  tide,            .         .         .         .     '     . 

Digging  the  first  level  about  600  feet  in  length,  say 

3d  Lock.       (All  the  Locks  except  those  at  Chelmsford, 

consist  of  walls  to  sustain  the  banks  of  the  Lock  pit, 
containing  300?    in  length    100   feet,  heigJu  12,  thick- 
perches.            5   ness  3. 

In  most  instances  the  stone  were  brought  from  a  distance. 
The  frame  of  the  Locks  were  of  yellow   pine,  then  con- 
sidered as  durable  as  white  oak  ;  and   as  expensive. 
The  gates  were  of  oak.     The  length  of  the  wood  woi  k 
about  100  feet.     The  width  11  feet  at  top  and   10  at 
bottom.     The  lift  generally  8  feet. 
2d  Level. 
To  1  mile  through  valuable  clay  land,  containing  about 

10  acres,  at 500 

2d  mile, 300 

1000 

7000 
3000 

5000 

1 

10,000 
5000 

6000 

1000 

15,000 

21,000 

3 

02 
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Analysis  of  the  coat  of  Middlesex  Canal,  in  the  state  of  Massachusetts. — Continued. 


Descrijition  0/  the  Levels. 

Enibank' 
meiit. 

Excava- 
tions. 

Locks, 

Aquetlucis 

Culverts. 

Bridges. 

Lnnds  & 
Extras. 

1000 

15,000 

2  1 ,000 

3d  mile, 300 

2000 

4lh  mile, 200 

Where  the  excavation  is  of  the  ordinary  depth  of  four 

feet,  I  will  assume  the  contents  to  be   30,000   cubic 

yards,  1st  2  miles,  I  estimate  the  excavation  at  20  cis. 

12000 

Extra  excavation  for  basins,  15,000  yards,  at  25  cents. 

3750 

2  miles  of  embankment  of  50  cents,  including  the  exca- 

vation of  some  stone,            ..... 

30,000 

4  Culverts.      ....•••• 

400 

10  Bride;es r        '         '  r 

' 

3000 

1  Aqueduct,  110  feet  in  length,  surface  of  water  10  leet 

above  the  tide,  standing  on  3  piers,  2  abutments. 

Height  of  Ihem  12  feet, 

20  feet  length,        .... 

average    6  feet  thick. 

> 

3000 

300  perch  at  3  dollars,  the   stone  being  brought  from 

some  distance. 

Materials,  pine. 

Carpentry. 

Piling  the  ends,  labour,  Sec. 

1st  4  miles,  1st  and  2d  levels, 

- 

30,000 

13,000 

15,000 

3000 

400 

3000 

26,750 

3d  Level. 

1  Lock 

3000 

2  miles,  at  20  cents,  (easy) 

12,000 

1  mile  at  40  cts.  deep,  (easy)       .... 

12,000 

30  acres  at  100  dollars, 

3000 

1  Culvert,            •••••*• 

100 

6000 

S  0,000 

37,000 

18,000 

9000 

500 

3000 

29,750 

4th  Level,  3  J  Miles. 

3  Locks,                ..... 

9000 

2  miles  at  20  cts.      .             .             .             •             • 

12,000 

§  mile  at  60  cts.  25  feet  deep  part  of  the  way,     . 

9,000 

3  culverts  and  2  waste-ways, 

600 

Land  30  acres  at  50  dollars, 

1 5,000 

2  Bridges,    .,•••• 
1st  10  Miles,          ..... 

500 

30,000 

58,000 

27,000 

9000 

1100 

3500 

ol,250 

Sth  Level,  6  Miles. 

3  miles  at  20  cts.     .             .             .             .             ■ 

18,000 

1  mile  at  60  cts.    .              .             .             .             • 

18,000 

2  miles  of  bank,  average  40               .             .             • 

24,000 

7  culverts  and  waste-ways, 

1000 

1  Aqueduct,               .             .             .             •             • 
Land,         ...... 

2000 

1800 

Extra  excavation  of  rock,    •             .            .            • 

1000 

Bridges,               .            .             .            .            • 
1st  16  miles,      ..... 

3300 

54,000 

97,000 

27,000 

11,000 

2100 

6800 

34,050 

6th  Level,  2  Miles. 

Excavation,  1  mile,            .... 

6,000 

Embankment,  1  mile,  60  cts. 

18,000 

1  Lock,     ...... 

3000 

4  Bridges,     ...... 

1200 

1  small  Aqueduct,             .... 

2000 

20  acres,  at  30  dollars,          .... 
1st  18  miles,      ..... 

600 

72,000 

I0300C 

30,000 

13,000 

2100 

8000 

34,650 
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Analysis  of  the  coat  of  Middlesex  Canal,  in  the  state  of  Massachusetts.— Continued. 


DescrifUion  af  the  Levels. 

Knibank- 
ment. 

Evcuva- 
lions. 

Locks. 

Aqueducu 

Culverli. 

Bridges. 

Land,  & 
Extras. 

72,000 

103000 

30,000 

13,000 

2100 

8000 

34,650 

7th  Level.  5  Miles, 

3  miles  excavation,  20           ...             . 

18,000 

3  miles  embankment,  40                ... 

24,000 

I  Aqueduct,               ..... 

10,000 

1   Lock,     ...... 

3000 

6  Bridges,     .... 

1800 

8  Culverts,              ..... 

800 

Land,  SO  acres  at  15  dollars, 

750 

Excavation  of  rock,  say  3000  perch,  at  5  dollars, 

15,000 

1  Guard  Lock  therein,      .... 

1  St  22  miles  canal,  including  the  tide  work  at  Charlestown 

1000 

96,000 

121000 

34,000 

23,000 

2900 

9800 

50,400 

Concord  River. 

First  purchase  of  mill  site. 

10,000 

Improvement,            ..... 

10,000 

Dam,         ...... 

1,000 

%th  Level,  5  Miles. 

1  Guard  Lock,  excavated  in  the  Ledge ;  (cost  uncertain) 

no  wood  work  but  the  gates,  say                , 

5000 

3  miles  at  20  cents,             .... 

18,000 

2  miles  embankment,  at  40               . 

24,000 

2  Aqueducts,          ..... 

10,000 

6  Culverts,    ...... 

600 

6  Bridges,               ..... 

1800 

3  Stone  Locks,         ..... 

15,000 

Excavation  of  the  basin,    .... 

1000 

Purchase  of  land  and  erection  of  Stores, 

27  Miles,       ..... 

3000 

120000 

139000 

54,000 

33,000 

3500 

11,600 

75,400 

Summary  of  the  different  divisions  of  exfienditure  on  the 
Middlesex  Canal. 

Lands  and  extraordinary  purchases,  and  exca- 


and  I  the  embankments 


80,000 


In  all 


g 195, 000 


valion  of  rock —               ... 

875,400 

Bridges,  (^some  of  them  less  expensive) 

11,600 

Culverts,       .... 

3,500 

Aqueducts,         .... 

33,000 

Locks,           -             -             .            . 

54.000 

Excavation,         -             .             .             - 

139,000 

Embankments,          .            .            - 

120,000 

448,000 

Contingencies,            ... 

22,000 

Which  deducted  from  470,000,  leaves  275,000 

Amount  brought  over,  being  cost  of  Middlesex 
canal  divested  of  its  peculiarities,  equal  to 
S10,500  per  mile,  -  -  -         275,000 

At  this  rate,  the  New-York  state  canal  would 

cost  for  the  353  miles,  at  g  10,500  per  mile,  or  3,706,500 

Allowance  for  increased  size  of  the  trunk  being 
as  7  to  4 — supposing  ^V  the  ditance  to  be 
embankment;  leaving  330  miles,  at  g2,812 
additional,  is  -  -  -  927,960 


470,000 
To  reduce  this  comparison  to  the  par  of  the  most  fa- 
vourable representation  of  the  proposed  canal,  the  fol- 
lowing deductions  should  be  made- 
Lands  and  extras,  -  -  S75.400 
I  the  bridges,             ...         7,000 
And  as  the  proportion  of  Locks  is  as  1  to  5, 

so-}  would  be  -  gll,000 

To  which  add  ibr  superior 

size  and  quality,  •  10,000 


g4, 634.460 

In  this  there  is  no  estimate  of  superior  workmanship 
and  materials  in  the  aqueducts. 

If,  however,  it  were   presumed  that  the  route  might 
be  full  as  difRcult  as  that  of  the  Middlesex,  the  estimate 
would  stand  thus : 
If  27  miles  cost  470,000  dollars,  353  miles 

would  cost  •  -  -  g6. 500,000 

To  which  add  for  increase  of  size  and  depth 

as  above,  ....       927,960 


21,000 
Leaving  of  this  item  to  be  deducted  33,000 


115,000 


g7,427  960 
And  to  this  is  to  be  added  the  superioriiy  oi  «ork. 
But,  ii  being  conceded  tliat  the  u'OunH  isoii'ne  whole 
more  favourable,  this  may  be  too  high ;  especially  as 
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the  Middlesex  was  not  excavated  by  machines;  but  la- 
bour at  that  time  was  low.  Common  men  had  from  S 
to  10  dollars  per  month. 

The  works  to  extend  the  naviijation  from  the  junc- 
tion of  the  canal  with  the  Merriniuc,  up  that  river  to 
Concord,  New-Hampshire,  cost  as  follows,  viz. 

Wicasee  lock  and  canal,  thus  describtd. — A  rapid 
for  half  a  mile  between  an  island  and  the  western  sliore, 
is  crossed  with  a  dam  of  sione  and  timber,  200  yaras  : 
this  raises  the  water  above,  about  a  foot  which  saved 
digging  on  ihe  other  side  of  the  island,  where  the  lock 
is  placed.  This  side  afforded  a  passage  for  high  water, 
six  rods  wide.  From  the  lock  to  its  entrance  is  1900 
feet.  This  space  was  encumbered  with  masses  of  rock 
of  every  size,  and  with  earth,  estimated  at  4000  square 
yards.  The  lock  is  placed  in  the  middle  of  the  stream  ; 
its  side  walls  are  one  hundred  feet  in  length,  connected 
with  the  shore  by  wing-walls,  each  about  fifty  feet.  Tlie 
wing  walls  are  faced  with  plank  driven  into  the  bottom 
and  extended  into  the  shores.  The  walls,  having  no  sup- 
port, were  necessarily  thick,  to  sustain  the  pressure  of 
the  lock  and  the  shock  of  the  freshets.  They  are  12 
feet  high,  and  average  8  feet  thick;  containing  1200 
perch.  The  stone  was  split  out  large,  and  drawn  i  a 
mile,  loaded  for  the  most  pjrt  on  to  a  boat  with  a  crane 
and  windlass,  and  thence  laid.  The  foundation  was  dif- 
ficult, the  bottom  was  encumbered  with  stones,  the  wa- 
ter from  2  to  7  feet  deep,  and  not  being  clear,  the  work 
of  deepening,  filling  up,  and  laying  the  walls  under  water, 
was  done  by  feeling,  (Jiving,  &c. 

The  whole  expense  including  quantities  of  powder, 
much  iron,  boats,  utensils,  bariacks,  bedding,  and  the 
dam,  was  14.000  dollars. 

The  labour  was  pei  formed  by  about  100  men,  be- 
tween the  middle  of  July  and  November. 

Cromwell's  lock  is  similar,  with  120  rods  of  dam  ex- 
tending to  the  head  of  the  rapid.  Ii  contains  about  600 
perch  of  stone,  brought  from  the  distance  of  a  mile. 

Whole  expense  about  -  -  §9)000 

Moors'  falls  has  two  locks,  with  200  rods  of 
dam.  Here  was  much  excavation  of  earth 
and  removal  of  stone,  -  -  15,000 

Coos,  a  similar  lock  with  less  dam,  -      5,000 

Goff's  Lock,     -  -  -  .  7,000 

Short  falls,  .  -  .  .  6,000 

Griffin's,         ....  4.000 

Merril's  falls  Lock,  -  -  -       10.000 

All  these  walls  were  of  split  stone,  difficult  to  be  got 
on,  and  much  iron  was  used. 

Amoskeig  canal  is  the  greatest  work  of  the  kind  on 
this  navigation.  The  fall  around  which  it  is  carried  is 
one  mile  in  length,  and  the  perpendicular  measurement 
45  feet :  2000  feet  are  excavated  ;  the  rest  of  stone  and 
dams.  The  whole  expense  is  uncertain,  but  the  part 
which  was  rebuilt  the  last  season  may  serve  the  pur- 
pose of  comparison  in  some  measure,  viz.  three  locks 
connected  together,  each  100  feet  in  length,  from  10  to 
1 1  feet  wide,  lift  each  8  feet.  The  walls  of  one  side 
without  embankment,  the  other  with.  The  contents  of 
these  walls  being  8  feet  average  outside,  and  5  feet  ave- 
rage inside — is  6|,  say  7  feet  thick,  and  12  feet  high, 
will  he  2000  perci). 

The  old  work  was  first  removed  ;  the  old  locks  were 
supported  by  wooden  lies  above  ;  few  of  the  stone  an- 
swered anew. 

The  stone  were  split,  carted  half  a  mile,  loaded  on 
to  boats,  brought  down  six  miles,  unloaded  on  a  plat- 


form, loaded  on  to  trucks,  brought  three  hundred  feet  to 
the  locks,  unloaded  on  a  stage,  then  worked  into  the 
walls. 

The  drought  of  last  season  impeded  the  boating  con- 
siderably. The  locks  are  of  white  oak  timber,  and 
white  pine  planks,  the  whole  of  the  best  workmanship 
of  the  kind. 

The  expense,  including  wages,  boarding,  spirits,  im- 
plements,  and    materials,   was  little  more  than  g  10,000, 

Hookstld  Canal  Consists  of  two  locks,  two  basins,  and 
a  guard  gate  and  stone  dam.  The  stone  was  got  out 
and  boated  over  the  river.  There  was  considerable  ex- 
cavation, (including  the  purchase  of  a  mill-seat.)  The 
whole  expense  has  been  15,000  dollars. 

Bow  Canal  is  a  work  of  uncommon  difficulty  and  va- 
riety. The  perpendicular  fall  is  25  ieet.  Near  its  upper 
entrance,  a  dam  is  thrown  across  the  river,  which  is  here 
200  yards  wide.  The  guard  gates  are  supported  by 
stone  abutments,  14  feet  high.  One  half  of  the  first 
300  feet  was  ledge,  6  feet  deep,  and  20  feet  wide,  say 
1400  perch. 

The  next  300  feet  was  made  by  an  embankment  sup- 
ported by  a  wall  12  feet  high,  7  feet  at  bottom,  and  4  at 
top,  standing  in  the  river,  containing  about  800  perch. 

The  next  250  feet  is  carried  through  a  hill  or  ledge 
of  rock,  of  a  slaty  kind,  but  hard  enough  to  be  blasted, 
12  feet  wide  and  16  deep,  containing  about  2000  perch 
of  excavation,  1900  yards. 

The  next  300  feet  is  excavated  in  gravel,  on  the  slope 
of  a  hill,  sustained  on  one  side  by  a  wall  8  feet  high,  4 
at  bottom   and  2  at  top,  battering  back  more  than  usual. 

Then  come  the  three  locks,  each  90  feet  in  length, 
containing  about  2000  perch.  The  lower  lock  is  set  4 
feet  below  the  low  water  mark.  It  was  necessary  to 
keep  the  pit  clear  by  bailing  and  pumping.  From  the 
locks  a  low  water  channel  was  made.  The  stone  were 
drawn  from  a  quarter  to  half  a  mile,  after  being  split. 
This  work,  including  the  purchase  of  five  acres  of  land, 
cost  21,000  dollars. 

These  canals  give  a  net  income  of  6,  7,  8  per  cent, 
and  are  increasing  fast  in  productiveness. 

The  Middlesex  gave  32.000  dollars,  or  about  3  per 
cent,  net  income. 

The  following  general  observations  may  not  be  unac- 
ceptable to  the  board. 

!t  is  found  to  have  been  bad  economy  on  the  Middle- 
sex canal,  to  have  constructed  any  thing  of  perishable 
materials.  Had  all  the  locks  been  laid  in  cement,  and 
constructed  in  the  best  manner,  the  property  would  have 
yielded  dividends  of  income,  ;,nd  sustidned  its  prospec- 
tive value  to  a  higher  degree  thari  at  present. 

The  canal  will  be  interrupted  for  three  weeks,  the 
ensuing  summer,  to  put  up  a  new  aqueduct  over  Snaw- 
shine  river.  Other  similar  interruptions  may  be  ex- 
pected, whenever  iIik  other  aqueducts  and  locks  must  be 
rebuilt.  If  the  winter  season  is  taken  for  the  work,  it 
will  be  more  difficult  and  more  expensive. 

Probably  for  50  per  cent,  additional  for  the  aqueducts, 
they  may  be  made  of  iron.  Were  it  double,  I  should 
still  deem  it  the  best  economy. 

If  this   communicatioi:,  which   is  very  hasty  and  im- 
perfect, can  be  of  any   use  to  the  board,    I   shall    have 
much  pleasure  in  the  refiection   of  having  contributed, 
in  any  degree,  to  the  grent  object  of  their  attention. 
With  the  highest  respect, 

I  am,  Sir,  your  most  obed't.  serv't, 
John  L.  Sulliyan. 
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The  subjoined  extract  contains  much  very  valuable 
and  minute  mailer  ics|j>.(rinj<  the  Midtllcsex  canal, 
omitiecl  in  Mr.  Sullivan's  report,  li  is  iieie  inserted,  as 
illustrative  of  the  acUahte  of  canal  improvement  and 
science  in  the  Uniteii  Slates. 

"  'I'Ue  following  inli.rn:ation,  respecting  the  Middlesex 
canal,  was  obtained  in  May  last,  by  two  of  the  commis- 
sioners (of  tiie  Kf  w-York  cunals)  who  visited,  and  care- 
fully examined  that  caiul,  throughout  its  whole  extent, 
and  coiiiniiued  lo  writing,  on  the  spot,  the  result  of  their 
own  observations,  as  well  as  ll  e  answers  to  all  their  en- 
quiries; which  were  oblign.gly  given,  by  the  very  intelli- 
gent agent  (Mr.  Sullivan)  of  (lif  canal  company. 

The  canal  is  27  miles  long,  and  connects  the  tide-wa- 
ter, in  Boston  harbour  at  Charlestowii,  with  the  Merri- 
mac  river.  The  water  in  ihc  canal  is  30  feet  wide  at 
its  surface,  20  feet  at  itsbo'toin,  anfl  3  feet  deep.  The 
Concord  or  Sudbury  river  cro->se?  (he  line  of  the  canal  on 
the  summit-level,  22  milts  ticni  C;harli:stown,  and  5  miles 
from  the  junction  of  the  canul  with  the  Merrimac,  and 
•wholly  supplies  it  with  wat'T  tot  loi-kir.g  down  each  svay 
from  the  summit-level.  From  lioe-water  to  the  summit- 
level  is  an  ascent  of  104  feet,  and  from  thence  to  the 
IVleriimac  a  descent  o!  32  leet  Tber^  are,  in  all,  20 
locks  of  different  lifts,  oi  which  the  highest  is  13  feet. 
These  locks  aic  75  feet  long  in  the  clear,  10  feel  wide  at 
the  bottom,  and  1 1  feet  at  the  top. 

Boats  for  the  tiansporiation  of  merchandise  and  pro- 
duce carry  14  tons,  and  are  drawn  by  one  horse  3  miles 
an  hour.  Packet-boats  pass  the  whole  length  in  5  hours 
coming  down,  and  7  hours  going  up.  To  each  boat  there 
are  three  men;  two,  however,  are  sufficient  to  manage 
the  boat  on  the  canal,  the  other  being  wanted  only  on  the 
Merrimac  river.  From  the  summit-level  down  the  ca- 
nal there  is  a  current,  which  exceeds  in  no  place  half  a 
mile  per  hour,  there  being  a  fall  or  descent  in  the  canal 
of  one  inch  per  mile.  The  expense  of  transporting  a 
ton  the  whole  length  of  the  canal  is  £3  50,  of  which 
sum  SI  70  is  toll,  and  gl  80  is  freight. 

Across  the  canal  there  are  50  bridges  made  by  the 
canal  company  ;  they  consist  of  2  stone  abutments  (one 
on  each  side  of  the  canal)  20  feet  apart  :  from  one  of 
these  abutments  to  the  other,  are  laid  sills  or  string-pieces 
of  wood  covered  with  plank,  and  of  sufiirient  height  for 
the  towing  horses  to  pass  under.  The  towing  path  under 
the  bridges  occupies  6  or  7  feet. 

Two  miles  from  the  lower  end  of  the  canal,  Mystick 
river,  a  turnpike  road,  and  the  canal,  run  a  liltle  distance 
parallel  with  each  other,  the  road  being  between  the  ca- 
nal and  river.  Here  is  afforded  a  good  opportunity  of 
comparing  the  relative  advantages  of  these  three  modes 
of  conveyance. 

Heavier  boats  than  those  above-mentioned  are  used 
on  the  canal  for  transporting  fire-wood,  lumber,  Sec; 
they  are  shaped  like  a  scow,  are  75  feet  long,  9  1-2  feet 
■wide,  and  carry  25  tons  of  wood. 

The  towing-path  is  generally  8  feet  wide,  so  that 
horses  and  oxen  may  easily  pass  each  other.  On  the 
opposite  side  of  the  canal,  where  a  towing-path  is  not 
■wanted,  the  upper  surface  of  the  bank  or  embankment 
is  five  feet  wide,  and  this  is  found  to  be  sufPicient.  A 
branch-canal,  or  side-cut,  is  made  to  connect  the  main 
canal  with  Mystick  liver  near  Medford  ;  this  is  owned 
by  a  separate  company,  and  is  ptincip.illy  used  for  trans- 
porting limber  to  Medford  for  ship-building. 

The  canal  company  was  incorporated  in  1789,  and  the 
next  year  commenced  tlie  work  of  making  the  canal. — 


When  the  canal  was  begun,  the  price  of  labour  by  the 
month  was  S8.  The  canjl  was  opened  for  use  in  1804, 
though  not  completed  in  1808,  when  Mr.  Sullivan  took 
charge  of  it.  Some  repairs  and  new  constructioiis  have 
been  made  every  year  since.  In  asstssnients  upon  the 
proprietors,  there  has  been  laid  out  on  the  can-1  g.5 28,000, 
and  about  SSO.OOO  more,  derived  from  lolls,  iras  been 
expended  in  buildings,  wharves,  he.  At  Medford  is  a 
swivel  bridge,  which  is  found  to  be  very  inconvenient. 
The  principal  articles  transported  on  the  canal  are  wood, 
timber,  lumber  of  all  kinds,  pot  and  pearl  ashes,  rye, 
oats,  provisions,  and  building  stone  irom  the  Merritnac 
to  Boston.  Last  yf-ar  12,000  cords  of  wood  were  trans- 
ported down  the  canal,  and  there  are  more  tons  of  tim- 
ber in  rafts  brought  down,  than  of  wood. 
.  More  than  one  half  of  the  whole  length  of  the  canal  is 
more  or  less  embanked,  or  raised  above  the  natural  sur- 
face of  the  ground.  Above  Medford  is  an  aqueduct  across 
the  Mystick  river,  of  which  the  abutrnenis  are  100  ieet 
apart,  and  between  them  are  three  stone  piers,  each  8 
feel  ll.ick,  for  suppoiting  the  aqueduct.  The  tide  Hows 
up  the  Mystick  river  above  this  place.  The  surface  of 
the  water  in  ihe  aqueduct  is  10  feet  above  the  surface  of 
the  water  in  the  river  below,  at  high  water.  This  aque- 
duct consists  of  a  kind  of  trough  made  of  timber  and 
plank,  which  has  stood  16  years,  but  is  beginning  lo  de- 
cay. The  limber  is  framed  together  in  the  usual  way  of 
carpenter's  work,  by  tenants  and  mortises,  and  strength- 
ened by  braces.  As  tenants  soon  rot  and  give  way,  it 
might  have  been  made  on  a  better  and  more  durable  con- 
struction with  knees  and  bolts  in  the  manner  of  ship- 
buildmg.  At  the  upper  end  of  the  aqueduct  is  a  lock 
of  12  feet  lift. 

Mr.  Weston,  an  English  engineer,  took  the  levels  of 
the  whole  length  of  the  lire  of  this  canal,  part  ot  the 
way  on  iwo  routes.  He  estimated  the  expense  of  making 
it  at  100. 000/.  sterling.  The  company  weiit  on  to  make 
the  canal  without  any  further  aid  fiom  any  European  en- 
gineer, ano  found    Mr.  Weston's  levels  to  be  correct. 

Over  Syms'  river  is  an  aqueduct,  of  which  the  abut- 
rnenis are  120  feet  apart,  with  three  intervening  piers. 
The  waler  in  Ihe  aqueduct  is  30  feet  higher  than  the  wa- 
ter in  the  stream  below.  These  aqueducts  all  afford  con- 
venient waste-weirs.  W"hen  the  water  is  not  drawn  off 
from  the  canal  at  ihe  commencement  of  winter,  the  ex- 
pansion of  its  freezing  spreads,  and  injures  the  timbers 
of  the  aqueducts;  wtierefore  it  is  the  practice,  just  be- 
fore the  winter  sets  in,  to  draw  off  about  one-third  of  the 
water. 

Half  a  mile  above  the  last  mentioned  aqueduct  is  deep 
cutting,  40  rods  in  length,  through  loose  sand  and  gra- 
vel. In  the  deepest  part  of  the  excavation  is  20  feet  be- 
low the  natural  surface  of  the  earth;  and  the  part  ex- 
cavated is  here,  from  90  to  100  feet  in  width  at  the  top. 
The  earth  was  chiefly  carried  away  in  wheel-barrows, 
some  in  carts,  to  an  embankment  just  above,  on  the 
rignt  side.  Half  a  mile  higher  up  the  caith  is  very 
porous,  and  on  the  right  side  ihe  water  leaks  out  through 
or  under  an  embankment:  this  might  have  been  pre- 
vented, by  jjuning  2  or  3  feet  of  water-light  stuff  in  the 
bottom  of  the  canal. 

Near  this  place  are  two  water-gates,  by  which  the  wa- 
ter of  the  canal  is  drawn  off  in  the  spring  for  the  pur- 
pose of  clearing  out  the  earth,  stones,  kc.  which  fall  into 
it  and  injure  the  navigation.  The  expense  of  this  is  per- 
haps gSOO  a  year. 

Mr.  Sullivan   states  that  he  has  had  a  steam-boat  on 
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the  Merrimac  river  for  the  purpose  of  towing  boats ; 
he  found  that  a  man  by  a  ropo  could  easily  hold  a  boat  in 
tow  immediately  astern  of  the  steam-boat,  which  it  would 
require  a  horse,  on  the  bank  of  the  river,  to  tow  with  the 
same  velocity:  such,  in  his  opinion,  is  the  great  diminu- 
tion of  the  resistance  of  the  water  to  the  head  of  a  boat 
which  is  drawn  in  the  wake  of  another  boat. 

For  some  weeks  in  the  spring  the  canal  leaks  much 
more  than  it  does  the  remainder  of  the  season  ;  this  is 
because  the  banks  had  been  recently  swelled  and  loosen- 
ed by  the  action  of  the  frost.  Three  men,  with  a  horse 
and  boat,  are,  in  the  summer,  constantly  employed  to  keep 
the  banks,  and  particularly  the  towing-path,  in  order. 

The  lands  within  six  miles  of  the  canal,  on  each  side, 
have  increased  one-third  in  price  ;  while  land  in  the 
country  generally  retains  its  former  value.  In  the  state 
of  New-Hampshirc,  through  which  the  Merrimac  flows, 
timber  is  now  worth  from  I  to  3  dollars  per  ton  standing  ; 
before  the  canal  was  made  it  was  worth  nothing ;  so  that 
in  the  article  of  timber  alone,  that  state  is  supposed  to 
have  been  benefited  to  the  amount  of  at  least  5,000,000  of 
dollars.  The  wood-land  there  has  risen  in  price,  since 
the  opening  of  the  canal,  from  82  per  acre  to  §6,  88, 
and  glo  per  acre. 

In  Woburn,  a  pretty  high  embankment,  which  was 
made  in  the  winter,  across  a  marsh,  sunk  down  in  the 
spring  at  the  breaking  up  of  the  frost,  so  that  its  top  was 
just  level  with  the  natural  earth  :  another  embankment 
was  then  raised  upon  it.  Near  this  place  the  canal,  by 
a  deep-cutting  of  23  feet,  passes  through  a  hill.  An 
embankment  at  Maple  meadow,  in  the  town  of  Wilming- 
ton, is  near  80  rods  long,  and  25  feet  high  to  the  top  of 
the  towing-path.  At  a  place  called  the  Sinking  meadow, 
in  the  above  named  town,  an  embankment  is  made  across 
a  marsh,  of  about  30  rods  in  extent.  When  this  em- 
bankment was  commenced,  it  was  found  that  the  dirt  and 
stuff  carried  on  to  form  the  embankment  kept  gradually 
sinking  into  the  marsh  ;  when  measures  were  taken  to 
ascertain  how  much  it  would  sink  ;  the  labourers  conti- 
nued to  carry  on  stuff,  which  gradually  went  down  until 
the  whole  embankment  sunk  to  the  depth  of  60  feet ! 
The  great  expense  of  making  this  embankment  across 
the  marsh  might  have  been  foreseen  and  prevented. 
The  depth  and  softness  of  the  marsh  might  have  been 
ascertained  by  sounding  it  with  an  iron  rod,  and  by  con- 
ducting the  canal  circuitously  around  its  margin,  a  solid 
foundation  might  have  been  secured. 

Uy  the  act  of  incorporation,  the  legislature  authorized 
the  company  to  occupy  5  rods  of  land  in  width  on  one 
side  of  the  centie  of  the  canal,  and  3  rods  on  the  other. 
If  the  owners  of  the  land  did  not  apply  for  pay  within  a 
year,  it  was  deemed  a  jdonation.  In  the  statement  of 
monies  expended,  before  made,  are  included  the  costs  of 
several  law-suits,  llie  building  of  boats,  of  offices,  the 
purchase  of  70  acres  of  land,  and  the  erection  of  mills 
at  Billerica.  The  land  and  mills  cost  S  10.000.  There 
is  no  income  derived  from  hiving  out  water  privileges  for 
hydraulic  operations.  The  canal  receives  its  whole  sup- 
ply of  water  from  the  Concord  river  ;  and  if  any  were 
let  out  for  hydraulic  purposes,  a  current  would  be  cre- 
ated, the  inconveniences  of  which  would  prob.ibly  more 
than  counterbalance  all  the  advantages  of  income. 

Either  through  design  or  accident,  logs,  stumps,  and 
sticks,  were  in  some  places  left  in  the  banks  when  the 
canal  was  made  ;  and  these,  having  now  become  rotten, 
leave  unsound  places,  through  which  the  water  escapes. 
A  great  part  of  the  canal  was  made  by  contractors  in 


small  parts  or  jobs,  and  where  two  jobs  of  embankment 
met  each  other,  the  workmen  did  not,  in  some  cases, 
lake  the  precaution  to  prevent  the  stones,  as  they  threw 
on  the  stuff,  from  rolling  down  together  from  each  end 
of  the  separate  job,  and  thereby  forming  a  loose,  porous, 
and  leaky  place  in  the  embankment. 

The  aqueduct  over  the  Shawshine  river  is,  between 
the  abutments,  140  feet.  The  water  in  it  is  35  feet 
higher  than  the  surface  of  the  river  below.  This  aque- 
duct has  been  made  20  years  ;  it  is,  like  the  other  aque- 
ducts on  this  canal,  made  of  wood,  and  is  so  much  de- 
cayed as  to  require  temporary  props  to  support  it. — 
There  arc  three  piers  between  the  abutments,  and,  be- 
tween the  outside  pier  and  the  abutment  on  each  side, 
there  is  a  kind  of  wooden  pier.  On  the  inside  or  river 
side  of  both  the  abutments,  and  on  both  sides  of  the  piers, 
at  suitaljle  distances,  large  horizontal  timbers  are  em- 
bedded, which  serve  to  support  the  lower  ends  of  the 
aqueduct  braces:  when  these  timbers  become  rotten,  the 
stone  work  will  probably  fall  down.  From  each  end  of 
this  aqueduct,  to  the  distance  of  500  feet,  is  an  embank- 
ment nearly  35  feet  high. 

During  the  war,  the  timber  used  to  repair  the  Consti- 
tution frigate  was  brought  down  the  canal  to  Boston,  and 
that  used  to  build  the  Independence  seventy-lour,  except 
the  live  oak,  was  procured  through  the  same  channel, 
as  also  were  many  of  the  masts  and  spars,  &c.  wliich 
were  furnished  at  Boston  to  our  vessels  of  war.  With- 
out the  c.^nal  this  part  of  the  country  could  not  have  sup- 
plied these  necessary  articles. 

In  approaching  the  Concord  river,  the  canal  passes 
through  half  a  mile  of  deep-cutting,  800  feet  of  which 
is  excavated  by  blasting  through  a  hard  granite  rock. 
In  some  places,  this  blasting  was  carried  7  feet  into  the 
rock,  and  from  14  to  20  feet  wide.  The  deep-cutting  for 
this  half  mile,  is  from  12  to  20  feet. 

Across  the  Concord  river,  a  few  rods  below  the  line 
of  the  canal,  a  dam  150  feet  long  and  8  feet  high  is  made. 
This  creates  a  pond,  out  of  whicli,  through  the  deep- 
cutting  last  mentioned,  the  water  flows  and  supplies  the 
canal  22  miles  to  Charlestown  at  the  tide-water.  P'rom 
the  other  side  of  the  pond  the  water  flows  through  the 
canal  5  miles  to  the  Merrimac  river.  The  water  which 
supplies  the  22  miles  of  canal  passes  through  a  hoiizon- 
tal  aperture  of  6  feet  by  1,  with  a  head  of  2  feet  water 
above  the  upper  side  of  the  aperture.  The  towing-path 
is  carried  across  the  pond  by  means  of  a  floating  bridge, 
a  part  of  which  is  occasionally  drawn  up  to  let  the  logs, 
timber,  and  drift  wood,  which  collect  above,  pass  through. 
There  arc  two  waste  gates  in  the  dam,  by  which  the 
height  of  the  water  in  the  pond  can,  in  some  measure, 
be  regulated. 

In  Chelmsford,  within  60  rods  of  the  Merrimac,  is 
an  aqueduct  of  which  the  abutments  are  110  feet  aj)art, 
and  there  are  ten  wooden  piers  to  support  it.  The  wa- 
ter in  the  aqueduct  is  16  feet  higher  than  the  stream 
below.  Between  this  aqueduct  and  the  Merrimac  is  a 
fall  of  52  feet,  and  3  locks  of  durable  stone  masonry  in 
tarras  mortar.  Where  tiie  canal  joins  the  Merrimac, 
a  basin  is  excavated,  10  or  12  feet  below  the  natural  sur- 
face of  the  earth,  and  5  feet  below  the  surface  of  the 
liver  at  low  water.  The  extent  of  the  basin  is  about 
200  feet  on  the  shore  of  the  river,  and  half  that  distance 
on  a  line  at  right  angles  with  the  shore,  being  nearly 
semi-circular.  There  are  in  all  7  aqueducts  on  the  ca- 
nal, but  those  not  mentioned  above  are  very  inconsider- 
able :  there  are  also  several  culverts.     Grass  grd'^js  in 
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liie  boUora  of  the  canal,  and  obstructs  the  passage  of 
the  water  in  autumn  to  such  a  degree,  that  at  the  lower 
end  of  the  can^l,  22  miles  from  its  source,  the  water  is 
sometimes  9  inclies  lower  than  it  otherwise  would  be. 
To  remedy  this  inconvenience,  a  man  is  employed,  who 
wades  along  the  canal,  and  mows  off  the  grass  under 
water  with  a  scythe.  During  the  winter  season,  while 
the  canal  was  not  used,  the  muskrats  would  sometimes 
burrow  into  and  endanger  the  breaking  of  the  banks;  iu 
consecjuence  of  which  the  company  had  offured  a  bounty 
of  50  cents  for  every  one  that  should  be  desiroycd  within 
a  certain  distance  of  the  canal.  This  bounty  had  caused 
their  destruction  to  such  an  extent,  that  very  little  ap- 
prehension was  entertained  of  their  doing  injury. 

It  was  the  original  design  of  the  company  to  employ 
three  officers  on  the  canal,  viz.  a  superintendant,  a  trea- 
surer, and  clerk;  but  that  project  has  been  abandoned, 
and  those  three  offices  are  now  united  in  Mr.  Sullivan. 
His  compensation  is  a  salary  of  S1500  a-year,  besides  5 
per  cent,  on  all  the  tolls  or  receipts,  which  are  war- 
ranted not  to  fall  short  of  S20,000  per  annum. 

The  receipts  of  the  company  from  the  canal  are  ra- 
pidly increasing.  The  income  in  1808,  was  SVOOO,  in 
1809,59000,  in  1810,  gU.OOO,  in  1811,817,000,  last 
year  825,000,  and  this  year  (1816)  it  will,  undoubtedly, 
exceed  g30,000." 

There  are  some  other  canals  in  Massachusetts,  but  of 
too  little  consequence  to  merit  any  particular  notice. 

Canals  have  been  projected  to  unite  Cape  Cod  bay 
with  the  Atlantic  ocean  and  Buzzard's  bay  ;  the  sub- 
joined extract  from  Mr.  Gallatin's  Report  on  Roads  and 
Canals,  made  April  4th,  1808,  will  amply  explain  the 
incipient  advance  of  those  plans  at  the  period  of  that 
Report,  and  also  at  the  present  time,  as  no  further  mea- 
sures have  been  adopted  to  carry  such  designs  into  ef- 
fect. 

"  Sandwich  Isthmus,"  says  Mr.  Gallatin,  "  between 
Barnstable  bay,  on  the  north,  and  Buzzard's  bay,  on  the 
south,  had  first  attracted  the  public  attention.  Surveys 
and  levels  were  taken,  for  the  purpose  of  ascertainiug 
the  practicability  of  opening  a  cross  ctit,  to  be  supplied 
by  the  sea  itself,  from  the  mouth  of  Back  river,  in  Buz- 
zard's bay,  to  the  mouth  of  Scusset  river,  in  Barnsta- 
ble bay. 

The  distance  was  found  to  exceed  7  miles;  the  ele- 
vation of  the  intermediate  ground  is  40  feet  above  low 
water  mark,  in  Barnstable  bay  ;  the  depth  of  water  at  the 
mouth  of  Back  river  does  not,  at  low  water,  exceed  7i 
feet  ;  and  the  channel  to  that  spot,  through  Buzzard's 
bay,  is  obstructed  by  shoals.  The  tide,  which  rises  but 
3  J  feet  in  that  bay,  rises  3^  hours  later,  and  more  than 
18  feet  in  that  of  Barnstable.  The  shore  on  which 
that  formidable  tide  would  operate  is  an  open  beach, 
without  any  harbour  or  shelter  whatever.  Independent 
of  other  obstacles,  it  was  apprehended,  that  the  same 
actual  causes  which  had  formed  the  isthmus  might  fill 
the  canal,  or  make  a  bar  at  its  entrance ;  and  the  project 
seems  to  have  been  abandoned. 

2d.  The  ground  was  also  examined  between  Barn- 
stable harbour,  on  the  north,  and  Hyannus  harbour,  on 
the  south,  at  some  distance  east  of  Sandwich.  The 
breadth  of  the  peninsula  does  not  here  exceed  4i  miles, 
and  there  would  be  a  harbour  at  each  end  of  the  canal. 
The  same  difference  exists  in  the  tides,  which  rise  4  feet 
in  Hyannus,  and  16  in  Barnstable  harbour.  The  en- 
trance of  this  is  obstructed  by  shoals;  but  the  great  ob- 
stacle to  a  cross  cut  is  the  elevation  of  the  intermediate 
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ground,  estimated  at  80  feet  above  tide  water.  Naviga- 
ble ponds  on  thst  high  ground  might  perhaps  form  part 
of  a  lock  canal,  and  supply  the  remainder  with  water. 
But  a  canal  frozen  in  winter  would  not  have  effected  the 
great  object  in  view,  which  was  to  enable  vessels  from 
sea  to  proceed,  in  winter,  from  Martha's  Vineyard  to 
Boston,  without  sailing  around  Cape  Cod.  Although 
the  difficulty  of  the  navigation  from  Boston  to  Barnstable 
diminishes  the  utility  of  this  communication,  as  one  of 
the  great  links  of  tliis  line  of  inland  navigation,  it  may 
be  resorted  to,  should  that  which  will  be  ne.xt  raenlicneti 
prove  impracticable  for  sea  vessels. 

3.  The  attention  of  the  legislature  of  Massachusetts, 
under  whose  authority  the  grounds  at  S^mdwich  and  at 
Barnstable  had  been  examined,  has  lately  turned  to  a 
<lirccl  communication,  between  Weymouth  landing,  within 
the  harbour  of  Boston,  and  Taunton  river,  which  empties 
into  the  bay  of  Rhode  Island  (Narraganselt).  A  favour- 
able report  has  been  made  during  the  last  session,  oi" 
which  a  copy  h.as  been  obtained.  The  distance  from 
tide  water  to  tide  water,  is  26  miles  by  one  route,  and  23 } 
by  another.  The  highest  intermediate  ground  is  13? 
feet  above  tide  water,  but  may  be  reduced  10  feet  by 
digging  to  that  depth  the  length  of  a  mile.  Two  ponds, 
known  by  the  name  of  Weymouth  and  Cranberry,  the 
largest  and  least  elevated  of  which  covers  500  acres, 
and  is  14  feet  higher  than  the  summit  of  the  proposed 
canal,  will  supply  the  upper  locks  with  water  by  feeders 
4  miles  long.  Whether  the  quantity  of  water  contained 
in  tiie  ponds,  and  estimated  equal  to  a  daily  supply  of 
450,000  cubic  feet,  will  be  sufficient  for  a  sloop  naviga- 
tion, and  whether  any  other  ponds  or  streams  may  be 
brought  in  aid,  does  not  seem  to  be  fully  ascertained. 
After  descending  20  feet  towards  Weymouth,  and  70 
towards  Taunton,  an  ample  supply  for  the  lower  locks 
will  be  derived  from  other  large  ponds,  the  principal  of 
which  are  known  by  the  names  of  Braintree,  and  Nippi- 
nitic. 

The  expense  may,  on  a  supposition  that  the  route  is 
partly  through  a  rocky  soil,  be  estimated  as  follows : 


Digging  26  miles,  at  30,000  dollars  a  mile 
Lockage  260  feet,  at  §1250  a  foot 
Feeders,  purcll.^se  of  lund,  kc. 


8780,000  00 
325,000  00 
145,000  OfJ 

81,250,000  00 


There  have  been  no  canals  executed  or  designed, 
hitherto,  in  Rhode  Island  or  Connecticut,  worthy  notice 
in  a  general  view.  We  pass  on  to  the  greatest  works  of 
that  nature  ever  planned  in  America,  the  grand  Canals 
of  New  York. 

We  cannot  preface  what  we  intend  to  give  to  the  pub- 
lic on  the  important  topic  of  the  New-York  canals,  bel- 
ter than  with  the  two  following  letters. 

Albany,  February  22d,  1822. 

Dear  Sir — Shortly  after  the  receipt  of  your  last  letter, 
I  was  by  the  canal  commissioners  ordered  on  to  the  north- 
ern canal,  to  examine  a  new  plan  for  a  feeder,  which  has 
made  it  impossible  for  me  to  give  the  attention  to  your 
queries  concerning  our  canals,  wiiich  I  intended.  From 
what  I  shall  send  you  may  perhaps  pick  out  something 
that  you  will  use. 

"  At  what  period,  and  by  whom,  was  either  of  the  New- 
York  canals  designed  :"  Canals  between  the  Hudson  and 
northern  Wood  creek,  and  between  the  Mohawk  and 
3  P 
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western  Wood  creek,  must  have  been  contemplated  by 
the  first  navigators  of  those  waters ;.  things  so  obvious 
must  have  early  struclc  every  one,  but  the  idea  of  the 
Erie  canal  is  of  very  modern  origin.  In  the  winter  of 
1804,  I  learnt  (or  the  Jirsl  rime,  from  the  surveyor-gene- 
ral, that  Mr.  Governeur  Morris,  in  a  conversation  between 
them  in  the  preceding  autumn,  mentioned  the  scheme 
of  a  canal  from  lake  Eric  across  the  country  to  the  Hud- 
son river.  The  idea  of  saving  so  much  lockage  by  not 
descending  to  lake  Ontario,  made  a  lively  impression  on 
my  mind,  by  which  I  was  prompted  on  every  occasion  lo 
inquire  into  the  practicability  of  the  project,  and  entered 
with  enthusiasm  on  the  task  assigned  me  by  the  surveyor- 
general  in  1808,  of  expending  the  small  sum  of  six  hun- 
dred dollars,  then  granted  by  our  legislature,  "  for  mak- 
ing levels,"  6<c.  After  spending  the  money  and  summer 
of  that  year  in  examinations  between  lake  Erie  and  On 


above  the  surface  of  the  mill-pond  ;  the  whole  country 
thinly  timbered  with  oak.  ^Vhile  traversing  these 
snowy  hills  in  December  1808, -I  little  thought  of  ever 
seeing  the  Genesee  watcis  crossing  this  valley  on  the 
embankment  now  constructing  over  it.  I  had,  lo  be  sure, 
lively  presentiments,  that  lime  would  bring  about  all 
1  was  planning,  that  boats  would  one  day  pass  along  on 
the  tops  of  these  fantastic  ridges,  that  posterity  would 
see  and  enjoy  the  sublime  spectacle,  but  that  for  myself, 
I  had  been  born  many,  very  many  years  too  soon.  There 
are  those,  sir,  who  tan  realize  my  feelings  on  such  an 
occasion,  and  can  forgive,  if  I  felt  disposed  to  exclaim 
Eureka,  on  making  this  discovery.  How  would  the  great 
Urindlt:y,  with  all  his  characteristic  anxiety  to  avoid  lock- 
age, have  felt  in  such  a  case  :  all  his  cares  at  an  end 
about  water  to  lock  up  from  the  Genesee  river,  finding 
no  locking  up  required.     Boats  to  pass  over  these   arid 


tario.  Mud  creek  and  Sodus  bay,  Oneida  luke  and  On-  plains,  and  along  the  very  tops  of  these  high  ridges, 
taiio,  &c.  the  spot  of  great  difticuliy  and  uncertainty 
respecting  our  inland  route,  remained  unexamined,  to 
wit,  the  tract  between  (Jenesee  rivur  and  Faluiyra,  or 
head  waters  of  Mud  creek,  and  the  hopes  from  a  view 
of  maps  discouraging  indeed.  Where  was  the  water 
to  be  got  for  locking  over  the  high  land  that  was  sup- 
posed to   rise   between   Genesee   river   and  Mud  creek. 


seemed  then  like  idle  tales  to  every  one  around  me. 
Seventy-three  dollars  was  afterwards  allowed  by  the  legis- 
lature in  addition  to  tiie  six-hundred. 

The  east  end  ot  lake  Erie,  where  the  canal  boats  and 
lake  vessels  shall  come  together,  will  one  day  become  a 
very  important  spot.  To  understand  its  particular  locali- 
ties   a  map  is   indispensable.      Great   dilliculties   attend 


All  knowledge  of  an  inteiior  route  was  incomplete,  while  getting  a  spacious  harbour  at  this  place,  and  a  very  spa- 

this  piece  of  country  remained  unknown.     In  December  cious  one  will  be  required.      From    examinations  made 

of  that  year,  I  again  left  home  for  the  above  object,  and  last  fall,  I  have   made   myself  so    well   acquainted  with 

after  discovering  at  the  west  end  of  Palmyra  that  singu-  every  thing  relating  to  this  place,  as  to  abandon  my  for- 

lar  brook  whicli  divides,   running   part  to  Oswego  and  mer  plan  of  making  an  harbour  by  uniting  island  to  isl- 

part  to  the  Irondequot  bay,  I   levelled  from  this  spot  to  and,  by  mounds,  as  published  by   Mr.   E.   Watson.     At 

the  Genesee   river,  and   to  my   great  joy   and  surprise  present,  I  propose  to  have  the  canal  terminate  opposite 


found  the  level  of  the  river  far  elevated  above  the  spot 
where  the  brooks  parted,  and  no  high  land  between. 
Kut  to  make  the  Genesee  river  run  down  Mud  creek,  it 
must  be  got  over  the  Irondequot  valley.  After  levelling 
from  my 'first    line    1,}   mile  up  the   valley,  I   found  the 


the  lower  end  of  Squaw  island,  at  which  place,  let  the 
island  be  connected  with  the  main  shore,  by  a  dam  rais- 
ed to  t!ie  level  of  the  lake,  which  is  from  3  to  4  feet 
higher  than  the  river's  surface  at  this  place.  After 
raising  such  parts  of  the  island  as  arc   too   low,  to  the 


place  where  the  canal  is  now  making  across  that  stream  lake  level,  run  a  mole   from  the   upper  end  thereof,  in 

at  Mann's  mills.     1  his  formidable  obstruction  I  examin-  length  about  1|  mile  to  the  surface  of   the  lake,  a  little 

ed   levelling  over  where  the   canal   is   now  making,  and  above  Bird  island,  the  height  of  which  mole  shall  cor- 

over  the  mill-pond,  from  which  surveys  I  made  the  map  respond  with  the  level  of  the  lake.  About  4  chains  from 

of  which  I  send  you  a  copy.  the  shore,  on  an  average,  is  as  far  out  as  this  mole  ought 

The  passage  of  the  Irondequot  valley  is  on  a  surface  to  be  built,  that  sufficient  water  way  may   be  still  left  in 

L  surpassed,  perhaps  in  the  world,  for  singularity.  No  the  Niagara  river.      The  surface  between  Squaw  island 


not 


Those 


and  the  shore  is  almost  SO  acres,  with  56  between  the 
mole  and  the  shore,  is  136  acres.  But  in  all  probability, 
this  harbour  will  in  a  short  time  be  insufficient  for  the 
boats  and  sail  vessels  that  will  crowd  into  it  in  the  spring 
season.  A  lock  will  then  be  wanted  to  lock  cut  into  the 
river  where  it  is  still  and  deep,  below  Black-rock  rapid, 
and  such  a  lock  is  now  much  wanted  for  the  use  of  all 
such  vessels  as  are  by  stress  of  weather,  driven  through 


adequate  idea  can  be  conveyed  without  a  map. 
ridges  along  the  top  of  which  the  canal  is  carried,  are  in 
many  places  of  just  sufficient  height  and  width  for  its 
support,  and  for  75  chains  the  canal  is  held  up,  in  part 
by  them,  and  in  pait  by  artificial  ridges,  between  40  and 
50  feet  above  the  general  surf.ice  of  the  earth;  the  sides 
of  theiTi  are  in  most  places  remarkably  steep,  so  that  when 
the  work  is  finished,  the   appearance   to  a  stranger  will 

be,  that  nearly  all  those  natural  embankments  were  arti-     the  British  cliannel  down  the  rapids,  for  the  purpose  of 
ficial  works.     At  A,  the  base  of  the  ridge  is  so  narrow,     locking  them  up  to  the  lake  level  again.*     At  present, 
that  for  some  chains  stone  walls  are  built  on  each  side,     these  vessels  are  drawn  up  by    15  or  20  yoke  of  ojten. 
to  keep  the  earth  from  filling  the  roads  at  its  base.  The 
arch  through  which  the  stream  passes  under  tliis  stupen- 
dous embankment  is  26  feet  span,  17  feet  high,  and  245 
feet  long,  resting  upon  nearly  1000  piles,  some  of  them 
driven  20  feet.     The  surface  of  this  wooden   foundation 
is  just  70  feet  below  the  top-water  line  of  the  canal.    At 
B  the  ridge  is  higher  and  wider  than  is   needed   for  the 
support  of  the  canal,  and  the  view  to  the  south  obstruct- 
ed for  a  short  distance.     The   red   figures  on  the  map 
show,  in  feet,  the  elevation  of  the  place  where  they  are. 


Out  of  this  harbour  a  branch  canal  can  be  made  to  Buf- 
faloe  village.  The  creek  here  is,  for  \\  mile  in  length, 
on  an  average  3  chains  wide,  deep  enough  for  lake  ves- 
sels. Tills  makes  but  30  acres,  not  quite  equal  to  one 
of  the  East  India  docks,  artificial  works  in  London.  In 
Mr.  Hayne's  "  Introduction,  Sec."  lately  published,  he 
says,  "  wlien  the  destinies  of  the  western  country  are 
"  duly  considered,  and  the  riches  of  our  own  state  are 
"  duly  appreciated,  it  is  no  visionary  calculation  to  say, 
"  that  a  million  of  tons  (annually)  will  pass  tiirough  the 


»  For  no  vessel,  in  a  storm,  can  enter  either  the  harbcfar  here  described,  or  the  one  constructing  at  Buffaloc. 
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•»  western  canal  in  the  course  of  a  few  years."  And,  if  a 
few  years  will  do  all  this,  what  shall  time,  bringing  on 
these  deslinies  wilh  an  accelerated  velocity,  accomplish, 
before  all  the  eyes  of  the  present  planners  shall  be  for 
ever  closed. 

The  annual  report  of  our  canal  comniisbioners  will  in 
a  few  days  be  published,  from  which  the  present  state  of 
the  canals  will  be  seen  ;  I  will,  sir,  send  you  a  copy  as 
quick  as  it  is  in  my  power,  and  shall  regret  much  if  your 
printer  shall  not  allow  time  for  you  to  see  said  report  in 
season  to  avail  yourself  of  it. 

Some  things  that  I  have  dwelt  upon  may  not  interest 
you,  as  I  may  have  expected.  The  Iiondequot  embank- 
ment will  I  think  receive  the  admiration  of  all  visitors. 
I  have  seen,  sir,  the  famous  Harper's  ferjy  on  the  Poto- 
mac, and  with  the  philosopher  of  Montocello,  could  see, 
when  finished,  said  embankment,  trusting  he  would  pro- 
nounce it  a  sight  still  more  worth  a  voyage  across  the 
Atlantic.  On  the  highest  part  of  the  peninsula,  what  a 
site  for  a  Belviderc. 

If  I  print  any  more  of  my  maps  of  the  Champlain  ca- 
nal, there  shall  be  laid  down  on  it  the  new  proposed 
feeder,  between  6  and  T  miles  long,  intended  as  a  canal 
past  Glen's-falls  and  Baker's-falls. 

Respectfully,  I  am,  Sir,  your  most  obt.  servant. 

J.  Geddes. 

Albany,  Feb.  25, 1822. 

Dear  Sir — Mr.  Geddes  has  presented  your  compli- 
ments to  me,  from  a  letter  to  him  requesting  materials 
relating  to  our  canals,  to  be  introduced  into  the  Encyclo- 
paedia. I  will  give  a  brief  sketch  of  what  was  done  in 
relation  to  them,  anterior  to  the  period  v/hich  has  fur- 
nished the  documents  published  by  Mr.  Haines. 

A  considerable  discussion,  as  you  know,  has  appeared 
in  print,  about  the  origin  of  the  Erie  canal,  with  the  view 
of  ascertaining  who  is  most  entitled  to  the  honour  of  it. 
The  following  statement  of  facts  will,  1  believe,  enable 
the  public  to  form  a  correct  opinion  on  that  point. 

Soon  after  the  revolutionary  war,  the  attention  of  our 
legislature  was  drawn  to  the  improvement  of  the  internal 
navigation  of  the  state,  and  two  companies  were  incorpo- 
rated for  the  purpose,  to  wit,  the  "  Northern,"  and 
"  Western  Inland  Lock  Navigation  Companies."  ^Vith 
respect  to  the  latter,  the  views  of  its  patrons  evidently 
did  not  extend  farther  than  to  the  improvement  of  natural 
streams,  and  the  making  of  short  canals  and  locks  to  pass 
difficult  or  unnavigable  places,  such  as  the  Little  Falls 
on  the  Mohawk  river,  the  communication  between  that 
river  and  the  Wood  creek  at  Rome,  and  some  extraor- 
dinary rifts  or  rapids,  in  order  to  facilitate  the  passage  of 
boats  from  Albany,  or  Schenectady,  to  Oswego,  and  the 
Cayuga  lake.  Beyond  these  nothing  was  then  contem- 
plated. To  lock  round  the  Niagara  falls  was  a  subse- 
quent project,  which  was  never  attempted  to  be  put  into 
execution.  The  merit  of  first  starting  the  idea  of  a 
direct  communication  by  water,  between  lake  Erie  and 
Hudson's  river,  is  unquestionably  due  to  Mr.  Gouverneur 
Morris.  The  first  suggestion  I  had  of  it  was  from  him. 
In  1803,  I  accidentally  met  with  him  at  Schenectady.  We 
put  up  for  the  night  at  the  same  inn,  and  passed  the  even- 
ing together.  Among  the  numerous  topics  of  conversa- 
tion, to  which  his  prolific  mind,  and  excursive  imagina- 
tion, gave  birth,  was  that  of  improving  the  means  of 
intercourse  with  the  interior  of  our  state.  He  then  men- 
tioned the  project  of  ta/ifiing  lake  Jirie,  as  he  expressed 
himself,  and  leading  its  waters,  in  an  artificial  river,  di- 


rectly across  the  the  country  to  Iludsoii's  livei".  To  this 
I  very  naturally  opposed  the  intermediate  hills  and  valleys, 
as  insuperable  obstacles.  His  answer  was,  in  substance, 
that  labor  iml'.robus  omnia  vincil,  and  that  the  object  would 
justify  the  labour  and  expense,  whatever  that  might  be. 
Considering  this  as  a  romantic  thing,  and  characteristic 
of  the  man,  I  related  it  on  several  occasions.  Mr,  Geddes 
now  reminds  me  that  I  mentioned  it  to  him  in  1804,  whetj 
he  was  here  as  a  member  of  the  legislature,  and  adds 
that,  afterwards,  when  in  company  with  Mr.  Jesse  Haw- 
ley,  it  became  a  subject  of  conversation,  which  probably 
led  to  inquiries,  that  induced  Mr.  Hawley  to  write  the 
essays  which  afterwards  appeared  in  newspapers,  on 
the  subject  of  carrying  a  canal  from  lake  Erie  to  Albany, 
through  the  interior  of  the  country,  without  going  by  the 
way  of  lake  Ontario.  In  IS08,  our  legislature  adopted  a 
resolution,  proposed  by  Mr.  Joshua  Foreman,  a  member 
from  Onondaga,"  directing  the  surveyor-general  to  cause 
an  accurate  survey  to  be  made  of  the  rivers,  streams, 
and  waters  (not  already  accurately  surveyed)  in  the  usual 
route  of  communication  between  the  Hudson  river  and 
lake  Erie  ;  and  such  other  contemplated  route  as  he  may 
deem  proper,"  &c.  In  pursuance  of  this  resolution, 
after  I  had  got  all  the  information  I  could  obtain  by  epis- 
tolary correspondence,  I  commissioned  Mr.  James 
Geddes,  who  has  since  been  continued  as  an  engineer  on 
the  canal,  to  make  surveys,  and  take  the  levels  which  the 
nature  of  the  business  required.  IMy  instructions  were, 
that  he  should  examine  whether  a  canal  could  be  made 
from  the  Oneida  lake  to  l.-ike  Ontario,  where  Salmon 
creek  enters  it.  This  route  had  been  represented  as 
probably  practicable,  but  was  soon  found  impossible. 
Mr.  Weston,  the  British  engineer  who  had  some  years 
before  been  employed  by  the  Inland  Lock  Navigation 
company,  had  reported  the  navigation  from  the  Oswego 
falls  to  lake  Ontario,  along  the  Oswego  river,  as  hardly 
susceptible  of  improvement  by  means  of  canalling.  I 
therefore  directed  a  route  to  be  explored  on  tlie  west 
side  of  the  river,  which  had  been  favorably  represented. 
This  was  done  by  Mr.  Geddes,  and  a  practicable  route 
reported.  He  w.is  next  to  level  round  the  Niagara  falls, 
and  ascertain  the  best  line  of  a  canai  from  above  the  falls 
to  Lewistown.  This  was  also  done  ;  besides  which  ob- 
servations were  made  on  the  descent  of  the  Niagara 
river  from  lake  Erie  to  the  falls. 

But  the  most  important  business  remained  yet  to  be 
done,  and  for  doing  which,  in  a  manner  much  to  be  de- 
sired, we  had  not  adequate  means,  the  money  appropri- 
ated for  all  that  was  directed  by  the  resolution  being 
only  six  hundred  dollars.  What  remained  to  be  done 
was  to  ascertain  the  practicability,  and  most  direct  route 
of  a  canal  from  lake  Erie  to  the  Genesee  river,  and 
thence  to  the  waters  running  east  to  the  Seneca  river. 
As  our  scanty  allowance,  when  we  had  got  thus  far,  would 
probably  be  nearly  exhausted,  Mr.  Geddes  was  instruct- 
ed to  do  this  as  well  as  it  could  be  done,  by  mere  inspec- 
tion, without  the  use  of  instruments  ;  and  to  collect  such 
information  as  might  be  useful  in  a  further  prosecution 
of  the  business,  should  the  legislature  think  proper  to 
provide  for  it.  I  had  receivetl  such  information  from 
Mr.  Joseph  Ellicott,  the  Holland  Land  company's  agent, 
as  satisfied  me  that  a  canal  was  practicable  from  the 
Niagara  to  the  Genesee  river,  by  following  the  valley  of 
the  Tannewanta  to  the  summit,  from  which  a  descent 
might  be  made  to  the  east ;  but  other  parts  of  the  coun- 
try were  also  to  be  explored,  in  order  to  ascertain  which, 
of  all  practicable  routes,  would  be  most  eligible,  and 
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this  resulied  in  a  report  of  one  almost  precisely  in  the 
line,  which,  after  reiieatcd  elaborate  and  expensive  ex- 
aminations, has  been  finally  adopted.  Mr.  Geddes  was 
directed  more  particularly  to  pay  atlen'.ion  to  that  part  of 
the  route  which  laid  between  the  Genesee  and  the  waters 
runninp;  east  into  the  Seneca  river.  Here  some  of  the 
most  difficult  passes  occurred,  and  levels  were  taken  to 
ascertain  the  best  manner  of  gettint^  over  them,  whicii 
was  specially  noticed  in  the  report,  and  followed,  with 
but  little  deviation  in  the  final  location  of  the  canal. 
From  the  Seneca  river,  in  the  Cayui];a  valley,  to  the 
Mohawk  river  at  Rome,  and  thence  to  Hudson's  river, 
the  make  of  the  country  is  so  well  known,  as  to  leave  no 
apprehensions  of  insuperable  difficullies.  Thus  then 
was,  by  the  operations  of  1808,  the  fact  satisfactorily  es- 
tablished, that  a  canal  from  lake  Erie  lo  Hudson's  river 
was  not  only  practicable,  but  practicable  with  uncommon 
facility. 

The  favourable  light  in  which  the  report  of  this  year's 
work  presen;ed  the  projected  enterprise,  after  encoun- 
tering prejudices  from  various  sources,  and  oppositions 
made  for  various  reasons,  induced  the  legislature,  in 
1810,  to  organize  a  board  of  commissioners,  with  powers 
and  means  to  prosecute  the  business.  The  commission- 
ers were,  Gouverneur  Morris,  Slc/i/ien  Fan  Rensselaer,  De 
Witt  Clinton,  Si?neon  De  Witt,  William  JVortli,  Thomas 
Eddy,  and  Peter  B.  Porter  ;  to  which  were  afterwards 
added,  Robert  R.  Livingston,  and  Robert  Fulton.  Under 
this  commission,  the  exploring  surveys  commenced  in 
1808,  were  continued  under  the  direction  of  the  surveyor 
general,  and  preparatory  measures  concerted  for  ulterior 
effective  operations.  Mr.  Geddes  was  continued  as  the 
engineer,  to  prosecute  the  examination  of  the  country, 
with  the  view  of  permanently  locating  the  canal.  In 
this  year  he  ascertained  the  place  where  the  important 
]iassage  might  be  made  from  the  Tannewanta  creek 
through  the  ridge  which  liounds  it  on  the  north,  whence 
the  country  is  on  a  continued  descent  to  the  Genesee 
river.  By  this  means  was  avoided  the  very  considerable 
additional  length  of  canal,  which  would  otherwise  have 
been  necessarily  caused  by  a  circuitous  route  along  the 
Niagara  valley  to  the  neighbourhood  of  Lewiston,  before 
It  could  take  its  eastern  direction  along  the  northern  de- 
clivity of  the  ridge.  The  commissioners  were  prevented 
from  the  effectual  execution  of  their  plans  by  the  occur- 
rence of  the  late  war.  Since  which  the  history  of  pro- 
ceedings relating  to  the  canal  may  be  collected  from  the 
documents  which  have  already  been  published. 

I  have  thus  given  you  a  very  condensed  representa- 
tion, or  rather  a  loose  outline  sketch,  of  the  inceptive 
operations  which  led  to  the  serious  undertaking  of  what 
we  now  call,  with  a  justifiable  pride,  our  grand  ca- 
XAL.  The  official  report  of  the  transactions  of  1808  is 
composed  in  about  sixty  close  written  large  quarto  pages, 
with  the  necessary  explanatory  maps;  and  remains  de- 
posited in  the  secretary  of  state's  office. 

I  am,  very  respectfully,  your  obed't  h.  serv't, 

S.  De  Witt. 

Mr.  William  Darby. 

The  following  report  was  made  by  the  Board  of  Com- 
missioners, named  in  the  foregoing  letter,  in  the  month 
of  February,  1811,  and  we  insert  it  entire,  as  the  first 
great  act  towards  the  actual  canal  operations,  and  a  very 
important  link  in  the  chain  of  canal  history  in  the  state 
of  New  York.    The  commissioners  observe : 


That  they  have  examined  the  country  as  critically  as 
time  and  circumstances  would  permit,  and  caused  sur- 
veys to  be  made  for  iheir  better  information. 

They  beg  leave  to  observe,  on  the  present  navigation 
of  the  Mohawk  river.  Wood  creek,  Oneida  lake,  and 
the  Oswego  river,  which  extend  from  Schenectady  to 
lake  Ontario,  (saving  only  a  portage  at  the  Falls,  within 
twelve  miles  of  Oswego)  that  expciience  has  long  since 
exploded  in  Europe  the  idea  of  using  the  beds  of  rivers 
for  internal  navigation,  where  canals  are  practicable. 
The  reasoning  on  that  subject  applies  with  greater  force 
in  America.  For,  in  the  navigation  of  rivers,  reliance 
must  be  had  principally  on  the  labour  of  men;  whereas, 
along  canals,  the  force  employed  is  generally  that  of 
horses.  But  the  labour  of  men  is  dearer,  and  the  sub- 
sistence of  horses  cheaper  in  America  than  in  Europe. 
Experience,  moreover,  has,  in  this  country,  declared 
against  fullowing  the  course  of  livtrs,  more  deciJedly 
than  in  the  old  world;  for  tlicre,  notwithstanding  the  ex- 
cellence of  ihc  highways,  tranb|)uriauon  is  performed 
(between  Rouen  and  Paris,  for  inslanci;)  in  boats  drawn 
up  the  river:  but  along  the  Mohawk,  though  the  road 
from  Schenectady  to  Ulica  is  f.ir  from  being  good,  it  is 
frequently  preferred  to  the  river. 

By  the  aid  of  canals,  a  good  navigation  (for  boats)  can 
un()ueslionably  be  made  from  Schenectady  to  the  Falls, 
in  Oswego  river,  twelve  miles  south  of  lake  Ontario. 
From  Schenectady  to  the  Hudson,  and  from  the  Falls 
just  mentioned  to  the  lake  Ontario,  a  boat  navigation  is 
also  practicable  ;  but  whether  it  be  advisable,  may  de- 
serve consideration. 

A  preliminary  point  to  decide  is,  whether,  by  this 
route,  vessels  can  be  taken  across,  of  size  and  form  to 
navigate,  with  advantage,  lake  Ontario  and  Hudson's 
river;  such,  for  instance,  as  sloops  and  schooners  of 
filly  or  sixty  tons. 

The  commissioners  believe  this  to  be  impracticable, 
from  the  want  of  water  at  the  summit  level.  Whether 
a  sufficient  supply  even  for  boats  can  be  obtained  in  a 
dry  season,  should  the  whole  trade  of  the  great  lakes  be 
turned  that  way,  is  a  matter  worthy  ol  consideration. 

Admitiing,  however,  that  the  boat  navigation  were 
completed  to  the  Falls,  in  Oswego  river,  and  a  sufficient 
supply  of  water  secured,  it  remains  to  inquire  wiiether 
it  would  be  prudent  to  expend  what  may  be  needful  on 
the  navigalion  between  those  Fails  and  the  lake. 

It  will  be  seen  by  the  report  of  the  surveyor  hereunto 
annexed,  that  in  this  distance  there  is  a  descent  of  little 
less  than  one  hundred  feet,  and  that  the  circumstances 
are  peculiarly  unfavourable;  so  much  so,  that  an  intel- 
ligent practical  tnan  (Mr.  Weston)  formerly  pronounced 
it  impossible.  That  word,  however,  when  used  on  oc- 
casions of  this  sort,  must  be  understood  as  standing  in 
relation  to  the  means  which  can  prudently  be  applied  to 
the  end. 

In  examining  the  amount  of  expenditure  which  pru- 
dence may  justify,  it  is  to  be  noted,  that  if  the  same 
boat  which  arrives  at  the  upper  end  of  the  Falls,  could, 
after  reaching  Oswego,  proceed  on  her  voyage,  it  might 
be  worth  while  to  calculate  whether  the  saving  of  time 
and  expense  in  lading  and  unlading,  would  bear  any  ra- 
tional proportion  to  the  cost  of  completing  that  naviga- 
tion ;  but  that  is  not  the  case,  and  therefore  it  would  be 
more  advisable,  if  the  communication  be  deemed  of  suffi- 
cient importance,  to  construct  a  rail-way. 

This,  according  to  the  estimate  of  an  intelligent  and 
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experienced  man,  (Mr.  Lalrobe,)  annexed  to  Mr.  Se- 
cretary Gallatin's  report  on  canals  and  roads,  would  cost 
about  10,000  dollars  per  mile  ;  and  by  the  aid  of  it  one 
horse  could  transj)ort  eight  tons,  supposing  the  angle  of 
ascent  not  to  exceed  one  degree. 

But  an  angle  of  one  degree  will  ascend  in  a  mile  up- 
wards of  ninety-two  feet,  or  nearly  as  much  as  the  dif- 
ference of  level  in  the  whole  twelve  miles.  If,  then, 
two  dollars  be  allowed  for  a  horse,  waggon,  and  driver's 
wages,  (with  such  return  load  as  he  can  procure  for  his 
profit,)  and  ten  cents  be  allowed  for  the  use  of  the  rail- 
way, and  if  it  be  supposed  that  only  five  tons  be  taken, 
instead  of  eight,  the  cost  will  be  for  each  ton,  the  twelve 
miles,  forty-two  cents,  or  three  and  a  half  cents  per  mile  ; 
at  which  rate,  one  hundred  and  forty  miles  (a  greater 
distance  than  between  Oswego  and  Lewiston,  along 
lake  Oi.tario)  would  come  to  four  dollars,  ninety  cents, 
being  thirty-live  cents  less  than  the  freight  nov/  paid. 

A  question,  however,  of  more  importance  presents 
itself.  Admitting  that  it  were  easy  to  complete  a  boat 
navigation  from  Rome  to  lake  Ontario,  and  more  diffi- 
cult and  expensive  (in  comparison)  to  efl'ect  a  canal  na- 
vigation to  lake  Etic,  would  it  not  be  advisable  to  de- 
scend into  lake  Ontario,  rather  than  encounter  the 
difficulty  and  expense  of  the  other  course  ? 

The  commissioners  believe  it  would  not ;  and  without 
relying,  as  they  might,  for  support  of  their  opinion,  en 
the  comparative  expense  of  transportation,  (a  topic  which 
will  find  a  better  place  elsewhere,)  it  is  sufficient  to  say, 
here,  that  articles  for  exportation,  when  once  afloat  on 
lake  Ontario,  will,  generally  speaking,  go  to  Montreal, 
unless  our  British  neighbours  are  blind  to  their  own 
interest;  a  charge  which  ought  not  lightly  to  be  made 
against  a  commercial  nation. 

Fi eight  from  Niagara  to  Oswego  will,  from  the  diffi- 
cult and  dangerous  access  to  that  harbour,  be  as  high  as 
to  the  head  of  the  rapids  in  the  river  St.  Lawrence. 
The  descent  from  thence  to  Montreal  is  less  than  the 
ascent  from  Oswego  to  Rome.  It  is  true,  that  the  lake 
Ontario  is  esiimated  at  one  hundred  and  ninety-six  feet 
above  tide  water,  and  the  Rome  level  only  one  hundred 
and  eighty-four  feet  above  the  lake :  but  there  is  a  con- 
siderable descent  in  the  river  St.  Lawrence,  in  a  distance 
of  about  seventy  miles,  to  the  lower  end  of  the  present 
sloop  navigation,  through  which  the  current  is  siiiie- 
times  strung.  There  is  also  a  considerable  descent  from 
Montreal,  in  a  distance  of  about  thirty  miles  to  tide  water 
in  the  lake  St.  Peter's.  Perhaps  it  will  be  found  that  an 
average  allowance  of  three  inches  per  mile,  (in  the 
whole  upwards  of  twenty  feet)  is  not  too  much,  and  that 
the  river  at  Montreal  is  not  one  hundred  and  seventy 
feet  below  the  upper  surface  of  the  Gallot's  rapids.  In 
the  distance  of  one  hundred  miles  between  these  places, 
there  are  forty  of  still  water,  viz.  about  thirty  in  lake  St. 
Francis,  between  the  foot  of  Long  Saut  and  the  head  of 
the  Coteau  du  Lac  rapid,  and  upwards  of  ten  in  the  lake 
of  the  Two  Mountains,  between  the  foot  of  the  cascade 
at  the  cedars  and  the  La  Chine  rapid. 

Thus  there  will  remain  but  sixty  miles  of  canal,  with 
an  average  fall  of  thirty-four  inches  per  mile.  The 
land  descends  proportionately  to  the  water,  so  that  there 
can  be  but  little  deep  cutting;  the  soil  is  easy  to  dig; 
there  are  no  streams  or  ravines  of  any  consequence  to 
cross;  and  there  is  an  inexhaustible  supply  of  pure 
water,  which  never  varies  much  in  its  height,  for  any 
canal  whatever. 

Under  circumstances  so  propitious,  it  is  probable  that 


a  good  sloop  navigation,  from  above  the  gallots  to  Mon- 
treal, would  cost  less  than  a  good  boat  navigation  from 
Oswego  to  Rome.  The  extent  of  this  last,  deducting 
the  Oneida  lake,  is  fifty-sis  miles;  the  fall  is  on  an  ave- 
rage near  forty  inches  per  mile  ;  the  supply  of  water  is 
doubtful,  and  in  twelve  miles  of  the  distance,  obstacles 
almost  insurmountable  present  themselves. 

These  are  facts  to  which  it  would  be  in  vain  for  the 
citizens  of  the  United  States  to  shut  their  eyes.  The 
eyes  of  a  rich  enterprising  commercial  rival  are  open; 
and  when  it  is  considered  that  (if  the  means  of  easy  ex- 
port be  supplied  to  the  inhabitants  wiio  may  settle  near 
the  great  lakes)  that  country  will,  in  no  distant  period, 
furnish  a  more  abundant  stock  of  commodities  for  foreign 
trade,  than  is  now  sent  from  all  the  Atlantic  ports  of  the 
union — it  would  be  absurd  to  doubt,  whether,  in  the 
competition  for  that  commerce,  our  neighbours  will  em- 
ploy the  means  in  their  power.  Nor  must  it  be  forgot- 
ten, that  the  revenue  which,  under  present  circumstances, 
is  raised  from  commerce,  and  which  no  probable  change 
will  reduce  below  an  ad  valorem  duty  of  ten  per  cent, 
cannot  but  operate  in  favour  of  our  rivals.  True  it  is, 
that  as  far  as  regards  the  pecuniary  benefit  of  those  who 
may  settle  along  the  lakes,  the  route  by  which  their  pro- 
ducts are  sent  abroad,  and  their  supplies  of  foreign  ar- 
ticles introduced,  must  be  to  them  a  matter  of  little  con- 
sequer.ce.  But  the  political  connexion  which  would 
probably  result  from  a  commercial  connexion,  certainly 
deserves  the  consideration  of  intelligent  men. 

The  commissioners  have  no  doubt,  that  obstructions 
at  the  mouth  of  Oneida  lake  may  be  removed,  so  as  to 
lower  the  surface  of  that  lake  from  eighteen  inches  to 
two  feet,  at  no  great  expense,  and  with  little,  if  any  in- 
jury to  the  navigation.  But  they  have  not  been  able  to 
satisfy  themselves  that  the  lands  contemplated  in  the  pe- 
titions which  the  joint  resolutions  refer  to,  would  be  in 
any  wise  affected  by  operations  at  the  mouth  of  Oneida 
lake.  According  to  the  information  they  have  obtained, 
these  lands  are  inundated  by  the  waters  of  Butternut, 
Limestone,  Chitenengo,  and  Canaserago  Creeks,  ob- 
structed before  their  entrance  into  the  lake. 

In  respect  to  an  inland  navigation  direct  from  lake  Erie 
to  Hudson's  river,  the  commissioners  beg  leave  to  refer 
for  information  to  the  annexed  reports  and  maps  of  Mr. 
James  Geddes,  employed  at  their  request  by  the  sur- 
veyor-general. From  these  it  is  evident  that  such  navi- 
gation is  practicable.  Whether  the  route  he  sketched 
out  will  hereafter  be  pursued  ;  whether  a  better  may 
not  be  found — and  other  questions  subordinate  to  these, 
can  only  be  resolved  at  a  future  time,  when  an  intelligent 
man,  regularly  bred  to  this  business,  shall,  under  the 
direction  of  those  on  whom  the  public  may  thmk  proper 
to  devolve  the  superintendance,  have  made  a  more  ex- 
tensive and  careful  scrutiny  than  the  time  and  means  of 
the  commissioners  would  permit.  They  conceive,  how- 
ever, that  it  may  not  be  improper  to  say  a  few  words  on 
the  topography  of  the  country,  which  may  be  divided 
into  three  parts,  nearly  equal. 

The  Mohawk  river,  as  is  well  known,  runs  in  a  deep 
ravine,  and  there  is,  generally  speaking,  along  its  banks, 
a  vale  of  rich  soil.  In  different  places,  however,  spurs 
from  the  neighbouring  hills  project  themselves  to  the 
edge  of  the  river.  On  the  north  side  fall  in  sundry 
small  streams,  and  two,  (the  cast  and  west  Canada 
creeks,)  which  are  large  and  copious,  especially  the  lat- 
ter. They  are  both  rapid,  and  run  in  deep  ravines. 
On  the  right  side,  also,  there   are   several  tributary 
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streams.  The  most  considerable  of  these  is  the  Scho- 
harie, which,  rising  among  the  Catskill  mountains,  has 
scooped  out,  with  its  impetuous  waters,  a  wide  and  deep 
ravine. 

The  stream  next  in  importance,  coming  in  from  tlie 
south,  is  the  Oriskany,  wliich  is  especially  valuable,  be- 
cause it  enters  the  river  not  far  from  the  summit  level 
at  Rome,  and  may,  perhaps,  become  useful  as  a  feeder. 
This  forms  ihe  first  eastern,  or  river  division,  in  which 
navigatiiin,  though  defective,  already  exists.  In  this  di- 
vision, with  proper  management,  there  will  be  no  defect 
of  water  fur  a  boat  ctinal,  unless,  perhaps,  in  very  dry 
seasons,  at  the  summit  level. 

The  second,  middle,  or  lake  division,  extends  from  the 
summit  level  westward  to  the  outlet  of  the  Canandarque 
lake.  In  it  lie  four  lakes,  the  Olisko,  Skcncateles,Owasco, 
and  Canandarque,  higher  than  any  canal  which  may  be 
extended  from  lake  Eric  to  the  Hudson,  and  furnishing 
a  copious  supply  of  water.  Of  the  two  largest  lakes, 
the  Seneca,  increased  by  a  stream  from  Crooked  lake, 
lies  nearly  on  the  same  level  with  Rome,  but  the  Cayuga 
much  lower. 

In  this  division  the  turnpike  road  crosses  high  hills, 
but  they  all  tciniinate  not  far  north  of  it,  leaving  a  large 
deep  valley,  upwards  of  eighty  miles  long,  from  east  to 
■west,  and  about  twenty  wide,  from  north-west  to  south- 
east. If,  indeed,  the  Cayuga  lake,  embosomed  in  a  ra- 
vine which  opens  to  the  north  on  the  valley,  be  considered 
as  part  of  it,  the  breadth  will  be  fifty  miles.  In  this 
valley  lie  the  Onondaga,  Cross,  and  Oneida  lakes.  It  is 
bounded  on  the  north  by  a  dividing  ridge  of  land,  which 
stretches  from  near  tiie  Gerundegat  bay,  eastwardly,  to 
the  neighbourhood  of  Rome,  where  it  joins  the  dividing 
ridge  north  of  the  Mohawk,  between  the  waters  of  the 
St.  Lawrence  and  those  of  the  Hudson. 

The  third,  western,  or  dry  division,  extends  from  the 
■western  boundary  of  the  lake  Division  to  lake  Erie.  In  this, 
although  the  Genesee  river  runs  through  it,  a  want  of 
water  is  already  felt,  and  will  daily  become  more  sensi- 
ble, as  the  country  is  cleared.  The  Genesee  river,  itself, 
is  a  torrent,  which,  however  copious,  or  even  supera- 
bundant, it  may  be  in  the  spring,  is  in  the  autumn  al- 
most dry.  This  tract  of  country,  especially  after  passing 
the  flats  of  the  Genesee,  may,  with  little  violence  to  the 
propriety  of  language,  be  called  a  plain  :  and  here  it  may 
be  proper  to  notice  a  peculiarity  in  the  shape  of  the 
northern,  and  much  of  the  western,  part  of  the  state, 
which  distinguishes  it  widely  from  the  country  lying 
southeast  of  the  mountains. 

The  descent  from  tlie  dividing  ridge,  northward,  is 
generally  by  a  gradation  of  plains,*  nearly  horizontal. 
These,  and  the  streams  by  which  they  are  watered,  have 
a  similar,  and,  as  it  were,  a  simultaneous  descent.  Thus 
the  rivers  are  but  a  kind  of  lakes,  lying  in  plains,  and 
communicating  by  falls  and  rapids  wiiii  each  other. 
These  gradations  have  sometimes  a  small  rise,  imme- 
diately before  descent  ;  at  other  times,  in  ascending  from 
one,  we  come  immediately  to  the  other.  In  no  case  is 
the  peculiarity  of  shape  more  worthy  of  remark,  than  at 
the  cataract  of  Niagara.  In  coming  from  lake  Eiie, 
■where  the  sight  cannot  reach  over  the  expanded  sur- 
face, proceeding  along  the  level  bank  of  the  Niagara 
river,  to  the  head  of  the  rapids  immediately  above  the 
falls,  and  thence  pursuing  a  northern  course,  the  travel- 


ler ascends  but  thirty-eight  feet,  before  he  descends  three 
hundred  and  forty-five,  to  the  plain  in  which  lake  Ontario 
is  stretched  out,  from  east  to  west,  upwards  of  one  hun- 
dred and  sixty  miles.  The  surface  of  lake  Eiie  is  three 
hundred  and  twenty-nine  feet  above  that  of  lake  Ontario, 
which,  being  taken  from  the  whole  descent  just  m'.nlion- 
ed,  leaves  for  the  rise  of  land  between  those  two  great 
reservoirs,  but  sixteen  feet. 

This  rise,  and  others  similar  to  it,  are  called  by  the 
inhabitants,  the  ridge,  the  ledge,  the  slope,  and  the  hill. 
A  more  proper  general  appellation,  perhaps,  is,  the  steep, 
though  occasionally,  by  the  elevation  each  way,  it  be- 
comes truly  a  ridge,  or,  from  the  hoiizontal  strata  of 
stone,  as  truly  a  ledge.  In  some  places  the  descent  is  by 
a  gentle  slope ;  in  others,  moie  precipitous ;  and  in 
some,  almost  perpendic\ilar.  Two  of  tiiese  extend  east- 
ward from  the  shoie  of  Niagara  river,  nearly  parallel  to, 
and  distant  from  each  other  about  fourteen  miles.  Tht: 
higher,  or  southern  steep  commences  at  Black  Rock, 
where  the  river  issues  from  lake  Erie.  The  northern 
commences  at  the  falls,  and,  after  an  eastern  course  of 
fifty  or  sixty  miles,  bends  towards,  and  approaches  the 
soMlhcin,  after  which  they  both  take  a  southern  di- 
rection for  thirty  miles,  but  return  again  on  the  east 
side  of  the  Genesee  :  or,  to  speak  more  correctly, 
that  river,  after  breaking  through  them  by  successive 
falls  of  sixty  and  ninety  feet,  thirty  miles  south  of  the 
high  road,  in  the  township  of  Leicester,  runs  in  a  ravine 
to  the  northern  part  of  that  township  ;  when  the  steeps 
again  diverge,  the  southern  stretching  eastwardly  to  the 
west  side  of  Seneca  lake,  and  then  southerly,  to  the  high 
grounds  from  whence  flow  the  waters  of  the  Tioga  ; 
while  the  other  keeps  an  eas'crn  direction,  to  the  hills 
from  whose  southern  declivities  fiow  the  Chenango  and 
Unadilla.  There  is  another  steep  still  more  north,  which 
branches  out  from  that  last  mentioned,  near  the  Eighteen 
Mile  run,  (a  stream  whose  mouth  is  at  that  distance  from 
that  of  the  Niagara  river.)  and  diverging  northward,  is, 
for  some  distance  in  its  eastern  progress,  indistinct.  It 
extends,  however,  to  the  lower  falls  of  the  Genesee,  and 
is  there  crossed  by  that  river,  as  also,  beyond  it,  by 
streams,  which  fall  into  the  Gerunde.gut  bay  ;  after 
which  it  becomes  properly  a  ridge,  and  extends  beyond 
the  falls  of  Oswego  river,  as  has  been  already  mentioned. 
Of  these  three  steeps,  ledges,  or  ridges,  the  most  south- 
ern is  distinguished  by  limestone  mixed  with  flint.  The 
middle,  by  the  same  stone  mixed  with  shells,  and  the 
most  northern,  by  freestone  and  slate.  Over  the  southern 
steep,  west  of  the  Genesee,  fall  Ellicot's  brook,  and  the 
Tanewanta,  (which  enter  Niagara  river  by  the  same 
mouth,  opposite  to  Grand  Island,)  also,  Allen's  brook, ' 
which  makes,  at  its  passage,  the  Buttermilk  Falls,  and 
runs  to  the  Genesee.  Over  the  middle  steep,  in  the 
same  division,  falls  the  Oak-orcl-.ard  brook,  which  enters 
lake  Ontario  about  thirty  miles  east  of  Nia.gara  river. 
The  lower  falls  of  this  brook,  as  well  as  those  of  the 
Genesee,  are  over  the  northern  steep. 

The  Canesus,  the  Hemlock,  the  Honeyoyo,  the  Canan- 
darque, and  the  Crooked  lakes,  lie  south  of  the  southern 
steep.  The  Seneca,  the  Owasco,  the  Skencateles,  and 
Otisco  lakes,  lie  south  of  the  middle  steep.  North  of 
which  lie  the  Cayuga,  Onondaga,  Oneida,  and  Cross  lakes. 

The  Tonawanta  falls  over  the  southern  steep  twenty- 
five  feet,  and,  passing  the  village  of  the  same  name,  runs 


*  The  word pltiins  might  lead  into  error.      It  is  therefore  proper  to  state,  that  hills  are  scattered  about,  which  vary  the  surface  to 
the  eye.     But,  on  examination,  it  will  be  found  that,  generally  speaking,  their  bases  are  all  on  the  same  extended  plain. 
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in  a  level  valley  of  brown  clay  upwards  of  twenty  miles 
toils  mouth  in  Niagara  river. 

From  the  Tonawanta  village,  north-eastward,  in  less 
than  five  miles,  (chiefly  through  a  swamp)  the  Oak- 
orchard  brook  receives  the  waters  of  the  swamp,  and 
falls,  as  has  been  already  mentioned,  into  lake  Ontario. 
The  Tonawanla  brook,  three  feet  higher  than  the  swamp, 
is  separated  from  it  by  ground,  whose  elevation  is  not 
more  than  five  feet;  the  distance  is  short  of  a  mile,  and 
the  soil  being  clay,  it  will  be  easy  (by  turning  its  waters 
into  Oik-orchard  brook)  to  convert  the  Tonawanta  from 
its  mouth,  upwards,  into  a  canal.  It  has,  above  eleven 
miles  from  its  mouth,  a  depth  of  twelve  feet,  interrupt- 
ed, nevertheless,  by  five  bars,  or  shallows,  composed  of 
round  stones,  buried  in  clay.  During  this  space,  the 
breadth  is  in  general  forty  yards,  though  in  the  narrowest 
part  not  more  than  thirty.  The  first  shallow,  about 
three  miles  from  the  mouth,  is  called  Miller's  I'ord,  and 
is  not  above  12  yards  wide  ;  the  next,  about  a  mile  be- 
yond it,  called  House's  Shallow,  extends  east  and  west 
nearly  one  hundred  and  twenty  yards  ;  the  depth  of  water 
from  two  and  a  half  to  three  feet.  Two  miles  further  up 
is  Christman's  Rapid.  This  extends  cast  and  west  near 
two  hundred  and  fifty  yards,  with  a  depth  of  from  fifteen 
to  eighteen  inches  :  at  this  rapid,  the  fall  is  three  inches, 
except  when  a  westerly  w  ind  brings  up  the  water  of  lake 
Erie.  The  breadth  of  the  Tonawanta  is  here  forty-eight 
yards,  and  no  where  below  it  less  tlian  forty. 

The  next  bar,  about  a  mile  from  the  last,  is  called 
Van  Slyke's  Shallow;  it  extends  forty-two  yards;  the 
depth  in  the  shortest  place  twenty  inches,  but  in  general 
from  two  to  three  feet.  The  fifth  and  last  bar,  at  eleven 
miles  from  the  mouth  of  the  creek,  extends  near  one 
hundred  and  eighty  yards,  and  has  from  one  to  two  and  a 
half  feet  of  water. 

To  convert  this  water-course  into  a  canal  twelve  feet 
deep,  during  the  whole  distance  of  eleven  miles,  will  re- 
quire, at  most,  an  excavation  of  eighty  thousand  cubic 
yards.  The  surface  here  is  four  inches  higher  than  at 
the  mouth,  which  is  five  feet  lower  than  the  surface  of 
lake  Erie.  At  about  five  miles  and  a  quarter  north  from 
this  place,  in  the  middle  steep,  is  the  source  of  one 
branch  of  the  Eighteen  Mile  brook,  at  a  distance  of  about 
ten  miles  from  lake  Ontario,  and  about  three  hundred  feet 
above  iis  surface;  consequently,  near  thirty  feet  below 
the  surface  of  lake  Erie.  The  greatest  elevation  of 
ground  between  them  is  twenty-one  feet  above  that  sur- 
face ;  it  is,  however,  on  an  average,  for  the  space  of  three 
miles,  twenty  feet,  and  the  remaining  two  miles  and  a 
quarter,  about  seven  feet. 

For  a  more  particular  knowledge  of  the  ground,  re- 
ference must  be  had  to  the  profile  made  by  Mr.  Geddes, 
and  wliich  is  hereunto  annexed.  It  is  self-evident,  that 
tlie  cost  of  excavation,  per  cubic  yard,  must  depend  on 
the  substance  in  which  the  excavation  is  made  ;  it  must 
depend,  also,  on  some  other  circumstances.  In  deep 
cu'.liii'i.',  f'.r  instance,  nut  only  must  there  be  wide  cutting, 
to  prevei.t  the  carlli  from  falling  in,  but  there  will  be, 
generally  speaking,  more  labour,  and  consequently  more 
expense,  in  moving  the  earth  after  it  is  dug.  It  may  be- 
come, therefore,  in  many  cases,  more  advisable  to  pierce 
the  earth  by  a  tunnel,  than  to  take  down  the  top  of  a 
hill. 

In  the  present  instance,  by  means  of  wooden  railways, 
■which  may  be  constructed  from  the  surrounding  forests, 
for  temporary  purposes,  at  a  trifling  expense,  the  mate- 
rials may,  when  dug,  be  made,  as  it  were,  to  transport 


themselves  along,  by  gct)tlc  declivities,  to  fill  that  part 
of  the  ravine  through  which  the  canal  is  to  pass. 

In  the  construction  of  canals,  when  recourse  is  bad  (as 
must  generally  be  the  case)  to  rivers,  for  a  supply  of 
water,  it  is  found  necessary  to  guard  with  scrupulous 
care,  and,  not  unfrequently,  at  enormous  expense, 
against  those  floods,  which,  pouring  a  torrent  into  a  canal, 
and  tearing  down  its  banks,  might  at  once  destroy  the 
navigation,  and  inundate  the  country. 

Moreover,  it  is  found  that  canals  depending  on  rivers, 
frequently,  like  the  rivers  themselves,  want  water  in  the 
season  when  it  is  most  necessary.  Indeed,  to  suppose 
tlie  quantity  of  water  in  a  river,  when  turned  into  a  canal, 
will  remain  the  same,  would  lead  to  serious  disappoint- 
ment. Much  must  be  allowed  for  evaporation,  and, 
notwithstanding  the  utmost  care,  more  will  filter  through 
the  sides  and  bottom  of  a  canal  than  those  of  a  river, 
which  are  generally  saturated. 

Thus,  then,  two  prominent  evils  present  themselves  in 
feeding  from  rivers,  viz.  In  spring,  they  pour  in  too 
much  water,  and  can  afford  none  in  autumn,  when  it  is 
most  wanted.  There  is  still  another  evil,  which,  though 
not  so  imminent,  becomes  eventually  of  serious  mo- 
ment. When  the  country  shall  be  cultivated,  streams, 
swoln  by  showers,  will  bring  down,  mixed  with  their 
waters,  a  proportion  of  mud,  and  that,  in  the  stillness  of 
a  level  canal,  will  subside,  and  choke  it  up.  It  is  also  to 
be  noted,  by  those  who  shall  construct  canals  in  this 
country,  that  the  true  character  of  a  river  cannot  now  be 
known.  Large  tracts,  (for  instance,  west  of  the  Genesee) 
which  appear  as  swamps,  and  through  which  causeways 
of  logs  are  laid  for  roads,  will  become  dry  fields,  when 
no  longer  shaded  (as  at  present)  by  forests  impervious  to 
the  sun. 

-  In  the  progress  of  industry,  swamps  (the  present 
reservoirs  of  permanent  springs  that  burst  out  on  a  lower 
surface)  will  be  drained,  whereby  many  of  those  springs 
will  be  dried.  Of  such  as  remain,  a  part  will  be  used 
to  irrigate  inclined  plains. 

Moreover,  in  every  place,  tolerably  convenient,  ponds 
will  be  collected  for  mills  and  other  machinery,  from 
whose  surface,  as  well  as  from  that  of  the  soil,  the  sun 
will  exhale  an  ample  tribute  of  vapour. 

Thus  the  summer  supply  of  rivers  will  be  in  part  de- 
stroyed, and  in  part  consumed,  whereby  their  present 
autumnal  penury  must  be  slill  farther  enhanced.  But  in 
the  spring,  the  careful  husbandman  and  miller  will  open 
every  ditch  and  sluice  to  get  rid  of  that  water,  which, 
though  at  other  times  a  kind  friend  and  faithful  servant, 
is  then  a  dangerous  enemy  and  imperious  master.  Of 
course,  much  of  what  is  now  withheld  for  many  days 
will  then  be  suddenly  poured  out.  The  torrents  must 
therefore  rage  with  greater  fury  hereafter  than  they  do  in 
the  present  day. 

Considerations  like  these,  while  they  cast  a  shade  over 
many  contemplated  enterprises,  give  by  contrast  a  glow- 
ing hue  to  that  which  we  have  now  to  consider.  The 
canal  from  Lake  Erie  to  the  Hudson,  may  be  fed  by  pure 
water  from  lakes,  provided  mounds  and  a(|neducts  be 
made  over  intervening  valleys,  or  the  canal  be  carried 
round  them.  In  every  case  the  attending  circumstances 
must  decide. 

In  general,  also,  it  is  only  after  a  more  acute  examina- 
tion of  the  ground  by  a  skilful  engineer,  well  practised 
in  such  business,  that  the  best  mode  can  be  adopted  for 
the  species  of  navigation  which  may  be  ultimately  deter- 
mined on,  viz.  Whether  for  vessels  which  navigate  Hud- 
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soil's  river  and  Lake  Erie,  or  for  barges  of  from  twenty 
to  sixty  tons. 

If  the  passage  were  only  of  a  few  miles,  the  propriety 
of  bringing  vessels  of  eight  feet  draught  of  water  across 
(if  practicable)  would  be  readily  admitted.  But  it  may 
well  be  questioned,  whether,  to  save  tlie  expense  of 
lading  and  unlading  at  each  end  of  a  canal  three  liundred 
miles  long,  the  expense  of  cutting  two  yards  deeper  than 
would  otherwise  be  necessary  ought  to  be  encountered. 

It  has  generally  been  assQmed,and  perhaps  too  lightly 
admitted,  that  canals  should  be  made  on  a  perfect  level. 
This  axiom  would  not  be  questioned,  if  the  transportation, 
each  way,  were  of  equal  burden  ;  if  the  distance  or  the 
frequency  of  good  feeding  streams  were  such  as  easily 
and  constantly  to  supply,  without  danger  of  excess,  the 
incessant  waste  of  water  by  absorption,  leakage,  and  eva- 
poration; and  if  the  waters  to  be  connected  were  on  the 
same  level.  But  in  a  case  like  the  ])resent,  rational 
doubts  may  be  entertained.  The  difference  of  level  being 
upwards  of  five  hundred  feet,  all  the  descent  which  can 
prudently  be  obtained  by  an  inclined  plane  is  so  much 
saved  in  the  expense  of  lockage  ;  and,  in  all  human  pro- 
bability, the  transportation,  for  cenluiics  to  come,  will  be 
of  so  much  greater  burden  from  the  interior  country, 
than  back  from  the  sea,  that  a  current  from  the  lake  is 
more  to  be  desired  than  avoided,  more  especially  as  it 
will  in  some  degree  counteract  the  effect  of  frost.  That 
inexhaustible  stream  of  limpid  water  which  flows  out  of 
lake  Erie,  with  little  variation  of  height  to  endanger  the 
canal,  is  a  strong  temptation  to  use  it  exclusively,  until 
auxiliary  supplies  can  be  drawn  from  other  reservoirs 
equally  pure.  Nor  is  it  improper  in  this  case  to  remark, 
that  it  is  impossible  there  should  ever  be  a  considerable 
variation  in  the  surface  of  Niagara  river,  at  the  mouth 
of  the  Tanawanta.  No  supposable  fall  of  rain,  or  melt- 
ing of  snow,  even  if  both  were  to  take  place  at  the 
same  time,  in  the  country  which  surrounds  the  great 
lakes,  could  raise,  in  any  considerable  degree,  their  ex- 
tended surface.  Indeed,  we  know,  from  experience,  that 
a  greater  difference  of  elevation  at  the  mouth  of  lake 
Erie  is  occasioned  by  a  change  of  wind,  than  by  any  va- 
riation of  the  seasons.  Admitting,  however,  a  consider- 
able lise  of  water,  no  matter  from  what  cause,  at  the 
source  of  Niagara  river,  it  cannot  suddenly,  from  the  nar- 
rowness and  shoalness  of  the  chainiel,  produce  a  corre- 
spondent rise  at  the  foot  of  the  Black  Rock  rapid  ;  and 
the  elevation  there  must,  in  the  nature  of  things,  exceed 
that  which  is  occasioned  by  it  fifteen  miles  lower  down  ; 
more  especially  as  the  river,  including  the  two  channels 
round  Grand  Island,  has,  for  the  greater  part  of  the  way, 
nearly  three  times  the  breadth  which  it  has  above.  If, 
however,  it  were  only  a  deep  bay,  the  water,  pressed  for- 
ward by  the  wind,  would  be  j)iled  to  a  considerable 
height ;  but  instead  of  thai,  the  river  here,  with  a  breadth 
fully  double  to  what  it  has  at  Black-Rock,  precipitates 
itself  over  the  first  ledge  in  its  headlong  course  to  the 
cataract  :  so  that  an  increase  of  height  is  instantly  coun- 
teracted by  the  increased  rapidity  with  which  it  rolls  o\er 
the  rock. 

In  all  events,  it  would  be  advisable  to  use  this  water 
exclusively  for  a  great  part  of  the  way,  even  if  the  coun- 
try afforded  other  resouiccs;  and  to  this  effect,  there 
must  be  some  descent  in  the  canal.  What  the  precise 
amount  of  that  should  be,  in  every  mile,  the  commis- 
sioners piesume  not  to  say.  They  do  not  pretend  to 
sufficient  knowledge  on  the  subject,  and  with  all  proper 
deference  refer  it  to  a  practical  engineer. 


Nevertheless,  like  other  men  possessed  of  common 
discernment,  they  perceive  not  oidy  that  the  quantity  of 
water  which  runs  in  a  given  time  must  be  ijriqiortionate 
to  the  rapidity  with  which,  and  the  apcrtuie  through 
which  it  passes;  but  also  that  the  rapidity  itself  will  de- 
pend not  merely  on  the  declivity,  but  also  on  the  mass  ; 
because,  in  a  deep  and  wide  channel,  the  friction  must 
be  less  than  in  one  that  is  narrow  and  shoal.  It  will  de- 
pend also  on  another  circumstance,  whose  effect  (that  sin- 
gle cause  remaining  the  same)  will  vary,  according  to 
such  of  the  preceding  circumstances  as  may  be  con- 
nected with  it.  Admitting,  for  instance,  a  stream  to  be 
ileep  and  wide  in  descending  an  inclined  plane,  its  velo- 
city will  be  accelerated.  But  if  the  inclination  be  not 
great,  and  the  channel  shoal  and  narrow,  the  friction 
may  so  counteract  the  descent  as  to  retard  the  velocity. 

From  these  considerations  it  is  evident,  that  the  sum 
of  descent  must  depend  primarily  on  the  quantity  of  wa- 
ter re(]uired.  This,  in  navigation  ascending  and  descend- 
ing by  locks,  must  be  greater  than  when  carried  along 
the  plain.  It  must  also  be  greater  in  a  loose  than  in  a 
stilf  soil.  Moreover,  the  c[uanlum  of  descent  required, 
must,  after  the  needful  supply  of  water  is  ascertained, 
depend  on  the  length,  the  width,  the  depth,  and  finally  on 
the  course  of  the  canal,  whether  direct  or  serpentine. 
And  here  the  same  common  sense  presents  another  im- 
portant consideration.  The  amount  of  rapidity  which 
may  with  safety  be  hazarded  will  depend  on  the  texture 
of  the  substance  through  which  the  current  passes.  No 
navigable  velocity  can  injure  a  rock  of  granite;  but  a 
gentle  current  will  sweep  off  the  substance  of  bog  mea- 
dow. In  like  manner,  banks  which  resist  when  the 
course  is  direct,  may  be  eaten  away,  and  the  current  it- 
self be  retarded,  if  propelled  along  a  tortuous  course. 

The  commissioners  cannot,  therefore,  too  often  repeat, 
that  their  report  must  be  accepted  as  suggestions  pro- 
ceeding from  a  superficial  view,  and  not  as  conclusions 
founded  on  sufficient  and  scientific  invesligiition.  After 
this  preliminary  caution,  they  assume  hypothetically  that 
a  canal  were  run  in  such  manner,  as  that  the  average  de- 
scent were  six  inches  in  every  mile.  Whence,  taking 
the  surface  of  lake  Erie  as  the  standard  level,  they  have 
in  gross  the  following  results : 
From  lake  Erie  to 

Miles.  Descent.  Tutal  descent.  Actual  descent. 

Themouth  of  Tanawanta,  10       5  feet    5  feet        5  feet 
Genesee  river,  about 
Seneca  lake, 
Cayuga  lake, 
Rome  summit, 

Little  Falls  of  Mohawk, 

Schoharie, 

Height  of  land  between  > 
Schenectady  &  Albany,  5 
Hudson's  river, 

310 

Casting  an  eye  on  the  map,  it  will  be  seen,  that  the 
first  difficulty  in  the  above  course  will  be,  to  cross  the 
Genesee  at  an  elevation  of  twenty-six  feet  above  its  sur- 
face. But  unless  the  canal  be  lowered  down  to  that  ri- 
ver, the  expense  of  an  aqueduct  cannot  be  avoided  ;  be- 
cause, from  the  upper  falls,  which  are  too  high,  there  is 
little  descent  to  the  lower  falls  ;  and  if,  fiom  any  cause, 
it  be  advisable  to  cross  it  by  an  aqueduct,  the  addition 
of  a  foot  in  height  will  not  much  increase  the  expense  : 
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indeed,  considering  the  swell  of  the  river  in  freshes,  an 
elevation  short  of  twenty  feet  would  scarcely  leave  suffi- 
cient space  under  the  arch. 

The  next  difficulty  will  be  in  crossing  the  moulli  of 
Seneca  lake  by  an  aqueduct  eighty-three  feet  high.  But 
this  also,  if  a  convenient  place  can  be  found,  will  not  be 
important,  because  a  moderate  aperture  will  suffice  to 
void  the  equable  stream  from  that  lake. 

The  third  difficulty  is  at  the  mouth  of  Cayuga,  where 
the  elevation  is  one  hundred  and  thirty  feet,  liven  this 
might  be  encountered  without  any  unusual  hardihood,  if 
the  hills  approached  each  other.  But  the  valley  to  be 
crossed  is  not  much,  if  any  thing  short  of  a  mile;  and 
•to  erect  a  mound  of  that  length  and  of  the  sufficient 
height  and  breadth,  is  an  herculean  labour.  Whether  it 
will  be  performed,  must  depend  on  the  arm  that  under- 
takes this  task,  respecting  whicii,  a  few  words  may  find 
their  proper  place  hereafter. 

Supposing,  however,  that  difficulty  to  be  surmounted, 
it  is  believed  that  none  will  remain  which  cannot  be,  in 
a  considerable  degree,  avoided  by  bending  occasionally 
to  the  southward,  and  returning  round  the  northern  points 
of  the  hills,  till  the  canal  is  brought  opposite  to  Rome. 
Its  elevation  there  above  the  Mohawk  will  be  forty-seven 
feet,  or  less,  by  one  foot  for  every  two  miles  that  it  may 
be  lengthened.  The  general  face  of  the  country  here 
leaves  no  room  to  doubt  that  convenient  ground  can  be 
discovered  south  of  Rotne,  at  an  elevation  of  forty  feet 
above  the  Mohawk.  How  far  it  may  be  practicable  be- 
tween that  place  and  the  hills  east  of  the  Schoharie,  must 
be  decided  by  actual  survey. 

The  elevation,  if  not  in  other  respects  injurious,  will 
be  useful  in  passes  that  might  otherwise  necessitate  a 
descent  to  the  Mohawk.  Thus,  at  the  Little  Falls  at  that 
river,  the  canal,  at  an  elevation  of  eighty  feet  above  its 
upper  surface,  may,  it  is  believed,  be  brought  through 
or  round  the  hill  at  no  enormous  expense.  The  still 
greater  elevation  of  one  hundred  and  fifty  feet  at  the 
Schoharie,  will  permit  of  a  considerable  bend  to  find 
some  narrow  gorge,  and  finally  an  elevation  of  seventy 
feet  above  the  height  of  ground  between  Schenectady 
and  Albany,  will  enable  the  engineer  to  choose,  for  the 
course  of  his  canal  and  the  position  of  his  locks,  the 
most  suitable  soil  and  convenient  situations.  In  a  word, 
if,  on  due  examination,  any  thing  of  this  sort  should  be 
found  practicable,  instead  of  depriving  the  country  of 
water,  every  drop  of  which  is  needed  by  its  inhabitants, 
they  will  gain  a  great  addition  from  the  canal ;  and  as  to 
the  navigation,  singly  considered,  there  can  be  no  doubt 
but  it  must  in  that  way  be  superior  to  a  waving  course 
ascending  and  descending  by  locks.  For,  not  to  mention 
the  expense  of  constructing  and  keeping  them  in  repair, 
the  time  spent  and  tolls  paid  in  passing  them,  must  con- 
siderably enhance  the  freight  of  goods.  But  if  there  be  no 
lockage,  and  the  toll  be  no  moie  than  is  needful  to  keep 
the  canal  in  repair,  it  will  amount  to  so  little,  as  not  to 
merit  notice  in  a  calculation  of  freight.  Rejecting  it, 
therefore,  and  allowing  two  horses  and  three  men  to  take 
a  boat  of  fifty  tons  burden,  twenty  miles  a  day,  which  is 
certainly  within  bounds,  and  putting  the  whole  expense 
at  five  dollars  on  the  lading,  downward,  (leaving  the  re- 
turn load  as  profit,)  or,  which  is  equivalent,  reducing  the 
distance  one  half,  we  have  fifty  tons  transported  ten  miles 
for  five  dollars,  being  one  cent  per  ton  per  mile.  To 
speak  then,  in  round  numbers,  it  will  cost  three  dollars 
to  bring  a  ton  from  lake  Erie  to  Hi»dson's  river,  being 
litttle  more  than  one  half  of  what  is  now  paid  for  freight 
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on  lake  Ontario,  between  Oswego  and  Lewiston.  Wiil;- 
out  entering  into  calculation's  (which  every  person  can 
easily  m.ike  for  himself)  to  enumerate  the  bulky  ariiclea 
which  will  derive  value  from  such  facility  of  transporta- 
tion, it  may  be  proper  in  this  place  to  recur  again  to  the 
commercial  competi'.ion  with  our  British  neighbours. 

A  tolerable  good  navigation  up  and  down  the  St.  Law- 
rence already  exists  ;  but  the  cheapest  rate  at  which 
transportation  has  been  performed  within  the  last  ten 
years  between  Kingston  and  Montreal,  according  to  the 
best  information  the  commissioners  have  been  able  to 
obtain,  is  one  dollar  per  hundred,  ascending,  and  hall 
as  much  descending  the  rivei-.  But  admitting  thc 
freight  could  be  so  reduced  as  to  be  on  a  level  with  that 
between  Albany  and  Xew-York  ;  admitting,  also,  that 
the  transportation  across  lake  Ontario  could  be  per- 
formed as  cheaply  as  through  the  proposed  canal,  and 
even  adniitiing  that  the  risk  on  that  lake,  and,  of  course, 
the  premium  of  insurance,  were  nothing ;  still  it  would 
follow,  that  transportation  from  the  head  of  lake  Onta- 
rio to  Montreal  would  cost  as  much  as  from  the  mouth 
of  Tanewanta  to  New-York,  leaving  a  preference  to  the 
latter  of  the  cost  of  land  carriage  from  Chippeway  to 
Queenstown.  Moreover,  nature  has  given  (other  things 
being  equal)  a  decided  preference  to  the  port  of  New- 
York.  There  are,  generally  speaking,  six  weeks  of 
navigation  from  Albany,  in  the  spring,  before  vessels 
can  with  safety  leave  Alontreal  to  descend  the  river  St. 
Lawrence,  and  as  many  more  in  the  autumn,  after  the 
mouth  of  that  river  is  closed. 

The  navigation  from  New-York  is  seldom  obstruct- 
ed ;  so  that  produce  deposited  there  can  be  sent  to 
market  during  five  months,  in  which,  at  Montreal,  it  lies 
a  dead  weight  on  the  hands  of  the  owner.  This  circum- 
stance is  of  especial  importance  in  regard  to  v/heat  and 
flour,  which  can  be  sent  from  New- York  so  as  to  be 
sold  in  the  south  of  Europe,  before  those  articles  can  be 
brought  from  the  Baltic,  or  gathered  in  the  country  : 
whereas,  if  shipped  from  Montreal  in  the  month  of  May, 
they  cannot  reach  Spain  or  Portugal  until  after  supplies 
are  received  from  Dantzic,  and  but  a  short  time  before 
the  harvest,  which  is  early  in  July. 

Thus,  it  is  evident  that  the  canal  will,  if  properly  ef- 
fected, turn  to  the  United  States  the  commerce  of  the 
upper  lakes.  Moreover,  a  side  cut,  of  five  or  six  miles, 
would,  by  means  of  locks,  connect  it  with  lake  Ontario, 
in  the  harbour  of  the  Genesee;  and  in  like  manner,  a 
connexion  would  be  established  with  the  Seneca  and 
Cayuga  lakes,  from  the  heads  of  which,  the  short  port- 
age by  good  roads  to  Newtown  and  Oswego  opens  a 
communication  through  the  Susquehannah  to  the  Che- 
sapeake. Nor  is  it  improbable,  that  by  running  up  on 
the  west  side  of  the  Cayuga,  means  may  be  found  to  es- 
tablish water  communication  with  the  Susquehannah ; 
from  the  great  bend  of  which  a  good  and  short  road 
may  be  made  to  the  Delaware. 

i'hus  a  variety  of  mjikels  may  be  opened  to  stimu- 
late and  reward  the  industry  of  those  who  are  now,  or 
may  be  hereafter  settled  along  the  great  lakes,  whose 
shores,  exclusive  of  lake  Superior,  are  upwards  of  two- 
thousand  miles,  surrounded  at  convenient  distance  by 
more  than  fifty  million  acres  of  land. 

To  the  question.  What  will  the  proposed  canal  cost  ? 
it  is  not  possible  to  answer  with  any  thing  like  preci- 
sion. Indeed,  preliminary  points  arc  to  be  adjusted  ; 
and  of  these,  the  first  is,  whether  it  is  to  be  made  for 
sloops  or  barges.  The  expense  of  the  former  will  be, 
3  q 
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it  is  believed,  at  least  double  that  of  the  latter.  Ano- 
ther question,  whether  it  is  to  be  carried  along  an  in- 
clined plane,  or  by  a  line  ascending  and  descending, 
must  be  decided  by  a  comparison  ot'llie  expense  and  of 
the  ulilily  each  way.  In  general,  however,  it  may  be 
satisfactory  to  the  honourable  the  senate  and  assembly, 
to  receive  the  information  which  the  commissioners  feel 
no  hesitation  in  giving;  that,  as  far  as  they  have  been 
able  to  extend  their  intjuiry,  there  is  no  part  of  the  ci- 
vilized world,  in  which  an  object  of  such  great  magni- 
tude can  be  compassed  at  so  small  an  expense.  Gene- 
rally speaking,  the  course  is  through  a  tract  of  country, 
the  excavation  whereof  will  be  easy,  and  tliere  is,  at  cer- 
tain convenient  distances  from  the  spots  where  it  may 
be  wanted,  a  sufHciency  of  freestone  as  well  as  of  lime- 
stone, with  a  superabundance  of  fuel.  The  subsistence 
of  men,  also,  and  of  cattle,  will  be  abundant  and  cheap. 
The  wages  of  the  former  are,  as  is  well  known,  high  ; 
but  measures  may  certainly  be  devised  to  obt.tin  the  la- 
bour lor  so  great  a  public  work  more  cheaply  than  is 
practicable  in  private  operations  on  a  small  scale.  But 
the  commissioners  beg  leave  to  observe,  that  no  suppo- 
sable  expense  can  bear  an  undue  proportion  to  the  value 
of  the  work.  Thus,  were  it  (by  giving  a  loose  to  fancy) 
extended  to  fifty  millions  of  dollars,  even  that  enormous 
sum  does  rot  exceed  half  the  value  of  what,  in  all  hu- 
man probability,  and  at  no  distant  period,  will  annually 
be  carried  along  the  canal.  The  more  proper  question, 
perhaps,  is,  in  what  time  can  it  be  effected  ;  for  if  an 
annual  sum  be  appropriated,  and  secured  on  a  solid  fund, 
it  will  be  effected  in  time,  and  the  greater  the  sum,  the 
shorter  will  be  the  period. 

The  commissioners  have  no  doubt  but  that  good  bar- 
gains for  the  public  may  be  made  with  those  through 
whose  land  the  canal  shall  pass  ;  and  they  have  great 
pleasure  in  staling,  that  generous  offers  have  already 
been  made,  by  many  proprietors,  the  acceptance  of  which 
must  necessarily  be  deferred  to  the  moment  when  the 
business,  assuming  a  more  substantial  form,  shall  be 
committed  to  superintendants  duly  authorized  to  treat. 
Enough  has  been  said  to  show  that  no  accurate  estimate 
of  the  expense  can  as  yet  be  made.  To  give  some  ge- 
neral notion,  however,  it  may  be  assumed,  that,  in  com- 
mon cases,  labourers  ought  to  dig  and  remove,  to  a  con- 
siderable distance,  eight  cubic  yards  per  day.  The  ex- 
cavation may  therefore  be  set  at  the  eighth  of  a  dollar 
per  cubic  yard.  An  average  breadth  of  fifteen  yards, 
and  depth  of  one  yard,  which,  by  means  of  the  mound 
on  each  side,  will  be  sufficient  for  four  and  a  half  to  five 
feet  of  water,  giving  for  each  yard  in  length  fifteen  cu- 
bic yards,  may  therefore  be  taken  at  two  dollars,  and 
the  mile  at  3520  dollars  :  but  allowing  for  the  obstruc- 
tions of  trees  and  roots,  not  less  than  4000  dollars.  This 
gives,  for  three  hundred  miles,  one  million  two  hundred 
thousand  dollars.  The  excavation  needful  to  bring  a 
column  of  water  fifteen  yards  wide,  and  two  yards  deep, 
with  sufficient  descent  from  the  Tanewanta,  through  the 
middle  steep,  will,  at  the  same  rate,  cost  two  hundred 
and  fifty  thousand  dollars.  Thus,  to  speak  in  round 
numbers,  the  canal,  alone,  might  cost  a  million  and  a 
half,  drawn  through  a  favourable  soil,  lying  convenient- 
ly, without  the  opposition  of  rocks  or  other  impedi- 
ments. Many  of  these,  however,  must  be  expected,  and 
v/\\\,  perhaps,  double  that  sum.  Another  great  expense 
is  that  of  locks  and  aqueducts.  It  is  said  that  the  form- 
er will  cost  at  the  rate  of  one  thousand  dollars  per  foot 


of  ascent  for  a  vessel  of  fifty  tons.  This  is  believed  to 
be  a  low  estimate.  At  any  rate,  in  a  canal  like  the  pre- 
sent, there  must  be  a  double  set  ;  one  for  the  ascending, 
and  one  for  the  descending  navigation.  Even  then  it  is 
to  be  feared  there  will  be  much  of  embarrassment  and 
delay.  Thus,  the  lockage  being  taken  at  two  thousand 
dollars  per  foot,  for  three  hundred  and  forty  feet  of  de- 
scent and  ascent,  between  lake  Erie  and  Rome,  will  cost 
six  hundred  and  eighty  thousand  dollars,  should  that 
waving  course  be  deemed  advisable.  From  Rome  to 
Hudson's  river,  a  descent  of  three  hundred  and  eighty 
feet,  will  call  for  an  addition  of  seven  hundred  and  sixty 
thousand  dollars. 

If,  then,  the  locks  be  put  at  a  million  and  a  half,  it  is 
the  lowest  rate  which  can  prudently  be  supposed.  It 
would  indeed  be  safer  to  set  ihem  at  two  millions.  There 
will  slill  remain  for  aqueducts,  embankments  and 
mounds,  a  considerable  expenditure,  which  cannot  at 
present  be  ascertained.  To  estimate  the  expense  of 
aqueducts,  it  may  be  advisable  to  put  the  cubic  yard  of 
masonry  at  two  dollars,  and  consider  the  aqueduct  as  a 
solid  mass.  It  is  true,  that  not  more,  perhaps,  than  one- 
third  of  the  materials  required  for  a  solid  mass  will  be 
used  ;  but  the  workmanship  on  those  materials  will  be 
much  more  costly.  Many  of  the  stones  must  be  hewn, 
and  many  clamped  together  with  iron.  Moreover,  the 
expense,  when  such  buildings  are  raised  to  a  great 
height,  is  proportionately  greater  than  when  nearer  the 
earth.  An  aqueduct  over  the  Genesee  may  perhaps  be 
one  hundred  and  fifty  yards  long.  But,  to  avoid  mistakes, 
it  will  be  more  advisable  to  suppose  two  hundred.  The 
height  above-mentioned  is  twenty-six  feet.  But,  as  well 
to  obviate  mistakes,  as  for  convenience  of  calculation,  it 
may  be  taken  as  ten  yards,  and,  in  order  to  preserve  the 
full  breadth  of  the  canal,  the  aqueduct  may  be  consider- 
ed as  twenty  yards  wide.  Thus  we  have  a  result  of 
forty  thousand  cubic  yards  of  masonry,  which,  at  two 
dollai's,  will  require  an  expenditure  of  eighty  tliousand 
dollars.  A  remark  which  will  not  escape  the  most  cur- 
sory observer  is,  that  a  single  set  of  locks  to  ascend 
and  descend  five  and  twenty  feet,  will  cost  fifty  thousand 
dollars,  at  the  lowest  estimation  ;  and  on  the  system  of 
level  canals,  the  descent  in  this  case  is  sixty-five  feet. 
Excepting  the  Genesee,  no  considerable  a(|utduct  will 
be  needful ;  because  the  streams  from  the  lakes  being 
equable,  small  arches  may  be  turned  over  them,  and  the 
canal  be  carried  along  a  mound  of  earth.  The  ex|)ense 
of  such  mound  must  depend  on  the  convenience  of  ob- 
taining materials.  Where  hills  of  sufficient  elevation 
in  the  neighbourhood  give  the  advantage  of  running 
along  wooden  rail-ways,' or  where  the  transportation  may 
be  by  boats,  along  the  canal  itself,  a  mound  will  cosi  but 
little,  compared  to  that  which  is  raised  solely  by  the 
labour  of  men  and  cattle.  All  estiiuiUes,  therefore, 
which  are  not  founded  on  exact  local  knowledge,  must 
be  vague  and  uncertain.  Assuming,  however,  as  a  ba- 
sis, the  price  of  one  dollar  for  eight  cubic  yards  ;  to  es- 
timate the  expense  of  a  mound  over  the  Cayuga  lake, 
one  bundled  and  thirty  feet  high,  and  sixty  feet  wide, 
on  the  top,  with  an  inclination  of  five  and  forty  degrees, 
in  the  descent  of  the  side,  we  have  at  the  base  one  hun- 
dred and  ninety  feet,  giving  a  mean  width  of  one  hun- 
dred and  tweiity-fivf;  which,  multi|)lied  by  the  height 
one  hundred  and  thirty,  is  sixteen  thousand  tw.  hundred 
and  fifty  feet,  or,  in  round  numbers,  one  thousand  eight 
hundred  square  yards.    These,  at  the  eighth  of  a  dollar 
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each  cubic  yard,  will  cost,  for  every  yard  of  the  mound 
in  length,  two  hundred  and  twenty-five  dollars.  Allow- 
ing, therefore,  two  thousand  yards  instead  of  a  mile,  so 
as  to  compensate  for  the  expense  of  an  arch  two  hun- 
dred feet  long,  with  a  span  of  fifty  feet  over  the  stream, 
and  for  other  contingencies,  the  whole  cost  might  be 
four  hundred  and  fifty  thousand  dollars,  perhaps  half  a 
million. 

Under  the  impression  resulting  from  these  observa- 
tions, it  is  believed  that  one  million  of  dollars  would 
provide  for  every  thing  of  this  sort,  so  as  to  bring  the 
canal  to  a  reservoir  near  Hudson's  river,  without  locks, 
for  four  millions  of  dollars;  a  descent  there,  of  from 
three  to  four  hundred  feet  by  locks,  would  cost,  perhaps, 
another  million  ;  or  if  it  should  be  deemed  more  advi- 
sable to  transport  by  rail-ways,  the  water  used  for  ma- 
chinery would  probably  yield  a  rent  sufficient  to  keep 
the  canal  in  repair. 

But,  hitherto,  this  navigation  has  been  contemplated 
no  further  than  to  the  mouth  of  Tanewanta,  in  Niagara 
river.  From  thence  to  lake  Erie  is  ten  miles,  and  the 
last  mile,  at  Black  Rock  rapid,  is  said  to  have,  through 
part  of  a  fall  which  is,  on  the  whole,  four  feet,  a  rapidity 
of  near  seven  miles  an  hour  ;  so  that  vessels  descend- 
ing below  it  may  wail  a  whole  season  for  wind  suffi- 
ciently strung  to  get  up. 

This  obstacle,  though  great,  does  not  appear  insur- 
mountable. Perhaps  two  wharves,  similar  to  those 
which  surround  our  cities,  made  impervious  to  the  wa- 
ter, and  surik  parallel  to  each  other  during  the  distance 
of  one  milt,  with  two  pair  of  gates  similar  to  those  of  dry 
docks,  placed  so  as  that  the  upper  one  being  shut,  there 
shall  be  htill  water  from  below,  and  that  the  lower  one 
shut,  will  make  still  water  above,  may  fully  answer  the 
end.  Tiie  cost,  where  wood  and  stone  are  so  abundant, 
caiinot  be  great  ;  and  as  wood  is  not  liable  to  rot  under 
water,  nor  exposed  in  fresh  water  to  the  ravages  of 
worms,  the  work  may  be  sufficiently  durable.  On  the 
whole,  it  is  conceived  that  the  expense  of  this  national 
work  may  be  five  millions  of  dollars;  a  sum  which  does 
not,  it  is  presumed,  exceed  five  per  cent,  of  the  value  of 
the  commodities,  which,  in  less  than  a  century,  it  will 
annually  transport,  should  it  be  now  commenced,  so  as 
duly  to  encourage  population  around  the  upper  lakes. 

The  commissioners  hope  they  shall  be  excused,  if,  in 
this  place,  they  advert  to  a  question  more  important, 
perhaps,  than  any  other.  By  whom  shall  the  needful  ex- 
pense be  supported  ? 

They  take  the  liberty  of  entering  their  feeble  protest 
against  a  grant  to  private  persons  or  companies.  Too 
great  a  national  interest  is  at  slake.  It  must  not  become 
the  subject  of  a  job,  or  a  fund  for  speculation.  A'nong 
many  other  objections,  there  is  one  insuperable  :  That  it 
would  defeat  the  contemplated  cheapness  of  transporta- 
tion. It  should  always  on  occasions  of  this  sort  be  re- 
collected, that  the  reasons  adduced  for  grants  to  indivi- 
duals in  Europe  apply  inversely  here.  Few  of  our  fel- 
low citizens  have  more  money  than  they  want,  and  of  the 
many  who  want,  few  find  facility  in  obtaining  it.  But 
the  public  can  readily,  at  a  fair  interest,  command  any 
reasonable  sum.  Moreover,  such  large  expenditures 
can  be  more  economically  made  under  public  authority, 
than  by  the  care  and  vigilance  of  any  company. 

It  remains  therefore  to  determine,  whether  this  canal 
should  be  at  the  cost  of  this  state  or  of  the  Union.  If 
the  state  were  not  bound  by  the  federal  band  with  her 


sister  states,  she  might  fairly  ask  compensation  from 
those  who  own  the  soil  along  the  great  lakes  for  the  per- 
mission to  cut  this  canal  at  their  expense;  or  her  states- 
men might  deem  it  still  more  advisable,  to  make  the  ca- 
nal at  her  own  expense,  and  take  for  the  use  of  it  a  tran- 
sit duty  ;  raising  or  lowering  the  impost,  as  circumslaH- 
ces  might  direct  for  her  own  advantage.  This  might  be 
the  better  course,  if  the  state  stood  alone.  But,  fortunately 
for  the  peace  and  happiness  of  all,  this  is  not  the  case; 
we  are  connected  by  a  bond,  which,  if  the  prayers  of  good 
men  are  favourably  heard,  will  be  indissoluble.  It  be- 
comes proper,  therefore,  to  resort,  for  the  solution  of  the 
present  question,  to  the  principles  of  distributive  justice. 
That  which  presents  itself  is  the  trite  adage,  that  those 
who  participate  in  the  benefit  should  contribute  to  the 
expense. 

The  commissioners  presume  not  to  go  one  step  farther. 
The  offers  of  individuals,  already  alluded  to,  show  their 
conviction  of  that  equity  by  which  the  state  is  called  on 
for  her  share.  The  wisdom  as  well  as  justice  of  the  na- 
tional Icgislatuie  will,  no  doubt,  lead  to  the  exercise  on 
their  part  of  prudent  munificence;  bat  the  proportion, 
the  conditions,  the  compact  in  short,  must  be  the  result 
of  treaty.  Whether  the  honourable  the  senateand  assem- 
bly will  take  steps  towards  a  negociation,  and  what  these 
steps  may  be,  it  is  in  their  wis'Jom  to  determine. 

The  gentlemen  whose  names  are  subscribed  to  this 
report,  are  Gouv.  Morris,  S.  V.Rensselaer,  W.  North, 
De  Witt  Clinton,  Thomas  Eddy,  Peter  B.  Porter,  Si- 
meon De  Witt.  It  was  presented  to  the  legislature  in 
February,   1811. 

The  entire  subsequent  execution  of  the  double  enter- 
prise, of  forming  canals  from  the  Hudson  river  in  one 
direction  to  lake  Erie,  and  on  the  other  to  lake  Cham- 
plain,  though  departing  in  some  details,  has,  however,  in 
a  considerable  degree  followed  the  suggestions  of  this 
report.  As  the  design,  and  in  some  measure  the  perfor- 
mance of  the  Erie  canal  were  prior  to  the  plan  and  exe- 
cution of  that  of  Champlain,  we  first  turn  our  attention 
to  the  former. 

The  object  of  the  Erie  canal  is,  to  effect  a  slack  water 
navigation  from  the  head  of  sloop  navigation  in  the  Hud- 
son into  lake  Erie.  To  have  any  adequate  idea  of  such 
a  work  when  completed,  it  is  necessary  to  possess  a 
clear  view  of  the  geography  of  the  ground  over  which  it 
must  pass  ;  we  shall  therefore,  in  reviewing  the  subject, 
endeavour  to  combine  a  succinct  history  of  the  advance 
of  the  enterprise,  a  topographical  survey  of  the  ground, 
with  an  analysis  of  the  work  itself,  commencing  at  the 
head  of  sloop  navigation  at  Albany,  and  advancing  to- 
wards lake  Erie. 

The  intermediate  period  which  elapsed  from  the  pas- 
sage of  the  act  of  the  legislature  of  New  York,  on  the 
8lIi  of  April  1810,  until  the  close  of  the  last  war  between 
the  United  States  and  Great  Britain,  was  in  a  peculiar 
degree  unpiopitious  to  the  execution  of  such  a  work  as 
that  of  a  canal,  from  the  Hudson  river  to  the  central 
parts  of  the  Canadian  sea,  or  into  lake  Erie.  But,  if  un- 
favourable to  the  prosecution  of  so  magnificent  a  plan, 
the  intervening  events  were  in  a  high  degree  calculated 
to  exhibu  the  necessity,  and  to  stimulate  to  the  formation 
of  such  a  chain  of  water  communication. 

The  adverse  aspect  of  the  limes  did  not  deter  the  com- 
missioners under  the  act  of  18  11  from  proceeding,  as 
far  as  in  their  power,  to  give  efficiency  to  the  provisions 
3  Q  2 
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of  that  law.  In  March  1812,  they  made  tlieir  report,  in 
wliich  ihey  staled  to  the  legislature  of  Xew-York  the 
following  tacts. 

That  in  obedience  to  the  directions  of  that  act  they 
had  made  application  to  the  general  government,  by  a 
letter  to  the  President  of  the  United  States,  and  an  ap- 
jjlication  to  the  Senate  and  House  ot  Representatives. 
Gouverneur  Morris,  and  De  Witt  Clinton,  were  the  depu- 
ties who  made  the  application  to  the  general  government, 
which  ended  in  obtainirig  neither  assistance  nor  en- 
touragemcnt. 

The  commissioners,  at  the  same  time  with  their  mis- 
sion to  the  general  government,  addressed  several  of  the 
individual  states  on  the  same  subject,  and  received  re- 
plies from  Tennessee,  New-Jeisey,  Connecticut,  Ver- 
mont, Massachusetts,  Ohio,  and  Michigan  territory. 
The  legislature  of  Tennessee  directed  their  senators 
and  representatives  in  Congress,  to  support  "  any  lau- 
dable attempt,  made  to  the  Congress  of  the  United 
States,  soliciting  the  aid  of  the  general  government,  in 
relation  to  the  canal  navigation  between  Hudson's  river 
and  the  great  lakes."  The  legislature  of  New-Jersey 
expressed  approbation  of  the  plan,  but  for  various 
reasons  declined  yielding  any  direct  aid  to  forward  its 
performance.  The  legislature  of  Connecticut  deemed 
any  proceeding  on  the  application  of  the  New-York  com- 
missioners inexpedient,  and,  expressing  full  confidence 
in  their  representatives  in  Congress,  left  their  views  on 
the  subject  discretionary.  The  legislature  of  Vermont 
aeknovvledged  the  importance  of  the  subject,  but,  having 
received  the  application  of  the  commissioners  too  late 
i)  the  session,  declined  taking  any  measures,  pleading 
want  of  lime  as  an  excuse.  The  legislature  of  Massa- 
chusetts very  warmly  approved  the  canal  project,  and 
resolved  unanimously,  ''  that  the  senators  of  that  com- 
monwealth should  be  instructed  to  use  their  influence 
for  promoting,  by  all  reasonable  encouragement,  (in 
such  mode  as  Congress  in  their  wisdom  might  direct,) 
the  opening  of  a  communication,  by  means  of  a  canal 
navigation,  between  the  great  lakes  and  Hudson's  river,* 
regard  being  had  to  the  special  benefit  which  would 
accrue  to  the  state  of  New-York,  from  the  accomplish- 
ment of  that  project."  The  Governor,  Judges,  &c.  of 
Michigan,  disagreed  with  the  policy  of  the  projected 
route  of  a  canal,  direct  from  the  head  of  the  Mohawk  river 
to  lake  Erie,  but  preferred  canals  and  locks  between 
Erie  and  Ontario  lakes,  and  between  the  latter  and 
Oneida  lake  round  the  falls  of  Oswego  river. 

The  legislature  ol  Ohio  fully  opposed  the  plan,  in  all 
its  outline  and  details. 

The  commissioners  recite  these  facts,  and  proceed  to 
ably  develope  the  superior  advantages  and  practicability 
of  the  inland  route  from  the  Mohawk,  by  Seneca  river, 
to  lake  Erie,  over  that  by  Oneida  lake,  Oswego  river, 
lake  Ontario,  and  Niagara  river.* 

They  then  proceed  to  show  the  benefits  which,  in  a 
commercial  and  political  point  of  view,  must  arise  from 
the  contemplated  canal.  Tl'.ey  examine  the  probable 
expenses  necessary  for  its  execution,  and  the  resources 
of  the  slate  to  meet  such  an  expenditure,  and  conclutie 
their  estimate  with  avowing  their  opinion,  that  funds 
adequate  to  the  full  accomplishment  of  the  design  are 
completely  within  reach  of  the  state  of  New- York. 

This  report  closes  by  simply  hinting  at  the  northern 


route  from  the  Hudson  to  lake  Champlain,  towards  the 
opening  ot  which  at  that  period  no  steps  had  been  taken. 
The  commissioners  who  made  this  masterly  commu- 
nication to  tile  legislature  were,  Gouverneur  Morris, 
S.  V.  Rcnssalaer,  De  Witt  Clinton,  Simeon  De  Witt, 
William  North,  Thomas  Eddy,  and  Robert  R.  Living- 
ston.t 

From  the  date  of  the  foregoing  report  two  years  passed 
away,  during  the  war  with  Great  Britain,  in  which  inland 
improvement  was  overlooked,  and  the  attention  of  the 
public  drawn  to  national  defence.  When,  however,  men 
of  luminous  minds  have  fully  investigated  the  practi- 
cability of  any  plan,  weighed  its  advantages,  and  staked 
their  reputation  on  its  execution,  it  is  no  slight  diO'iculty 
which  can  divert  their  minds  from  seeking  every  lauda- 
ble means  to  procure  success.  Death  has  placed  his 
sacred  seal  upon  the  fame  of  Robert  Fulton,  and  ren- 
dered venerable  every  document  to  which  his  hand  was 
placed.  Similar  observations  may  be  made  upon  the 
name  and  character  of  the  ardent  Gouverneur  Morris  ; 
he  also  is  gone  beyond  the  reach  of  human  suspicion. 
These  two  truly  great  men  were  amongst  those  who 
again,  on  the  8th  of  March,  1814,  roused  the  people  of 
New-York  to  an  attention  to  their  own  interest,  and  to  a 
resumption  of  the  plan  to  effect  the  Erie  canal ;  their  co- 
adjutors were,  S,  V.  Renssalaer,  De  Witt  Clinton,  Si- 
meon De  Wilt,  Peter  B.  Porter,  and  Thomas  Eddy. 

From  this  report  it  appears,  that  at  its  dale  no  osten- 
sive  step  had  been  taken  to  even  survey  the  canal  route. 
No  engineer  had  been  employed,  though  application  had 
been  made  for  one  from  Great  Britain,  which  had  been 
rendered  abortive  by  the  events  of  the  war,  and  its  con- 
tiimance.  The  tenor  of  the  report  shows,  however,  that 
the  original  promoters  of  the  canal  design  still  remained 
active,  and  used  every  means  within  their  reach  to  col- 
lect accurate  information  respecting  the  intermediate 
country,  and  they  again  allude  to  the  practicability  of  a 
canal  between  Hudson's  river  and  lake  Champlain.  The 
commissioners  once  more  controvert  forcibly  the  sup- 
posed superiority  and  practicability  of  the  Ontario  route 
over  that  proposed.  Some  large  proffered  grants  of 
land  by  individuals  and  agents  are  stated.  It  would  be 
of  liille  use  to  name  the  grantors,  as  none  or  very  trifling; 
aid  has  been  ever  given  in  that  manner  to  the  actual  ex- 
ecution of  the  New-York  canals. 

The  project  of  procuring  a  loan  of  money  in  Europe, 
and  the  causes  of  its  abortive  issue,  is  made  known  to 
the  legislature  by  the  commissioners,  which  is  followed 
by  some  severe  reflections  upon  the  opponents  of  the 
canal  policy,  couched  in  well  expressed  terms  of  bitter 
sarcasm.  The  report  closes  with  an  extract  of  a  letter 
from  William  Weston,  English  engineer,  containing  the 
following  sublime  expressions,  which  could  only  have 
flown  from  a  mind  of  the  first  order,  and  could  only  be 
inspired  by  the  contemplation  of  a  great  design. 

"Should  your  noble,  but  stupendoos  plan  of  uniting 
lake  Eric  with  the  Hudson,  be  carried  into  effect,  you 
have  to  fear  no  rivalry.  The  commerce  of  the  immense 
extent  of  country,  bordering  on  the  upper  lakes,  is  your's 
for  ever,  and  to  such  an  incalculable  amount,  as  would 
baflle  all  conjecture  to  conceive.  Its  execution  would 
confer  immortal  honour  on  the  projectors  and  supporters, 
and  would,  in  its  eventual  consequences,  render  New 
York  the  greatest  commercial  emporium  in  the  world, 


•  Haines,  on  the  corr.raencenient  and  progress  of  New-York  canals,  p.  39. 
t  Haines,  p.  35 — 55. 
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with  perhaps  the  exception,  at  some  distant  day,  of  New- 
Orleans,  or  some  other  depot,  at  the  mouth  of  the  ma- 
jestic Mississippi.  From  your  perspicuous  topographi- 
cal description,  and  neat  plan  and  profile  of  the  route  of 
the  contemplated  canal,  1  entertain  little  doubt  of  the 
praciicabiliiy  ol  the  measure.  Perhaps  this  is  the  only 
question  which  the  legislature  should  be  particularly 
anxious  to  have  resolved.  The  expense,  be  it  what  it 
may,  is  no  object,  whftn  compared  with  the  incalculable 
benefits  arising  therefiom,  tnough,  doubtless,  it  will  de- 
serve aiteniion,  tliat  the  money  granted  liberally,  be 
wisely  and  economically  expended. "• 

From  the  date  of  the  foregoing  report,  two  years 
again  elapsed  before  any  effective  measures  were  adopt- 
ed by  the  legislature  of  New  York,  in  respect  to  the 
contemplated  canals:  bui  in  March,  1816,  that  masterly 
memorial  of  the  citizens  of  New-York  to  the  Legislature 
was  presented,  which  led  to  the  passage  of  the  act  of 
1816,  and  eventually  to  the  commencement,  by  New 
York  alone,  of  one  of  the  greatest  works  of  modern  ages. 

So  much  of  topographical  information  and  of  accurate 
knowledge  of  the  relations  of  inlana  navigation  in  the 
United  States  is  contained  in  the  memorial  alluded  to, 
that  we  have  deemed  it  necessary  to  lay  before  our  read- 
ers all  those  parts  particularly  applicable  to  New  York, 
and  the  coniiguous  states.     The  Commissioners  state: 

It  is  calculated  that  the  expense  of  transporting  on  a 
canal  amounts  to  one  cent  a  ton  per  mile,  or  one  dollar 
a  ton  for  one  hundred  miles;  while  the  usual  cost  by 
land  conveyance  is  one  dollar  and  sixty  cents  per  hun- 
dred weight,  or  thirty-two  dollars  a  ton  for  the  same  dis- 
tance. The  celerity  and  certainty  of  this  mode  of  trans- 
portation are  evident.  A  loaded  boat  can  be  towed  by 
one  or  two  horses,  at  the  rate  of  thirty  miles  a  day. 
Hence  the  seller  or  buyer  can  calculate  with  sufficient 
precision  on  his  sales  or  purchases,  the  period  of  their 
arrival,  the  amount  of  their  avails,  and  the  extent  of  their 
value.  A  vessel  on  a  canal  is  independent  of  winds, 
tides,  and  currents,  and  is  not  exposed  to  the  delays  at- 
tending conveyances  by  land  :  and  with  regard  to  safety 
there  can  be  no  competition.  The  injuries  to  which 
commodities  are  exposed  when  transported  by  land,  and 
the  dangers  to  which  they  are  liable  when  conveyed  by 
natural  waters,  are  rarely  experienced  on  canals.  In 
the  latter  way,  comparatively  speaking,  no  waste  is  in- 
curred, no  risk  is  encountered,  and  no  insurance  is  re- 
quired. Hence,  it  follows,  that  canals  operate  upon  the 
general  interests  of  society  in  the  same  way  that  ma- 
chines for  saving  labour  do  in  manufactures;  they  ena- 
ble the  farmer,  the  mechanic,  and  the  merchant,  to  con- 
vey their  commodities  to  market,  and  to  receive  a  return 
at  least  thirty  times  cheaper  than  by  roads,  .^s  to  all 
the  jjurposes  of  beneficial  communication,  they  diminish 
the  distance  between  places,  and  therefore  encourage 
the  cultivation  of  the  most  extensive  and  remote  parts  of 
the  cuuntry.  They  create  new  sourcesof  internal  trade, 
and  augmerit  the  old  channels;  for,  the  more  cheap  the 
transportation,  the  more  expanded  will  be  its  operation, 
and  the  greater  the  mass  of  the  products  of  the  country 
for  sale,  the  greater  will  be  the  commercial  exchange  of 
returning  merchandise,  and  the  greater  the  encourage- 
ment to  manufacturers,  by  the  increased  economy  and 
comfort  of  living,  together  with  the  cheapness  and  abun- 
dance of  raw  materials  ;  and  canals  are  consequently  ad- 
vantageous to   towns  and   villages,    by   destroying   the 


monopoly  of  the  adjacent  country,  and  advantageous  to 
the  whole  country ;  for  though  some  rival  commodities 
may  be  introduced  into  the  old  markets,  yet  many  new 
markets  will  be  opened,  by  increasing  population,  enlarg- 
ing old  and  erecting  new  towns,  augmenting  individual 
and  aggregate  wealth,  and  extending  foreign  commerce. 

The  general  arguments  in  favour  of  inland  navigation 
apply  with  peculiar  force  to  the  United  States,  and  most 
emphatically  to  this  state,  (New-York.)  A  geographi- 
cal view  of  the  country  will  at  once  demonstrate  the 
unexampled  prosperity,  that  will  arise  from  our  cultivat- 
ing the  advantages  which  Nature  has  dispensed  with  so 
liberal  a  hand.  A  great  chain  of  mountains  passes 
through  the  United  States,  and  divides  them  into  eastern 
and  western  America.  In  various  places,  rivers  break 
through  those  mountains,  and  are  finally  discharged  into 
the  ocean.  To  the  west,  there  is  a  collection  of  inland 
lakes,  exceeding,  in  its  aggregate  extent,  some  of  the 
most  celebrated  seas  of  the  old  world.  Atlantic  Ame- 
rica, on  account  of  the  priority  of  its  settlement,  its  vi- 
cinity to  the  ocean,  and  its  favourable  position  for  com- 
merce, has  many  advantages.  The  western  country, 
however,  has  a  decided  superiority  in  the  fertility  of  its 
soil,  the  benignity  of  its  climate,  and  the  extent  of  its 
territory.  To  connect  these  great  sections  by  inland  na- 
vigation, to  unite  our  Mediterranean  seas  with  the  ocean, 
is  evidently  an  object  of  the  first  importance  to  the  ge- 
neral prosperity.  Nature  has  effected  this  in  some  mea- 
sure; the  St.  Lawrence  emanates  from  the  lakes,  and 
discharges  itself  into  the  ocean  in  a  foreign  territory. 
Some  of  the  streams  which  flow  into  the  Mississippi 
originate  near  the  great  lakes,  and  pass  round  the  chain 
of  mountains.  Some  of  the  waters  of  this  state,  which 
pass  into  lake  Ontario,  approach  the  Mohawk;  but  our 
Hudson  has  decided  advantages.  It  affords  a  tide  navi- 
gation for  vessels  of  80  tons  to  Albanv  and  Troy,  160 
miles  above  New-York,  and  this  peculiarity  distinguishes 
it  from  ail  the  other  bays  and  rivers  in  the  United 
States,  viz. 

The  tide  in  no  other  ascends  higher  than  the  granite 
ridge,  or  within  thirty  miles  of  the  Blue  ridge,  or  eastern 
chain  of  mountains.  In  the  Hudson  it  breaks  through 
the  Blue  ridge,  and  ascends  above  the  eastern  termina- 
tion of  the  Catskill,  or  great  western  chain  ;  and  there 
are  no  interposing  mountains  to  prevent  a  communication 
between  it  and  the  great  western  lakes. 

The  importance  of  the  Hudson  river  to  the  old  settled 
parts  of  the  state,  may  be  observed  in  the  immense 
wealth  which  is  daily  borne  otTiis  waters,  in  the  flourish- 
ing villages  and  cities  on  its  banks,  and  in  the  opulence 
and  prosperity  of  all  the  country  connected  with  it,  either 
remotely  or  immediately.  It  may  also  be  readily  con- 
ceived, if  we  only  suppose,  that  by  some  awful  physical 
calamity,  some  overwhelming  convulsion  of  Nature,  this 
great  river  was  exhausted  of  its  waters:  where  then 
would  be  the  abundance  of  our  markets,  the  prosperity 
of  our  farmers,  the  wealth  of  our  merchants?  Our  vil- 
lages would  become  deserted;  our  flourishing  cities 
would  be  converted  into  masses  of  mouldering  ruins, 
and  this  state  would  be  precipitated  into  poverty  and  in- 
significance. If  a  river,  or  natural  canal,  navigable  about 
170  miles,  has  been  productive  of  such  signal  benefits, 
what  blessings  migiit  not  be  expected,  if  it  were  extend- 
ed 300  miles,  through  the  most  fertile  country  in  the  uni- 
verse, and  united  with  the  great  seas  of  the  west !    The 
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contemplated  canal  would  be  this  extension,  and  viewed 
in  reference  only  to  the  productions  and  consumptions  of 
the  stale,  would  perhaps  convey  more  riches  on  its  waters 
than  any  other  canal  in  the  world.  Connected  with  the 
Hudson  it  might  be  considered  as  a  navigable  stream  that 
extends  450  miles  through  a  fruitful  country,  embracing 
a  great  population,  and  abounding  wiih  all  the  produc- 
tions of  industry  :  if  we  were  to  suppose  all  the  canals  of 
England  and  Wales  combined  into  one,  and  discharged 
into  the  ocean  at  a  great  city,  after  passing  through  the 
heart  of  that  country,  then  we  can  form  a  distinct  idea 
of  the  impoi'tance  of  the  projected  canal ;  but  it  indeed 
comprehends  within  its  influence  a  greater  extent  of  ter- 
ritory, which  will  in  time  embrace  a  greater  population. 
If  this  work  be  so  important,  when  we  confine  our  views 
to  this  state  alone,  how  unspeakably  beneficial  must  it 
appear,  when  we  extend  our  contemplations  to  the  great 
lakes,  and  the  country  affiliated  with  them  !  Waters 
extending  two  thousand  miles  from  the  beginning  of  the 
canal,  and  a  country  containing  more  territory  than  all 
Great  Britain  and  Ireland,  and  at  least  as  much  as 
France. 

While  we  not  pretend  that  all  the  trade  of  our  western 
■world  will  centre  in  any  given  place,  (nor  indeed  would 
it  be  desirable  if  it  were  practicable,  because  we  sin- 
cerely wish  the  prosperity  of  all  the  states,)  yet  we  con- 
tend that  our  natural  advantages  are  so  transcendent,  that 
it  is  in  our  power  to  obtain  the  greater  part,  and  put  suc- 
cessful competition  at  defiance.  As  all  the  other  com- 
munications are  impeded  by  mountains,  the  only  formi- 
dable rivals  of  New-York,  for  this  great  prize,  are  New- 
Orleans  and  Montreal,  the  former  relying  on  the  Missis- 
sippi, and  the  latter  on  the  St.  Lawrence. 

In  considering  this  subject,  we  will  suppose  the  com- 
mencement of  the  canal  somewhere  near  the  outlet  of 
lake  Eiie. 

The  inducements  for  preferring  one  maiket  to  ano- 
ther involve  a  variety  of  considerations:  the  principal 
are,  the  cheapness  and  facility  of  transportation,  and  the 
goodness  of  the  market.  If  a  cultivator  or  manufacturer 
can  convey  his  commodities  with  the  same  ease  and  ex- 
pedition to  New-York,  and  obtain  a  higher  price  for  them 
than  at  Montreal  or  New-Orleans,  and  at  the  same  time 
supply  himself  at  a  cheaper  rate  with  such  articles  as  he 
may  want  in  return,  he  will  undoubtedly  prefer  New- 
York.  It  ought  also  to  be  distinctly  understood,  that  a 
difference  in  price  may  be  equalized  by  a  difference 
in  the  expense  of  conveyance,  and  that  the  vicinity  of 
the  market  is  at  all  times  a  consideration  of  great  im- 
portance. 

From  Buffalo,  at  or  near  the  supposed  commencement 
of  the  canal,  it  is  450  miles  to  the  cily  of  New-York,  and 
from  that  city  to  the  ocean,  20  miles.  From  Buffalo  to 
Montreal  350  miles  ;  from  Montreal  to  the  chops  of  the 
St.  Lawrence,  450.  From  Buffalo  to  New-Orleans  by 
the  great  lakes,  and  the  Illinois  river,  2  250  miles  ;  from 
New-Orleans  to  the  Gulf  of  Mexico  100.  Hence,  the 
distance  from  Buffalo  to  the  ocean  by  the  way  of  New- 
York,  is  470  miles;  by  Montreal  800  :  and  by  New-Or- 
leans 2  350. 

As  the  upper  lakes  have  no  important  outlet  but  into 
lake  Eiie,  we  are  warranted  in  saying,  that  all  their  trade 
must  be  auxiliary  to  its  trade,  and  that  a  favourable 
communication  by  water  from  Buffalo  will  render  New 
York  the  great  depot  and  warehouse  of  the  western 
world. 

In  order,  however,  to  obviate  all  objections  that  may 


be  raised  against  the  place  of  comparison,  let  us  take 
three  other  positions,  Chicago,  near  the  south-west,  and 
of  lake  Michigan,  and  a  creek  of  that  name,  which 
sometimes  communicates  with  the  Illinois,  the  nearest 
river  from  the  lakes  to  the  Mississippi  :  Detroit,  on  the 
river  of  that  name,  between  lakes  St.  Clair  and  Erie  ; 
and  Pittsburgh,  at  the  confluence  of  the  Alleghany  and 
Monongahela  rivers,  forming  the  head  of  the  Ohio,  and 
communicating  with  Le  Beuf  by  water,  which  is  distant 
fifteen  miles  from  lake  Erie. 

The  distance  from  Chicago  to  the  ocean  by  New-York, 
is  about  1,200  miles.  To  the  mouth  of  the  Mississippi, 
by  New  Orleans,  near  1,600  miles,  and  to  the  mouth  of 
the  St.  Lawrence,  by  Montreal,  near  1,600  miles. 

The  distance  from  Detroit  to  the  ocean  by  New- York, 
is  near  700  miles.  From  Detroit  to  the  ocean  by  Mon- 
treal, is  1,050  miles.  From  Detroit  to  the  ocean,  pur- 
suing the  nearest  route  by  Cleveland,  and  down  the  Mus- 
kingum, 2,400  miles.  The  distance  from  Pittsburgh  to 
the  ocean,  by  Le  Beuf,  lake  Buffalo,  and  New-York,  is 
700  miles.  The  same  to  the  ocean  by  Buffcdo  and  Mon- 
treal, 1,050  miles.  The  same  to  the  ocean  by  the  Ohio 
and  Mississippi,  2,150  miles. 

These  tlifferent  comparative  views  show  that  New- 
York  has,  in  every  instance,  a  decided  advantage  over 
her  great  rivals.  In  other  essential  respects  the  scale 
preponderates  equally  in  her  favour.  Supposing  a 
perlect  equality  of  advantages  as  to  the  navigation  of 
the  lakes,  yet  from  Buffalo,  as  the  point  of  departure, 
there  is  no  comparison  of  benefits.  From  that  place 
the  voyager  to  Montreal  has  to  encounter  the  incon- 
veniences of  a  portage  at  the  cataract  of  Niagara,  to 
load  and  unload  at  least  three  times,  to  brave  the 
tempests  of  lake  Ontario  and  the  rapids  of  the  St. 
Lawrence. 

In  like  manner,  the  voyager  to  New-Orleans  has  a  por- 
tage between  the  Chicago  and  Illinois,  an  inconvenient 
navigation  on  the  latter  stream,  besides  the  well-known 
obstacles  and  hazards  of  the  Mississippi.  And  until  the 
invention  of  steam-boats,  an  ascending  navigation  was 
considered  almost  impracticable.  This  inconvenience  is, 
however,  still  forcibly  experienced  on  that  river,  as  well 
as  on  the  St.  Lawrence,  between  Montreal  and  lake 
Ontario. 

The  navigation  from  lake  Erie  to  Albany  can  be  com- 
pleted in  ten  days  with  perfect  safety  on  the  canal  ;  and 
from  Alljany  to  New-York  there  is  the  best  sloop  navi- 
gation in  the  world. 

From  Buffalo  to  Albany,  a  ton  of  commodities  could 
be  conveyed,  on  the  intended  canal,  for  three  dollars,  and 
from  Albany  to  New-York,  according  to  the  present 
prices  of  sloop  transportation,  for  S2tb7'  ^""^  ''^^  return 
cargoes  would  be  the  same. 

We  have  not  sufficient  data  upon  which  to  predicate 
very  accurate  estimates  with  regard  to  Montreal  and 
New-Orleans;  but  we  have  no  hesitation  in  saying,  that 
the  descending  conveyance  to  the  former  would  be  lour 
times  the  expense,  and  to  the  latter  at  least  ten  tiTucs, 
and  that  the  cost  of  the  ascending  transportation  would 
be  greatly  enhanced. 

It  has  been  stated  by  several  of  the  most  respectable 
citizens  of  Ohio,  that  the  present  expense  of  transporta- 
tion by  water  from  the  city  of  New-York  to  Sandusky, 
including  the  carrying  places,  is  S47V5  P'^'"  hundred,  and 
allowing  it  to  cost  two  dollars  per  hundred  for  transpor- 
tation to  Clinton,  the  geographical  centre  of  the  state, 
the  whole  expense   would  be  ge/^"^,  which  is  only  fifty 
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cents  more  than  the  transportation  from  Philadelphia  to 
Pittsburgh,  and  at  least  S2-,%%  less  than  the  iransporta- 
tion  by  land  and  water  from  these  places,  and  that,  in 
their  opinion,  New-York  is  tlie  natural  emporium  of 
that  trade,  and  that  the  whole  commercial  intercourse  of 
the  western  country  north  of  the  Ohio,  will  be  secured 
to  her  by  the  contemplated  canal. 

In  addiiion  to  this,  it  may  be  staled,  that  the  St.  Law- 
rence is  generally  locked  up  by  ice  seven  months  in  the 
year,  during  which  lime  produce  lies  a  dead  weight  on 
the  hands  of  the  owner ;  that  the  navigation  from  New- 
York  to  the  ocean  is  at  all  limes  easy,  and  seldom  ob- 
strucied  by  ice,  and  that  the  passage  from  the  Balize  to 
New-orleans  is  tedious;  that  perhaps  one  out  of  five  of 
the  western  boatmen  wlio  descend  the  Mississippi,  be- 
come victims  to  disease  ;  and  that  many  important  arti- 
cles of  western  production  are  injured  or  destroyed  by 
the  climate.  New- York  is,  therefore,  placed  in  a  happy 
medium  between  the  insalubrious  heat  of  the  Mississippi, 
and  the  severe  cold  of  the  St.  Lawrence.  She  has  also 
pre-eminent  advantagCo,  as  to  the  goodness  and  exten- 
siveness  of  her  market.  All  the  productions  of  the  soil 
and  the  fabrics  of  art  can  command  an  adequate  price, 
and  foreign  commodities  can  generally  be  procured  at  a 
lower  rate.  The  trade  of  the  Mississippi  is  already  in 
the  hands  of  her  merchants,  and  although  accidental  and 
transient  causes  may  have  concurred  to  give  Montreal 
an  ascendancy  in  some  points,  yet  the  superiority  of  New- 
York  is  founded  in  nature,  and  if  improved  by  the  wisdom 
of  government,  must  always  soar  above  competition. 

Granting,  however,  that  the  rivals  of  New- York  will 
command  a  considerable  portion  of  the  western  trade, 
yet  it  must  be  obvious,  from  these  united  considerations, 
that  she  will  engross  more  than  sufficient  to  render  her 
the  greatest  commercial  city  in  the  world.  The  whole 
line  of  canal  will  e.xhibit  boats  loaded  with  flour,  beef,  pot 
and  pearl  ashes,  flaxseed,  wheal,  barley,  corn,  hemp, 
wool,  flax,  iron,  lead,  copper,  salt,  gypsum,  coal,  tar,  fur, 
ptltry,  ginseng,  bees-wax,  cheese,  butter,  lard,  staves, 
lumber,  and  the  other  valuable  productions  of  our  coun- 
try; and  also  with  merchandise  from  all  parts  of  the 
■world.  Great  manufacturing  establishments  will  spring 
up;  agriculture  will  establish  its  granaries,  and  com- 
merce its  warehouses  in  all  directions.  Villages,  towns, 
and  cities,  will  line  me  banks  of  the  canal,  and  the  shores 
of  the  Hudson  from  Erie  to  New- York.  '  The  wilder- 
ness and  the  solitary  place  will  become  glad,  and  the  de- 
sert will  rejoice  and  blossom  as  the  rose.' 

While  it  is  universally  admitted  that  there  ought  to 
be  a  water  communication  between  the  great  lakes  and 
the  tide  waters  of  the  Hudson,  a  conirariety  of  opinion, 
(greatly  to  be  deplored,  as  tending  to  injure  the  whole 
undertaking)  has  arisen  with  respect  to  the  route  that 
ought  lo  be  adopted.  It  is  contended  on  the  one  side, 
that  the  canal  should  commence  iii  the  vicinity  of  the 
outlet  of  lake  Erie,  and  be  carried  in  the  most  eligible 
direction  across  llie  country  to  the  head-walers  of  the 
Mohawk  river  at  Rome:  from  whence  it  should  be  con- 
tinued along  the  valley  of  the  Mohawk  to  the  Hudson. 
It  is,  on  the  other  side,  insisted,  that  it  should  be  cut 
round  the  cataract  of  Nia^ari) ;  that  lake  Ontario  should 
be  navigated  to  the  moutli  of  th<,  Oswego  river  ;  that  the 
navigation  of  that  river  and  Wood  creek  sho.iu  be  im- 
proved  and  pursued  until  the  junction  of  the  latter  with 
the  Mohawk  at  Rome.  As  to  the  expediency  of  a  canal 
from  Rome  to  the  Hudson,  there  is  no  discrepance  of 
opinion  :  the  route  from  Ronic  to  the  great  lakes  consti- 
tutes the  subject  of  controversy. 


If  both  plans  were  presented  to  the  Legislature,  as 
worthy  of  patronage,  and  if  the  advocates  of  the  route 
by  lake  Ontario  did  not  insist  that  their  schemes  should 
be  exclusive,  and,  of  course,  that  its  adoption  should 
prove  fatal  to  the  other  project,  this  question  would  not 
exhibit  so  serious  an  aspect.  If  two  roads  are  made, 
that  which  is  most  accommodating  will  be  preferred; 
but  if  only  one  is  established,  whether  convenient  or  in- 
convenient to  individuals,  beneficial  or  detrimental  to  the 
public,  it  must  necessarily  be  used.  We  are  so  fully 
persuaded  of  the  superiority  of  the  Erie  canal,  that, 
although  we  should  greatly  regret  so  useless  an  expen- 
diture of  public  money  as  making  a  canal  round  the  cata- 
ract of  Niagara,  yet  we  should  not  apprehend  any  dan- 
ger from  the  competition  of  Montreal,  if  the  former  were 
established. 

An  invincible  argument  in  favour  of  the  Erie  canal  is, 
that  it  would  diffuse  the  blessings  of  internal  navigation 
over  the  most  fertile  and  populous  parts  of  the  state,  and 
supply  the  whole  community  with  salt,  gypsum,  and,  in 
all  probability,  coal.  Whereas,  the  Ontario  route  would 
accommodate  but  an  inconsiderable  part  of  our  territory, 
and  instead  of  being  a  great  highway,  leading  directly  to 
the  object,  it  would  be  a  circuitous  by-road,  inconvenient 
in  all  essential  respects. 

The  most  serious  objection  against  the  Ontario  route 
is,  that  it  will  inevitably  enrich  the  territory  of  a  foreign 
power,  at  the  expense  of  the  United  States.  If  a  canal 
is  cut  round  the  falls  of  Niagara,  and  no  countervailing 
nor  counteracting  system  is  adopted  in  relation  to  lake 
Erie,  the  commerce  of  the  west  is  lost  to  us  for  ever. 
When  a  vessel  once  descends  into  Ontario,  she  will  pur- 
sue the  course  ordained  by  nature.  The  British  govern- 
ment are  fully  aware  of  this,  and  are  now  taking  the  most 
active  measures  to  facilitate  the  passage  down  the  St. 
Lawrence. 

It  is  not  to  be  concealed,  that  a  great  portion  of  the 
productions  of  our  western  country  are  now  transported 
to  Montreal,  even  with  all  the  inconveniences  attending 
the  navigation  down  the  Seneca  and  Oswego  rivers  ;  but 
if  this  route  is  improved,  in  the  way  proposed,  and  the 
other  not  opened,  the  consequences  will  be  most  preju- 
dicial. A  barrel  of  flour  is  now  transported  from  Cay- 
uga lake  to  Montreal  for  S'-fVo  "'"'  ''  cannot  be  con- 
veyed to  Albany  for  less  than  S^t%%-  '•'''i*  simple  fact 
speaks  a  volume  of  admonitory  nisiruction. 

But  taking  it  for  granted,  that  the  Ontario  route  will 
bring  the  commerce  of  the  west  to  New  York,  yet  the 
other  ought  to  be  preferred,  on  account  of  the  superior 
facilities  it  affords. 

In  the  first  place,  it  is  nearer.  The  distance  from 
Buffalo  to  Rome  is  less  than  200  miles  in  the  course  of 
the  intended  canal :  by  lake  Ontario  and  Oswego,  it  is  232. 

2.  A  loaded  boat  could,  pass  from  Buffalo  to  Rome  by 
the  Erie  route  in  less  than  seven  days,  and  with  entire 
safety.  By  the  Ontario  route,  it  will  be  perfectly  uncer- 
tain, and  not  a  little  hazardous.  After  leaving  the  Nia- 
gara river,  it  would  have  to  pass  an  inland  sea  to  the 
extent  of  127  miles,  as  boisterous  and  as  dangerous  as 
the  Atlantic.  And  besides  a  navigation  of  at  least  twenty 
miles  over  another  lake,  it  would  have  to  ascend  two 
difficult  streams  for  55  miles;  no  calculation  could  then 
be  made,  either  on  the  certainty  or  safety  of  this  com- 
plicated and  inconvenient  navigation. 

3.  When  a  lake  vessel  would  arrive  at  Buffalo,  she 
would  have  to  unload  her  cargo,  and  when  this  cargo 
arrived  at  Albany  oy  the  Erie  canal,  it  would  be  shifted 
on  board  of  a  river  sloop,  in  order  to  be  transported  to 


360 


NAVIGATION  INLAND. 


New- York.  From  the  time  of  the  first  loading  on  the 
great  lakes,  to  the  last  unloading  at  the  store-houses  in 
Ncw.Y')rk,  there  would  be  three  loadings  and  three  un- 
loadings  on  this  route. 

13ui  when  a  lake  vessel  arrived  with  a  view  of  passing 
the  canal  of  Niagara,  she  would  he  obliged  to  stufl  her 
lading  for  that  purpose,  for  it  would  be  almost  impr-ictica- 
ble  to  use  lake  vessels  on  the  Niagara  river,  on  account  of 
the  difficulty  of  the  ascending  navigation.  At  Lcwistown, 
or  some  other  place  on  the  Niagara,  another  change  of 
tiie  cargo  on  board  of  a  lake  vessel  for  Ontario,  would 
be  necessary  ;  at  Oiwego  another,  and  at  Albany  another; 
so  that  on  this  route  thcie  would  be  five  loadings,  and 
five  unloadings,  before  the  commodities  were  stored  in 
New-York. 

This  difference  is  an  object  of  great  consequence,  and 
presents  the  most  powerful  objections  against  the  Onta- 
rio route  ;  for  to  the  delay  we  must  add  the  accumulated 
expense  of  these  changes  of  the  cargo,  the  storage,  the 
■waste,  and  damage,  especially  by  theft,  (where  the 
chances  of  depredation  are  increased  by  the  merchandise 
passing  through  a  multitude  of  hands)  and  the  additional 
lake  vessels,  boats,  and  men  that  will  be  required,  thereby 
increasing,  in  this  respect  alone,  the  cost  two-thirds 
above  that  attending  the  other  course.  And,  in  general, 
it  may  be  observed,  that  the  difference  between  a  single 
and  double  freight  forms  an  immense  saving.  Goods 
are  brought  from  Europe  for  twenty  cents  ))er  cubic 
foot ;  whereas  the  price  from  Philadelphia  to  Baltimore 
is  equal  to  ten  cents.  This  shows  how  far  articles,  once 
embaiked,  are  conveyed  with  a  very  small  addition  of 
freight  ;  and  if  such  is  the  difference  between  a  single 
and  a  double  freight,  how  much  greater  must  it  be  in  the 
case  under  consideration  ! 

If  the  fall  from  lake  Erie  to  lake  Ontario  be  450  feet, 
as  stated  in  Mr.  secretary  Gallatin's  report  on  canals,  it 
will  require  at  least  forty-five  locks  for  a  navigation 
round  the  cataract.  Whether  it  would  be  practicable  to 
accommodate  all  the  vessels  which  the  population  and 
opulence  of  future  times  will  create  in  those  waters,  with 
a  passage  through  so  many  locks  accumulated  within  a 
short  distance,  is  a  question  well  worthy  of  serious  con- 
sideration. At  all  events,  the  demuriage  must  be  fre- 
quent, vexatious,  and  expensive. 

When  we  consider  the  immense  expense  which  would 
attend  tlie  canal  proposed  on  the  Niagara  river  ;  a  canal 
requiring  so  many  locks,  and  passing  through  such  diffi- 
cult ground  ;  when  we  view  the  Oswego  river,  from  its 
outlet  at  Oswego,  to  its  origin  in  Oneida  lake,  encum- 
bered with  dangerous  rapids  and  falls,  and  flownig 
through  a  country  almost  impervious  to  canal  operations  ; 
and  when  we  contemplate  the  immerous  embarrassments 
which  are  combined  with  the  improvement  of  Wood 
creek  ;  we  are  prepared  to  believe  that  the  expense  of 
this  route  will  not  greatly  fall  short  of  the  other. 

It  is  however  alleged,  that  it  is  not  practicable  to 
make  this  canal ;  and  that,  if  practicable,  the  expense 
will  be  enormous,  and  will  far  transcend  the  faculties 
of  the  state. 

Lake  Erie  is  elevated  541  feet  above  the  tide  waters  at 
Troy.  The  only  higher  ground  between  it  and  the  Hud- 
son is  but  a  few  miles  from  the  lake  :  and  this  difficulty 
can  be  easily  surmounted  by  deep  cutting ;  of  course, 
no  tunnel  will  be  required.  The  rivers  which  cross  the 
line  of  the  canal  can  be  easily  passed  by  aqueducts ;  on 


every  summit  level,  plenty  of  water  can  be  obtained  ; 
whenever  there  is  a  great  rise  or  descent,  locks  can  bo 
erected,  and  the  whole  line  will  not  require  more  than 
sixty-two  ;  perhaps  there  is  not  an  equal  extent  of  coun- 
try in  the  world,  which  presents  fewer  obstacles  to  the 
establishment  of  a  canal.  The  liberality  of  Natute  has 
created  the  great  ducts  and  arteries,  and  the  ingenuity  of 
art  can  easily  provide  the  connecting  veins.  The  gene- 
ral physiognomy  of  the  country  is  champaign,  and  ex- 
hibits abundance  of  water :  a  gentle  rising  from  the 
Hudson  to  the  lake  ;  a  soil  well  adapted  for  such  opera- 
tions ;  no  impassable  hills,  and  no  iiisuimountable  waters. 
As  to  distance,  it  is  not  to  be  considered  in  relation  to 
practicability.  If  a  canal  can  be  made  for  fifty  miles,  it 
can  be  made  for  three  hundred,  provided  there  is  no  es- 
sential variance  in  the  face  of  the  country;  the  only  dif- 
ference will  be,  that,  in  the  latter  case,  it  will  take  more 
time,  and  consume  more  money. 

But  this  opinion  does  not  rest  for  its  support  upoi; 
mere  si)eculation.  CanaU  have  been  successfully  cut 
through  more  embarrassing  ground,  in  various  pans  of 
the  United  States  ;  and  even  in  part  of  the  intended  route 
from  Schenectady  to  Rome,  locks  have  been  erected  at 
the  Little  Falls,  and  at  other  places;  and  short  canals 
have  been  made,  and  all  these  operations  have  taken 
place  in  the  most  difficult  parts  of  the  whole  course  of 
the  contemplated  Erie  navigation.  Mr.  William  Weston, 
one  of  the  most  celebrated  civil  engineers  in  Europe, 
who  has  superintended  canals  in  this  slate  and  Pennsyl- 
vania, and  who  is  perfectly  well  acquainted  with  the 
country,  has  thus  expressed  his  opinion  on  this  subject  : 
"  Should  your  noble  but  stupendous  plan  of  uniting  lake 
Erie  with  the  Hudson  be  carried  into  effect,  you  have  to 
fear  no  rivalry.  The  commerce  of  the  immense  extent 
of  country  bordering  on  the  upper  lakes  is  yours  for 
ever,  and  to  such  an  incalculable  amount,  as  would  baflle 
all  conjecture  to  conceive.  Its  execution  would  confei 
immortal  honour  on  the  projectors  and  supporters,  and 
would,  in  its  eventual  consequences,  render  New-Yoi'k 
the  greatest  commercial  emporium  in  the  world,  with, 
perhaps,  the  exception,  at  some  distant  day,  of  New-Or- 
leans, or  some  other  depot  at  the  mouth  of  the  majestic 
Mississippi.  From  your  perspicuous  topographical  de- 
scription, and  neat  plan  and  profile  of  the  route  of  the 
contem])lated  canal,  I  entertain  little  doubt  of  the  practi- 
cability of  the  measure."* 

With  regard  to  the  expense  of  this  work,  different  es- 
timates will  be  formed.  The  commissioners  appointed 
for  that  purpose  were  of  opinion,  that  it  would  not  cost 
more  than  five  millions  of  dollars.  On  this  subject  we 
must  be  guided  by  the  light  which  experience  affords  in 
analagous  cases. 

The  canal  of  Languedoc,  or  canal  of  the  two  seas,  in 
France,  connects  the  Mediterranean  and  the  Atlantic, 
and  is  180  miles  in  length  :  it  has  1 14  locks  and  sluices, 
and  a  tunnel  720  feet  long.  The  breadth  of  the  canal  is 
144  feet,  and  its  depth  6  feet  :  it  was  begun  in  1666,  and 
finished  in  1681,  and  cost  540,000/.  sterling,  or  3,000/. 
sterling  a  mile. 

The  Holstein  canal,  begun  in  1777,  and  finished  in 
1785,  extends  about  fifty  miles  :  is  100  feet  wide  at  the 
top,  and  54  at  the  bottom,  and  not  less  than  10  feet  deep 
in  any  part.  Ships  drawing  nine  feet  four  inches  water 
pass  through  it  from  the  German  Ocean,  in  the  vicinity 
of  Tonningen,  into  the  Baltic.     From  two  to  three  thou- 
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sand  ships  liave  passed  in  one  year.  The  expense  of  the 
whole  work  was  a  little  more  than  a  million  and  a  half  of 
dollars,  which  would  be  at  the  rate  of  30,000  dollars  a 
mile  for  this  ship  navigation. 

The  extreme  length  of  the  canal  from  the  Forth  to  the 
Clyde,  in  Scotland,  is  35  miles.  It  rises  and  falls  160 
feet,  by  means  of  39  locks.  Vessels  pass  drawing  eight 
feet  water,  having  19  feet  beam,  and  73  feet  length.  The 
cost  is  calcuUued  at  200,000/.  sterling,  which  is  at  the 
rate  of  about  23,000  dollars  a  mile.  But  this  was  a  canal 
for  ships  drawing  eight  feet  of  water,  with  an  extraordi- 
nary rise  for  its  length,  and  having  more  than  one  lock 
for  every  mile. 

The  following  will  give  an  idea  of  the  money  expend- 
ed on  such  works  in  England  : 

Cost.  Miles. 

The  Rochdale  canal,       -     -     -     291,900/.     -     3U 

Ellesmere, 400,000       -     57 

Kennet  and  Avon,  -  -  -  -  420,000  -  78 
Grand  Junction,  -  -  -  -  500,000  -  90 
Leeds  and  Liverpool,      -    -     -     800,000       -   129 

The  miles  of  canal  are  385^,  and  the  cost  is 
2,41 1,900/.  sterling,  or  about  28,000  dollars  per  mile. 

But  in  the  estimation  of  the  cost  of  these  canals,  un- 
questionably the  price  of  the  land  over  which  they  pass 
is  included,  and  this  is  enormous.  The  land  alone  for 
one  canal  of  1 6  miles,  is  said  to  have  cost  90,000/,  sterling. 
With  us  this  would  be  but  small. 

If  we  look  at  the  history  of  the  English  canals,  we 
shall  see  how  many  objects  of  great  expense  are  con- 
nected with  them,  with  which  we  should  have  nothing 
to  do,  and  that  most  of  them  have  encountered  and  sur- 
mounted obstacles  which  we  should  not  meet  with.  For 
instance,  the  Grand  Junction  canal  passes,  more  than 
once,  the  great  ridge  which  divides  the  waters  of  Eng- 
land ;  ours  will  pass  over  a  country  which,  in  compari- 
son, is  champaign. 

But  it  is  said  that  the  price  of  labour  in  our  country  is 
so  much  above  what  it  is  in  England,  that  we  must  add 
greatly  to  the  cost  of  her  canals,  in  estimating  the  ex- 
pense of  ours.  But  that  is  certainly  a  false  conclusion, 
for  not  only  must  the  price  of  the  land,  and  the  adven- 
titious objects  which  have  been  before  referred  to,  be  de- 
ducted from  the  cost  of  the  foreign  canals,  but  we  must 
consider  that  there  will  be  almost  as  great  a  difference 
in  our  favour  in  the  cost  of  materials,  and  brute  labour, 
as  there  is  in  favour  of  England,  as  to  human  labour ;  and 
it  is  well  known  that  so  much  human  labour  is  not  now 
required  on  canals  as  formerly.  Machines  for  facilitat- 
ing excavation  have  been  invented,  and  used  with  great 
success. 

Mr.  Gallatin's  report  on  canals  contains  several  esti- 
mates of  the  cost  of  contemplated  ones.  From  Wey- 
mouth to  Taunton,  in  Massachusetts,  the  expense  of  a 
canal  of  26  miles,  with  a  lockage  of  260  feet,  is  set  down 
at  1,250,000  dollars.  From  Brunswick  to  Trenton,  28 
miles,  with  a  lockage  of  100  feet,  800,000  dollars.  From 
Christiana  to  Elk,  22  miles,  with  a  lockage  of  148  feet, 
750,000  dollars.  From  Elizabeth  river  to  Pasquotank, 
22  miles,  with  a  lockage  of  40  feet,  250,000  dollars. 
These  estimates  thus  vary  from  48,000  to  less  than 
12,000  dollars  a  mile,  and  furnish  the  medium  of  about 
S\,000  dollars  a  mile.  But  it  must  be  observed  that  they 
are  for  small  distances,  are  calculated  to  surmount  par- 
ticular obstacles,  and  contemplate  an  extraordinary  num- 
ber of  locks ;    and   that  they  do  not  tlicrefore   furnish 
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proper  data  from  which  to  form  correct  conclusions, 
with  respect  to  the  probable  cost  of  an  extensive  canal, 
sometimes  running  over  a  great  number  of  miles  upon 
a  level,  without  any  expense  for  lockage,  or  any  other 
expense  than  the  mere  earth  work. 

Mr.  Weston,  before  mentioned,  estimated  the  expense 
of  a  canal,  from  the  tide  waters  at  Troy  to  lake  Ontario, 
a  distance  of  160  miles,  (exclusive  of  lake  Oneida,) 
going  round  the  Cohoes,  and  embracing  55  locks,  of 
eight  feet  lift  each,  at  2,200,000  dollars,  a  little  more 
than  13,000  dollars  a  mile. 

Fortunately,  however,  we  have  more  accurate  inform- 
ation than  mere  estimates. 

In  the  appendix  to  Mr.  Gallatin's  report,  it  is  stated 
by  Mr.  Joshua  Gilpin,  that,  "  by  actual  measurement, 
and  the  sums  paid  on  the  feeder,  it  was  found  that  one 
rnile  on  the  Delaware  and  Chesapeake  canal,  the  most 
difficult  of  all  others,  from  its  being  nearly  altogether 
formed  through  hard  rocky  ground,  cost  13,000  dollars, 
and  one  other  mile,  perfectly  level,  and  without  particu- 
lar impediments,  cost  2,300  dollars  ;  from  hence,  the 
general  average  would  be  reduced  to  7,650  dollars  per 
mile." 

The  Middlesex  canal,  in  Massachusetts,  runs  over 
twenty-eight  miles  of  ground,  presenting  obstacles  much 
greater  than  can  be  expected  on  the  route  we  propose. 
This  canal  cost  478,000  dollars,  which  is  about  17,000 
dollars  a  mile.  It  contains  22  locks  of  solid  masonry, 
and  excellent  workmanship,  and,  to  accomplish  this 
work,  it  was  necessary  to  dig  in  some  places  to  the 
depth  of  20  feet,  to  cut  through  ledges  of  rocks,  to  fil! 
some  valleys  and  morasses,  and  to  throw  several  aque- 
ducts across  the  intervening  rivers.  One  of  these,  across 
the  river  Shawshine,  is  280  feet  long,  and  22  feet  above 
the  river. 

From  the  Tanewanta  creek,  to  the  Seneca  river, 

is  a  fall  of, 195  feet 

From  thence  to  the  Rome  summit  is  a  rise  of    50 
From  thence  to  the  Hudson  river  is  a  fall  of     380 


The  whole  rise  and  fall,     .......     525  feet. 

This  will  require  62  locks  often  feet  lift  each.  The  ex- 
pense of  such  locks,  as  experimentally  proved  in  several 
instances  in  this  state,  would  be  about  620,000  dollars. 

We  have  seen,  that  on  the  Middlesex  canal  there  are 
22  locks  for  28  miles,  which  is  a  lock  for  somewhat  more 
than  every  mile,  whereas  62  locks  for  300  miles  is  but 
about  one  lock  for  every  five  miles;  and  the  lockage  ol 
the  Middlesex  canal  would  alone  cost  220,000  dollars. 
It  would,  therefore,  appear  to  be  an  allowance  perhaps 
too  liberal,  to  consider  the  cost  of  it  as  a  fair  criterion  of 
the  expense  of  canals  in  general  in  this  country,  and  of 
this  in  particular.  Reservoirs  and  tunnels  are  the  most 
expensive  part  of  the  operation,  and  none  will  be  necessary 
in  our  whole  route.  The  expense  of  the  whole  earth 
work  of  excavating  a  mils  of  canal  on  level  ground  fifty 
feet  wide  and  five  feet  deep,  at  18  cents  per  cubic  yard, 
and  allowing  for  the  cost  of  forming  and  trimming  the 
banks,  puddling,  &c.  will  not  exceed  4000  dollars  per 
rnile,  and  the  only  considerable  aqueduct  on  the  whole 
line  will  be  over  the  Genesee  river. 

From  a  deliberate  consideration  of  these  different  es- 
timates and  actual  expenditures,  we  are  fully  persuaded 
that  this  great  work  will  not  cost  more  than  20,000  dollars 
a  mile,  or  six  millions  of  dollars  in  the  whole  j  but  willing 
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to  make  every  possible  allowance,  and  even  conceding 
that  it  will  cost  double  that  sum,  yet  still  we  contend 
that  tliere  is  nothing  which  ought  to  retard  its  execution. 
This  canal  cannot  be  made  in  a  short  time.  It  will  be 
the  woik  perhaps  of  10  or  15  years. 

Tne  money  will  not  be  wanted  at  once.  The  expen- 
diture, in  order  to  be  beneficial,  ought  not  to  exceed 
500,000  dollars  a  year,  and  the  work  may  be  accomplish- 
ed in  two  ways;  either  by  companies,  incorporated  for 
particular  sections  of  the  route,  or  by  the  state.  If  the 
first  is  resorted  to,  pecuniary  sacrifices  will  still  be  ne- 
cessary on  the  part  of  the  public,  and  great  care  ought 
to  be  taken  to  guard  against  the  high  tolls,  which  will 
certainly  injure,  if  not  ruin  the  wliole  enterprise. 

If  the  state  shall  see  fit  lo  achieve  this  great  work, 
there  can  be  no  difficulty  in  providing  funds.  Stock 
can  be  created  and  sold  at  an  advanced  price.  The 
ways  and  means  of  paying  the  interest  will  be  only  re- 
quired. After  the  first  year,  supposing  an  annual  ex- 
penditure of  500,000  dollars,  thirty  thousand  dollars 
must  be  raised  to  pay  an  interest  of  six  per  cent;  after 
the  second  year  60,000,  and  so  on.  At  this  rate  of  interest 
they  will  regularly  increase  with  beneficial  appropriation, 
and  will  be  so  little  in  amount  that  it  may  be  raised  in 
many  shapes  without  being  burdensome  to  the  commu- 
nity. In  all  human  probability,  (he  augmented  revenue 
proceeding  irom  the  public  salt  works,  and  the  increased 
price  of  the  state  lands,  in  consequence  of  this  under- 
taking, will  more  than  extinguish  the  interest  of  the 
debt  contracted  for  lliat  purpose.  We  should  also  take 
into  view,  the  land  already  subscribed  by  individuals  for 
this  work,  amounting  lo  106,632  acres.  These  donations, 
together  with  those  whicli  may  be  confidently  anticipated, 
will  exceed  in  value  a  million  of  dollars,  and  it  will  be  at 
all  times  in  the  power  of  the  state  to  raise  a  revenue 
from  the  imposition  of  transit  duties,  which  may  be  so 
light  as  scarcely  to  be  felt,  and  yet  the  income  may  be 
so  great  as  in  a  short  time  to  extinguish  the  debt,  and 
this  might  take  effect  on  the  completion  of  every  impor- 
tant section  of  the  work. 

If  the  legislature  shall  consider  this  important  project 
In  the  same  point  of  view,  and  shall  unite  with  us  in 
opinion,  that  the  general  prosperity  is  intimately  and  es- 
sentially involved  in  its  prosecution,  we  are  fully  persuad- 
ed that  now  is  the  proper  time  for  its  commencement. 
Delays  are  the  refuge  of  weak  minds,  and  to  procrastinate 
on  this  occasion  is  to  show  a  culpable  inattention  to  the 
bounties  of  Nature  ;  a  total  insensibility  to  the  blessings 
of  Providence,  and  an  inexcusable  neglect  of  the  interests 
of  society.  If  it  were  intended  to  advance  the  views  of 
individuals,  or  to  foment  the  divisions  of  party  ;  if  it  pro- 
moted the  interests  of  a  few,  at  the  expense  of  the  pros- 
perity of  the  many  ;  if  its  benefits  were  limited  as  to 
place,  or  fugitive  as  to  duration,  then  indeed  it  might  be 
received  with  cold  indifference,  or  treated  with  stern 
ne.glect ;  but  the  overflowing  blessing,  from  this  great 
fountain  of  public  good  and  national  abundance,  will  be 
as  extensive  as  our  country,  and  as  durable  as  time. 

The  considerations  which  now  demand  an  immediate 
ind  an  undivided  attention  to  this  great  object  are  so 
obvious,  so  various,  and  so  weighty,  that  we  shall  only 
attempt  to  glance  at  some  of  the  most  prominent. 

In  the  first  place,  it  must  be  evident  that  no  period 
oould  be  adopted  in  which  the  work  can  be  prosecuted 
with  less  expense.  Every  day  augments  the  value  of 
(he  land  through  which  the  canal  will  pass;  and  when 
^vc  consider  the  surplus  hands  which  have  been  recently 


dismissed  from  the  army  into  the  walks  of  private  indus- 
try, and  the  facility  with  which  an  addition  ■, <  i  oe  pro- 
cured to  the  mass  of  our  active  labour,  in  cousiquence 
of  the  convulsions  of  Europe,  it  must  be  obvious  that 
this  is  now  the  time  to  make  those  indispensable  acqui- 
sitions. 

2.  The  longer  this  work  is  delayed,  the  greater  will 
be  the  difficulty  in  surmounting  the  interests  that  will 
rise  up  in  opposition  to  it.  Expedients  on  a  contracted 
scale  have  already  been  adopted  for  the  facilitation  of  in- 
tercourse. Turnpikes,  locks,  and  short  canals,  have  been 
resorted  to,  and  in  consequence  of  those  establishments, 
villages  have  been  laid  out,  jud  towns  have  been  contem- 
plated. To  prevent  injurious  speculation,  lo  avert  vio- 
lent opposition,  and  lo  exhibit  dignified  impartiality  and 
pateinal  aU'eclion  lo  your  ft-llow  citizens,  it  is  proper  that 
they  should  be  notified  at  once  of  your  intentions. 

3.  The  experience  ot  the  late  war  has  impressed  every 
thinking  man  in  the  community  wiiu  the  importance  of 
this  coiiimunicalion.  The  expenses  of  transportation 
frequently  exceeded  the  original  value  of  the  article,  and 
at  all  times  operated  with  injurious  pressure  upon  the 
finances  of  the  nation.  The  money  thus  lost  for  the  want 
of  this  communication,  would  have  perhaps  defrayed 
more  than  one  half  of  its  expense. 

4.  Events  which  are  daily  occurring  on  our  frontiers, 
demonstrate  the  necessity  of  this  work.  Is  it  of  impor- 
tance that  our  honourable  merchants  should  not  be  rob- 
bed of  their  legitimate  profits;  that  the  public  revenues 
should  not  be  seriously  impaired  by  dishonest  smuggling  ; 
and  that  the  commerce  of  our  cities  should  not  be  sup- 
planted by  the  mercantile  establishments  of  foreign 
countries  ?  then  it  is  essentia!  that  this  sovereign  remedy 
for  maladies  so  destructive  aijd  ruinous  should  be  ap- 
plied. It  is  with  inconceivable  regret  we  record  the  well 
known  fact,  that  merchandise  from  Montreal  has  been 
sold  to  an  alarming  extent  on  our  borders  for  IS  per  cent. 
below  the  New-Yoik  prices. 

5.  A  measure  of  this  kind  will  have  a  benign  tendency 
in  raising  the  value  of  the  national  domains,  in  expe- 
diting the  sale,  and  enabling  the  payment.  Our  national 
debt  may  thus,  in  a  short  time,  be  extinguished.  Our 
taxes  of  course  will  be  diminished,  and  a  considerable 
portion  of  revenue  may  then  be  expended  in  great  pub- 
lic improvements  ;  in  encouraging  the  arts  and  sciences  ; 
in  patronizing  the  operations  of  industry ;  in  fostering 
the  inventions  of  genius,  and  in  diffusing  the  blessings 
of  knowledge. 

6.  However  serious  the  fears  which  have  been  enter- 
tained of  a  dismemberment  of  the  Union  by  collisions 
between  the  north  and  the  south,  it  is  lo  be  apprehended 
that  the  most  imminent  danger  lies  in  another  direction, 
and  that  a  line  of  separation  may  be  eventually  drawn 
between  the  Atlantic  and  the  western  stales,  unless  they 
are  cemented  hy  a  common,  an  ever  acting,  and  a  pow- 
ful  interest.  The  commerce  of  the  ocean,  and  the  trade 
of  the  lakes,  passing  through  one  channel,  supplying  the 
wants,  increasing  the  wealth,  and  reciprocating  the  be- 
nefits of  each  great  section  of  the  empire,  will  form  an 
imperishable  cement  of  connexion,  and  an  indissoluble 
bond  of  union.  New-York  is  both  Atlantic  and  western, 
and  the  only  stale  in  which  this  union  of  interest  can  be 
formed  and  perpetuated,  and  in  which  this  great  centri- 
petal power  can  be  energetically  applied.  Standing  on 
this  exalted  eminence,  with  power  lo  prevent  a  train  of 
the  most  extensive  and  afflicting  calamities  that  ever  vi- 
sited the  world,  (for  such  a  train  will  inevitably  follow  a 
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-dissolution  of  the  Union,)  she  will  justly  be  considered 
an  enemy  to  the  human  race,  if  she  does  not  exert  for 
this  purpose  the  high  faculties  which  the  Almighty  has 
put  into  her  hands. 

Lastly.  It  may  be  confidently  asserted,  that  this  canal, 
as  to  the  extent  of  its  route,  as  to  the  countries  which  it 
connects,  and  as  to  the  consequences  which  it  will  pro- 
duce, is  without  a  parallel  in  the  history  of  mankind. 
The  union  of  the  Baltic  and  the  Euxine  ;  of  the  Red  Sea 
and  the  Mediterranean  ;  of  the  Euxine  and  the  Caspian; 
and  of  the  Mediteiraneati  and  the  Atl:ir.t;C;  h:;  tZZV.  pro- 
jected or  executed  by  the  chiefs  of  powerful  monarchies, 
and  the  splendour  of  the  design  has  always  attracted  the 
admiration  of  the  world.  It  remains  for  a  free  state  to 
create  a  new  era  in  history,  and  to  erect  a  work  more 
stupendous,  more  magnificent,  and  more  beneficial,  than 
has  hitherto  been  achieved  by  the  human  race.  Character 
is  as  important  to  nations  as  to  individuals,  and  the  glory 
of  a  republic,  founded  on  the  promotion  of  the  general 
good,  is  the  common  property  of  all  its  citizens. 

We  have  thus  discharged  with  frankness  and  plain- 
ness, and  with  every  sentiment  of  respect,  a  great  duly 
to  ourselves,  to  our  fellow  citizens,  and  to  posterity,  in 
presenting  this  subject  to  the  fathers  of  the  common- 
wealth. And  may  that  Almighty  Being,  in  whose  hands 
are  the  destinies  of  states  and  nations,  enlighten  your 
councils  and  invigorate  your  exertions  in  favour  of  the 
best  interests  of  our  beloved  country. 

To  the  Honourable  the  Senate  and  Assembly  of  the  State 
of  JVeiu-York. 

During  the  late  war,  it  was  impracticable  to  carry  on 
any  further  operations  to  forward  the  objects  of  their  ap- 
pointment, by  pursuing  the  surveys  and  levels  hereto- 
fore commenced,  with  a  view  to  ascertain  the  most  de- 
sirable route  for  the  proposed  canal  from  lake  Erie  to 
the  tide-waters  of  the  Hudson  river. 

Referring  therefore  to  their  former  reports,  respect- 
ing the  practicability  of  effecting  this  important  object, 
they  will  briefly  add,  that  their  opinions  have  been  con- 
firmed by  reflection  and  additional  inquiries  on  the  sub- 
ject. And  particularly  so  far  as  respects  the  coat,  they 
are  satisfied  that  it  will  not  exceed  the  calculation  they 
have  already  submitted.  It  now  remains  for  the  legisla- 
ture to  provide  means  to  enable  the  commissioners  to 
engage  a  competent  professional  engineer  to  examine 
minutely  the  whole  of  the  ground,  and  decide  on  the  most 
expedient  route.  Experience  in  similar  operations  in 
Europe,  has  shown  that  an  error  in  reijard  to  this  may 
cause  the  useless  expenditure  of  vast  sums  of  money. 
The  surveys  and  levels  which  the  coniniissioners  have 
caused  to  be  taken  will  have  anticipated  what  an  engineer 
would  direct  as  an  indispensable,  preparatory  work,  and 
will  put  information  into  his  hands  which  will  enable  him 
at  once  to  take  such  a  view  of  the  field  of  operation,  as 
to  save  mucli  time  and  expense. 

These  preparatory  operations,  your  commissioners 
therefore  consider  as  essential  to  economy,  since  they 
will,  with  but  little  time  employed  in  traversing  the 
ground,  by  the  person  to  whom  the  work  will  b>-  intrust- 
ed, enable  him  to  fix  on  the  preciie  route,  on  which  the 
best  judgment,  with  the  best  information,  would  finally 
determine,  with  less  danger  of  error  than  if  he  were  lelt 
to  enter  on  his  business,  an  entire  s'ranger  to  the  facili- 
ties or  difficuliies  which  the  country  presents.  To  se- 
lect a  suitable  person  to  peiforni  this  most  imp'. riant 
part  of  the  work,  will  require  the  utmost  caution  and  de- 


liberation. The  same  causes  ^vhi^.il  suipeiided  ihe  du- 
ties of  the  commissioners,  have  been  the  principal  ob- 
stacles to  the  selection  and  employment  of  a  capable  en- 
gineer. There  arc  few  persons  of  this  description  iri 
Europe,  and  there  is  every  inducement  for  preferrinf; 
our  own  countrymen,  if  the  requisite  scientific  and  prac 
tical  knowledge  can  be  formed. 

From  the  number  and  the  respectability  of  the  appli- 
cations now  before  the  legislature,  in  favour  of  an  imme- 
diate commencement  and  vigorous  nrosp'--'^-.     '  ,^;, 

^rCu-t  imiiunai  work.  It  is  evident  that  the  immense  ad- 
vantages which  would  result  from  its  completion,  are 
duly  appreciated  by  our  fellow  citizens;  and  it  only  re- 
mains for  the  legislature  to  sanction,  by  their  approval, 
an  undertaking  which  combines  in  one  object  the  honour, 
interest,  and  political  eminence  of  the  state. 

In  a  time  of  peace  like  the  present,  the  commissioners 
have  the  most  undoubted  assurance,  that  a  loan  on  the 
credit  of  the  state  can  be  obtained  for  a  million  of  dol- 
lars, with  which  to  commence  the  work,  and  for  as  much 
more  thereafter  as  may  be  required,  at  a  rate  of  interest 
at  or  under  six  per  cent.  Perhaps,  however,  belter  means 
may  be  devised  ;  and  they  beg  leave  to  remind  the  le- 
gislature, that  the  lands  already  offered  to  them  by  pri- 
vate individuals,  near  whose  property  the  canal  will  pass, 
are  very  valuable,  and  that  further  similar  donations  may 
be  seasonably  expected.  If  it  should  be  judged  expe- 
dient to  make  that  part  of  the  canal  first,  which  is  best 
calculated  to  yield  an  immediate  and  most  profitable  re- 
turn for  the  expense,  the  Commissioners  are  of  opinion 
that  the  route  from  Rome  to  the  Seneca  river  will  be  the 
most  eligible  ;  and  would  moreover  have  the  most  im- 
mediate tendency  to  divert  the  trade  from  passing  down 
the  Oswego  river  to  lake  Ontario  and  Montreal  :  to  per- 
mit which  would  be  improvidently  to  abandon  to  a  fo- 
reign and  rival  nation,  commercial  advantages  which 
ages  may  not  enable  us  to  reclaim.  The  difficulty  of  di- 
verting the  fixed  currents  of  trade  is  obvious  and  well 
known  ;  and  the  importance  of  the  policy  of  directing 
that  of  the  western  section  of  the  slate  to  llie  Hudson,  is 
equally  evident :  and  the  commissioners  conceive  that 
the  present  moment,  while  this  section  of  the  state  is 
yet  comparatively  in  its  infancy,  is  most  favourable  for 
forming  and  establishing  such  connexions  between  the 
lakes  and  our  Atlantic  waters,  as  will  effectually  disap- 
point the  views  of  our  rivals,  and  promote  the  honour 
and  advantage  of  the  state. 

While  the  commissioners  cannot  express  in  terms  suf- 
ficiently emphatic,  their  ideas  of  the  incalculable  benefits 
which  will  arise  from  a  canal  navigation  between  the 
great  western  lakes  and  the  tide  waters  of  the  Hudson, 
they  fully  appreciate  the  advantages  of  connecting  the 
waters  of  Champlain  and  the  Hudson.  And  they  most 
respectfully  represent  to  the  legislature  the  expediency 
of  adopting  such  preliminary  measures  as  may  be  neces- 
sary for  the  accomplishment  of  this  imporiar.t  object. 

The  commissioners  who  signed  and  presented  this 
memorial  were,  S.  V.  Rensselaer,  De  Wilt  Clinton.  Si- 
meon De  Wilt,  W.  North,  Thomas  Eddy,*  Peter  B.  Por- 
ter, and  Charles  D.  Cooper. 

The  law  authorizing  the  actual  survey  of  the  ground 
over  which  the  contemplated  canals  were  to  pass,  was 
enacted  April  17th,  1815.  Commissioners  were  ap- 
pointed under  this  law,  who  met  and  organized  a  board 
on  the  17th  day  of  May,  1816,  and  proceeded  to  the  ful- 
filment of  their  duties.  This  board  made  their  rtportto 
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the  legislature  on  tlic  ijili  of  February,  1817.  From 
this  report  it  appears,  the  board  was  required  to  perform 
the  following  specific  duties  : 

1st.  To  devise  and  adopt  such  measures  as  shall  be 
requisite  to  facilitate  and  effect  a  communication,  by  ca- 
nals and  locks,  between  lake  Erie  and  the  navigable  wa- 
ters of  Hudson's  river,  and  also  between  lake  Champlain 
a:  .;  '  '         '     '■' "-«. 

if  nc  tiie  country  f<>t 

'..r^  the  most 
.=  -,  'a  ra'jsc  ■ 
taken,  and  maps,  neju-uu^,,-,  -'.:■  .  .j,^'>is  lo  •■■>(■.  in^ir, 
and  to  adopt  and  recommend  proper  plans  for  the  con- 
struction and  formation  of  the  said  canals,  and  of  the 
locks,  dams,  embankments,  tunnels,  and  aqueducts;  and 
to  cause  all  necessary  plans,  models  and  draughts  thereof 
to  be  executed. 

3d.  To  calculate  and  estimate  the  expense  of  the  above 
operations. 

4th.  To  ascertain  whether  to  any,  and  to  what  amount, 
and  upon  what  terms,  loans  of  money  can  be  procured, 
on  the  credit  of  the  state,  for  the  above  purposes — and, 

5th.  To  apply  for  donations  of  land  or  money,  in  aid 
of  those  undertakings,  to  the  United  States,  to  states  in- 
terested, to  corporate  bodies,  and  to  individuals. 

The  report  contains  an  actual  survey  and  level  of  the 
canal  route,  from  the  mouth  of  Bnflfalo  creek  into  lake 
Erie,  at  the  town  of  Buffalo,  to  the  mouth  of  Schoharie 
creek.  The  Hudson  and  Erie  canal  was  divided  into 
three  sections  ;  the  eastern,  middle,  and  western.  The 
eastern  was  made  to  extend  from  Rome  to  the  Hudson 
river ;  the  middle  from  Rome  to  the  Seneca  river  ;  and 
the  western  from  Seneca  river  to  BufTalo.  To  super- 
intend the  surveys  and  levels  on  these  respective  sec- 
tions, engineers  were  appointed  to  each.  Charles  C. 
Broadhead,  Esq.  had  the  superintendance  of  the  eastern  ; 
Benjamin  Wright,  Esq.  of  the  middle  ;  and  James  Ged- 
des,  Esq.  of  the  western. 

The  extent  and  accuracy  of  the  work  done  in  the 
summer  and  autumn  of  1816,  in  surveying  and  leveling 
378  miles,  are  really  matters  of  admiration,  and  exhibits 
a  diligence  and  ability  rarely  met  with,  perhaps  never 
excelled  in  similar  enterprises.  It  would  be  incompa- 
tible, in  a  general  view,  to  give  the  minute  detail  of 
the  operations  of  the  engineers  :  all  that  can  be  necessa- 
ry to  a  competent  knowledge  of  the  country  will  be  com- 
prised in  our  geographical  sketch.  To  those  who  may 
require  more  minute  information  on  the  subject,  we 
would  recommend  Col.  Haines's  work  on  the  com- 
mencement and  progress  of  the  New-York  canals. 

As  means  of  comparison  with  the  actual  result  we 
here  insert  the  aggregate  of  distances  and  expense,  pre- 
mising that  the  northern  route  between  Genesee  river 
and  Tonnewanta  creek  has  been  definitively  decided  up- 
on for  that  part  of  the  canal. 

Recaftilulation  of  exfienaea. 

I'l'om  lake  Erie  to  a  point  11  miles  up  the  Tonne- 


the  country  west  of  the  Genesee  river,  is  adopted, 

in  preference  to  the  northern  route,  then  deducting  g30y,92S 

The  aggregate  of  expense  will  be  4,571,813 

OJ'  distances. 

Miles.  Chaiu& 

From  lake  Erie  to  the  point  up  the  Tonnewanta,  27    0 

Tonnewanta  to  Seneca  river,  .  .  136    2* 

Seneca  river  to  Rome,  ...  77 

"ome  to  Schoharie  creek,  .  .  .  71  27 

'  "--nv.        .  .  .  42 


wanta, 

Tonnewanta  to  the  Seneca  river, 
Seneca  river  to  Home, 
Rome  to  the  Schoharie  creek, 
Schoharie  creek  to  Albany,     . 
.\.dd  for  general  expenses, 


8205,877 
1,550,985 
853,186 
1,090,603 
1,106,087 
75,000 
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d/all. 

From  lake  Erie  to  Seneca  river,  a  fall  of 
Seneca  river  to  Rome,  a  rise  of 
Rome  to  Schoharie  creek,  a  fall  of 
Schoharie  creek  to  Albany,  a  fall  of 


194  ft.  by  25  locks 
48  50         6 
132.85       16 
286  30 


In  the  aggregate,  .  .  .        g4,881,738 

But,  if  the  route  south  of  the  raounL-un  ridge. 


The  aggregate  of  rise  and  fall,  in  feet,  is         661.35  by  77  locks. 

L:ike  Erie  is  564.85  feet  higher  than  the  Hudson,  and 
I45i  feet  higher  than  Rome. 

The  average  expense,  per  mile,  of  this  canal,  accord- 
ing to  the  foregoing  estimates,  taking  the  north  route  be- 
yond the  Genesee  river,  is  a  little  more  than  g  13,800. 

The  commissioners  closed  this  report  by  expressing 
their  financial  views,  and  expressing  their  opii.ion  that 
the  necessary  funds  could  be  procured  in  liie  United 
States  on  loan. 

The  commissioners  who  signed  this  report  were,  De 
Witt  Clinton,  S.  V.  Renssalaer,  Samuel  Young,  and 
Myron  HoUey. 

The  same  board  subjoined  a  few  observations  respect- 
ing the  northern  canal,  from  the  Hudson  to  lake  Cham- 
plain.  As  those  reflections  and  statements  were  brief, 
and  led  to  the  adoption  of  measures  to  carry  into  effect 
that  canal  also,  they  are  here  given  entire. 

On  the  Northern  canal  the  commissioners  observe, 
that  "  the  advantages  which  will  result  from  the  con- 
nection of  lake  Erie  with  the  navigable  waters  of  the 
Hudson,  by  means  of  a  canal,  have  been  so  frequently 
elucidated,  and  are  indeed  so  obvious  to  every  one  who 
possesses  a  correct  geographical  knowledge  of  the  west) 
that  it  has  been  deemed  unnecessary  to  enumerate  them. 
But,  presuming  that  the  benefits  to  be  derived  from  a 
similar  communicatian  with  lake  Champlain  are  not  ful- 
ly understood  or  duly  appreciated,  the  commissioners 
ask  the  indulgence  of  briefly  pointing  out  a  few  of  the 
most  prominent  of  these  benefits. 

That  part  of  this  stale  which  is  contiguous  to  lakes 
George  and  Champlain  abounds  in  wood,  limber,  masts, 
spars,  and  lumber  of  all  kinds,  which,  transported  by  the 
Northern  canal,  would  find  a  profitable  sale  along  the 
Hudson  and  in  the  city  of  New-York,  instead  of  being 
driven,  as  much  of  those  articles  have  heretofore  been, 
to  a  precarious  market,  by  a  long  and  hazardous  naviga- 
tion to  Quebec. 

Some  idea  may  be  formed  of  the  immense  quantity  of 
lumber  which  would  be  conveyed  on  the  contemplated 
canal,  from  the  following  statement,  made  on  the  best 
authoiiiy,  and  which  embraces  only  that  small  section  of 
the  northern  part  of  this  state,  from  whence  the  trans- 
portation is  carried  on  to  the  city  of  New-York,  or  to 
intermediate  markets. 

Within  that  tract  of  country,  embracing  the  borders 
of  lake  George,  and  the  timber  land  norlli  and  west  of 
the  great  fills  in  Luzerne,  there  are  annually  made,  and 
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uanspotlcd  to  tlie  soutli,  two  millions  of  boards  and 
plank,  one  million  feet  of  square  timber,  consisting  of 
oak,  white  and  yellow  pine,  besides  dock  logs,  scantling, 
and  other  timber  to  a  great  amount. 

A  considerable  portion  of  the  northern  part  of  this 
state  is  rough  and  rnoimtainous,  and,  in  a  great  mea- 
sure, unfit  for  agricultural  improvements.  These  bro- 
ken tracts  are  covered  with  native  forests,  which,  by  the 
contemplated  canal,  \youl'i  furoiib  vast  supplies  of  wood 
and  iumuCr  ibr  many  years ;  and  thus  the  great  and  in- 
creasing population  which  occupies  the  margin  of  the 
Hudson  would  be  supplied  with  boards,  plank,  timber, 
fencing  materials,  and  even  fuel,  with  less  expense  than 
from  any  other  quarter  ;  while,  at  the  same  time,  the 
lands  to  the  north,  considerable  tracts  of  which  belong 
to  the  people  of  this  state,  would  be  greatly  incteased 
in  value. 

The  mountains  in  the  vicinity  of  lakes  George  and 
Champlain  produce  a  variety  of  minerals,  among  which 
are  found,  in  inexhaustible  quantities,  the  richest  of  iron 
ores.  Several  forges  are  in  operation  in  the  counties 
of  Washington,  Warren,  Essex,  and  Clinton,  the  num- 
ber of  which  may  be  indefinitely  increased  :  and  the  iron 
which  they  produce  is  very  little,  if  at  all,  inferior  in 
quality  to  the  best  iron  manufactured  in  the  United 
States :  nor  can  it  be  doubted  that,  after  the  completion 
of  the  contemplated  canals,  the  middle  and  western  part 
of  this  state  would  be  furnished  with  this  necessary  ar- 
ticle on  more  advantageous  terms  than  it  can  at  present 
be  procured. 

The  inhabitants  of  a  large  tract  of  country  on  both 
sides  of  lake  Champlain,  embracing  a  considerable  por- 
tion of  the  state  of  Vermont,  would  find,  by  the  north- 
ern canal,  a  permanent  market  in  the  city  of  New-York, 
or  at  intermediate  places,  for  their  pot  and  pearl  ashes, 
and  also  for  all  their  surplus  agricultural  productions, 
from  whence  they  would  also  be  cheaply  supplied  with 
all  the  necessary  articles  of  foreign  growth. 

The  iron  of  the  northern  part  of  this  state,  which  at 
present  is  unwrought  in  the  mine,  and  the  fine  marble  of 
Vermont,  which  now  lies  useless  in  the  quarry,  would 
be  converted  to  useful  and  ornamental  purposes  in  the 
west,  in  exchange  for  salt  and  gypsum  ;  and  thus  the 
large  sums  which  are  annually  sent  abroad  for  the  pur- 
chase of  iron,  of  salt,  and  of  gypsum,  would  be  retained 
among  our  citizens,  and  added  to  the  permanent  wealth 
of  the  state. 

In  short,  the  connexion  of  lake  Champlain  with  the 
Hudson,  by  means  of  a  canal,  would  greatly  enhance  the 
value  of  the  northern  lands  ;  it  would  save  vast  sums  in 
the  price  of  transportation  ;  it  would  open  new  and  in- 
creasing sources  of  wealth ;  it  would  divert  from  the 
province  of  Lower  Canada,  and  turn  to  the  south,  the 
profits  of  the  trade  of  lake  Champlain;  and,  by  impart- 
ing activity  and  enterprise  to  agricultural,  coninicrci:il, 
and  mechanical  pursuits,  it  would  add  to  our  industry 
and  resources,  and  thereby  augment  the  substantial 
wealth  and  prosperity  of  the  state. 

The  examination  and  levels  for  this  canal  have  been 
made  imder  the  direction  of  the  commissioners,  by  Col. 
Lewis  Garin,  and  the  line  for  the  same  has  been  marked 
out  upon  the  maps  herewith  presented.  There  arc  two 
places  of  depaiture  from  the  Hudson,  in  order  to  con- 
nect that  river  with  lake  Champlain,  each  of  which  af- 
fords a  very  favourable  route,  in  point  of  soil  to  be  ex- 
cavated, and  of  malercals  for  the  artificial  works.     One 


of  these  rotites,  by  coinmencnig  at  the  mouth  of  fort 
Edward  creek,  and  pursuing  the  valley  of  that  creek  to 
the  summit  level,  and  then  following  the  ravine  of  Wood- 
creek,  will  reach  Whitehall  in  the  distance  of  twenty- 
two  miles.  This  route  was  formerly  deemed  most  eli- 
gible by  a  board  of  commissioners  composed  of  general 
Schuyler  and  others.  It  is,  however,  supposed,  by  th= 
engineer,  that  the  other  route  may  be  preferable,  which 
commences  about  six  miles  further  down  the  river,  near 
the  mouth  of  Moses'  kill,  and  which  by  the  natural  chan- 
nel of  this  kill,  and  of  Dead  creek,  joined  to  a  short 
length  of  artificial  canal,  forms  the  summit  level  from 
whence  it  proceeds — partly  by  the  natural  channel  of 
Wood-creek,  and  partly  by  artificial  cuts,  which  greatly 
shorten  the  distance  to  Whitehall.  The  length  of  this 
route  is  twenty-eight  miles,  and  it  passes  over  a  soil 
which  is,  in  geneaal,  remarkably  favourable,  consisting 
principally  of  vegetable  mould,  loam  and  clay.  At  the 
northern  termination  of  the  canal,  a  few  yards  of  lime- 
stone excavation  will  be  necessary  ;  this,  however,  is 
not  deemed  an  unfavourable  circumstance,  as  the  stone 
are  of  such  a  quality  as  will  be  useful  in  the  construc- 
tion of  locks,  and  it  may  be  remarked,  that  the  mate- 
rials for  the  construction  of  the  locks  between  lake  Cham- 
plain and  the  Hudson  can  be  procured  with  little  dif- 
ficulty. 

Between  the  Hudson  and  lake  Champlain  nine  locks 
will  be  necessary,  viz.  three  at  the  Hudson  of  7,779  feet 
lift  each,  by  which  the  summit-level  will  be  attained,  and 
by  a  deep  cutting,  the  greatest  depth  of  which  will  be 
12,465  feet,  and  the  length  of  which  is  about  two  miles, 
the  summit-level  will  be  extended  fifteen  miles,  and  will 
terminate  about  one  mile  south  of  fort  Ann.  At  this 
place  two  locks  will  be  necessary  of  6,217  feet  lift  each. 
Between  this  point  and  Whitehall,  two  locks,  the  first  of 
8,223  feet  lift,  and  the  next  of  9,243  feet  lift,  are  to  be 
made.  At  Whitehall,  the  canal  is  to  be  connected  with 
lake  Champlain  by  two  locks  of  8,550  feet  lift  each. — 
About  fifteen  miles  of  this  route  will  need  no  excavation, 
as  the  canal  for  that  distance  will  occupy  the  natural 
channels  of  Moses'  kill.  Dead  creek  and  Wood  creek. 
In  order  to  turn  off  as  much  as  possible  the  superfluous 
waters  of  freshets,  and  to  ensure  at  all  limes  a  sufficien- 
cy of  water  on  the  summit-level,  it  is  proposed  to  erect 
a  dam  across  Half-way  brook  of  eighteen  feet  in  height, 
half  a  mile  above  the  mouth  of  the  said  brook,  and  by  a  na- 
tural ravine  leading  to  the  south,  to  direct  so  much  of  the 
water  of  said  brook  to  the  summit-level,  and  from  thence 
by  several  watcr-weirs,  into  the  Hudson,  as  may  be  ne- 
ntssary  for  the  convenience  of  the  canal. 

The  water  in  the  canal  is  not  to  be  less  than  thirty  feet 
wide  at  the  surface,  twenty  feet  at  the  bottom,  and  three 
feet  deep,  and  the  locks  to  be  seventy-five  feet  long  and 
ten  feet  wide  in  the  clear. 

By  the  mode  of  calculation  heretofore  adopted  by  the 
commissioners,  the  whole  expense  between  lake  Cham- 
plain and  the  Hudson,  at  the  mouth  of  Moses'  kill,  will 
not  exceed  two  hundred  and  fifty  thousand  dollars. 

From  the  mouth  of  Moses'  kill  it  is  proposed  to  im- 
prove the  channel  of  the  Hudson  for  the  purposes  of  na- 
vigation as  far  south  as  the  village  of  Stillwater,  at  the 
head  of  Stillwater  f.il:s.  This  may  be  cfl'ecled  in  the 
following  manner.  By  erecting  a  dam  of  three  feet  in 
height  acioss  the  Hudson,  at  the  head  of  fort  Miller  falls, 
the  river  above  as  far  as  fort  Edward,  would  at  all  limes 
afford  a  sufficiency  of  water  for  boats  drawing  three  fset. 
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To  overcome  the  ciesccnt  of  fort  Miller  falls,  a  side  cut 
or  artificial  canal  of  about  one  mile  in  length,  and  with 
two  locks  of  10,321  feet  lift  each,  will  be  necessary. 
These  works,  including  the  dam,  locks,  excavation,  tow- 
ing path,  and  all  other  expenses,  may  be  estimated  at 
fifty  thousand  dollars. 

Two  and  a  half  miles  below  the  south  end  of  this  ca- 
nal, at  the  head  of  Saratoga  falls,  a  dam  three  feet  in 
height  is  to  be  made  across  the  river,  and  a  side  cut 
round  the  falls  similar  to  the  above,  of  about  one  mile  in 
length,  with  two  locks  of  6,198  feet  lift  each.  It  is  be- 
lieved that  all  the  artificial  works  at  this  place  may  be 
constructed  for  thirty-five  thousand  dollars. 

Thirteen  miles  below  this  place,  at  the  head  of  Still- 
water falls,  another  dam  of  three  feet  in  height,  will  in 
like  manner  ensure  a  good  boat  navigation  up  to  the 
Saratoga  falls. 

The  tost  of  this  dam,  the  construction  of  a  towing- 
path,  with  several  bridges,  the  purchase  of  Schuyler's 
mill,  which  it  is  supposed  will  be  necessary,  together 
with  all  the  other  expenses  of  this  section,  are  estimated 
at  fifty  thousand  dollars. 

From  the  village  of  Stillwater,  at  a  point  above  the 
dam  last  mentioned,  it  is  proposed  to  cut  an  artificial 
canal  to  the  village  of  Waterford,  where  it  is  to  be  con^ 
nected  with  the  Hudson.  This  canal  will  be  supplied 
with  water  from  the  river  at  its  upper  end.  Its  length 
will  be  nearly  twelve  miles,  and  the  whole  descent  is 
76,464  feet :  which  will  require  eight  locks.  The  ex- 
cavation of  this  canal  for  some  distance  near  the  upper 
end,  will  be  considerably  expensive,  as  it  passes  through 
a  slate  rock  ;  the  middle  and  lower  parts,  however,  are 
very  favourable. 

The  expenses  IVom  Siilhvaler  to  Waterford  may  be 
estimated  as  follows: 

76  feet  lockage  at  §1000  per  foot,        .        .        76,000 
12  miles  of  excavation  and  towing  path,  with 
bridges, culverts,  and  olhernecessary  works, 
at  an  average  of  goO.OOO  per  mile,  350,000 


Recafiitulation  of  Ex/tenses. 

From  Whitehall  to  the  Hudson, 

Dam,  side  cut,  and  other  works  at  fort  Miller 

falls,  

Do.  at  Saratoga  falls 

To  Stillwater,  including  dam,  See.        .         .  --, — 

From  Stillwater  to  Waterford,  including  lockage,  436,000 
Add  for  contingencies,  engineers,  and 

superintendance 50,000 


15250,000 

50,000 
.      35,000 
50,000 


Total,       S871.000 

Whether  the  canal  from  lake  Chainplain  enters  the 
Hudson  from  fort  Edward  creek  at  Moses'  kill  is  not 
very  material  in  the  estimate  of  expense ;  and  the  com- 
missioners wish  to  be  explicitly  understood,  that  they 
consider  this  question  as  still  open,  and  as  one  which 
will  require  mature  deliberation.  It  is  ascertained  that 
both  routes  are  equally  practicable. 

The  termination  of  tlie  northern  canal  in  the  Hudson, 
at  Watciford,  will  afford  the  cities  of  Albany  and  Troy, 
and  the  villages  ol  Lansini^burgh  and  Waterford,  a  full 
participation  of  its  bent-fits  ;  and  its  approximation  to 
the  great  western  canal  will  open  the  most  beneficial 
channels  of  communication  between  every  great  section 
of  the  country,  and  furnish  every  facility  for  promoting 
the  activity  and  enlarging   the   sphere  of  inland  trade, 


which  constitutes  one  of  the  principal  elements  of  na- 
tional opulence,  prosperity  and  greatness.  .\nd  before 
the  lapse  of  half  a  century,  those  who  succed  us  will 
witness,  in  the  consolidation  of  those  cities  and  villages 
into  one  great  city,  a  union  of  interests  and  sympathies, 
which  will  totally  dissipate  the  apprehensions  and  jea- 
lousies that  may  now  exist. 

The  favourable  impression  made  upon  the  legislature 
of  New- York  by  these  reports,  produced  the  acts  of 
April  ISth  and  17th,  1817,  by  which  the  following  gen- 
tlemen were  appointed  commissioners,  Stephen  Van 
Rensselaer,  De  Witt  Clinton,  Samuel  Young,  Joseph 
Ellicott,  and  Myron  Holley  *  These  acts  provided  for 
the  commencement  of  the  two  great  canals  of  New-York, 
henceforth  known  by  the  titles  of  Western  and  Northern. 
On  January  31st,  1818,  the  board,  under  the  act  of 
April  17ih,  1817,  made  their  report,  by  which  it  appear- 
ed, that  the  board  met  as  early  in  1817  as  the  season 
would  admit,  and,  after  careful  examination,  made  at  the 
outset  two  very  important  changes  in  the  previous  ar- 
rangements. One  was  expressed  in  the  following  terms  : 
"  This  re-examination  induced  a  belief,  that  the  short 
summit  level  at  Rome,  mentioned  in  the  report,  and  in- 
dicated on  the  map  of  last  year,  might  be  entirely  avoid- 
ed, and  instead  thereof,  a  long  summit  obtained,  extend- 
ing from  the  Mohawk  river  to  the  vicinity  of  the  salt 
works  at  Salina.  By  this  arrangement  the  cost  of  con- 
structing two  locks,  the  delay  of  passing  them,  and  the 
future  expense  of  repairs,  would  for  ever  be  saved  and 
prevented.  Add  to  this,  the  new  and  extended  summit 
would  command,  at  all  tiines,  an  inexhaustible  supply  of 
water,  embracing  the  Oriskany  creek,  the  Mohawk  river, 
Wood  creek,  and  the  more  numerous  and  copious 
streams  west  of  Wood  creek,  which  cross  the  line  of 
the  canal,  and  discharge  themselves  into  Oneida  lake. 
After  a  minute  and  laborious  examination,  this  alteration 
was  adopted." 

The  next  change  was  an  extension  of  the  middle  sec.. 
lion  from  Rome  to  Utica.  The  reasons  assigned  by  the 
commissioners  for  this  extension  were,  that  "  The  law 
of  April  5th,  1817,  directs  the  construction  of  the  mid- 
dle section,  '  between  the  Mohawk  and  Seneca  rivers,' 
without  designating  any  point  of  union  with  either  of  the 
said  rivers  ;  the  commissioners,  therefore,  believed  them- 
selves vested  with  a  discretionary  power,  which  would 
authorize  them  to  approach  either  of  the  said  rivers,  at 
such  place  as  would  most  conduce  to  the  public  good. 
Not  only  from  actual  observation,  but  from  information 
derived  from  the  most  unquestionable  authority,  it  was 
ascertained  that  the  Mohawk  river,  from  Rome  to  Uiica, 
is  extremely  serpentine  in  its  course;  and  that  its  navi- 
gation, in  low  water,  is  much  more  difficult  and  imper- 
fect than  below  the  village  of  Utica ;  so  much  so,  that 
this  part  of  the  route  of  the  western  inland  lock  navi- 
gation frequently  becomes  a  portage  ;  boats  being  light- 
ened or  unloaded  west  of  Roine,  and  their  cargoes  car- 
ried by  land  to  Utica,  where  they  are  reloaded  into  boats 
and  transported  down  the  Mohawk.  Anticipating  that 
the  channel  of  the  Mohawk  river  may  be  used  for  the 
purposes  of  navigation,  for  some  time  after  the  com- 
pletion of  the  middle  section,  and  betore  the  eastern  sec- 
tion  will  be  constructed,  it  was  deemed  advisable  to  ex- 
extend  the  middle  section  as  far  east  as  the  village  of 
Utica."t 
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These  preliminary  steps,  and  some  other  necessary  ar- 
rangements being  made,  the  first  contract  was  dated  the 
27th  June,  1817,  and,  on  the  4ih  of  July  following,  this 
stupendous  work  was  commenced,  in  presence  of  the 
commissioners. 

To  follow  the  future  advance  of  executing  the  great 
■western  canal  cannot  be  sufficiently  interesting  to  the 
public  to  justify  swelling  this  article,  already  expanded 
10  considerable  length.  Our  view  of  the  subject  will, 
therefore,  be  closed  by  a  brief  geographical  survey  of  the 
canal  route,  and  of  those  parts  already  completed.  It 
may  be  necessary,  however,  to  premise,  thai  our  view  of 
the  finished  parts  has  been  abridged  from  the  report  of 
the  canal  commissioners  of  the  state  of  New  York,  made 
April  15th,  1821,  as  the  report  of  1822  has  not  been  re- 
ceived. 

The  deficiency  in  the  statement  of  the  present  condi- 
tion of  the  canals  cannot,  nevertheless,  be  great,  as  those 
parts  placed  under  contract  early  in  1821  are  generally 
finished. 

Turning  our  view  towards  the  basin  of  the  Hudson, 
we  find  the  Mohawk  branch  entering  that  stream  9  miles 
above  the  city  of  Albany,  after  having  flowed  down  a 
deep  valley  from  Rome  of  within  a  small  fraction  of  105 
miles.  The  Mohawk  valley  is  peculiar  in  the  regular 
acclivity  of  the  opening  slopes  of  the  hills  in  general.  It 
is  precipitous  but  in  a  few  places.  The  river  is  rapid, 
very  sinuous  in  its  course,  and  filled  with  innumerable 
small  islands.  One  chain  of  mountains  crosses  the  Mo- 
hawk valley,  and  forms  the  little  falls,  about  70  miles 
above  its  mouth.  Another  ledge  of  rocks,  2  miles  above 
the  mouth,  produces  the  Cohoes  falls.  These  are  the 
only  absolute  cataracts  in  this  river  between  Rome  and 
Waterford. 

The  entire  Mohawk  valley  below  Rome  has  a  rise  and 
fall  from  and  to  tide  water  of  420  feet.  In  this  distance 
nearly  three  tenths,  or  120  feet  of  the  entire  acclivity, 
lies  between  Albany  and  the  head  of  Cohoes  fall,  which 
is  contemplated  to  be  rendered  navigable  by  12  locks. 
From  the  Cohoes  to  Schenectady,  the  bed  of  the  river 
rises  about  74  feet,  in  which  8  locks  are  intended  to  be 
placed.  From  Schenectady  to  the  mouth  of  Schoharie 
river,  the  Mohawk  valley  again  rises  92  feet,  giving  an 
entire  fall  from  Schoharie  to  Albany,  of  286  feet.  In  the 
space  between  Schenectady  and  Schoharie,  10  locks  are 
designed  to  be  erected.  With  this  rise  of  286  feet,  and 
30  locks,  the  canal  is  to  extend  50  miles,  with  very  nearly 
an  average  of  6  feet  inclination  to  the  mile. 

Above  Schohaiie  creek,  the  valley  rises  less  rapidly 
than  below,  and  in  a  distance  of  35i  miles  has  an  accli- 
vity of  about  80  feet,  to  overcome  which  9  locks  are  to 
be  constructed.  From  the  Little  Falls,  to  the  mouth  of 
Myer's  creek,  12  miles,  is  a  rise  of  54  feet.  This  attains 
the  great  summit  level  of  the  Mohawk  valley,  reaching 
to  between  Manlins  and  Siilina,  69 i  miles.  This  sum- 
mit is  within  a  small  fraction  of  420  feet  above  the  tides 
of  the  Hudson. 

From  Myer's  creek  to  Uiica  is  8  miles,  and  at  the  lat- 
ter place  closes  the  eastern  section  of  the  western  canal, 
in  all  its  length  109  miles,  of  which  the  greatest  part 
above  the  Little  Falls  is  already  finished  and  in  use. 
Engineers,  Charles  Broadhead,  aid  Canvas  White, Esqrs. 
The  entire  canal  route  down  the  Mohawk  river  follows  the 
right  or  south  shore  of  that  si  ream.  Nine  locks  are  in- 
tended between  Myer's  cretk  and  the  Rome  summit  level. 

Taking  9J  miles,  the  distance  from  Myer's  creek  to 


Utica,  from  69  J  miles,  leaves  60  miles.  The  latter  dis- 
tance the  summit  level  extends  west  of  Utica.  At  the 
termination  of  the  summit  level,  a  depression  of  25  feet 
by  3  locks,  in  a  distance  of  1  j  miles,  reaches  the  outlet 
of  the  Salina  side  canal. 

Thus  far,  from  the  mouth  of  Myer's  creek,  a  distance 
of  71  miles,  the  ample  supply  of  water  for  the  canal  is 
obvious,  from  inspection  on  a  good  map  of  the  country. 
Independent  of  a  great  number  of  smaller  creeks  and 
brooks,  this  section  of  the  canal  is  fed  by  the  various 
branches  of  Cheteningo,  Oneida,  and  Wood  creeks,  and 
the  Mohawk  river. 

West  from  the  Salina  canal,  the  Grand  canal  follows 
the  latter  mentioned  level  near  2  miles,  at  the  end  of 
which,  by  a  lock  of  6  feet  lift,  it  is  led  to  another  level 

7  miles  in  length,  extending  to  Nine-mile  creek,  where 
another  lock  of  1 1  feet  lift  attains  the  highest  summit  be- 
tween Salina  and  Seneca  river.  The  latter  level  extends 
to  Jordan  on  the  Skaneatelas  outlet,  12  miles.  Here 
again  the  canal  falls  1 1  feet  by  a  lock,  and  following  the 
level  thus  obtained  9  miles,  to  Owasco  outlet,  at  Bucks- 
ville.  From  the  latter  place  the  canal  descends  by  3 
locks  of  9,  9,  and  7  feet,  in  a  distance  of  6  miles  to  the 
end  of  the  middle  section,  near  Montezuma  on  Seneca 
river. 

From  the  Skeneateles  lock  to  Seneca  river,  the  Grand 
canal,  besides  from  two  other  considerable  creeks,  re- 
ceives an  inexhaustible  supply  of  water  from  the  outlets 
of  the  Osvasco  and  Skeneateles  lakes.  The  entire  length 
of  the  middle  section  is  96  miles.  Engineer,  James 
Wright,  Esq. 

From  the  Seneca  river  to  lake  Erie,  the  canal  is  to  be 
supplied  by  that  lake,  and  innumerable  other  sources  of 
water  from  the  interior  of  the  state  of  New-York.  The 
entire  rise  and  fall  between  the  extremes  of  this  section 
is  194  feet,  to  be  overcome  by  25  locks,  averaging  near 

8  feet  lift.  The  canal  crosses  the  Seneca  river  immedi- 
ately below  the  mouth  of  the  outlet  of  Cayuga  and  Sene- 
ca lakes,  and  thence  follows  the  left  shore  of  that  river, 
to  a  short  distance  above  the  outlet  of  the  Cunandaigua 
lake,  and  the  village  of  Lyons.  Seneca  river  is  indeed 
formed  at  Lyons,  by  the  junction  of  the  outlet  of  Canan- 
daigua  and  Mud  creek. 

After  passing  the  Seneca  river,  the  canal,  by  two 
locks,  of  5  and  6  feet  lift,  in  a  distance  of  12  miles, 
reaches  Clyde.  From  the  latter  place  to  Lyons,  9  miles, 
the  canal  again  rises  13  feet,  by  2  more  locks,  of  6,  and 
7  feet.  Above  the  last  lock,  the  canal  crosses  Mud 
creek,  by  a  lock  of  10  feet  lift,  and  thence  6  miles,  fel- 
lows one  level ;  at  the  end  of  which  it  again  rises  24  feet, 
by  3  locks,  of  8  feet  each.  Extending  thence  8  miles 
upon  one  level,  by  which  it  passes  the  village  of  Palmyra, 
and  again  crosses  Mud  creek.  At  the  crossing  of  Mud 
cieek,  two  locks,  of  about  8  feet  each,  place  the  canal 
upon  the  Irondequot  le\el,  upon  which  it  is  carried, 
down  the  valley  of  that  stream,  21  miles,  to  within  4  from 
the  right  bank  of  Genesee  river  at  Rochester.  The 
canal  has,  therefore,  gained  an  ascent  of  72  feet,  by  10 
locks,  in  a  distance  of  60  miles,  from  the  extreme  de- 
pression on  the  Seneca  river,  to  the  western  extremity  of 
the  Irondequot  valley.* 

The  actual  labour,  of  any  consequence,  hitherto  made 
upon  the  Grand  canal,  has  all  been  performed  eastward 
from  the  Geneste  river,  toMinden,  opposite  Palatine,  on 
the  Mohawk,  a  distance  of  191  miles.  This  extent  is 
completed,  or  nearly  so,  and  comprises  60  miles  of  the 
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western,  all  the  middle,  and  35  miles  of  the  eastern  sec- 
tion ;  or  considerably  above  one-half  the  entire  canal 
from  Albany  to  Buffalo. 

At  the  western  termination  of  the  Irondcquot  valley,  a 
very  abrupt  rise  of  about  40  feet  will  place  the  canal 
upon  a  level  which  extends  about  60  miles  to  Eighteen 
Mile  creek.  At  the  latter  point,  another  abrupt  rise  of  81 
feet  by  8  locks,  attains  the  summit  level  of  lake  Erie  ;  fol- 
lowing that  level  27  miles,  readies  the  mouth  of  Buffalo 
creek,  at  the  town  of  Buffalo. 

The  following  extracts  from  the  report  of  the  canal 
commissioners  for  1821,  will  close  our  remarks  on  the 
Grand  canal,  and,  we  trust,  with  what  is  already  given, 
will  serve,  amply,  to  place  before  our  readers  a  view  of 
that  very  important  work. 

The  commissioners  commence  by  adducing  their 
reasons  for  finally  adopting  the  northern  route  for  the 
oanal,  between  Genesee  river,  and  Tonnewanta  creek  ; 
and  thus  proceed  : 

"  Impressed  with  these  considerations,  we  have  con- 
cluded that  prudence  would  not  permit  us  to  adopt  any 
route  west  of  the  Genesee  river,  which  should  rise  above 
the  level  of  lake  Erie.  The  most  northerly  route  indi- 
cated, on  the  engraved  map  of  1817,  does  not  rise  above 
that  level.  To  that  route,  therefore,  during  the  last 
year,  our  attention  has  been  specially  directed.  And  we 
have  constantly  employed  David  Thomas  as  engineer, 
vi'nh  all  the  necessary  assistants,  upon  it,  from  May  to 
late  in  November.  The  results  of  the  examination  made 
by  this  party  have  been  much  to  our  gratification,  for 
they  have  confirmed  our  former  most  favourable  im- 
pressions, after  having  been  produced  with  great  care, 
diligence,  and  skill. 

The  survey  of  Mr.  Thomas  has  been  extended,  from 
Genesee  river  to  the  Tonnewanta  creek,  a  distance  of  a 
little  more  than  seventy-two  miles,  including  the  deep 
cutting  through  the  mountain  ridge.  And  throughout 
this  survey,  the  face  of  the  country, — the  nature  of  the 
earth  to  be  excavated,  and  the  character  of  the  streams 
to  be  passed,  are  so  well  understood,  that  the  canal-line 
may  be  speedily  prepared  for  the  contractor. 

From  the  Genesee  river  easterly,  there  are  fifty-one 
miles  and  a  quarter  of  the  canal  line  either  completed, 
or  under  contract,  including  the  whole  distance  from  that 
river  to  Montezuma,  except  about  nine  miles.  These 
nine  miles  have  not  heretofore  been  placed  in  a  condition 
to  be  opened,  because  the  appropriations  would  not  war- 
rant entering  into  engageme ins  with  contractors  for  the 
whole  distance  between  Rochester  and  Montezuma,  and 
because  there  is  now,  contiguous  to  these  nine  miles, 
nearest  the  latter  place,  and  extending  from  near  one 
end  of  them  to  the  other,  a  circuitous  and  imperfect 
nivigation,  by  means  of  the  Canandaigua  outlet,  and  the 
Seneca  river.  With  the  ample  appropriations  made  at 
tiie  present  session  of  the  legislature,  it  will  be  the  duty 
of  the  canal  commissioners  to  complete  the  canal 
through  these  nine  m\les,  with  all  possible  despatch. 

In  the  fifty-one  miles  and  a  quarter  of  the  canal  line 
above  mentioned,  there  have  been  two  important  devia- 
tions from  the  route  which  was  traced  in  1816,  both  of 
■which  are  deemed  improvements.  One  of  them  is  in 
the  place  of  crossing  the  valley  of  the  Irondequot  creek 
Here  it  was  found,  that,  instead  of  establishing  the  line, 
so  as  to  require  an  embankment  twenty  chains  long,  on 
the  lop,  and  sixty-tlve  feet  in  height,  from  the  bottom  of 


the  valley,  it  might  be  so  located,  by  carrying  it  a  little 
farther  north,  as  to  divide  this  great  embankment  into 
two  parts,  both  of  which  would  not  contain  more  cubic 
yards  than  the  one  required  on  the  first  route.  And,  as 
the  earth  in  this  vicinity  consists  too  exclusively  of  sand 
and  gravel,  to  be  well  adapted  to  embankments,  this 
division  was  thought  judicious,  and  the  new  line  was 
adopted.  But  since  its  adoption,  instead  of  the  largest 
of  the  two  embankments,  we  have  concluded  to  substi- 
tute an  aqueduct  of  wood.  It  was  found,  by  calculation, 
that  the  construction  of  this  embankment  would  involve 
the  expenditure  of  a  capital  so  large,  that  the  interest  of 
it  would  exceed  the  sum  required  to  complete  the  aque- 
duct, together  with  the  interest  thereon,  computing  the 
interest,  in  both  cases,  for  the  probable  duration  of  the 
aqueduct.  Economy,  therefore,  induced  us  to  make  the 
substitute.  We  had,  however,  a  strong  additional  in- 
ducement to  the  course  which  we  adopted  ;  and  this  was, 
the  safety  of  the  work  after  its  completion.  It  has  al- 
ready been  mentioned,  that  the  quality  of  the  earth  neat 
the  embankment  is  not  fit  for  use  in  it.  When,  by 
means  of  the  aqueduct,  the  canal  is  rendered  navigable, 
good  earth  for  the  embankment  may  be  economically 
brought  from  a  distance,  in  boats  ;  and  the  embankment 
may  be  constructed  of  such  materials  as  will  be  safe,  and, 
at  the  same  time,  raised  and  completed  in  such  a  way, 
as  to  cause  no  interruption  in  the  use  of  the  canal  by 
the  removal  of  the  aqueduct.* 

The  other  alteration  consists  in  carrying  the  canal  line 
south  of  Mud  creek,  from  a  point  a  little  west  of  Pal- 
myra village,  to  a  point  a  little  west  of  the  village  of 
Lyons,  the  distance  between  these  two  points  being  about 
fourteen  miles.  The  line,  as  explored  in  1816,  was  all 
the  way  on  the  noith  side  of  this  creek.  But  the  new 
route  is  recommended,  by  its  shortening  the  length  of 
the  canal  two  miles  and  fifty-two  chains,  by  its  being  less 
expensive,  and  by  its  passing  through  earth  more  suita- 
ble for  insuring  the  canal  against  injurious  accidents, 
when  it  shall  be  filled  with  water.  This  new  route  was 
examined,  and  found  eligible,  by  Nathan  S.  Roberts, 
Esquire,  one  of  our  resident  engineers,  whose  vigilance 
and  industry  deserve  much  praise;  though,  in  justice  to 
the  sagacity  of  Judge  Geddes,  the  engineer  who  explored 
the  western  section  of  the  Erie  canal,  with  so  much  per- 
severance and  good  judgment,  in  1816,  it  ought  not  to  be 
forgotten,  that  he  suggested  the  propriety  of  surveying 
this  new  route. 

The  contracts  west  of  the  !\Iiddle  section,  besides 
grubbing  and  clearing,  excavation,  embankment,  and 
fencing,  provide  for  the  construction  of  the  following 
works,  to  wit : 

Fijleen  locks,  of  various  lifts,  but  which,  in  the  aggre- 
gate, furnish  the  means  of  ascending  or  descending 
one  hundred  and  eighteen  feet.  One  of  these  locks  is 
nearly  completed,  in  the  handsoinest  and  most  sub- 
stantial manner;  and  the  materials  for  all  the  others 
are  now  chiefly  procured  and  delivered  : — 
Twenty  stone  culverts,  of  different  sizes,  all  to  be  arched, 
and  placed  upon  permanent  foundations,  and  more 
than  half  of  which  are  now  finished,  with  great  so- 
lidity and  beauty  : — 
I'ive  aqueducts,  oi  which  one  is  to  cross  Mud  creek,  near 
Lyons,  and  to  be  constructed  entirely  of  stone,  with 
three  arches  of  thirty  feet  span  each,  one  is  to  cross 
the  same  creek  near  Palmyra,  and  to  be  constructed 
of  stone  abutments  and  piers,  with  a  wooden  trunk 
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resting  upon  them;  two  ar'e   to  cross  the  valley  of 
Irondeqiiot  creek,  and  a  narrow  ridge  adjacent  thereto, 
these  two  being  to  be  built  exclusively  of  wood,  and 
to  extend,  in  the  aggregate,  a  length  of  1350  feet; 
and  one  is  to  cross  Black  brook,  in  the  town  of  Galen, 
and  to  consist  of  stone  abutments  supporting  a  wooden 
trunk.     The   foundations  of  these   aqueducts  are   in 
considerable  forwardness,  and  most  of  the  materials,  for 
iheir  completion,  are  delivered  : — 
Forty  r(jad-brkli;es  and  a  smaller  number  of  Occupation- 
bridges.     About  half  of  these  bridges  are  erected,  and 
all  of  them  which  have  been  contracted   for,  during 
the  last  season,  are  required  to  be  six  inches   higher 
above  the  top  water  line,   and  to  be  made  eight  feet 
wider,   between    their  abutments,    than    those   were, 
which  had  been  previously  built  on  the  middle  section. 
All  the  above  contracts  have  been  prosecuted   with 
great  zeal  and  success,  insomuch  that,  in  the  aggregate, 
the  fifty-one  miles  and  a  quarter  are  more  than  half 
done;  and  nine  miles  have  been  in  such  condition,  as  to 
allow  of  an  experimental  admission  of  water.     A  large 
part  of  this  extent  runs  through  the  sands  of  Perrinton 
and  Pittsford,  where  we  have  always  had  a  great  appre- 
hension of  difficulty,  by  leaks  and  brej^hes.     Through 
these   sands   we  had   taken  the  precaution  to  have  the 
banks  made  much  thicker  than  usual,  and  with  a  greater 
slope  ;  and  the  effects  of  admitting  the  water,   to  the 
depth  of  about  two  feet,  have  been  satisfactory  and  en- 
couraging. 

Having  adopted  that  route  for  the  canal,  which  at 
every  departure  from  the  level  of  lake  Erie,  in  its  pro- 
gress eastward,  will  descend,  till  it  reaches  the  Seneca 
river,  we  entertain  no  doubt  of  an  abundant  and  perma- 
nent supply  of  water,  for  every  part  of  the  canal  line. 
But,  in  order  to  provide  against  any  possibility  of  danger 
on  this  subject,  it  is  intended  to  construct  the  canal 
through  the  dry  region,  between  the  locks,  at  the  Moun- 
tain ridge  and  the  Genesee  river,  with  a  descent  towards 
the  east,  of  one  or  two  inches  in  every  mile  ;  the  neces- 
sary effect  of  which  will  be,  to  save  the  expense  of  at 
least  one  lock,  and  to  induce  a  current  of  so  much  water 
from  lake  Erie,  towards  the  east,  as  will  leave  but  Ihtle 
to  be  required  from  the  Genesee  river :  and  this  little 
may  be  still  reduced,  if  it  shall  ever  become  expedient, 
by  a  feeder  from  the  Irondequot  creek,  a  copious  and 
equable  stream,  which  it  was  formerly  supposed  could 
not  be  drawn  upon  for  the  canal,  but  which,  by  the  en- 
terprising zeal  of  David  S.  Bates,  Esquire,  one  of  our 
resident  engineers,  has  been  found  capable  of  being  taken 
into  it,  at  Pittsford,  near  the  west  end  of  a  level,  abcfiit 
thirteen  miles  in  length.  From  this  level  eastward, 
there  might  be  obtained  a  sufficient  supply  of  water, 
from  the  Canadaigua  lake.  Mud  creek,  and  several 
other  sources,  for  all  the  demands  of  the  canal,  if  the 
Genesee  river  were  annihilated. 

On  the  middle  section  of  the  canal  we  have  placed 
mile-boards,  duly  painted  and  numbered,  from  one  end 
to  the  other.  And  the  whole  length  of  it,  as  measured 
from  Genesee-street,  in  the  village  of  Utica,  to  the  lock 
which  connects  it  with  Seneca  river,  witliout  including 
the  Salina  side  cut,  is  found  to  be  a  few  chains  more 
than  ninety-six  miles. 

The  navigation  of  this  section  commenced  through- 
out in  May  last.  But,  as  there  were  several  places  on 
it  requiring  repairs,  and  as  it  was  soon  discovered  that 
our  supply  of  water  would  not  be  adequate  to  the  re- 
quirement of  an  extensive  and  increasing  transportation, 
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some  time  was  occupied  in  repairing  breaches,  in 
strengthening  weak  places,  especially  those  where  the 
high  embankments  had  settled,  and  in  opening  several 
new  feeders.  And  we  did  not  think  we  should  be  justi- 
fied in  asking  toll  till  the  first  of  July.  IVom  that  time, 
till  the  ice  prevented  all  passing,  there  has  been  re- 
ceived for  toll,  on  this  section,  the  sum  of  g52t4  34. 

This  amount  has  been  collected,  by  charging  at  the 
following  rates,  which  were  agreed  upon  at  a  meeting  of 
the  Canal  Commissioners,  and  duly  advertised,  to  wit : 
On  Salt,  5  mills  per  ton,  per  mile,  (7  bbls.  of  5  bushels 

each,  or  40  bushels  in  bulk,  being  a  ton.) 

Gypsum,  5  mills  per  ton,  per  mile. 

Flour,  meal,  and  all  kinds  of  grain,  salted  provision, 

pot  and  pearl  ashes,  one  cent  per  ton,  per  mile. 

Merchandise,  two  cents  per  ton,  per  mile. 

Timber,  squared  and  round,  5  mills  per  hundred  solid 

feet,  per  mile. 

Boards,  plank  and  scantling  reduced  to  inch  measure, 

and  all  siding  lath,  and  other  sawed  stuff,  less  than  one 

inch  thick,  5  mills  per  thousand  feet,  per  mile. 

Shingles,  one  mill  per  thousand,  per  mile. 

Brick,  sand,  lime,  iron-ore,  and  stone,  5  mills  per  ton, 

per  mile. 

Rails  and  posts  for  fencing,  two  cents  per  thousand, 

per  mile. 

Wood  for  fuel,  one  cent  per  cord,  per  mile. 

All  fuel  to  be  used  in  the  manufacture  of  salt,  to  pass 

free. 

Boats  made  and  used   chiefly   for  the  transportation 

of  property,  on  each  ton  of  their  capacity,  one  mill 

per  mile. 
On  boats  made  and  used  chiefly  for  the  carriage  of  per- 
sons, 5  cents  per  mile  of  their  passage. 

Staves  and  heading,  for  pipes,  one  cent  per  thousand, 

per  mile. 

Staves  and  heading,  for  hogsheads,  7  mills  per  thou- 

thousand,  per  mile. 

Staves  and  heading,  for  barrels,  or  less,  5  mills  per 

thousand,  per  mile. 
All  articles  not  enumerated,  one  cent,  per  ton,  per  mile. 

Besides  the  above  mentioned  amount  of  toll  received, 
there  has  been  collected,  at  the  Little  falls  of  the  Mo- 
hawk, since  the  rights  of  the  Western  Inland  Lock  Na- 
vigation Company  have  been  transferred  to  the  state,  the 
sum  of  8450  56  for  toll,  the  toll  having  been  charged, 
from  Rome  to  the  lower  lock  at  the  Little  falls,  at  the 
same  rates  per  mile  as  are  stated  in  the  above  table,  in 
reference  to  the  canal  line. 

The  system  adopted  by  us,  for  regulating  the  collec- 
tion  of  tolls,  requires,  that  whenever  any  properly, 
chargeable  with  toll,  arrives  at  one  of  the  places  of  col- 
lection, the  person  intrusted  therewith  should  exhibit  a 
bill  of  particulars,  containing  an  exact  account  of  all  the 
property,  arranged  under  different  heads,  according  tu 
the  different  rates  of  toll  which  it  may  be  liable  to  pay; 
and  containing  also,  the  name  of  the  boat  and  its  tonnage, 
if  the  articles  are  conveyed  in  a  boat,  together  with  the 
place  from  which  it  comes,  and  that  to  which  it  is  des- 
tined. When  such  a  bill  is  presented,  it  is  made  the  duty 
of  the  collector  to  examine  the  properly,  and  ascertain 
whether  it  corresponds  with  the  bill.  If  it  does,  he  re- 
ceives the  full  amount  of  toll  arising  from  the  whole  pas- 
sage, and  receipts  it  on  the  bill,  which  he  copies  into  a 
book  provided  by  him  for  that  purpose  ;  after  which,  the 
bill,  with  the  receipt,  is  handed  back  to  the  boatman, 
who,  when  he  arrives  at  the  next  place  of  collection,  ex- 
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hibits  his  receipted  bill  to  the  collector,  and  if  there  has 
been  no  change  in  the  lading,  is  permitted  to  continue 
his  passage.  If  additional  ariiclcs  are  taken  into  the 
canal,  between  the  first  collector,  to  whom  the  bill  of 
lading  is  presented,  and  any  subsetiuent  one,  such  sub- 
sequent collector  ascertains  whether  all  such  articles  are 
properly  added  to  the  bill,  and  makes  the  same  receipt 
of  toll  and  entry  of  those  articles,  as  was  made  by  the 
first  (.ollector  in  relation  to  the  original  bill.  The  col- 
lectors are  required  to  give  bonds  for  the  faithful  dis- 
charge of  their  duty.  And  by  way  of  a  check  upon  their 
accounts,  one  of  them  is  required  to  make  an  entry  of 
all  the  property  paying  toll,  at  the  several  places  of  col- 
lection, and  of  all  the  receipts  therefor,  by  the  collectors. 
The  system  further  proposes,  that  once  in  three  months 
an  agent  of  the  canal  commissioners,  who  is  competent 
to  the  task,  shall  examine  the  books  of  the  several  col- 
lectors, for  the  purpose  of  ascertaining  their  accuracy  ; 
receive  from  them  the  amount  of  tolls  collected  during 
the  preceding  quarter,  and  transmit  it  to  the  commis- 
missioners  ot  the  canal  fund. 

During  the  last  year  the  constructionof  the  eastern  sec- 
tion of  the  Erie  canal  has  been  commenced  :  and  thirty 
miles  of  the  line,  beginning  at  the  termination  of  the 
middle  section,  at  Utica,  and  extending  along  the  valley 
of  the  Mohawk,  eastwardly  of  the  Little  falls,  to  the 
town  of  Minden,  is  now  in  such  a  state  of  forwardness  as 
to  ensure  its  entire  completion  the  present  year. 

The  original  surveys  on  this  section,  which  were  ex- 
tended eastwardly  as  far  as  the  Schoharie  creek,  having 
pointed  out  a  practicable  route  for  the  canal,  without 
marking  the  precise  line  which  was  to  he  followed,  the 
engineers,  on  the  opening  of  the  last  season,  were  re- 
quired to  re-survey  the  route,  and  definitively  to  locate 
the  line  ;  and,  at  the  same  time,  to  lay  it  off  into  half  mile 
sections,  that  it  might  be  put  into  the  hands  of  the  la- 
bourers as  early  as  possible.  The  line  embraced  many 
places  of  difficulty,  and  a.dmitting  of  many  variations  in 
its  course,  much  time  was  necessarily  spent,  in  ascer- 
taining and  determining  on  the  best  possible  location  of 
it;  and  nearly  half  of  the  season  had  elapsed  before  the 
most  considerable  part  of  the  work  could  be  put  under 
contract.  The  contractors,  however,  commenced  their 
v,'ork  with  alacrity,  and  continued  to  push  it  with  great 
vigour,  until  the  approach  of  winter,  when  the  entire  ex- 
penditure of  the  money  appropriated  to  the  construction 
of  this  section,  as  well  as  the  inclemency  of  the  season, 
vecessarily  suspended  their  labours. 

During  the  time  which  has  been  allowed  for  active 
rvperations,  some  of  the  most  considerable  and  arduous 
imdertakings  on  the  line,  have  been  performed :  and 
every  part  of  the  work,  which  it  was  important  to  have 
rlone  the  last  season,  has  been  accomplished.  Eight 
miles  connected  with  the  Rome  level,  is  so  far  complete 
cs  to  require  nothing  more  to  render  it  navigable  than 
'he  filling  up  of  the  drains,  which  were  left  open  for  the 
security  of  the  newly  formed  banks,  which,  without  this 
precaution,  would  have  been  liable  to  injury,  from  the 
sudden  admission  of  heavy  floods  of  water  into  the  canal. 
On  the  remaining  twenty-two  miles,  all  the  grubbing 
and  clearing  is  completed,  and  a  considerable  propor- 
tion of  Ihe  excavation  and  embankment. 

An  important  work  has  been  executed,  at  the  dug 
wjy,  opposite  the  village  of  Herkimer,  where  a  steep 
and  s  iding  hill  on  one  side,  and  the  IVlohawk  river  on 
the  o;hcr,  has  barely   allowed  room  for  a  road  lo  be 


formed  between  them.  At  this  place,  to  preserve  the 
road,  and  to  avoid  the  falling  earth  from  the  hill,  it  was 
necessary  to  construct  the  canal  along  the  edge  of  the 
river,  by  carrying  in  the  Mohawk  a  broad  and  high  em- 
bankment of  earth  taken  from  the  hill.  This  has  been 
done ;  and  the  whole  has  been  supported  and  protected, 
from  the  injurious  effect  of  a  strong  current,  by  a  sub- 
stantial wall  of  stone,  laid  up,  from  the  bottom  of  the 
river  to  the  top  of  the  embankment. 

At  the  Little  falls,  the  spirited  exertions  of  the  con- 
tractors have  been  attended  with  great  success;  and  on 
two  sections,  which  included  what  has  been  considered 
the  most  difficult  part  of  the  work,  and  as  requiring  the 
labour  of  years  to  perform,  the  whole  excavation  is 
already  nearly  completed  ;  and  from  the  massy  frag- 
ments of  rock,  which  have  been  blown  from  the  line  of 
the  canal,  a  broad  and  substantial  wall  has  been  built, 
which,  forming  and  supporting  one  side  of  the  canal, 
extends  along  the  margin  of  the  river  for  near  three  quar- 
ters of  a  mile,  and  rises  to  a  line  measuring  from  ten  to 
twenty-five  feet  above  its  base.  Besides  these  two  sec- 
tions, there  are  three  sections  above,  and  one  below  the 
falls,  on  which  a  good  deal  of  rock  has  been  encountered. 
A  part  of  it  has  been  thrown  out,  and  what  remains  to 
be  done  can  be  executed  before  the  termination  of  the 
ensuing  summer. 

From  Utica  to  Minden  there  is  a  fall,  in  the  canal 
line,  of  one  hundred  and  five  feet,  which  will  be  de- 
scended by  thirteen  locks.  For  these,  contracts  have 
been  entered  into,  for  their  completion  early  in  Septem- 
ber next.  And  nearly  all  the  stone  necessary  for  their 
construction,  consisting  of  the  finest  and  largest  blocks 
of  lime  stone,  have  been  quarried,  hewed,  and  transported 
to  the  line  of  the  canal,  and  are  in  readiness  to  be  laid 
into  the  works  on  the  opening  of  spring. 

Of  six  aqueducts  and  thirty-six  culverts,  which  are 
required,  on  the  line  now  under  contract,  the  greatest 
part  of  them  have  been  built,  with  stone  laid  in  water 
cement,  and  are  completed,  in  the  most  substantial  and 
durable  manner. 

Contracts  for  the  performance  of  every  work  have 
been  obtained,  on  terms  extremely  favourable  to  the 
state.  And  it  is  a  most  interesting  fact,  that  notwith- 
standing this  part  of  the  canal  includes  the  expensive 
work,  at  the  Little  falls,  the  most  formidable  obstacle  on 
the  eastern  section,  and  also  includes  more  than  one  half 
of  the  lockage,  between  Utica  and  Schenectady,  the 
whole  will  be  completed,  at  an  expense,  per  mile,  but 
little  exceeding  that  of  the  middle  section. 

From  Minden,  the  survey  of  the  route  of  the  canal 
was  continued  along  the  south  side  of  the  Mohawk  to 
the  head  of  Cohoes  falls.  At  this  point,  the  engineer 
found  the  first  and  only  practicable  place  of  leaving  the 
valley  of  the  Mohawk,  and  of  descending,  with  the  ca- 
nal line,  to  the  Hudson.  The  lateness  of  the  season, 
and  the  necessity  of  his  returning  to  put  the  line  west  of 
Schenectady  in  a  situation  to  be  put  under  contract,  be- 
fore the  setting  in  of  winter,  prevented  his  prosecuting 
his  surveys  and  examinations  as  far  as,  under  other  cir- 
cumstances, would  have  been  advisable.  But  this  ex- 
amination has  been  such,  as  to  warrant  the  conclusion, 
that  the  canal  can  be  constructed,  along  this  route,  at  an 
expense  much  within  the  original  estimates. 

The  important  services  pertaining  to  the  engineer's 
department  on  the  eastern  section  have  been,  for  the 
last  season,  chiefly  devolved  upon  Canvass  White,  Esq. 
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whose  usefulness,  from  the  beginning,  has  been  con- 
stantly increasing  with  tlie  progress  of  our  labours, 
by  his  continued  assiduity  and  increasing  knowledge. 

The  Erie  canal  now  affords  an  artificial  navigation  of 
about  ninety-eight  miles  in  length,  including  the  Salina 
side-cut.  And  we  confidently  expect  to  double  that 
distance  before  our  next  annual  report.  With  the  wise 
and  liberal  appropriations,  which  your  honourable  body 
has  lately  made  applicable  to  the  undertaking,  it  is  not 
unreasonable  to  anticipate  the  full  consummation  of 
the  project,  for  connecting  the  great  lakes  of  the  west 
with  the  Atlantic  ocean,  before  the  close  of  the  year  1823. 

The  works  on  the  Champlain  canal  have  been  vigo- 
rously prosecuted  during  the  past  season.  About  seven- 
teen miles  of  excavation,  extending  from  Saratoga  falls 
to  within  ten  miles  of  the  village  of  Waterford,  have 
been  nearly  completed.  The  banks  of  the  canal,  on 
the  above  seventeen  miles,  have  been  formed  and  com- 
pleted with  a  strength  and  beauty  far  surpassing  any 
of  the  similar  works  which  had  been  previously  finish- 
ed ;  and  it  is  but  justice  to  attribute  this  improvement 
in  the  permanency  and  symmetry  of  the  work  to  the  skill, 
fidelity,  and  industry  of  William  Jerome,  Esq.  the  as- 
sistant engineer,  to  whose  superintendance  the  above 
mentioned  excavation  was  principally  committed.  The 
aqueduct  across  Fish  creek  is  under  contract,  and  the 
materials  for  its  construction  are  nearly  all  delivered. 
Contracts  have  also  been  made  for  the  waste  wiers, 
bridges,  kc.  and  for  fencing  the  canal,  which  are  in  part 
executed.  A  dam  has  been  thrown  across  the  Hudson, 
at  the  head  of  Fort  Miller  falls,  which,  aided  by  exca- 
vations made  in  the  bed  of  the  river,  through  Crocker's 
and  Potter's  rifts,  has  produced  a  good  boat  navigation 
between  fort  Edward  and  fort  Miller.  The  excavation 
of  a  lateral  canal  around  foit  Miller  falls,  and  the  con- 
struction of  two  locks  at  that  place,  are  in  a  state  of  con- 
siderable forwardness.  The  greater  part  of  the  mate- 
rials for  a  dam  across  the  Hudson,  to  be  located  near 
the  head  of  Saratoga  falls,  are  prepared.  The  object  of 
this  dam  is  to  raise  the  water  into  the  canal  on  the  Sa- 
ratoga level,  and  to  complete  the  navigation  above  the 
dam,  to  its  junction  with  the  lateral  canal  before  men- 
tioned. The  fencing  of  the  canal,  and  the  completion 
of  the  towing  path  along  Wood  creek,  between  fort  Ed- 
ward and  Whitehall,  have  been  nearly  finished  ;  and 
that  part  of  the  route  in  which  the  navigation  is  confined 
to  Wood  creek,  has  been  very  much  improved  by  cut- 
ting off  several  sinuosities  in  this  stream. 

The  unparalleled  drought  of  last  season  occasioned, 
for  three  months,  a  deficiency  of  water  on  the  summit 
level.  Although  it  could  not  be  predicted  that  such  a 
season  would  occur,  yet  its  result,  if  it  did  happen,  was 
always  foreseen.  Indeed,  from  the  examinations  of  1816, 
it  was  not  believed  that  the  summit  level  could  be  na- 
vigated at  all  without  a  supply  of  water  from  a  feeder. 
It  was  supposed  at  that  time,  that  a  feeder  might  be 
brought  from  lake  George,  or  from  the  Hudson  river; 
and  it  was  ascertained,  that  one  might  be  easily  made 
from  Halfway  brook  :  and  in  the  report  of  the  canal 
commissioners  of  the  I8ih  March,  1817,  it  is  proposed 
"  to  erect  a  dam  across  Halfway  brook,  of  eighteen  feet 
in  height,  half  a  mile  above  the  mouth  of  said  brook, 
and  by  a  natural  ravine  leading  to  the  south,  to  direct 
so  much  of  the  water  of  said  brook  to  the  summit  level, 
as  may  be  necessary  for  the  convenience  of  the  canal." 

Further  examinations  were  made  in  1817,  and  in  the 
report  of  the  3lst  January,  1818,  the  canal  commission- 


ers state,  that  «'  considerable  time  was  spent  in  explor- 
ing, wiih  a  view  to  ascertain  whether,  in  case  the  trade 
on  the  ranal  should,  in  a  course  of  years,  increase  to  such 
a  degree  as  to  exhaust  Halfway  brook,  which  is  the 
principal  source  of  supply  for  the  summit  level,  a  suf- 
ficient quantity  of  water  might  be  obtained  from  any 
other  quarter.  Levels  were  carried  from  the  Hudson 
river,  at  several  points  above  fort  Edward,  to  the  line 
of  the  canal.  And  it  was  ascertained,  that,  in  the  event 
of  future  deficiency,  water  may  be  drawn  from  the 
Hudson  by  a  short  feeder,  in  any  quantity  which  may 
be  necessary."  Thus  it  will  be  perceived  that  Half- 
way brook  was  regarded  as  "  the  principal  source  of 
supply  for  tho  summit  level,"  that  a  feeder  from  this 
stream  was  deemed  indispensable,  and  that  the  necessi- 
ty of  an  additional  future  supply  from  the  Hudson  was 
also  anticipated. 

The  summit  level  was  finished  in  1819,  and  it  was 
found,  during  the  excavation  of  the  same,  that  several 
copious  springs  were  intercepted,  and  that  without  any 
feeder  the  supply  of  water  was  greater  than  had  previ- 
ously been  expected.  By  a  reference  to  the  report  of 
the  IBih  Febuary,  1820,  it  will  be  seen  that  it  was  ex- 
pected, "that  with  ordinary  seasons"  a  feeder  for  the 
present  would  not  be  wanted.  The  limited  appropria- 
tions to  the  Champlain  canal  did  not  warrant  the  con- 
struction of  a  feeder  in  1819.  Had  the  feeder  been 
made,  the  summit  level  could  not  have  been  finished  : 
and  it  appears  in  the  same  report,  that  "  owing  to  a  de- 
ficiency of  funds  the  canal  was  not  fenced." 

For  ten  years  previous  to  the  last  season,  the  sum- 
mers in  general  were  cool  and  wet;  and  during  the 
whole  of  that  period,  (except  the  season  of  1816,  had 
the  canal  been  previously  constructed,  it  is  believed 
there  would  have  been  a  sufficient  supply  of  water  on 
the  summit  level,  without  any  aid  from  the  Hudson,  or 
Halfway  brook.  But  last  summer  was  an  exception  to 
almost  every  other.  From  the  middle  of  June  to  the 
20th  September,  the  ordinary  summer  showers  were  al- 
most entirely  wanting  :  and  during  this  period,  the  heat 
of  the  atmosphere  occasioned  an  evaporation  so  intense 
as  to  exhaust  the  streams  and  springs  in  the  neighbour- 
hood of  the  Champlain  canal,  to  a  degree  never  before 
witnessed  by  the  oldest  inhabitants  of  the  country. 

The  foregoing  references  to  former  reports,  and  the 
preceding  observations,  are  submitted,  lo  show  that  the 
failure  of  water  on  the  summit  level  was  not  occasion- 
ed by  any  mistake  of  the  commissioners  or  engineer,  or 
by  leaks  in  the  canal,  as  some  have  erroneously  supposed' 

The  extraordinary  dryness  of  the  last  summer  pro- 
duced a  considerable  diminution  of  the  water  of  Halfway 
brook,  although  that  stream  is  entirely  formed  bv 
springs:  and  as  such  seasons  may  occur  again,  it  was 
thought  best  to  make  a  feeder  from  the  Hudson  in  the 
first  instance,  whereby  the  expense  of  a  feeder  from 
Halfway  brook,  which  might  r.ot  at  all  times  be  suflFi- 
cient,  would  be  entirely  saved  to  the  state. 

Two  modes  of  constructing  this  feeder  presented 
themselves.  The  one,  by  taking  the  water  fiom  the 
head  of  Baker's  falls,  and  leading  it  along  the  declivity, 
parallel  to  the  river,  to  a  point  where  the  bank,  com- 
posed of  slate  rock,  became  too  precipitous  to  proceed 
further,  and  from  thence  by  a  small  tunnel  or  sough, 
nearly  at  right  angles  with  the  river,  to  conduct  the  wa- 
ter through  a  ridge  of  slate  into  a  ravine,  from  whence 
it  might  easily  be  connected  with  the  summit  level. 
The  other,  by  throwing  a  dam  across  the  Hudson,  about 
3   S  2 
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half  a  mile  above  Ihe  village  of  fort  Edward,  thereby 
raising  the  water  to  the  necessary  height,  and  by  a  na- 
vigable cut  of  about  half  a  mile  in  length,  to  connect 
the  pond  created  by  said  dam  with  the  summit  level. 
This  feeder  is  indicated  on  the  engraved  map  and  pro- 
file of  the  Champlain  canal. 

It  was  at  first  thought,  that  the  former  mode  might  be 
preferable  to  the  latter  :  but,  after  spending  some  time 
in  sinking  shafts  for  the  sough,  the  hardness  of  the  rock, 
and  the  great  influx  of  water  tlirough  the  seams  of  slate 
produced  a  different  conclusion.  A  contract  was  there- 
fore made,  for  the  erection  of  the  dam,  the  excava- 
tion of  a  navigable  feeder,  and  the  construction  of  a 
guard-lock,  to  prevent  the  irruption  into  the  canal  of 
the  floods  of  the  river.  The  excavation  was  nearly  fin- 
ished last  season,  and  the  materials  for  the  dam  are  to 
be  transported  to  the  spot  early  in  the  spring.  With 
a  favourable  season,  it  is  expected  that  these  works  will 
be  finished  within  six  or  seven  months  from  this  time. 
It  is  believed,  that  tlie  Chami>laiii  canal  will  be  com- 
pleted and  rendered  navigable  next  season,  as  far  as  the 
south  end  of  the  Saratoga  level,  and  that  the  remaining 
ten  miles,  to  the  village  of  Waterford,  will  be  excava- 
ted. The  whole  of  tne  Champlain  canal  might  be  finish- 
ed this  year,  with  the  aid  of  the  liberal  appropriations 
recently  made  by  the  legislature.  But  as  there  is  nine- 
ty-three feel  of  lockage  in  the  above  mentioned  ten 
miles,  and  as  the  stone  for  the  locks  must  be  brought 
irom  the  town  of  Kingsbury,  it  will  be  more  economi- 
cal to  delay  the  construction  of  the  locks  until  another 
year,  when  the  canal  will  be  in  operation,  as  above  men- 
tioned, and  thereby  save  the  expense  of  about  thirty 
miles  of  land  carriage  of  these  ponderous  materials. 

Although  the  navigation  was  interrupted  for  three 
months,  by  a  deficiency  of  water  on  the  summit  level, 
yet,  during  the  spring  and  fall,  considerable  quantities 
of  lumber  were  transported  through  the  canal,  from  lake 
Champlain  to  the  Hudson,  and  from  thence  to  a  south- 
ern market  ;  upon  which,  however,  as  the  works  were 
not  finished,  no  toll  was  received. 

The  whole  quantity  of  lumber,  which  passed  from 
lake  Champlain,  through  the  locks  at  Whitehall,  ac- 
cording to  the  return  of  the  lock-keeper,  is  as  follows, 
to  wit:  one  hundred  and  fifty-nine  thousand  boards, 
ninety-eight  thousand  plank,  thirteen  thousand  cubic 
teet  of  pine  timber,  ten  thousand  ditto  of  hemlock  tim- 
ber, twenty-nine  cords  of  tanner's  bark,  twenty  four 
ditto,  of  fire  wood,  one  hundred  and  four  thousand  oak 
staves,  forty-nine  thousand  shingles,  three  thousand 
four  hundred  and  eighty  saw-logs,  ten  thousand  rails, 
nine  thousand  cedar  posts,  and  eight  thousand  fence 
boards. 

In  looking  back  to  the  numerous  difficukies,  and  re- 
sponsibilities, some  of  them  on  an  aspect  the  most  dis- 
heartening, which  surrounded  the  canals,  especially  in 
their  commencement,  we  feel  compelled,  by  common 
justice,  to  commend  the  aid,  which  has  been,  at  all 
times,  afforded  by  our  engineers.  In  the  selection  of 
all  the  persons,  who  are  now  employed  by  us,  under 
this  character,  we  have  been  eminently  fortunate.  But 
to  the  Hon.  Benjamin  Wright  and  James  Geddes,  the 
state  is  most  indebted.  Possessing  most  local  informa- 
tion, competent  science,  long  experience  in  many  kinds 
of  business  bearing  some  analogy  to  canal  operations, 
and  well  established  characters  for  jjidustry  and  fidelity, 


these  gentlemen  have  rendered  the  most  essential  ser- 
vices, in  all  the  duties  of  their  department.  They  were 
first  appointed  engineers:  they  have  unceasingly,  and 
with  improving  fitness,  devoted  their  best  faculties  to 
the  great  cause  in  which  they  were  engaged.  And 
they  have  hitherto  been  found  equal  to  the  high  trusts 
confided  to  them. 

'l"he  state  has  now  been  engaged,  nearly  four  yeats, 
in  the  actual  construction  of  the  Erie  and  Champlain 
canals.  And  the  success  of  her  efforts  has  been,  at 
least,  equal  to  the  expectation  of  the  most  ardent  ad- 
vocates of  these  measures.  This  success  could  not 
have  been  attained,  without  care,  vigilance,  discretion, 
and  energy,  in  the  complicated  and  arduous  labours  of 
which  it  is  the  fruit.  And  these  labours  could  not  have 
been  performed,  without  the  support  of  a  wise  foresight 
and  just  liberality,  in  several  successive  legislatures. 
To  us  it  appears,  that  these  legislatures  have  afforded 
a  spectacle  most  animating,  encouraging  and  delightful, 
in  reference  to  the  sagacity  of  the  people  to  understand, 
and  their  wisdom  to  provide  for,  their  most  substantial 
interests.  They  exhibit  the  most  impressive  example 
which  the  United  States  have  yet  jiroduced,  since  the 
adoption  of  the  federal  constitution,  of  the  beneficent 
effects  of  free  government  upon  the  character  of  a  com- 
munity. They  are  intimately  connected  with  the  best 
hopes  of  the  republic.  Rising  above  all  fugitive  and 
partial  interests,  and  with  a  full  detail  of  the  costs  of 
these  works  before  them,  the  immediate  representatives 
of  the  people  have  so  clearly  discerned  the  benefits 
which  they  would  introduce,  as  to  apply  to  them,  from 
year  to  year,  a  greater  proportion  of  their  funds,  than  is 
sufficient  to  defray  the  ordinary  expenses  of  their  state 
government.  And  this  proportion,  your  honourable 
body  has  greatly  increased. 

When  a  project  is  once  decisively  embraced,  of  which 
the  practicability  is  ascertained,  but  of  which  only  a 
small  part  of  its  advantages  can  be  enjoyed  before  it  is 
fully  performed,  it  is  wise,  it  is  economical,  to  apply 
large  means  to  the  performance.  And  the  appropriation 
of  the  additional  million  of  dollars  to  the  canals,  for  this 
year  and  the  next,  will  be  every  where  a  theme  of  praise 
and  congratulation.  This  act  of  the  legislature  is  a  just 
and  great  cause  for  rejoicing,  because  it  ensures  the 
speediest  possible  completion  of  the  canal  ;  because, 
when  they  are  completed,  they  will  immediately  com- 
municate their  blessings  to  millions  of  freemen ;  and 
because  they  will  contribute  most  effectually  and  rapidly 
to  the  spreading  of  our  fellow-citizens  broadcast  and 
thick,  with  all  their  precious  institutions  for  the  per- 
petuation of  civil  liberty,  and  the  promotion  of  know- 
ledge and  virtue  ;  with  every  thing  most  desirable  and 
sacred,  in  our  social  condition,  throughout  the  almost 
boundless  and  unoccupied  regions  of  the  west."* 

The  valley  of  the  Hudson  rises  by  a  more  gradual 
acclivity  than  does  that  of  the  Mohawk.  From  the  level 
of  low  tide  in  the  Hudson  river  to  a  point  on  that  stream 
1^  mile  above  Waterford,  the  bed  of  the  river  rises 
about  35  feet,  to  render  which  passable,  5  locks  are  de- 
signed. Ascending  8j  milts  higher  to  a  point  between 
the  mouth  of  Anthony's  kill  and  Hoosack  river,  ano- 
ther rise  of  nearly  53  feet  takes  place,  in  which  Jisiance, 
the  construction  of  7  locks  is  contemplated. 
These  12  locks  and  88  feet  attain   a  summit,  upon 
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•nhicli  the  canal  will  be  carried  18  miles  on  one  level  to 
the  falls,  at  fort  Miller.  Here  a  rise  of  16  fett  is  over- 
come by  two  locks.  A  dam  above  these  locks  and  falls 
again  produces  a  slack  water  of  16  miles  to  another 
fall  at  fort  Edward.  By  4  locks,  and  36  feet  ascent,  the 
elevation  of  140  feet,  on  the  summit  level  between  lake 
Champlain  and  Hudsot.'s  river,  is  attained.  Along  this 
summit  level,  the  canal  is  cut  12  miles,  to  Cape  Anne 
upon  Wood  creek  branch  of  Pawlett  river,  flowing  into 
lake  Champlain. 

At  Cape  Anne,  the  slope  commences  towards  lake 
Champlain,  and  by  a  rapid  depression  of  26J  feet,  and 
3  locks,  reaches  another  level  12  miles  in  length,  reach- 
ing Whitehall  at  the  mouth  of  Pawlet  river.  At  the 
latter  place  3  more  locks  descends  26  feet  into  lake 
Champlain. 

The  Champlain  canal  is  nearly  completed  ;  it  is  indeed 
already  navigable,  but,  contrary  to  the  opinion  of  the  com- 
missioners in  their  report  of  January  31st,  1818,*  it  is 
now  found  necessary  to  introduce  a  feeder  from  the  Hud- 
son, above  Glen's  falls,  and  as  this  source  will  be  above 
the  summit  level,  every  section  of  the  canal  will  be  am- 
ply supplied. 

By  a  resolution  of  the  board  of  commissioners  in  1818, 
the  Erie  canal  was  extended  to  40  feet  width  at  the  sur- 
face, 28  at  the  bottom,  and  4  feet  deep  of  water.  The 
locks  were  to  be  made  14  feet  wide  and  90  long  in  the 
clear.  By  a  subsequent  order  of  the  board  similar  di- 
mensions were  given  to  the  canal  and  locks,  between 
Albany  and  lake  Champlain. t 

It  is  now  confidently  calculated  that  a  complete  inland 
navigation  in  the  entire  extent  of  both  canals  will  be  ef- 
fected before  the  close  of  1823. 

In  some  instances,  from  the  nature  of  the  document, 
round  numbers  have  been  necessarily  used,  but,  we  be- 
lieve, not  to  any  extent  which  can  very  seriously  affect 
the  general  correctness  of  the  statement.  The  impor- 
tance of  the  subject  has  rendered  some  amplification 
necessary. 

Table  of  the  area  of  those  parts  of  the  United  States 
and  Canada,  which  will  most  certainly  be  opened  to  the 
commerce  of  the  Hudson  by  the  completion  of  the  two 
New-York  Canals. 

Square  miles. 

Basin  of  Champlain 5,000 

United  basins  of  Oswego  and  Seneca  rivers  7,500 

Basin  of  Erie 27,000 

Basin  of  Michigan         ....  60,000 

Basin  of  St.  Clair         ....  7,800 

Basin  of  Huron  and  Nipising         .         .  40,000 

Basin  of  Superior     ....  90,000 

236,300 
From  which  deduct  for  water, 
Lake  Champlain  ....         1,100 

Small  lakes  in  the  basins  of  Genesee  and 

Oswego 240 

Lake  Erie 15,730 

Lake  St.  Clair 750 

Lake  Huron 13,000 

13,500 

800 


Smaller  lakes  and  riveis 


2,000 


Lake  Michigan 
Lake  Nipising 
Lake  Superior 
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70,140 

Remains  for  land         ....         166,160 

Amounting  to  111,129,600  acres. 

This  expanse  nearly  equals  four  limes  the  superficies 
of  the  state  of  Xew-York.  Though  more  than  one-third 
of  the  space  we  are  surveying  is  in  Canada,  it  may  be 
here  correctly  included,  as  the  course  of  commerce  will 
be  but  little  influenced  by  national  boundaries. 

Next  to  the  Grand  canals  of  New- York,  we  have  to 
notice  the  projected  canal  from  the  Rariton  to  Delaware 
river.  However,  as  no  ostensive  steps  have  yet  been 
taken  to  effect  the  New-Jersey  canal,  it  will  be  unneces- 
sary to  enter  into  much  detail  on  the  subject. 

Surveys  and  levels  have  been  taken  v/ith  so  much  ac- 
curacy, as  to  ascertain  the  practicability  of  executing  a 
navigable  canal  over  New- Jersey,  and  a  company  has  long 
since  been  incorporated  for  that  purpose.  Tlie  points 
intended  to  be  united  are,  Trenton  on  the  Delaware,  and 
New-Brunswick  on  the  Rariton.  The  route  was  traced 
by  following  the  Assampink  to  near  its  source,  and  thence 
by  a  short  cut  into  Stoney  brook,  a  branch  of  Millstone 
river,  and  down  the  latter  and  Rariton  to  tide  water.  The 
very  erroneous  principle  adopted  of  following  the  natural 
channels,  has  tended  to  discredit  the  operations  of  the 
New-Jersey  canal  company. 

The  distance  from  Brunswick  to  Trenton  is  about  26 
miles,  and  the  highest  intermediate  summit  level  50  feet, 
between  the  Assampink  and  Stoney  brook.  It  is  sup- 
posed, however,  that  a  summit  level  but  little  exceeding 
40  feet  can  be  obtainad,  by  cutting  between  the  conflu- 
ence of  Assampink  and  Shippetankin  creeks,  and  Row- 
ley's mill,  near  the  confluence  of  Stoney  brook  and  Mill- 
stone river. 

An  adequate  supply  of  water  can  be  drawn  by  short 
feeders  from  Philip's  springs,  Trenton  creek,  Stoney 
brook,  and  Millstone  river,  all  of  which  are  more  ele- 
vated than  the  route  of  the  canal,  some  intermediate 
sand  hills  excepted.  Sufficient  depth  of  water  for  a 
sloop  navigation  exists  at  the  two  intended  extremities  of 
the  intended  canal. 

Estimated  expenses : 

Digging  28  miles,  at  20,000  dollars  per 

mile gsaO.OOO 

Lockage,  100  feet,  probably  less,  at  1,250 

dollars  per  foot         ....         125,000 

Feeders,  purchase  of  land,  and  water  rights     1 1 5,000 

g800,000t 
Upon  the  importance  of  the  New- Jersey  canal  but  one 
opinion  can  exist,  but  as  respects  the  expenses,  it  may 
be  doubted  whether  less  than  one  million  of  dollars  could 
suffice  to  effect  such  an  object. 

If  such  an  inland  communication  did  exist,  it  is  pro- 
bable, however,  that  if  the  intended  transmission  of  coal 
from  the  Lehigh  and  Delaware  rivers  succeeds,  and  thei  c 
is  no  rational  doubt  of  such  success,  that  such  a  coal 
trade  alone  would,  besides  the  incidcnial  expenses  of 
repairs  and  superinteiidance,  produce  a  revenue  of  more 
than  the  interest  of  S  1,000,000. 

Though,  comparatively,  little  has  been  done  by  Penn- 
sylvania, Delaware,  and  Maryland,  in  meliorating  the 


Haines,  p.  288. 


t  Haines,  p,  364. 


i  Gallatin's  Ueport. 


374 


NAVIGATION  INLAND. 


natural  inland  water  communications  of  these  states  re- 
spectively, yet  considerable  has  been  performed,  particu- 
larly by  Pennsylvania,  and  much  designed  by  all  to  give  ef- 
ficiency to  canal  connexions  between  the  various  rivers 
and  bays  which  intersect  the  country  occupied  by  these 
three  states.  From  some  recent  and  favourable  symp- 
toms, we  are  warranted  in  indulging  the  belief,  that  the 
system  of  canal  and  lock  navigation  will  occupy,  in  fu- 
ture, no  small  share  of  the  domestic  exertion  and  legis- 
lative policy  of  states,  whose  waters  are  so  pre-eminently 
capable  of  improvement. 


The  canal  improvements  made  or  designed  in  Penn- 
sylvania cannot  be  better  prefaced  than  by  the  follow- 
ing table,  extracted  from  Mr.  Condy  Raguel's  report  ou 
roads,  bridges,  and  canals,  made  to  the  legislature  of 
that  state,  March  23d,  1822.  It  may,  however,  be  pre- 
mised, that  this  report  does  not  include  any  notice  of  the 
act  of  the  legislature  of  Pennsylvania,  of  Feb.  13ih,  182?, 
granting  corporate  powers  to  the  Lehigh  Coal  and  Navi- 
gation Company  for  the  improvement  of  the  navigable 
waters  of  the  Lehigh. 


List  of  the  canal  and  lock  navigation  companies  which  have  been  organized,  showing  the  time  at  which  the 
works  were  commenced,  and  at  which  they  are  expected  to  be  completed,  the  extent  of  the  improvements  con- 
templated, the  proportion  which  it  is  expected  will  be  of  canals,  the  amount  of  individual  and  stale  subscriptions, 
original  price  of  the  shares,  the  number  of  feet  of  falls  to  be  overcome,  the  expected  cost  of  the  whole  improve- 
ment, and  the  progress  which  has  been  made  in  the  works. 


, 

No.  of 

Works 

Extent 

Expected  pro- 

Individual 

State  sub- 

Origi- 

leet of 

When  ex- 

when 

Naraes  of  Companici. 

of  im- 

portion of 

subscriptions 

scription 

nal 

fall  10 

pected  to  be 

The  cost  or  expected  cost 

com- 

prove- 

canals. 

to  capital 

to  capital 

price  of 

beover- 

completed. 

of  the  improvemeot. 

menced. 

ments. 

stock. 

Hock. 

shares. 

come. 

Miles. 

Miles. 

1792. 

Schuylkill  and  Susquehanna  Navigation' 

1793. 

Delaware  and  Schuylkill  Navi.^ation' 

C  private 
t  property 

1814. 

Conswago  Canal,  east  side  of  the  river' 
Lehigh  Navigation* 

U 

H 

nothing 

21 

completed 

120,000 

182J. 

Union  Canals       ..... 

71 

nearly  all 

450,000 

50,000 

200 

510 

1825 

800,000  to  1,000,000 

1816. 

Schuykill  Navigation* 

117 

59 

948,150 

50,000 

30 

610 

1823 

950,000  to  1,000,000 

1821. 

Monongahela  Navigationi 

90 

not  known 

18,360 

30,000 

60 

not  known 

1818. 

Lehigh  to  be  rendered  navigable  by 

White  and  Co.*        .... 

80 

none 

nothing 

1,184 

1821. 

Conestogo  to  be  rendered  navigable  by 

the  whole 

James  Hopkins?         .... 

18 

slackwater 

private 

nothing 

70 

i 

Conewago  Canal,  west  side  of  the  river'* 

1 

1 

ditto 

nothing 

21 

100,000 

1,416,510 

130,000 

We  briefly  notice  each  of  those  canals,  or  other  in- 
tended inland  water  improvements,  advancing  from  north- 
east to  south-west,  and  commencing  with  the  Lehigh. 

The  contemplated  navigation  of  the  Lehigh  has,  for 
its  principal  object,  the  supply  of  Philadelphia,  and  other 
places,  with  coal.  As  the  mode  of  navigating  this  stream 
is  a  departure  from  the  ordinary  manner,  (by  canals  and 
gate-locks,)  some  explanation  is  necessary,  both  of  the 
peculiar  features  of  the  river,  and  of  the  plans  pursued 
by  Mr.  Josiah  White,  the  engineer. 

The  Lehigh  rises  in  Wayne,  Luzerne,  and  Northamp- 
ton counties,  in  the  high  mountain  valleys;  flows  to  the 
south-west,  by  a  number  of  creeks,  about  30  miles,  and, 
uniting  near  the  northwest  part  of  Northampton,  turns 
south  23  miles  to  Lausanne.  At  the  latter  place  it  agains 
turns  to  south-east  by  south,  35  miles  to  the  foot  of  the 
Slue  ridge,  at  Allentown,  where,  forced  from  its  course 
by  the  latter  mountain,  the  Lehigh  once  more  curves, 
and,  assuming  a  north-east  course  of  25  miles,  falls  into 
the  Delaware  at  Easton.     These  distances  are  given  by 


comparative  courses  ;  the  actual  bends  of  the  stream 
amount  to,  perhaps,  one-third  more.  The  following  ele- 
vations, supplied  to  the  writer  of  this  article  by  Mr.  Jo- 
siah White,  will  serve  to  show  the  rapid  descent  of  this 
little  river  : 

Miles.   Feet  fall. 
From  StoHdartsville  to  Nesquehoning,     35         845 
Nesquehoning  to  theGap,        .         .         15         160 


Gap  te  Easton, 


30 
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70      1210 
Nesquehoning  creek  falls  into  the  Lehigh  1|  mile  above 
Mauch-chunk  creek,  the  outlet  to  the  coal  mines.     The 
latter  is  therefore  about  45i  miles,  by  the  bends  of  the 
river  above  Easton. 

Attempts  will  soon  be  made  to  improve  the  navigation 
of  the  Lehigh  river,  above  the  outlet  of  the  coal  mines. 
From  Stoddartsville,  the  river  flows  down  the  mountain 
valleys  some  distance  through  a  hilly  region,  and  thence 
in  an  immense  ravine,  having  mountains,  rising  to  1000 


■  These  two  companies,  after  the  expenditure  of  a  large  sum  in  abortive  undertakings,  became  united  in  1811,  under  the  title  of 
The  Union  Canal  Company.' 

»  Two  dams  of  800  and  500  feet,  1  guard  and  3  ascending  and  descending  locks,  each  110  feet  in  length,  18  feet  wide,  and  7  feet  deep. 
3  Nothing  was  ever  done  by  this  company. 
*  The  private  property  of  James  Hopkins. 

^  The  canal  on  the  summit  level  laid  out,  and  the  execution  of  the  work  contracted  for. 
<■  23  dams,  23  guard  and  54  chamberlocks,  and  24  miles  of  canal  finished,  and  22  miles  of  canal  to  be  finished  by  November,  1822. 

In  the  summer  of  1821,  a  channel  was  commenced  at  the  Brownsville  ripple — Expenditure  about  g500. 
8  Considerable  improvements  have  been  made  by  these  individuals  between  Lausanne  and  Easton,  but  the  extent  is  not  known. 
i  Taking  a  level  of  12  miles,  in  which  the  ascent  was  60  feet. 
I'  Completed  many  years  ago;  no  particulars  ascertained. 
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or  1500  feet  along  each  bank,  and,  in  most  places,  no 
space  left  between  the  impending  sleeps  but  the  mere 
breadth  of  the  stream.  The  creeks  which  enter  from 
both  banks  are  similar  to  the  river,  flowing  also  along 
very  deep  mountain-limited  vales. 

Mauch-chunk  creek  lises  between  two  of  those  moun- 
tain ridges,  and,  flowing  nearly  east,  falls  into  the  Lehigh, 
at  North  Lat.  40°  51',  and  0°  36'  West  Long,  from 
Philadelphia,  after  a  course  of  ai)out  10  or  11  miles. 
The  fall  in  11  mile  from  the  mouth  of  Ncsquehoning, 
to  that  of  Mauch-chunk,  is  probably  about  18  feet,  which, 
taken  from  365,  leaves  347,  as  the  fall  Irom  the  latter 
place  to  Easton.  From  the  head  of  tide  water  in  Dela- 
ware, to  Easton,  in  a  distance  of  50  miles,  it  is  probable 
that  river  falls  200  feet,  which  sum  added  to  320,  gives 
520  as  the  elevation  of  the  mouth  of  Mauch-chunk  creek 
above  tide  water. 

The  coal  mine  from  which  that  mineral  is  designed  to 
be  drawn  for  market,  is  again  elevated  1006  feet  above 
the  mouth  of  Mauch-chunk  ;  therefore,  the  coal  must  be 
lowered  1526  feet  before  reaching  the  surface  of  the 
Delaware  tides. 

The  engineers  have  planned  and  constructed  a  road, 
winding  first  2  miles  up  the  vale  of  Mauch-chunk  creek, 
and  then  gradually  up  the  mountain  side  7  more  miles, 
to  the  coal  mine,  or,  much  more  correctly,  coal  bed. 
This  road  is  certainly  amongst  the  finest  specimens  of 
that  kind  of  improvement  yet  produced  in  the  United 
States.  The  condition  of  the  valley  of  Mauch-chunk, 
and  that  of  the  impending  mountain,  in  a  state  of  nature, 
was,  in  a  peculiar  degree,  appalling  to  any  mind  intent 
on  the  formation  of  a  road.  The  mountain  masses  are 
here  formed  of  a  coarse  Breccia,  or  silicious  pudding- 
stone,  of  all  degrees  of  compactness,  from  a  close  grained 
rock,  approaching  the  aspect  of  grauxaacke,  to  that  of 
imbedded  pebbles,  of  considerable  size.  This  rock 
formation,  broken  into  amorphous  fragments,  from  the 
weight  of  perhaps  150  tons  to  that  of  a  finger  stone,  lies 
rudely  heaped  along  the  valley,  and  hanging  from  the 
mountain  sides. 

Through  this  heavy  and  unmanageable  mass,  however, 
a  road  of  9  miles  in  length  has  been  made,  sufficiently 
wide  for  two  carriages  to  be  driven  past  each  other,  and 
as  perfectly  smooth  as  any  pebble  road  to  be  found  on 
Long  Island,  or  any  other  parts  of  the  sea-sand  alluvial 
border  of  the  United  States.  This  road  has  excited  at 
once  delight  and  astonishment  in  the  minds  of  every  per- 
son who  has  travelled  over  it  to  the  coal  mine,  and  af- 
fords, with  the  attendant  scenery,  a  most  delightful  ride. 
For  the  objects,  however,  embraced  in  this  article,  it  is 
the  facility  it  gives  of  transporting  coal  to  a  navigable 
stream  which  constitutes  its  chief  ii}terest. 

We  have  already  stated  that  7  miles  only  were  along 
the  slope  of  the  mountain,  and  that  the  mountain  was 
1006  feet  above  the  surface  of  the  Lehigh,  at  the  mouth 
of  Mauch-chunk  creek.  In  7  miles  there  are  36,960 
feet,  and  there  is  only  an  ascent  of  about  1]  degrees. 
The  road  is  so  regularly  and  so  skilfully  conducted,  as 
to  render  so  gentle  an  acclivity  entirely  impcrct-plible  to 
the  eye,  and  a  carriage  is  drawn  up,  with  no  more  appa- 
rent difliculty  than  down  the  mountain  side.  A  common 
team  of  four  oxen  will,  with  perfect  ease,  haul  5  tons  of 
coal  to  the  landing,  and  could  draw  much  more,  if  the 
lower  two  miles  wore  no^oii  a  level,  or  nearly  so. 

The  coal  lies  in  an  enormous  mass,  of  unknown  depth 
and  extent,  upon  the  very  apex  of  the  mountain.  It  is 
quarried  out  with  as  much  ease  as  ordinary  stone  from  a 


bank.  The  incumbent  clay,  stone,  and  other  matter,  are 
taken  away,  and  the  bed  of  pure  coal  exposed  to  full  view. 
The  waggons,  or  carts,  are  backed  through  a  gallery 
upon  the  mineral,  which  is  thrown  into  the  vehicle  from 
its  original  position.  The  entire  load  cannot,  however, 
be  taken  immediately  from  the  mine,  from  some  rising 
ground  intervening  between  the  mine  and  the  summit 
level  of  the  road.  The  acclivity  is  even  here,  neverthe- 
less, so  little,  that  more  than  an  ordinary  waggon  load 
can  be  drawn  from  the  centre  of  the  mine  to  the  bank  of 
the  Lehigh. 

We  may  therefore  consider  the  necessary  improve- 
ments to  transport  the  coal  to  the  water  as  already  com- 
plete ;  and,  as  far  as  a  judgment  can  be  formed  froni 
present  appearances,  the  supply  inexhaustible. 

The  Lehigh,  like  all  mountain  streams,  flows  over  al- 
ternate ponds  and  rapids,  and  above  the  water  gap,  or 
passage  of  the  river  through  the  Kittatinny  mountain,  as 
we  have  already  observed,  between  impending  rocky 
slopes  or  precipices.  From  the  mouth  of  Mauch-chunk 
creek  to  near  the  village  of  Lehighton,  or  about  4  miles, 
no  natural  bottom  existed.  A  good  road  has  been  formed 
along  the  right  bank,  cut  out  of  the  mountain  side.  The 
river  is  in  this  space  found  winding  through  a  deep  val- 
ley, along  which,  without  enormous  expense,  no  canal 
could  possibly  be  constructed.  At  Lehighton,  bottoms 
spread,  but  are  again  interrupted  by  approaching  preci- 
pices, which  continue,  with  more  or  less  magnitude,  to 
the  Delaware  river. 

To  render  this  stream  navigable,  the  engineers  (^V"hit^ 
and  Hazard)  have  adopted  the  principle  of  dams  and 
falling  locks.  Their  dams  commence  at  Mauch-chunk, 
and  continue,  where  necessary,  as  far  down  as  Easton. 
The  dams  are  of  two  kindb  :  one  consists  merely  of  two 
wings,  confining  the  water  lo  a  mid-channel.  These  are 
used  to  pass  over  shallows.  The  second  are  real  breast 
dams,  formed  of  wood  and  stone,  with  side  locks.  Of 
the  latter,  10  have  been  built,  5  between  Lehighton  and 
Mauch-chunk,  4  between  Lehighton  and  the  Gap,  and  1 
at  the  Slates,  near  Kreidersville. 

The  Lehigh  falling  locks  are  peculiar  to  that  river, 
and  are  tlie  invention  of  Mr.  Josiah  White.  No  verbal 
description  could  suffice  to  give  to  those,  who  have  not 
seen  them  in  operation,  any  adequate  idea  of  their  con- 
struction. Unlike  the  common  gate  lock,  opening  side- 
ways, the  Lehigh  locks  are  formed  to  fall,  and  suffer  the 
sluice  of  water  to  rush  over.  They  open  and  shut,  or, 
more  correctly,  rise  and  fall,  by  the  pressure  of  the  water 
let  in  underneath,  by  a  very  simple  process,  managed  by 
a  lever.  A  single  ordinary  boy,  of  12  or  13  years  of  age, 
has  sufficient  strength  to  turn  the  lever,  and  cither  open 
or  close  these  locks  at  will.  Three  or  four  feet  water  is 
let  over  for  the  purposes  of  navigation.  The  severe 
freshet  of  the  spiing  of  1822,  has  not  produced  any 
more  effect  upon  the  falling  than  the  upright  locks;  the 
dams  have  also  withstood  the  pressure  of  the  water  and 
ice,  without  any  particular  damage  being  sustained. 

That  the  system  is  well  founded,  we  have  no  doubt, 
of  using  rivets,  the  channels  of  which  are  very  circui- 
tous and  interrupted  by  shoals,  rapids,  or  falls,  as  the 
feeders  of  canals,  rather  than  use  the  stream  itself  for 
navigaljle  purposes.  But  to  this  excellent  general  rule 
the  Lehigh  is,  perhaps,  as  remarkable  an  exception  as 
could  be  selecii  d  to  justify  a  contrary  course  of  proceed- 
ing. Rock,  a.iJ  even  in  some  measiiic  iiiountain  bound 
in  all  its  lenglii.  no  abridgment  of  distajice  of  any  con- 
Mderablc  amouiit  could  be  gained  along  its  banks,  admit- 
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ting  such  a  work  practicable  and  executed.  The  amount 
of  produce  also  to  be  transported  by  its  means  consist- 
ing almost  exclusively  of  so  heavy  a  material  as  coal, 
exceeding,  it  is  probable,  in  bulk  and  weight,  1000  to  1, 
of  what  will  ever  be  necessary  to  carry  up  against  the 
stream.  The  transportation  of  grain  and  other  articles 
from  Lehigh  county  below  the  gup,  is  subject  to  a  simi- 
lar observation  made  respecting  coal ;  the  great  mass 
from  the  latter  section  must  bo  also  a  down  stream 
transportation.  Therefore,  if  the  mode  of  dams  and 
falling  locks  can  be  rendered  adequate  to  the  free  emis- 
sion of  coal  and  other  bulky  articles,  and  made  perma- 
nent against  the  vicisbiludes  of  the  river,  then  its  adop- 
tion is  fully  justified,  and  more  particularly  so,  when  the 
superior  cheapness  of  the  method  adopted  is  taken  into 
view.  The  respective  merits  of  the  two  systems  are  in 
a  fair  way  of  being  fully  tested,  as  one  is  carried  into 
elTect  on  the  Lehigh,  and  the  other  on  the  Schuylkill. 

We  cannot  quit  this  part  of  our  subject,  without  mak- 
ing some  observations  upon  the  coal  of  Lehigh  and 
Schuylkill  in  general.  The  coal  of  those  streams  is  of 
that  species  called  Anthracite,  without  bitumen,  kindles 
with  some  difficulty,  but  burns  with  a  most  intense  heat. 
It  is  the  safest  of  all  known  fuel,  as  it  consumes  almost 
without  flame,  and  entirely  without  the  emission  of 
sparks,  and  if  one  of  the  ignited  fragments  falls  separate 
from  the  mass  in  the  fire,  it  instantly  extinguishes.  Its 
respective  cheapness,  at  30  cents  per  bushel,  when  com- 
pared to  common  good  oak  wood,  at  five  dollars  per  cord, 
fire  places  suitable  to  each  kind  of  fuel  being  adopted, 
ds  supposed  to  be  as  2  to  1,  in  favour  of  coal.  How  far 
it  is  calculated  for  manvifactories,  or  steam  boats,  we  are 
unprepared  to  determine.  Let  the  merit  of  the  Anthra- 
cite coal,  as  an  object  of  domestic  use,  be  what  it  may, 
it  can  be  supplied,  when  the  two  branches  of  Delaware 
are  rendered  navigable,  to  any  amount  commensurate 
with  public  demand. 

Transported  to  market  through  either  the  Schuylkill 
or  Lehigh  channels,  the  mines  of  that  mineral  hitherto 
discovered,  and  within  reach  of  either  stream,  lie  scat- 
tered through  the  intervening  country.  Imbedded  at 
different  depths,  and  found  in  masses  of  great  variety  of 
extent,  very  diflferent  must  be  the  expense  of  extraction 
and  conveyance  to  the  respective  navigable  waters.  The 
writer  of  this  article  visited  the  coal  mines  in  the  month 
of  September  1821,  proceeding  from  Mauch-chunk,  on 
the  Lehigh,  to  the  neighbourhood  of  Orwicksburg,  on 
the  Schuylkill.  It  is,  therefore,  from  personal  observa- 
tion that  most  of  the  facts  are  stated  respecting  the  lo- 
cality of  those  mines.  From  the  geographical  position 
of  the  Lehigh,  it  is  a  considerable  stream  when  it  reaches 
the  vicinity  of  the  coal,  and  can  therefore  be  rendered 
navigable  nearer  some  of  the  most  abundant  mines  than 
can  any  branch  of  the  Schuylkill.  But  the  very  exten- 
sive mine  now  in  possession  of  While  and  Hazard,  and 
their  associates,  tliougli  its  stores  of  mineral  are  brought 
to  market  by  the  Lehigii  channel,  is,  nevertheless,  si- 
tuated on  the  dividing  point  between  the  waters  of  the 
Schuylkill  and  Lehigh. 

Indications  of  coal  are  frequently  found  in  places  where 
no  effective  operation  to  extract  the  mineral  have  yet  been 
made.  Indeed,  every  year  adds  weight  to  the  former  tes- 
timony, of  the  boundless  resources  of  that  fuel,  within  an 
accessible  distance  from  the  waters  of  both  these  rivers. 
By  an  act  of  the  legislature  of  Pennsylvania,  of  Feb- 
ruary 13th,  1822,  the  Lehigh  Coal  and  Navigation  Com- 
pany was  incorporated.     They  are  bound,  by  the  act  of 


incorporation,  to  complete  a  down  stream  navigation  in 
the  Lehigh,  from  the  mouth  of  the  Nesqeuhoning  to 
Easton,  in  1824,  consisting  of  18  inches  in  depth,  and  20 
feet  in  width.  And  from  Stoddartsville  to  the  mouth  of 
Nesquehoning,  in  1838,  of  a  similar  nature  with  that 
from  the  Nesquehoning  to  Easion. 

Unmi  Canal. 
Tlie  present  advance  of  the  Union  Canal  Company,  and 
the  origin  of  that  corporation,  are  shown  briefly  in  the 
prefixed  table,  but  the  following  historical  notice  cannot 
be  irrelevant.  It  is  extracted  from  views  of  the  roads 
and  canals  of  Pennsylvania,  by  William  J.  Duane,  Esq. 
anil  published  in  1811. 

"  In  the  year  1789,  various  and  judicious  plans  were 
proposed  to  the  legislature,  for  improving  the  state,  by 
a  variety  of  intelligent  and  patriotic  citizens,  to  the  la- 
bours of  which  I  have  heretofore  with  pleasure  alluded. 
At  the  instance  of  this  society,  commissioners  were  ap- 
pointed by  law,  in  1790,  to  explore  the  several  routes 
proposed  for  a  communication  between  the  Delaware 
and  the  lakes;  they  were  instructed  to  report  upon  the 
practicability,  the  best  route,  and  the  expense.  The 
commissioners  performed  this  duty  promptly,  and  re- 
ported, 1st.  That  a  communication  was  practicable;  2d. 
That  the  best  route  was  by  the  Juniata,  or  that  which  in 
my  last  letter  I  designated  as  the  southern;  3d.  That 
all  the  intervening  rivers  could  be  cleared  and  opened, 
for  about  108,000  dollars. 

The  legislature,  paying  credit  to  the  commissioners, 
and  being  aware  of  the  importance  of  such  a  route,  de- 
termined to  commence  it  in  that  quarter,  which  it  was 
supposed  offered  the  greatest  obstacle  and  promised  the 
greatest  advantages.  Hence  originated  the  incorpora- 
tion of  two  companies,  whose  proceedings  it  is  necessary 
to  mention. 

The  Schuylkill  and  Susquehanna  Company  was  in- 
corporated in  1791,  with  a  capital  of  400,000  dollars,  for 
opening  a  canal  communication  between  the  Schuylkill 
and  Susquehanna  rivers,  by  the  following  route ;  from 
Reading  on  the  Schuylkill,  by  the  Tulpehocken  creek, 
to  Myer's  town,  37  miles ;  fiom  Myer's  town  to  Leba- 
non, the  summit  level,  by  a  canal,  4 ;  from  Lebanon  to 
the  Swatara  creek,  15;  down  the  Swatara  to  the  Susque- 
hanna, 23  ;  in  all  79  miles. 

The  Delaware  and  Schuylkill  Company  was  incorpora- 
atedthe  year  following,  179  2,  with  a  capital  also  of  400,000 
dollars,  for  opening  a  canal  from  Philadelphia  along  the 
east  bank  of  the  Schuylkill,  16  miles,  to  Norristown. 

The  legislature  declared,  as  the  principal  object  of 
both  these  works,  the  opening  a  communication  between 
the  eastern  and  western  waters. 

As  soon  as  these  companies  were  organized,  commit- 
tees were  appointed  by  them  to  superintend  the  com- 
mencement of  the  respective  works.  Unfortunately 
there  was  no  engineer  at  that  lime  in  Pennsylvania  com- 
petent to  aid  the  commillees ;  they  therefore  sent  to 
England,  and  engaged  Mr.  William  Weston,  a  cele- 
brated engineer,  to  come  out  and  manage  both  works. 
In  the  mean  time  the  committees  did  not  think  it  proper 
to  remain  idle,  they  commenced  the  respective  under- 
taking, and  had  each  in  considerable  forwardness,  when 
Mr.  Weston  arrived,  in  January,  1793.  This  gentleman 
immediately  proceeded  to  examine  the  v;ork  done  by 
the  Susquehanna  company,  at  Lebanon  canal,  and  re- 
ported  "From  such  a  view  as  the  time  and  season  of 

the  year  would  permit  me  take  of  the  canal  through  the 
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middle  ground  near  Lebanon,  I  have  little  doubt  but  the 
most  favourable  line  has  been  adopted."  He  also  ex- 
amined the  Delaware  and  Schuylkill  canal,  and  reported 
generally,  "it  appears  to  be  judiciously  laid  out." 

Experience  has  proven,  however,  that  it  would  have 
been  much  better,  it  the  companies  had  not  commenced 
any  of  the  works,  until  Mr.  Weston  had  had  full  time  to 
make  every  necessary  inquiry,  for  after  Mr.  Weston  had 
an  opportunity  to  judge  accurately,  he  recommended 
alterations  in  both  the  plans  originally  projected,  upon 
which  the  companies  had  commenced.  Th.is  was  the 
fust  obstacle  to  the  work,  and  one  of  the  causes  of  its 
ultimate  decline. 

During  the  whole  of  the  year  1793,  Mr.  Weston  de- 
voted his  attention  to  both  canals,  arid  in  January,  1794, 
made  a  detailed  report  respecting  ihem.  With  respect 
to  the  Schuylkill  and  Susquehanna  communication,  he 
said,  1st.  That  the  unerring  test  of  experience  had 
proven  the  ineflicacy  of  such  a  place  as  the  company  had 
originally  adopted,  namely,  the  making  a  water  commu- 
nication by  the  beds  of  the  Tulpehocken,  Quitapaliilla, 
and  Swalara;  2d.  That  a  canal,  70  miles  in  length,  from 
the  Schuylkill  to  the  Susquehanna,  chiefly  along  the 
banks  of  the  Tulpeliocken  and  Quitapaliilla,  would  be 
infinitely  preferable;  3d.  That  the  expense  of  complet- 
ing the  work  upon  this  plan  would  be,  in  addition  to  the 
400,000  dollars  already  subscribed,  821,330  dollars  and 
60  cents.  Having  submitted  this  statement  to  the  com- 
pany, Mr.  Weston  left  it  to  their  discretion,  in  what  way 
to  proceed. 

The  company  were  soon  convinced  of  the  soundness 
of  Mr.  Wesion's  advice,  and  accordingly  they  presented 
a  memorial  to  the  legislature,  setting  forth: 

1  St.  The  Susquehanna  and  Schuylkill  canal  is  the  great- 
est link  in  the  chain  that  is  to  connect  the  eastern  and 
western  waters. 

2d.  The  summit  level  of  this  canal,  for  upwards  of 
four  miles,  is  completed,  in  respect  to  the  heavy  dig- 
ging, and  the  purchase  of  all  the  ground  for  the  site  of 
the  canal,  the  locks,  and  towing  paths;  as  well  as  the 
grounds  containing  the  sources  and  springs  of  the  wa- 
ters, and  through  which  they  are  to  be  conducted  into 
the  reservoir  at  the  summit  level.  The  final  amount  of 
expenditures  on  this  part  will  be  106,666  dollars  and  60 
cents. 

3d.  We  approve  Mr.  Weston's  plan  of  a  canal,  instead 
of  making  use  of  the  beds  of  the  creeks;  and  :is  the  ori- 
ginal capital  will  not  pay  more  than  one-third  of  the  whole 
expense,  we  prey  legislative  aid,  by  a  loan  of  a  suflicient 
sura  upon  interest,  so  as  to  enable  us  to  iinish  the  work. 

The  company,  anticipating  legislative  aid,  continued 
the  work  under  the  guidance  of  Mr.  Weston,  during 
the  whole  of  the  year  1794.  In  December  of  that  year, 
that  gentleman  made  a  report,  fron>  which  f  quote  these 
interesting  parts : 

"  I  flatter  myself  that  the  progress  made  on  the  works, 
in  the  short  space  of  seven  months,  will  prove  satisfac- 
tory to  the  board.  On  a  careful  comparison  of  the  ac- 
tual state  of  the  various  works,  and  an  ample  allowance 
for  the  completion  of  such  parts  as  remain  unfinished, 
with  the  previous  estimate  laid  before  the  board  in  my  last 
report,  it  appears,  that  from  the  cast  end  of  the  summit- 
level  to  Michael  Kreitzer's  plantation,  a  distance  of  more 
ihan  four  miles  and  a  quarter,  the  actual  expenditure 
will  fall  short  of  the  estimated  one  at  least  eight  thou- 
sand dollars.  Though  I  would  not  wish  to  appear  too 
sanguine,  yet  I  may  be  allowed  to  draw  favourable  infer- 
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ences  of  the  remainder  of  the  line  :  independent  of  this, 
I  have  well  founded  reasons  for  asserting,  that  the  works 
will  rather  proportionably  diminish  than  increase  in  ex- 
jjcnse,  as  the  important  object  of  land-carriage  will,  af- 
ter the  ensuing  year,  in  a  great  measure,  be  done  away, 
by  the  canal  being   made  subservient  to  ti-.at  purpose. 

Trom  the  difficulty  of  procuring  waggons  to  haul 
bricks,  lime,  &c.  I  could  not  employ  half  the  number  of 
bricklayers  I  had  at  first  contemplated;  yet  more  -work 
has  been  done  in  four  months,  than  is  generally  executed 
on  most  canals  in  one  season.  Five  locks  of  six  feet 
lall,  and  two  load  bridges  are  completed  ;  and  such  pro- 
gress made  in  the  sixth  lock  and  two  more  bridges, 
that  a  furtnigiit's  work  in  the  coming  spring  will  suffice 
to  finish   them." 

Such  was  the  flattering  account  of  this  important  v/ork 
at  the  close  of  1794  ;  yet  in  this  state  it  was  suspendad, 
and  has  not  since  been  improved. 

Having  thus  biielly  noticed  the  rise  and  fall  of  this 
undertaking  between  the  Schuylkil  and  Susquehanna,  1 
will  take  a  similar  review  of  the  Delaware  and  Schuyl- 
kill canal. 

In  less  than  three  months  after  his  arrival.  Mr.  V.'es- 
ton  made  a  report  upon  this  canal ;  it  was  highly  flatter- 
ing :  in  December,  1794,  he  made  another  report,  in 
which  he  said;  1st.  That  one-third  of  the  »vork,  above 
five  miles,  was  finished,  arid  thit  contracts  were  formed 
and  forming  for  a  vigorous  prosecution  of  the  remain- 
der :  2d.  That  the  whole  canal  of  16  miles  could  be 
completed  for  the  sum  authorized  by  law,  400,000  dol- 
lars; and  o<.\.  That  if  the  slockholders  would  punctually 
pay  the  sums  subscribed  by  them,  a  toll  for  a  part  of  the 
canal  might  be  drawn  in  1796,  and  the  whole  completed 
in  1797  or  1798. 

Although  this  report  was  calculated  to  call  forth  the 
activity  of  the  company,  it  had  not  that  effect  ;  the  stock- 
holders becoming  gradually  backward  in  paying  tlieir 
subscriptions,  and  of  course  the  work  begin  to  languish. 
It  was  not,  however-,  speedily  abandoned  by  Mr.  Wes- 
ton ;  he  continued  his  services,  and  reported  in  Februa- 
ry 1796,  1st.  That  nearly  six  miles  of  the  canal  were 
navigable;  2d.  That  the  most  difhcult  parts  of  the  route 
were  overcome  ;  and  3d.  That  it  would  be  best  to  com- 
plete two  miles  more  at  the  south-east  end  of  the  canal, 
from  the  three  miles  completed  north-east  of  Philadel- 
phia, to  the  falls  of  Schuylkill. 

Nothing,  hov.'evcr,  could  induce  a  great  number  of  the 
subscribers  to  pay  in  the  instalments,  agreeably  to  their 
engagement,  and  thus  the  work  ceased  from  the  want 
of  funds. 

Under  these  circumstances,  the  stockholders  of  the 
Susquehanna  and  Schuylkill,  and  Schuylkill  and  Dela- 
ware companies,  who  had  made  good  their  engagements, 
petitioned  the  legislature  to  aid  them.  The  legislature 
accordingly  passed  a  law,  authorizing  the  two  companies 
to  raise  by  way  of  lottery  400,000  dollars,  two-thirds  for 
the  Susquehanna  and  Schuylkill,  and  one-third  for  the 
Delaware  and  Schuylkill  canal.  The  first  class  of  the 
lottery  was  di'awn,  the  prizes  duly  paid,  and  50  000  dol- 
lars realized  by  tlic  companies  ;  but,  after  the  second 
class  had  been  drawn,  it  was  found  that  the  whole  of  the 
pi'izes  could  not  be  paid.  This  result  has  never  been 
satisfactorily  accounted  for,  but  I  have  been  told  that 
the  mislortune  originated  in  this  way ;  as  the  tickets 
were  sold,  the  proceeds  were  applied  to  carrying  on  the 
works,  upon  the  assurance  that  the  delinquent  subscri- 
bers would  meet  their  engagements  in  time  to  afford 
3  T 


i78 


NAVIGATION  INLAND. 


funds  to  pay  the  prizes ;  those  subscribers,  however,  did 
not  pay  their  instalments,  and  the  I'uilure  to  discharge 
the  prizes  was  the  consequence. 

It  appears,  then,  that  the  cause  of  the  stopjiage  of  both 
these  important  works  wjre  these;  1st.  The  novelty  of  the 
undertaking  and  consequent  niismanagcment  at  the  outset; 
2.  The  failure  of  the  subscribers  to  lulfil  their  engage- 
ments. Tu  afford  some  idea  of  the  extent  of  the  last 
mentioned  evil,  I  state,  that  two  of  those,  who  had  sub- 
scribed for  the  largest  number  of  shares,  net  only  eva- 
ded payment  upon  any  of  them,  but  appropriated  'i8,000 
dollars  of  the  money  paid  by  others  lo  their  own  use, 
and  having  subsequently  lulled,  the  whole  was  lost. 

The  total  amount  expended  upon  the  Delaware  and 
Schu)ikill  canal  was  221  710  dollars  and  six  cents.  The 
sums  expended  in  making  the  works  at  the  summit-level 
between  the  Schuylkill  and  Susquehanna,  and  in  pur- 
chasing ground  for  the  canal,  locks,  towing  path,  &c. 
amounted  to  about  250,000  dollars." 

As  is  seen  in  Mr.  Raguei's  report,  these  two  comp.i- 
nies  were  incorporated  in  1811.  The  operations  by  the 
Schuylkill  naYigation  company  on  the  Schuylkill  have 
been  tVr-o  years  in  progress,  and  are  in  rapid  advance  ; 
the  present  amount  of  work  done  may  be  seen  from  in- 
spection of  the  prefixed  table.  On  that  part  of  their 
enterptise,  which  is  intended  to  carry  a  water  commu- 
nication fror.i  the  Susqnchanna  to  the  Schuylkill  liver, 
through  the  Swatara  and  Tulpehocken  creeks,  tiie  board 
of  managers  of  the  Union  Car,al  Company,  on  the  20th  of 
November  1S21,  made  the  following  report : 

"Immediately  upon  the  organization  of  the  board,  in 
the  month  of  May  last,  a  committee  was  appointed  on 
the  important  subject  of  an  engineer.  That  committee 
entered  with  alacrity  upon  the  duties  assigned  to  them, 
and  having  communicated,  by  letter,  with  almost  all 
parts  of  the  United  S.ates,  where  canals  had  been  un- 
dertaken, they  collected  a  variety  of  information  as  to 
the  talents  and  qualifications  of  different  individuals,  who 
had  been,  or  were  then,  engaged  in  works  of  that  de- 
scription. 

From  the  knowledge  thus  obtained,  the  board  deter- 
mined to  select  Loammi  Baldwin,  Esquire,  of  Boston, 
as  the  engineer,  and  a  negociation  was  accordingly  open- 
ed with  liim  on  the  subject,  through  the  agency  of 
James  Lloyd,  Esquire,  formerly  of  the  Senate  of  the 
United  States.  Pending  this  negociation,  Mr.  Baldwin 
visited  the  line  of  the  canal,  as  projected,  near  Lebanon, 
in  company  with  a  committee  of  the  board,  for  the  pur- 
pose of  satisfying  himself  upon  the  practicability  and 
general  nature  of  the  undertaking;  an:-!  an  agreement 
was  finally  made  with  him  to  enter  the  service  of  the 
company,  on  the  thirteenth  day  of  September  last,  that 
being  the  earliest  period  at  which  he  could  fiee  him- 
self from  his  private  concerns  and  pre  existing  arrange- 
ments. 

Having  chosen  Mr.  Baldwin,  upon  the  concurring 
testimony  ofj^entlemcn  of  the  first  character  in  different 
parts  of  the  United  Slates  where  he  has  been  employed, 
ihe  board  feel  an  assurance,  confirmed  by  the  experience 
had  during  the  short  time  that  he  has  been  engaged  by 
ihem,  that  liis  science,  skill,  and  diligence,  have  not  been 
unduly  commended,  and  that  his  selection  is  an  event 
highly  propitious  to  the  interests  of  the  undertaking. 

The  Board  having  had,  previous  to  their  appointment, 
but  little  personal  knowledge  of  the  country  through 
•which  the  canal  is  intended  to  be  carried,  the  members 


have  at  different  times  arranged  theinselves  into  com- 
mittees, who  have,  as  oacasion  presented,  visi'.cd  it  for 
the  purpose  of  information.  The  first  of  the^e  visits 
was  made  on  the  thirteenth  day  of  June  last,  when  mea- 
sures were  arranged  to  survey  and  level  the  western  de- 
scent, from  the  summit,  by  the  course  of  the  Quitapa- 
hilla  and  Swatara,  to  the  Subquehanna,  the  fall  of  which 
had  not  been  before  ascertained.  This  sui  vey  was  ac- 
complished througl.out,  under  the  personal  supeiinten- 
dance  of  the  President,  and  is  believed  to  have  been 
made  with  great  accuracy. 

The  distance,  following  the  margin  of  the  streams,  is 
thirty-four  miles  and  eleven  jjerches,  and  the  fall  from 
the  water  surface  of  the  summit  to  tlie  Susquehanna,  at 
the  mouth  of  the  Swatara,  as  thus  ascertained,  appears 
to  be  220  feet. 

Which,  added  to  the  fall  of  the  Tulpehocken, 
from  the  same  line  to  the  Scliuylkill,  as  re- 
ported by  Mr.  Weston,  .  .  310 
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To  be  overcome  by  locks,  according  to  the  plan  as 
formerly  in  part  executed. 

Sho',;!d  tile  summit,  however,  be  lowered,  a  saving  of 
lockage  will  be  made  at  each  of  its  ends,  equal  to  the 
amount  of  the  reduction. 

The  result  cf  this  survey  also  shows,  that  the  surface 
of  the  Susquehanna,  at  the  mouth  of  the  Swatara,  is  27r> 
feet  above  the  tide  at  Philadelphia. 

Suggestions  have  been  made  as  to  the  practicability 
of  cutting  through  the  middle  ground  which  divides  the 
waters  flowintj  into  the  Quitapahilla  from  those  flowing 
into  the  Tulpehocken,  and  by  lowering  the  summit  about 
forty  feet,  causing  those  streams  to  mingle  at  a  com- 
mon level,  where  the  supply  of  water  was  deemed  abun- 
dant, the  same  opportunity  was  improved,  to  make  va- 
rious examinations  connected  with  that  object.  Levels 
and  borings  v/ere  taken,  in  order  to  ascertain  the  nature 
of  the  soil,  and  the  probable  quantity  of  excavation. 

Similar  examinations  were  made  along  and  near  the 
line  of  the  old  summit,  where  wells  also  were  dug,  for 
the  purpose  of  discovering  the  difficulties  to  be  encoun- 
tered, should  it  be  found  expedient  to  continue  upon  that 
route,  at  a  lower  level. 

The  different  services  above  mentioned  having  occu- 
pied the  time  of  the  president  until  some  time  in  the 
month  of  August,  he  was  then  requested  by  the  board 
to  proceed  to  Massachusetts,  in  order  to  view  the  great 
dam  and  locks  lately  completed  by  Mr.  Baldwin  between 
Boston  and  Brooklyn,  and  the  Middlesex  canal  ;  and  to 
return  through  New- York,  for  the  purjjose  of  examin- 
ing the  works  of  the  Erie  and  Champlain  canals.  Fiom 
Boston,  he  was  accompanied  by  Mr.  Baldwin,  and  having 
gone  to  fort  Edward  on  the  latter,  and  to  Rome  on  the 
former,  they  returned  to  Philadelphia  on  the  twtnty- 
sevtnth  day  of  September.  Much  informatiyn  was  ob- 
tained in  the  course  of  this  lour,  the  usefulness  of  which, 
the  boatd  have  no  doubt,  will  be  apparent  in  the  pro- 
gress of  the  work. 

Tlie  engineer  commenced  his  labours  at  the  middle 
ground  on  the  fourth  day  of  October,  and  from  that  lime 
has  been  assiduously  engaged  in  his  duties  there.  On 
the  nineteenth  instant,  he  presented  !iis  rejioit  relative 
to  the  summit,  which  now  awaits  the  decision  of  the 
board.  Upon  a  perusal  of  this  report,  the  board  are  of 
opinion,  that  every  doubt  as  to  the  supply  of  water,  and 
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the  entire  practicability  of  tlie  undertaking  at  the  sum- 
mit, the  most  material  point,  must  vanish. 

The  board  arc  sensible  of  the  anxiety  which  is  felt 
by  the  public,  relative  to  the  great  slate  object  entiusted 
to  their  care,  and  have  been  strenuous  in  their  exer- 
tions to  fulfil  wliatevcr  niight  be  reasonably  expected 
fiom  them.  They  are  also  aware,  that  an  actual  com- 
mencement to  excavate  some  part  of  the  line  of  the  ca- 
nal, would  be  generally  considered  a  more  satisfactory 
evidence  of  their  diligence  than  any  thing  which  it  is 
now  ii^  their  power  to  exhibit.  They  beg,  however,  to 
remaik,  that  every  work  of  this  nature  must  depend,  in 
a  great  measure,  for  its  successful  arid  economical  ac- 
complibhment,  upon  the  due  adjustnient  of  iis  plan,  so 
as  to  gur.rd  all  points  of  difTicuuy,  and  take  advantage 
of  all  that  are  favourable.  Until  tiie  engineer  should  have 
a  full  opportunity  for  examination,  the  board  have  felt  it 
to  be  their  duty,  not  to  incur  any  considerable  expendi- 
ture upon  views,  which  might  eventually  prove  defec- 
tive or  impracticable. 

No  time  will  now  be  lost  in  determining  upon  the  plan; 
after  which,  contracts  will  be  entered  into,  as  soon  as 
possible  ;  and  a  small  supply  of  tools  and  implements 
having  been  already  provided,  such  progress  will  be 
made  with  the  work  as  the  season  may  permit.  Much 
cannot,  however,  be  accomplished,  until  the  ensuing 
spring.  In  the  interim,  the  details  of  the  work  will  be 
thoroughly  prepared  by  the  engineer,  and  every  arrange- 
ment will  be  made  to  prosecute  it  with  the  most  vigor- 
ous industry. 

The  accounts  of  the  treasurer,  herewith  submitted, 
will  show  the  particulars  of  the  sums  received  and  paid 
by  him,  and  the  balance  of  S53,665  03,  remaining  in 
hand  on  the  first  instant. 

A  statement  of  the  lottery  fund  is  also  annexed,  ex- 
hibiting the  amount  of  72,245  dollars  and  12  cents  as 
having  accumulated  from  that  source,  in  aid  of  the  funds 
of  the  company.  Of  that  amount,  62,645  dollars  and  12 
cents  were  invested  by  the  late  board  of  managers  in 
six  per  cent,  slock  of  the  United  States,  the  par  value 
of  which  is  59,389  dollars  and  96  cents,  and  the  balance 
remains  in  cash,  the  authority  to  invest  under  the  char- 
ter having  expired  at  the  end  of  the  year  1820. 

A  schedule  is  hereunto  annexed,  which  exhibits  the 
real  property  near  Lebanon  now  held  by  the  company, 
consisting  of  the  water  rights  and  the  feeders,  and  the 
land  occupied  by  the  line  of  the  canal  for  an  extent  of 
about  eight  miles,  and  some  grounds  purchased  for 
brick  yards.  The  water  rights  include  all  the  main 
sources  of  the  Tulpehocken  and  Quitapahilla  creeks. 
The  original  cost  of  so  much  of  this  property  as  was 
paid  for  according  to  valuation  by  inquisition,  was  about 
49,000  dollars,  and  of  the  residue,  which  was  obtained 
by  private  contract, about  7,000  dollars.  Almost  the  whole 
of  this  property  may  be  considered  as  not  only  available, 
but  essential  for  the  purposes  of  the  canal. 

There  appears  also  to  be  vested  in  the  company  a 
part  of  the  ground  occupied  by  the  Delaware  and  Schuyl- 
kill canal,  the  cost  of  which  is  believed  to  have  exceed- 
ed 4,000  dollars,  but  the  precise  amount  has  not  been 
ascertained. 

On  the  subject  of  future  income  from  lotteries,  the 
board  feel  great  pleasure  in  being  enabled  to  state,  that 
tUey  have  made  a  contract  with  a  geiitlen)an  of  the  first 
respectability  upon  terms  far  more  advantageous  to  the 
company  than  those  heretofore  obtained  ;  and  they  feel 


warranted  in  the  opinion,  that  ample  means  to  meet  t!ic 
interest  upon  the  new  stock  will  be  raised  from  this 
source,  without  having  recourse  lo  the  treasury  of  the 
commonwealth  for  the   payment  of  any  part  of  it. 

As  the  question  of  compensation  to  the  odiccrs  of  t!ie 
company  will  naturally  aiise  at  this  ti.'ne,  the  hoard  deem 
it  proper  to  remark,  that,  from  the  period  of  their  or- 
ganization, the  attention  of  the  president  has  been  al- 
most exclusively  devoted  to  the  alTairs  of  the  company. 
During  a  large  portion  of  tlie  time,  he  has  been  absent 
from  his  residence  in  its  service,  having  encountered 
much  faiigue,  and  devoted  himself  with  indusry  and  as- 
siduity to  its  interests.  A  portion  of  the  time  of  the 
secretary  and  treasurer  has  also  been  required  daily, 
from  the  same  period.  Under  these  circumstances,  it 
appears  to  the  board  but  just,  that  the  salaries  which  mav 
be  agreed  upon  should  dale  their  commencement  aseaily 
as  possible  after  those  gentlemen  were  severally  ap- 
pointed. 

Ha\ing  thus  placed  before  the  stockholders  the  mea- 
sures adopted  in  the  performance  of  their  duty,  together 
with  a  general  statement  of  their  afTairs,  it  may  be  pro- 
per to  bring  into  view  some  of  the  advantages  which 
will  most  probably  result  from  the  completion  of  this 
inipoitant  work. 

In  the  examination  mad.;  by  the  president  of  the  ope- 
rations on  the  .Middlesex  canal,  he  ascertained  that  a 
horse,  altendetl  by  a  man  and  a  boy,  can  convey  about 
tweny-five  tons  twenty-five  miles  in  one  day  ;  tlie  ex- 
pense of  which  would  be  as  follows  ; 

One  man  at  one  dollar  per  day,  .  SI  00 

One  boy  at  50  cents         do.  .  .  so 

One  horse  at  one  dollar     do.         .         .  1   00 

Use  of  the  boat  do.  .  .1  50 

Extra,  .  .  .  .  1  00 

Per  day,         S5  00 
At  the  aboye  rate  of  travelling,  it  would  require  three 
days  to   pass   from   the   mouth  of  the  Swatara  to  the 
mouth  of  the  Tulpehocken    .  .  Sl5  00 

Toll  which  may  be  demanded  by  the  company, 

gl    40-100  per  ton,  on  twenty-five  tons,  35  00 


S50  OJ 
Making  two  dollars  per  ton,  or  a  fraction  more  than 
eighteen  cents  per  barrel  of  flour,  for  seventy-five  miles 
of  distance. 

Suppose,  then,  that  the  canal  should  be  navigable  230 
days  in  the  year,  and  that  there  should  be  an  average 
passage  of  only  15  boats  per  day,  the  above  toll  of 
SI  40  100  per  ton  would  produce  S131,250:  thus  leav- 
ing to  the  stockholders,  after  a  full  allowance  for  repairs 
and  expenses,  an  income  which  would  give  an  ample  re- 
muneration for  the  application  of  their  capital,  and  to  the 
public  a  mode  of  conveyance  of  about  one-fifth  the  cost 
of  the  present  land  carriage. 

While,  however,  these  results  may  reasonably  be  look- 
ed for,  it  must  be  obvious,  that  by  producing  a  more 
intimate  connexion  between  the  interior  of  the  state  and 
its  commercial  capital,  they  will  tend  to  cement  the  good 
will  which  ought  to  exist  between  menrbers  of  the  same 
community  ;  and  that  while  efforts  of  the  most  extra- 
ordinary magnitude  are  making  by  our  enterprising 
neighbours  tu  engross  tlie  tiade  of  the  west,  the  com- 
pletion of  the  Union  canal,  in  connexion  with  the  Schuyl- 
kill navigation,  may  be  considered  as  the  great  link  of  3 
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system  of  internal  navigation,  wiiich,  by  afibrdiiig  a  cheap 
and  certain  mode  of  transportation,  will  enable  the  state 
of  Pennsylvania  to  retain  the  high  standing  which  the 
extent  and  industry  of  her  population,  and  her  resources, 
so  justly  entitle  her  to. 

In  closing  this  repoit,  it  may  not  be  irrelevant  to  re- 
mark, that  the  managers  of  the  Schuylkill  Navigation 
company,  believing  that  a  union  of  interest  exisis  be- 
tween the  two  companies,  have  determined,  even  at  an 
increased  expense,  to  extend  their  canal  navigation  below 
Reading,  instead  of  kee[)ing,  as  was  originally  intended, 
in  the  bed  of  the  river:  thus  giving  to  the  boats  which 
may  pass  through  the  Union  canal  an  increased  facility 
in  their  approach  to  Philadelphia." 

From  information  received  at  their  office  in  Philadel- 
phia, the  Union  Canal  company  commenced  their  opei-a- 
tions  on  the  summit  level,  on  March  15th,  1822,  with 
every  favourable  appearance  of  a  successful  issue. 

We  might  indefinitely  enlarge  upon  the  subject  of  the 
great  canal  operations  of  the  interior  of  Pennsylvania,  but 
we  trustsufficient  has  been  given,  to  enable  the  reader  to 
form  a  correct  idea  of  the  actual  condition  of  those  very 
important  works.  We  now  proceed  to  the  discussion  of 
another,  and,  perhaps,  to  its  extent,  the  most  necessary 
canal  which  could  be  formed  in  the  United  States,  and 
the  one  most  capable  of  execution,  at  the  least  compara- 
tive expense  :  that  between  the  Delaware  and  Chesa- 
peake bay.  That  this  very  obvious  work  should  have 
remained  to  this  date  unfinished,  must  be  considered  as 
a  public  reproach.  Prefatory  to  any  remarks  of  our  own, 
we  present  our  readers  with  the  two  following  docu- 
ments, consisting  of,  a  report  of  a  committee  of  the 
senate  of  Maryland  upon  the  subject  of  the  Delaware 
and  Chesapeake  canal,  and  upon  the  internal  improve- 
ment of  that  state,  in  respect  to  canals  generally  ;  the 
other,  a  report  of  a  committee  of  the  citizens  of  Phila- 
delphia, and  of  the  stockholders  to  the  Delaware  and 
Chesapeake  canal.  Taken  together,  they  contain  so 
much  respecting  the  objects  embraced,  as  to  leave  little 
to  add  which  could  interest  the  public  ;  we  therefore  lay 
them  before  our  readers,  and  shall  close  our  review  of 
the  subjects  with  a  few  brief  remarks. 

Th.e  committee,  to  whom  was  referred  so  much  of 
the  governor's  message  as  relates  to  internal  improve- 
inent,  beg  leave  to  report : 

That  whatever  difference  of  opinion  may  heretofore 
have  existed,  as  to  the  expediency  of  internal  improve- 
ments, the  time  appears  now  to  have  arrived,  when  every 
citizen  of  the  state  of  Maryland  is  solicitous  that  all 
proper  means  should  be  adopted  to  bring  into  life  and 
activity  every  internal  improvement  of  wliich  the  state  is 
susceptible.  That,  fully  aware  of  this  feeling,  your  com- 
mittee would  respectfully  suggest  some  distinct  objects 
of  internal  improvement,  which  they  cannot  but  regard 
as  of  the  very  first  importance  to  the  welfare  of  the 
state — that  is.  The  improvement  of  the  navigation  of 
the  rivers  Potomac  and  Susquehanna — the  cross-cut 
canal  (as  it  is  usually  called)  to  unite  the  bays  of  Chesa- 
peake and  Delaware;  and  the  making  of  a  turnpike 
road  from  Boonsborough  to  flagerstown,  M'ith  a  view  to 
join  the  great  national  road,  lately  completed  by  the 
United  States,  from  Cumberland  to  Wheeling,  in  the 
state  of  Virginia. 

With  respect  to  the  improvement  of  the  navigation  of 
the  river  Potomac,  your  committee  arc  of  opinion,  that 


every  reasonaljle  aid  should  be  afforded  by  the  state  to 
effect  that  desirable  object;  but  when  they  find  that  the 
state  of  Maryland  has  already  advanced  one  hundred  and 
fifty  thousand  dollars  for  that  purpose,  without  deriving 
the  slightest  benefit  from  it,  they  cannot  but  think  that  it 
is  time  to  pause  before  advancing  further  sums  of  money, 
except  so  far  as  to  complete  the  surveys  already  made, 
or  undertaken,  to  procure  correct  estimates  of  the  ex- 
penses of  effecting  tlie  proposed  object,  and  the  extent 
to  which  the  improvement  of  the  navigation  of  that  river 
is  intended  to  be  carried. 

And  here  your  committee  would  remark,  that  some 
doubts  of  the  value  of  this  improvement  have  been  sug- 
gested to  their  minds  by  a  perusal  of  the  following  ex- 
tract from  the  report  of  the  late  Mr.  Latrobe,  dated 
March  16th,  1808,  to  Mr.  Gallatin,  then  Secretary  of  th.i 
Treasury  of  the  United  States  :  "  The  trade  of  this; 
canal,  especially  during  the  year  1807,  has  been  so  great, 
that  there  appears  every  prospect  of  its  becoming  a  pro- 
ductive work,  in  those  years  in  which  there  is  a  consi- 
derable and  equal  quantity  of  water  in  the  river;  but  ur. 
this  circuni.itaricf  it  ?nusl  ativays  defiend.  The  informa- 
tion respecting  it,  which  can  be  obtained  from  the  com- 
pany on  the  spot,  renders  it  unnecessary  for  me  to  say  ' 
more  upon  it." 

Mr.  Latrobe's  opinion,  upon  a  subject  of  this  nature, 
being,  in  the  estimation  of  your  committee,  entitled  to 
the  greatest  respect,  they  conceive,  that,  before  any  far- 
ther advances  should  be  made  for  the  improvement  of 
the  navigation  of  the  Potomac,  the  doubts  suggested  by  this 
extract  from  his  report,  should  be  fully  and  accurately  ex- 
amined into,  in  order  to  enable  the  general  assembly  to  form 
a  more  correct  opinion  upon  the  subject,  than  the  inform- 
ation which  they  now  possess  will  enable  them  to  do.  I: 
appears,  from  a  report  of  the  Potomac  company,  that  the 
total  amount  of  tolls  received  by  them,  from  tlie  1st  day 
of  August,  1799,  to  the  1st  of  August,  1817,  was  162,379 
dollars  55  cents,  or  S9i021  per  annum,  all  of  which 
amount,  except  the  sum  of  S3. 890  55  cents,  was  applied 
to  the  further  improvement  of  the  river.  The  value  of 
property  brought  down  the  river,  during  the  same  period 
of  time,  is  estimated  at  87,002,370  62  cents,  equal  to 
S289,000  annually. 

As  it  regards  the  improvement  of  the  navigation  of  the 
river  Susquehanna,  your  committee,  viewing  it  as  a  sub- 
ject of  gieat  and  boundless  importance  to  the  slate  of 
Maryland,  have  given  to  it  their  fullest  and  most  atten- 
tive consideration.  The  attention  of  the  citizens  of 
Maryland  has  recently  been  directed  towards  it,  and  all, 
convinced  of  the  vast  utility  and  benefit  to  bs  derived 
from  it,  seem  anxiously  solicitous  that  some  legislative 
aid  should  be  extended  towards  it.  Under  these  cir- 
cumstances,your  committee  cannot  but  recommend  itasa 
subject  worthy  of  the  deepest  reflection,  and  fraught  with 
considerations  of  vital  importance  to  the  state  of  Maryland. 

That  particular  district  of  country  to  which  the  bene- 
fits of  the  turnpike  roads  in  Maryland  are  most  imme- 
ately  extended,  lying  between  the  Susquehanna  on  the 
one  side,  and  the  Potomac  on  the  other,  awd  extending 
north-westward  from  Baltimore  to  the  north  mountain, 
comprehending  the  Conococheague  valley,  has  been  ac- 
curately measured  on  a  map  of  the  country,  and  found  to 
contain  5000  square  miles.  Those  portions  of  the 
country  bordering  upon  the  various  tributary  streams  of 
the  Potomac,  westward  of  the  south  mountain  in  Mary- 
land, and  the  blue  ridge  in  Virginia,  liave  been  also 
measured,  and   found   to  contain    10,000  square  miles. 
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But  when  your  commiltee  direct  their  attention  to  that 
portion  of  the  country  through  which  the  Susquelianna 
llows,  they  cmhrace  williin  their  view  a  field  of  greater 
and  more  enlarged  dimensions.  •  By  an  accurate  mea- 
surement of  those  expanded  regions  situated  upon  the 
Susquehanna,  and  its  numerous  wide  spreading  branches, 
tliey  have  been  found  to  contain  about  20,000  square 
miles,  exclusive  of  10,000  square  miles  more  of  adjacent 
country,  lying  upon  other  waters  in  the  states  of  Penn- 
sylvania and  New-Yoik  ;  lor  the  produce  of  which 
country,  should  the  navigation  of  the  Susquehanna  be 
improved  to  the  extent  contemplated,  Baltimore  must  in- 
evitably become  the  most  convenient  market. 

From  these  estimates,  it  is  abundantly  evident  that  the 
trade  of  the  Susquehanna,  (flowing  as  it  does  through  a 
country  of  vast  extent,  and  inferior,  in  point  of  fertility, 
to  no  portion  of  the  United  States,)  is  a  trade,  involving 
in  its  nature  a  very  extensive,  permanent,  and  growing 
interest. 

Were  the  navigation  of  the  Potomac  improved  to  the 
utmost  possible  extent,  its  trade  must  be  considered  but 
of  minor  importance,  when  compared  with  that  oi'  the 
Susquehanna  ;  the  Potomac  llowing  as  it  does  through  a 
country  of  comparatively  small  extent,  and  by  no  means 
celebrated  for  its  richness  and  fertility.  In  addition  to 
this  it  may  be  remarked,  that,  to  however  great  an  ex- 
tent the  productions  of  the  soil  may  find  their  way  into 
the  Poloinac  ;  however  extensive  the  demand  for  foreign 
commodities,  at  Georgetown  and  Washington,  the  state 
of  Maryland  can  derive  but  little  benefit  from  it.  The 
advantages  secured  flow  into  a  different  channel:  they 
go  to  fill  other  coffers — not  those  of  the  state  of  Mary- 
land. But  improve  the  navigation  of  the  Susquehanna 
to  the  extent  proposed,  and  you  bring  to  the  city  of  Bal- 
timore a  trade  of  incalculable  extent  and  value,  the  bene- 
fits of  which  must  be  imparted  to  every  section  of  the 
state,  and  which  cannot  fail  richly  to  remunerate  us  for 
whatever  aid  may  be  extended  to  it. 

The  obstructions  to  the  free  navigation  of  the  river 
Susquehanna,  exist  near  tide  water,  that  is  to  say,  below 
Columbia.  Above  that  town  the  difficulties  are  re- 
moved by  Pennsylvania,  and  a  boat  navigation  at  present 
exi^^s  to  near  the  New-York  line.  The  distance  iVum 
Columbia  to  Port  Deposit  is  35  miles,  20  milts  of  whiuu 
may  be  considered  as  tolerably  good  navigation,  either  in 
ascending  or  descending. 

From  Tuikey  Mill  to  Nelson's  Falls,  near  Muddy 
creek,  a  distance  of  15  miles,  the  navigation  is  bad,  and 
it  is  heie  that  the  piincipal  obstructions  exist,  the  re- 
moval of  which  are  so  anxiously  desired. 

Your  committee  have  taken  considerable  pains  to  as- 
fcitain  the  value  of  the  produce  which  has  come  down 
the  Susquehanna  for  several  years  past  ;  they  have,  how- 
ever, only  buen  able  Ic  procure  an  estimate  of  what  has 
come  down  from  last  spring  to  December  past  ;  and  they 
find  it  to  be  valued  at  51,121,250.  The  number  of  rafts 
and  boats  that  came  down  the  river  to  Port  Deposit,  dur- 
ing the  same  time,  was,  925  rafts  of  lumber,  averaging 
25,000  feet  each,  and  535  arks,  loaded  with  flour,  wh.is- 
key,  pork,  &c. 

The  Susquehanna  canal,  commencing  at  the  Maryland 
and  Pennsylvania  line,  and  ending  at  the  head  of  tide 
water,  is  now  completed,  and  in  good  order  for  the  pass- 
age of  rafts.  It  appeiirs  to  have  a  full  supply  of  water  at 
those  seasons  of  the  year  when  the  river  is  not  high,  and 
insuies  a  saf'j  passage  for  a'i  produce  that  may  come 
down  the  river  to  the  mouth  lA  the  canal. 


It  in  certainly  of  great  importance  to  the  state  of 
Maryland,  that  this  canal  should  be  kept  in  perfect  con- 
dition, and  that  the  proprietors  be  protected  in  all  their 
just  rights. 

The  committee  have  only  to  state  in  conclusion  on  this 
subject,  that  when  the  water  of  the  Susquehanna  is  high, 
boats  and  rafts  frequently  pass  to  the  head  of  the  tide 
water  without  entering  the  canal. 

The  committee  now  come  to  the  third  object  of  in- 
ternal iinprovemcnl,  to  which  they  are  desirous  of 
directing  the  attention  of  the  legislature  ;  that  is,  the 
canal  to  unite  the  bays  of  Chesapeake  and  Delaware. 

In  the  year  1799,  the  legislature  of  Maryland  passed 
a  law,  which,  in  the  year  1801,  was  followed  by  similar 
laws  on  the  part  of  the  legislatures  of  the  states  of  Dela- 
ware and  Pennsylvania,  incorporating  a  company,  with  a 
capital  stock  of  §400,000,  for  the  purpose  of  opening  a 
canal  between  the  bays  of  Chesapeake  and  Delaware.  In 
pursuance  of  these  laws,  subscriptions  were  received  for 
nearly  the  whole  amount  of  the  two  thousand  shares,  at 
S200  each.  Surveys  were  made — engineers  and  work- 
men employed — a  route  selected  for  the  canal  through 
the  isthmus  which  separates  the  two  bays,  and  some  ma- 
terial progress  made  in  the  execution  of  the  work.  But, 
unfortunately,  after  having  gone  thus  far  in  the  execution 
of  this  important  object,  and  after  having  expended  up- 
wards of  8100,000  in  the  purchase  of  water  rights,  and 
in  the  construction  of  a  feeder  and  reservoir,  the  work 
was  suspended,  in  the  year  1803,  in  consequence  of  the 
non-payment  of  the  subscriptions — and  it  appearing  daily 
more  evident,  that  the  whole  amount  of  the  capital  stock, 
even  if  subscribed  for,  and  collected,  was  a  sum  totally 
inadequate  to  the  completion  of  so  extensive  a  work. 
At  this  peiiod,  also,  the  energy  and  spirit  of  the  com- 
pany began  to  subside,  unaided,  as  it  was,  by  further  sup- 
port and  encouragement,  or  by  that  individual  enterprise 
and  activity  which  had  enabled  them,  up  to  that  period, 
to  continue  their  operations. 

By  connecting  the  waters  of  the  Chesapeake  and  Dela- 
ware, the  contemplated  canal  will  throw  open  an  internal 
navigation  of  great  extent,  from  the  north-west  part  of 
the  slate  of  New-York,  to  the  southern  extremities  of  the 
state  of  Virginia. 

The  particular  advantages  which  the  state  of  Mary- 
land would  derive  from  this  improvement,  need  scarcely 
be  detailed  by  the  committee.  They  will  suggest  them- 
selves to  the  understanding  of  every  reflecting  man.  In 
a  national  point  of  view,  all  will  concur  in  the  opinion  of 
its  importance,  and,  looking  to  an  event  which  your  com- 
mittee is  by  no  means  anxious  should  soon  occur,  but, 
which,  in  the  opitiion  of  the  committee,  may  reasonably 
be  expected  to  take  place  at  some  distant  period,  it  may 
be  regarded  as  an  object  of  peculiar  interest,  as  produc- 
tive of  the  means  of  national  defence,  affording,  as  it  no 
doubt  will,  a  facility  of  transportation  of  troops,  ordnance, 
and  military  stores,  from  one  part  of  the  country  to  the 
other,  the  want  of  which  was  materially  felt  during  our 
late  war  with  Great  Britain. 

Beneficial  as  it  certainly  will  be  to  the  state  of  Mary- 
land, the  committee  have  thought  it  proper  to  direct  the 
attention  of  the  legislature  towards  it — but  viewing  it  as 
an  object  of  national  concern,  and  not  alone  productive  of 
local  advantage,  the  committee  would  remark,  that  it  is 
a  subject  to  which  the  attention  of  the  national  legisla- 
ture shoi'.ld  be  drawn. 

The  canal  begins  at  Welch  Point,  on  the  Elk  river,  an 
arm  of  the  Chesapeake,  and  is  to  terminate  at  a  distance 
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of  tweivy-lwo  miles  on  Clirislianaf  river,  a  branch  of  the 
Delaware.  At  low  water,  the  depth  of  water  in  Chris- 
liana  ri\er  is  9  feet,  and  in  Elk  river  12  feet,  wiihin  100 
feet  from  tl.e  shore.  The  tide  ris»s  4  feet  in  both  rivers. 
No  expensive  aqueducts  or  bridges  arc  to  be  made,  and 
the  principal  obst;;cles  iiave  been  already  overcome.  The 
supply  ol  water  drawn  from  Elk  river  by  a  feeder  which 
is  now  coiupielcd,  sis  miles  in  length,  and  three  and  a 
half  feet  in  depth,  and  which  is  itself  a  boat  canal,  united 
by  a  lock  of  ten  feet  hi:^h  to  the  maiaciinai,  is  calculated 
to  fill  daily  one  hundrid  atid  forty  locks,  a  quantity  sulTi- 
cieut,  on  an  average,  for  the  daily  passage  uf  24  vessels. 
The  canal  is  26  feet  wide  at  the  bottom,  and  30  feet  at 
the  water's  edge.  It  is  intended  for  vessels  of  from  40 
to  70  tons,  drawing  7}  feet.  The  banks,  being  intended 
for  towing  paths,  are  20  feet  wide,  one  of  which  may  be 
converted  into  a  turnpike  road,  being  raised  three  feet 
a'«ove  the  level  of  the  water,  and  will,  by  increasing  tlie 
lieight  of  the  lock  gates  one  foot,  admit  a  depth  of  nine 
feet  water  in  the  canal.  The  expense  of  digging  one 
mile  through  rocky  ground  was  S'5)000,  and  that  of 
digging  the  same  distance  through  a  level  country,  free 
from  obsli  uclions,  S2300,  which  gives  an  average  of 
S7650  per  mile.  The  whole  length  of  the  canal  is  about 
22  miles,  and  the  whole  cost  is  computed  to  be  about 
8850,000.  These  estimates  were  made  at  a  time  when 
labour  was  comparatively  high— it  is  presumed  they 
would  be  much  less  at  the  present  time. 

This  information  of  facts  the  committee  have  thought 
proper  to  furnish,  in  order  to  enable  the  legislature  to 
form  a  correct  opinion  upon  the  subject. 

The  fourth  and  last  object  to  which  the  committee 
have  directed  their  attention,  and  to  which  they  have 
thought  it  proper  to  direct  the  consideration  of  the  legis- 
lature, is  the  making  of  a  turnpike  road  from  Boonsbo- 
rough  to  Hagerstown,  to  join  the  great  national  road 
leading  from  the  latter  place  to  Wheeling,  in  the  state  of 
Virginia.  Upon  this  subject  the  committee  would  re- 
mark, that  this  important  object  is  now  likely  to  be  ac- 
complished, in  conformity  with  the  law  passed  at  the 
present  session,  and  which,  your  committee  trusts,  will 
be  carried  into  full  and  complete  effect. 

February  6th,  1822. 

The  committee  appointed  at  a  meeting  of  citizens, 
held  at  Judd's  hotel,  on  the  4th  day  of  September  last, 
on  the  subject  of  the  Chesapeake  and  Delaware  Canal, 
report : 

That  they  have  collected  ail  the  laws  passed  by  the 
states  of  Maryland,  Delaware,  and  Peimsylvania,  to  in- 
corporate the  Cliesapeakc  and  Delaware  Canal  com- 
pany ;  and  the  supplements  thereto.  In  the  law  of  the 
state  of  Delaware,  there  were  discovered  some  provisions 
fixing  the  rates  of  toll,  and  reserving  to  that  stale  a  per 
centage  on  the  annual  profits,  which,  though  they  were 
rendered  less  objectionable,  by  a  supplement  passed  on 
the  3lh  February,  1802,  seemed  still  to  interpose  very 
serious  obstacles.  For  the  purpose  of  having  them  re- 
moved, memorials  to  the  legislature  of  tliat  state,  then  in 
session  at  Dover,  wei  e  prepared  by  the  committee,  and 
two  of  their  number  were  deputed  to  present  them.  On 
their  arrival  there,  it  was  discovered  tiiat  the  obnoxious 
provisions  had  been  repealed,  and  tliat  the  best  disposition 
existed  among  the  members  to  promote  the  important 
work  to  vvhich  these  laws  have  relation. 

Notwithstanding  the  primary  object  of  theiisit  was 
iouiid  to  have  been  already  accomplished,  your  commit- 


tee think  that  the  trouble  of  the  journey  was  more  than 
compensated,  by  the  opportunity  i<  afforded  of  removing, 
by  explanation,  some  prejudices  and  misconceptions, 
which  existed  in  the  miods  of  a  few  of  the  members  of 
the  legislature. 

Your  committee  are  not  aware  that  there  is  any  thing  in 
the  laws  of  the  several  states,  in  their  present  shape,  which 
requires  alteration  or  amendment  ;  a^east,  antecedently 
to  the  recommencement  of  opcialioas  by  the  company. 

You  I'  committee  have  also  individiiaily,  and  by  sub- 
committees, endeavoured  to  obtain  information  of  the 
))i ogress  made  by  the  company  in  executing  the  work  ; 
of  the  causes  which  produced  its  suspension  ;  of  the  pre- 
sent condition  of  their  affairs ;  and  cJ"  its  practicability 
and  probable  usefulness  to  the  nation,  and  of  the  citizens 
immediately  connected  withit,  as  well  asof  the  advantages 
it  promises  to  the  stockholders.  Fdi"  these  purposes, 
and  to  collect  and  compare  the  information  obtained,  your 
committee  have  held  meetings  from  week  to  week,  since 
their  appointment ;  and  have  derived,  from  a  pamphlet 
recently  published  by  Mr.  Joshua^Gilpin,  much  informa- 
tion of  the  most  interesting  kind  ;  a  part  of  which  only 
is  deemed  necessary  to  lay  before  you  in  this  report. 
The  book  itself  is  calculated  to  instruct  and  persuade  all 
those  who  take  an  interest  in  the  canal,  both  by  the  authen- 
ticity of  its  documents,  and  the  manner  in  which  they  are 
explained.  The  opinions  of  the  author,  with  regard  to 
the  route  of  the  canal,  will,  of  course,  have  their  merits 
tested  by  future  surveys;  your  committee,  however, 
have  learned  nothing  which  could  justify  them  in  doubt- 
ing the   general  correctness  of  Mr.  Gilpin's  statements. 

In  the  course  of  their  investigation,  your  committee 
have  found  cause  to  applaud  the  zeal  and  diligence  of 
the  former  boards  of  managers.  They  speak,  however, 
only  in  reference  to  their  disinterested  efforts  in  forward- 
ing the  great  work  committed  to  their  charge.  They 
will  not  presume  to  give  an  opinion  upon  the  plans  which 
those  managers  may  have  adopted  in  relation  to  the 
course  of  the  canal,  or  the  waters  intended  to  be  used  as 
feeders  :  those  topics,  as  already  hinted,  should  be  left, 
as  your  committee  believe,  to  the  decision  of  the  present 
board  of  managers,  in  full  confidence  that  they  will  be 
guided  by  the  result  of  careful  surveys,  and  an  honest 
desire  to  benefit  both  the  public  and  the  stockholders. 

The  original  subscriptions  to  this  stock  are  as  fol- 
lows : 

In  Pennsylvania,  chiefly  in  Philadelphia,  824  shares,  by  429  sub's. 
In  Delaware,  .  .  .  "12     do.  do.     247    do. 

In  Maiyland        .  .  .  256    do.  do.      54    do. 


1792 

On  these,  Pennsylvania  li.'is  paid 
Maryland  about 
Delaware, 

Total,  .... 

Leaving  due  upon  the  instalments  called  for  : 
From  Pennsylvania, 

From  M.in  land,  .... 

From  Delaware,  .... 

Total,        ..... 


730 

§73,400 
18,300 
11,300 

Si  03,000 


S9,100 

7,300 

59,900 

S7&300 


There  have  been  received  from  the  stockholders  about  5103,000 
And  expended  altogether,  .  •  122,000 


Leaving  the  company  in  debt. 


S '9.000 
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The  capital  subscribed,  (1792  shares,  at  §200,) 
Of  which  there  have  been  received,     . 


S358.400 
103,000 


Leaving  due  from  the  stockholders,  .  S255,400 

Of  these  §255,400,  it  is  presumed  that  200,000  will  be 
collected  ;  and  it  is  computed  tliat  an  additional  subscrip- 
tion of  §600,000  would  finish  ihs  work.  These  two  items, 
ad<Ied  lo  the  103,000  dollars  already  expended,  will 
make  a  grand  total  of  about  §900,000 — the  interest  of 
■which,  at  6  per  cent,  would  be  .  .  §54,000 

Annual  repairs,  and  attendance  on  the  locks,  kc.   16;000 

Total, §70,000 

Forty  thousand  tons  of  goods,  it  is  supposed,  are  now 
annually  transported  across  the  peninsula,  at  a  freight  of 
80,000  dollars.  When  the  trade  of  the  Susquehanna  is 
added  to  the  new  traffic  which  will  be  created  by  the 
facility  of  a  water  conveyance,  the  increased  tonnage 
must  ensure  to  the  stockholders  large  dividends. 

The  legislature  of  Pennsylvania  directed  the  governor, 
by  a  law  of  the  25th  March,  1813,  to  draw  his  warrant 
on  the  treasury  for  75,000  dollars,  (ihe  par  value  of  375 
shares,)  whenever  the  United  States  shall  have  subscrib- 
ed 750  shares,  Maryland  230  shares,  and  Delaware  100 
shares. 

The  board  of  managers  have  been  re-organized  by  an 
election  held  at  Wilmington  on  the  28th  ult.  and  is  lo 
hold  its  future  meetings  in  this  city. 

Upon  the  whole,  your  committee  being  confirmed  in 
the  belief  that  the  canal  is  of  the  greatest  consequence 
to  the  nation,  and  promises  incalculable  benefits  to  the 
inhabitants  of  the  states  and  cities  more  immediately 
connected  with  it ;  perfectly  satisfied  too  of  its  easy 
practicability,  and  at  an  expense  bearing  no  proportion 
to  the  advantage  it  will  yield  lo  the  public,  and  profit  it 
will  afford  to  the  stockholders,  beg  leave  earnestly  to 
recommend  it  to  the  countenance  and  support  of  their 
fellow-citizens,  so  that  the  means  may  be  promptly  af- 
forded lo  the  board,  of  completing  the  work  without  de- 
lay. As  it  is  a  work  in  which  the  prosperity  of  Phila- 
delphia is  deeply  involved,  your  committee  believe  they 
may  make  this  appeal  with  confidence,  and  that  it  will 
be  met  with  a  liberality  proportioned  to  its  usefulness 
and  magnitude,  and  consistently  with  the  spirit  for  pub- 
lic improvement  and  patriotism,  in  which  the  commit- 
tee venture  to  affirm  our  citizens  never  have  been,  and 
to  hope  ihey  never  will  be,  outstripped  by  those  of  any 
of  our  sister  cities  or  states. 

In  conclusion,  we  invite  you  to  contemplate  the  pro- 
bable bearing  which  this  work,  associated  with  those  al- 
ready in  progress,  will  have  on  the  future  fortunes  of 
Philadelpliia. 

The  S  .huylkill  and  Lehigh  open  already  the  vast  mines 
of  coal  which  lie  at  their  sources,  and  convey  to  your 
doors,  at  a  cheap  and  expeditious  rate,  the  rich  products 
of  the  dis'.ricts  through  which  they  flow;  the  waters  of 
the  Susquehanna,  about  to  be  connected  by  the  means 
of  the  Union  CLUial  with  those  of  ihe  Schuylkill,  will 
lurnish  an  easy  and  secure  road  to  your  market  for  that 
great  Ligricuhural  lerri'.oiy ;  a  descending  iiavigalioi)  to 
the  tide  waters  cf  the  Chesapeake,  with  a  convenient 
passage  into  the  Delaware,  will  affoid  an  opportunity 
lor  ihe  boatmen  to  reluri  home,  not  o:i  fjot,  as  at  pre- 
sent, but  by  the  Schuylkill  and  Tulpeliockeii  rivers,  on 
'.joard  their  boats,  with  the  proceeds  cf  their  sales,  in- 
vested in  your  ci'y,  instead  of  other  markets,  as  is  now 
done.     The  cons'iuction  of  the  Ciiesf.peake  and   Dela- 


ware canal  will  complete  this  chain  of  inland  navigation. 
Il  is  for  Philadelphia  to  fuinish  such  means,  ^s  shall  en- 
able the  managers  to  resume  their  labours  alid  accom- 
plish their  end,  and  by  consequence  co-operate  with  llie 
works  of  a  similar  kind  now  in  hand,  in  securing  to  our 
city  forever  a  rmrK,  for  wealth,  population,  commerce, 
m.inulactures,  and  general  comfort,  inferior  to  no  other 
in  the  Union. 

This  report  is  signed  by  Samuel  IJreck,  Malliew  Ca- 
rey, Tiioni.!s  P.  Cope,  James  C.  Fisher,  Paul  Beck,  jr. 
Stephen  Girard,  Wiliiam  Meredith,  William  Lehman, 
Simon  Graiz,  and  Samuel  Archer. 

Mr.  Thomas  Gilpin  has  done  for  the  Delaware  and 
Chesapeake  canal  what  Colonel  Haines  has  performed 
for  those  of  Xew  York.  Mr.  Gilpin  has  published  a 
luminous  geographical  and  topographical  exfioae  of  the 
country,  over  which  the  former  water  communication 
must  p.iss,  pointed  out  the  benefits  to  be  derived  from 
such  a  work,  and  suggested  the  most  abundant  and  at- 
tainable sources  of  revenue  to  be  applied  to  its  execu- 
tion. For  the  most  enlarged  detail  we  must  refer  our 
readers  to  Mr.  Gilpin's  work,  and  close  our  own  obser- 
vations by  a  few  brief  abstracts. 

It  appears  from  the  evidence  collected  by  Mr.  Gilpin, 
thai  the  project  of  ui.iting  the  two  bays  of  Delaware  and 
Chesapeake,  originated  as  early  as  1 757  or  1 760,  nearly  70 
years  ago.  Indeed  so  much  has  nature  done  towards  the 
execution  of  a  water  connexion  between  those  two  inland 
seas,  and  so  few  obstacles  to  its  completion  present 
themselves,  that  an  artificial  completion  of  the  work 
must  suggest  itself  to  any  cultivated  mind,  to  which  the 
physiognomy  of  the  intervening  country  would  be  made 
known.  In  the  year  1769,  the  subject  was  brought  be- 
fore a  committee  of  a  company  of  merchants  of  Phila- 
delphia, and  the  Philosophical  Society.  The  latter  body 
in  that  year  appointed  a  committee  also,  but  the  mem- 
bers turned  their  alteniion  exclusively  to  the  pass  be- 
tween Bohemia  and  Appoquinimink. 

In  the  various  speculations  on  the  subject  of  uniting 
Delaware  and  Chesapeake  bays,  several  routes  presented 
themselves,  the  principal  of  which  were,  that  from  the 
Bohemia  or  Sassafras  river,  lo  the  Appoquinimink,  that 
next  below  the  latter,  or  from  Chester  river  to  Duck 
creek,  and  the  third  by  Elk  river  to  Christiana  creek, 
or  to  the  Delaware  at  New-Castle. 

Each  of  iliose  routes  have  been  carefully  and  repeat- 
edly surveyed,  and  ihe  following  geographical  view  and 
topographical  extracts  will,  we  trust,  serve  to  give  a 
clear  idea  of  the  country  over  which  the  canal  is  in- 
tended to  be  drawn. 

The  primitive  ledge  over  which  the  Delaware  flows 
at  Trenton,  and  the  Schuylkill  near  Philadelphia,  con- 
tinues to  ihe  south-west,  parallel  lo  the  Delaware,  to  Wil- 
mington. The  latter  town  is  situated  on  the  point  be- 
tween the  Brandywine  and  Christiana  creeks,  and  on 
the  verge  of  the  primitive  rock.  Immediately  below 
AVilminKtnn  llic  Brandywine  and  Christiana  unite;  the 
former  rising  within  the  primitive  in  Pennsylvania,  drain- 
ing the  centre  of  Chester  county,  and  the  l.uter  rising 
also  partly  on  the  primitive,  and  partly  on  the  alluvial 
sea-sand  border.  The  branch  peculiarly  called  the 
Christiana  has  its  source  near  the  north-east  angle  of 
Maryland,  flowing  south-east,  enters  and  flows  north-east 
along  the  margin  of  the  sea-sand  border,  and  under  the 
primitive  ledge,  receiving  from  the  north  White  Clay 
creek  and  Red  Clay  creek,  both  issuing  fiom  Chester 
county  in  Pennsylvania,  and,  first  uniting  with  each  other, 
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join  the  Christiana  creek,  between  Newport  and  Chris- 
tiana bridge.    The  tide  froni  the  Delaware  flows  up  the 
Christiana  to  the  bridge. 

Elk  river,  similar  to  the  Brandywine  and  Christiana, 
rises  in  Chester  county,  Pennsylvania,  flows  south  about 
20  miles  to  Elktoii,  where  it  meets  the  tides  IVom  Che- 
sapeake bay.     A  short  distance  below  Elkton,  the  Elk 
river  turns  south-east,  and,  passini;  Frenclitown,  flows  15 
iniles  to  Turkey  point,  and  is  lost  in  the  Chesapeake  bay. 
A  number  of  creeks   rising  on  the   alluvion  flow  west- 
ward into  the  Elk  river,  below  the  head   of  tide  water; 
the  principal  of  which  arc  Bohemia  and  Back  creeks. 

Between  the  waters  of  the  Christiana  and  Elk  river,  a 
ridge  of  land  extends  to  the  southward,  down  the  penin- 
sula, gradually  lowering,  but  with  many  partial  depres- 
sions, which  render  its  altitude  unequal.     Below  the  pri- 
mitive ledge  the  dividing  ridge  ceases  to  be  rocky,  ex- 
cept as  containing  rolled  or  loose  masses,   imbedded  in 
clay  and  sand.     The  distances  from  the  Delaware  to  Tur- 
key point,  as  measured  on  Hill's  and  Gilpin's  maps,  are  : 

Miles. 
Wilmington         ......  2 

Newport  ......         4       6 

Mouth  of  White  and  Red  Clay  creeks       .     2       8 
Ch'ristiana  bridge    .         .         .         .         .         3     11 

Howell's  upon  dividing  ridge       .  .         .     8      19 

Welch  point,  mouth  of  Back  creek,        .         8J  27^ 
Turkey  point,  mouth  of  Elk  river  .      9J  37 

These  distances  are  merely  general,  and  may  have, 
as  relates  to  canals,  very  important  fractional  discrepan- 
cies, but  they  will  serve  with  sufficient  accuracy  to  mark 
the  relative  situation  of  places  along  the  intended  canal 
line. 

Mr.  Gilpin,  who  has  exerted  much  energy  of  mind, 
and  the  experience  of  his  whole  life  to  the  subject,  ap- 
pears to  have  demonstrated  the  propriety  and  necessity 
of  approaching  near  the  primitive  rock  ledge  with  the 
line  of  the  projected  canal.  The  following  historical 
and  statistical  sketch,  is  founded  principally  upon  infor- 
mation contained  in  that  gentleman's  work. 

In  January,  1770,  a  committee,  composed  mostly  of 
gentlemen  from  Philadelphia,  proceeded  to  Wilmington, 
and  thence  to  Christiana  bridge.  Here  they  divided,  and 
made  extensive  surveys  on  the  peninsula  between  Red 
Lion  and  Back  creeks,  between  Christiana  creek  and 
Elk  river,  and  in  the  lower  part  of  Chester  and  Lancas- 
ter counties.  Mr.  Thomas  Gilpin,  the  father  of  Mr. 
Joshua  Gilpin,  was  one  of  this  acting  committee,  and  in 
a  great  degree  its  prime  mover.  In  the  course  gf  their 
investigations,  the  three  routes  we  have  already  noticed 
were  carefully  examined,'and  their  respective  merits  de- 
termined. The  operations  of  the  committee  of  1 770  ena- 
bles the  engineer  of  the  present  time  to  exhibit  the  re- 
volutions effected  by  alluvion  on  the  state  of  the  respec- 
tive water  courses.  Some  of  those  changes  are  very 
striking,  as  will  soon  be  shown. 

From  the  survey  of  1770,  until  1799,  no  prominent 
steps  were  taken  to  carry  this  great  enterprise  into  ef- 
fect. During  1799,  1800,  and  ISOl,  the  preliminary 
steps  were  taken,  acts  of  incorporation  procured,  and, 
in  Alay,  1803,  the  canal  company  was  organized.  The 
stockholders  met  in  Wilmington,  and  elected  the  now 
chief  justice  of  Pennsylvania,  Mr.  Tilghman,  president; 
and  Messrs.  J.  C.  Fisher,  George  Fox,  and  Joshua  Gil- 


pin, for  Pennsylvania;  Mr.  Tatnall,  Mr.  Johns,  and  Mr 
Bayard,  for  Delaware  ;  Mr.  Gale,  Mr.  Chew,  and  Mr. 
Adium,  for  Maryland,  as  directors. 

A  committee  was  appointed  to  execute  new  survevs, 
who  met  at  Wilmington,  July  4th,  1803,  This  coni- 
miiiee  was  composed  of  the  following  members,  Messrs. 
Tilghman,  Gilpin,  Tatnall,  Johns,  Gale,  and  Adlum. 
Mr.  Latrobe,  Mr.  C.  Howard,  of  Baltimore,  and  Mr. 
Thompson,  of  Pennsylvania,  were  appointed  engineers. 

The  investigations  of  the  committee  and  surveyors 
extended  south  to  Bohemia  and  Appotiuinimink  creeks, 
and  noith  to  the  primitive  ledge  and  Christiana  creek. 
"  There  is,"  says  Mr.  Gilpin,  "  also  a  remark  with  re- 
spect to  the  waters  of  the  Chesapeake  generally,  proper 
to  be  introduced  here,  though  it  applies  less  to  the  Elk 
than  to  tlie  other  streams.  These  streams  almost  uni- 
formly present  to  the  eye  fine  sheets  of  water,  with  steep 
banks  ol  gravel,  sand,  or  other  alluvial  substances  :  they 
form  also  ou  the  map  deep  indentations  into  the  penin- 
sula, apparently  of  the  utmost  value  for  canal  commu- 
nications, which  has  always  led  to  the  idea  of  those  com- 
munications being  much  easier  than  is  found  to  be  the 
case  in  point  of  fact.  In  this  respect,  therefore,  they  are 
extremely  illusory,  as  they  are  no  more  than  estuaries, 
or  inlets  of  the  tide  water  of  the  Chesapeake,  supported 
by  no  inland  streams,  but  immediately  degenerating  a: 
the  head  of  the  tide  into  rivulets  of  little  use,  either  for 
natural  or  artificial  navigation.  Thus  the  head  branches 
of  Bohemia  and  Back  creek  are  dammed  up  at  the  head 
of  the  tide  for  mills,  and  no  one  of  them  is  able  to  sup- 
ply more  than  one  mill  of  feeble  powers.  From  the 
loose  nature  of  their  shores  also,  they  have  all,  since  the 
settlement  of  the  country,  become  so  obstructed  with 
shoals  and  sand  banks,  either  at  their  mouth  or  within  it, 
as  to  have  very  much  lost  their  capacity  for  navigation, 
and  to  render  it  necessary  that  canals  formed  into  them, 
instead  of  debouching  at  their  upper  extremities,  should 
traverse  their  whole  extent;  which  again  is  rendered 
nearly  impracticable  along  their  banks,  by  their  loose 
structure  and  deep  indentations;  so  that  it  is  necessarv 
for  canal  purposes  to  resort  to  the  table  land,  or  elevated 
ridges  between  the  streams."* 

It  is,  however,  shown  by  Mr.  Gilpin  subsequently, 
that  the  navigable  channel  of  Elk  river  is  also  slowly 
filling  up,  and  that  the  point  to  which  large  vessels  can 
reach,  has  considerably  lowered  within  the  last  half  cen- 
tury, and  concludes  his  remaiks  on  that  stream  by  point- 
ing out  Welch  Point,  at  the  mouth  of  Back  creek,  as 
the  debouch  of  the  canal  into  the  waters  of  Chesa- 
peake bay. 

The  western  shores  of  the  Delaware  Mr.  Gilpin  de- 
scribes as  '•  bodies  of  marsh  extending  several  miles 
inland,  obviously  formed  of  the  alluvion  of  its  waters, 
driven  on  its  bank  by  easterly  winds.  Through  thtse 
the  small  streams,  which,  like  those  of  Maryland,  descend 
from  the  middle  ground  of  the  peninsula,  wind  in  very 
narrow  and  devious  courses,  their  channels  being  kept 
open  by  the  action  of  the  tide  of  the  Delaware.  Most  of 
them,  however,  are  small  streams,  whose  navigation  has 
become  worse  and  worse,  till  they  have  been  banked  out. 
Appuquinimink  itself  is  one  of  the  best  of  them,  and  its 
navigation  to  the  bridge  is  still  kept  open,  though  it  ad- 
mits vessels  only  of  about  5  feet  burden,  and  its  course 
winds  for  9  miles  through  marshes,  while  it  is  only  4 
direct.     It  was  said  also,  that  in  northwest   winds,   the 
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bar  at  its  mouth  was  sometimes  nearly,  if  not  quite  bare. 
Such  a  creek,  tliercforc,  it  was  obvious,  was  unfit  to 
form  any  part  ol' the  route  of  the  ranal.* 

The  reasons  of  abandoning  all  the  lower  routes  are 
given  in  detail,  snd  appear  to  be  conclusive.  The  prin- 
cipal cause  of  preference  of  the  upper  route  was,  the 
facility  and  certainty  of  procuring  feeders  from  the  chan- 
nels of  Red  Clay,  AV'hiie  Clay,  and  Christiana  creeks,  and 
from  Elk  river,  together  with  the  superior  cheapness  of 
conveying  the  water  of  those  feeders  into  the  canal. 

The  committee  directed  the  accurate  survey  of  the 
upper  waters  for  the  supply  of  the  canal ;  but  while  the 
engineers  were  preparing  to  go  up^n  it,  the  country  and 
waters,  particularly  tliose  of  Wliile  Clay  creek,  were 
very  diligently  explored  again  by  Mr.  Tatnal  and  Mr. 
Johns,  ill  order  to  ascertain  their  elevation,  probable 
quantity  of  water,  and  cost  of  purchasing  them.  The 
heights  were  ascertained,  by  taking  tliose  of  ilic  mill- 
dams  and  known  falls  between  them,  which  gave  tliem 
with  tolerable  accuracy,  and  showed  them  to  be  sufficient. 
The  water  they  considered  as  at  least  equal  to  Elk  river, 
and  they  found  that  the  purchases  might  be  made  at  a 
fair  value.  Soon  after  this,  the  engineers  went  upon 
them,  and  by  the  end  of  December  completed  their  sur- 
veys, when  it  appeared  by  their  report :  That  White 
Clay  creek  miglu  be  obtained,  and  brougiit  to  the  canal, 
at  an  elevation  of  upwards  of  80  feet,  by  a  feeder  1 1 
miles  in  length,  which,  though  expensive  and  not  eligible 
in  the  outset,  oflered  a  sure  resource  in  the  event  of 
other  means  not  being  sufficient.  The  Christiana  might 
be  brought  in  tlie  same  manner  as  a  resource,  though 
with  less  quantity  of  water.  But  that  the  Elk  was,  be- 
yond all  doubt,  the  source  of  supply,  proper  at  least  to 
begin  with  ;  it  could  be  brought  very  much  on  the  course 
traced  in  1770  from  Elk  forge,  at  an  elevation  of  84  feet, 
by  a  feeder  of  about  5*  miles,  to  the  site  of  the  canal 
upon  the  upper  route.  The  quantity  of  water  was  esti- 
mated by  Mr.  Latrobe  at  144  locks  full  per  day — suffi- 
cient to  pass  25  vessels  each  way.  This  feeder  also 
offered  all  the  important  advantages  that  had  ever  been 
contemplated  from  it.  A  complete  supply  of  stone  and 
of  lime  for  the  canal ;  a  very  important  revenue,  in  bring- 
ing down  lime  for  the  supply  of  the  peninsula,  which  is 
■wholly  destitute  of  it ;  and  the  end  of  tlie  feeder  approach- 
ing within  38  miles  of  Lancaster,  offered  all  those  advan- 
tages, for  conveying  the  produce  of  Chester  and  Lancaster 
counties,  which  had  formerly  been  contemplated. 

This  survey,  altogether,  satisfactorily  determined  the 
most  important  points,  upon  which  the  whole  structure 
of  the  canal  depended  ;  as  it  proved,  that  even  if  consi- 
derable allowances  were  made  in  the  quantity  of  water, 
there  was  sufficient  for  as  large  a  lockage  as  would  take 
place  upon  it  for  a  great  number  of  years;  that  this 
might  be  largely  increased  by  reservoirs  in  its  neigh- 
bourhoood,  and  that  there  were  ample  resources  for  lu- 
ture  times.  It  went,  therefore,  in  a  very  great  degree 
to  determine  not  only  the  size  of  the  canal,  but  its  posi- 
tion also;  since,  wherever  it  was  to  be  formed,  it  was 
from  these  sources,  and  these  only,  that  it  could  be  sup- 
plied.! 

Re-surveys,  and  very  extensive  examinations,  were 
again  made  in  1803,  and  1804,  and  at  a  meeting  of  the 
board  of  directors,  in  April  of  the  latter  year,  the  com- 
mittee of  survey,  and  the  two  remaining  engineers, 
Messrs.  Latrobe  and  Thompson,  (Mr.  Howard   having 


quit  the  business)  laid  the  result  of  their  proceedings 
before  that  board. 

It  had  now  become  necessary,  and  ample  had  also 
been  prepared  to  fix  the  route  of  the  canal.  One  sur- 
vey of  Mr.  Howard  was  of  the  utmost  importance.  By 
this  document  it  appeared,  that  that  gentleman  had  taken 
"  a  complete  level  of  the  elevation  of  the  lidge  between 
the  Chesapeake  and  Delav/are,  beginning  at  its  upper 
extremity,  at  Oliver  Howell's,  at  the  foot  of  Gray's  hill, 
and  extending  down  the  ridge  as  far  as  the  lowest  branch 
of  Bohemia,  or. the  most  southern  pass;  in  order  to  dc- 
lermine  what  was  the  lowest  level  at  which  tlie  ridge 
could  be  passed,  in  any  direction  between  the  approach- 
ing brandies  of  the  various  streams.  By  this  survey  it 
was  found,  that  there  was  no  depression  in  the  ridge,, 
below  70  feet,  until  it  came  about  a  mile  south  of  the 
Buck  tavern,  or  about  eight  miles  below  (the  southern 
termination  of)  the  present  feeder,  and  on  the  route  from 
Back  creek,  or  old  Courthouse  Point  to  Fort  Penn.  But 
this  depression  was  to  no  more  than  62  feet,  or  12  feet 
below  the  summit  level  of  the  upper  route ;  and  in  pro- 
ceeding southward  it  soon  rose  again  until  it  came  be- 
low Middletown.j: 

Combining  every  circumstance,  the  board  of  directors 
in  April  1804  adopted  the  upper,  or  Christiana  route. 

May  2cl,  1804,  the  work  was  commenced  upon  the 
feeder.  "  The  plan  of  the  canal  designed  a  channel  5fl 
feet  wide  on  the  water  line  and  8  feet  deep." 

The  following  extracts  will  close  our  remaiks  on  the 
Chesapeake  and  Delaware  canal ;  they  are  taken  from 
various  reports  of  the  directors,  and  exhibit  a  history  of 
the  incipient  operations  of  the  company,  and  the  causes 
of  the  suppression  of  the  woik.  The  first  report  was 
made  June  4lh,  1 804.  Much  of  the  detail  of  the  reports 
are  omitted,  as  being  already  included  in  our  own  re- 
marks, or  in  our  extracts  from  Mr.  Joshua  Gilpin's 
treatise.     In  their  first  report   the    directors    observe : 

"  In  the  plan  of  the  work  therefore  upon  the  upper 
route,  it  will  be  seen,  that  the  canal  of  these  dimensions, 
from  its  entrance  at  Welch  point,  rises  within  one  mile 
by  eight  locks  to  the  height  of  68  feet,  on  which  level  it 
continues  for  seven  miles,  when  it  rises  6  feet  more,  and 
continues  for  thirteen  miles,  to  the  first  descending  lock 
on  the  Delaware  side.  On  this  level  the  v.hole  country 
has  one  uniform  soil,  without  impediment,  and  is  re- 
moved above  those  difficult  and  expensive  works  which 
abound  on  a  lower  level ;  in  particular  the  passage  of  the 
roads  admits  of  being  provided  for  in  a  manner  peculiar 
to  a  canal  of  this  kind,  by  taking  the  advantages  of  hol- 
lows, and  passing  the  roads  of  the  country  through  arch- 
ways underneath  it,  instead  of  the  obstruction  of  draw- 
bridges, a  mode  now  universally  practised  wherever  it 
can  be  done  on  the  greater  canals  of  Europe. 

In  designing  these  operations,  and  indeed  the  whole 
course  of  the  surveys  and  plan  of  the  canal,  the  board  had 
continued  reason  to  remaik  the  illusory  nature  of  the  best 
plans  which  could  be  formed  by  superficial  views,  taken 
in  walking  or  riding  over  the  country  ;  how  often  even 
the  levels  and  surveys  alone  were  but  of  partial  use,  and 
how  absolutely  requisite  it  was  to  have  the  knowledge 
and  judgment  of  a  practical  engineer,  to  design,  at  every 
step  the  various  species  of  work,  so  as  to  unite  all  their 
objects  together. 

From  the  period  when  the  feeder  was  begun  in  1804. 
two  objects  occupied  the  attention  of  the  board,  viz.  the 
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prosecuiion  ollhe  work,  iiiii  pioviding  funds  for  it.  Ac- 
cordingly, it  was  pursued  with  unremitting  activity 
tlirou.-^li  ilieycars  1804 and  1805,  wlicna  total  failureof the 
funds  <ontpcllcd  the  board  to  discontinue  it.  During  this 
period, I  threat  portion  ol'the  most  difficult  part  of  the  feed- 
er had  been  completed,  besides  the  outfit  and  arrange- 
mei.'  ol  the  workmen;  and  a  degree  of  experience  in  con- 
ducting the  works  was  obtained,  of  the  highest  benefit, 
when  tiiey  should  come  to  be  conducted  on  a  larger 
scaie. 

If  funds  had  been  supplied  in  a  manner  commensurate 
with  the  operations  of  li.e  board,  there  is  no  doubt  that 
this  great  work  would  have  been  completed  ere  this,  and 
the  public  would  not  now  have  to  lament  its  failure,  or  to 
contemplate  its  revival.  The  causes  of  the  failure  of 
funds  were  simple  and  obvious  ;  they  did  not  arise  either 
from  want  of  confidence  in  the  work,  or  in  the  conduct 
of  it ;  neither  of  these  were  ever  experienced  by  the  board ; 
but  it  arose  from  the  great  demand  for  money,  and  the 
numerous  banks,  insurance  companies,  and  other  institu- 
lioiis,  which  were  cornmenced  about  that  time,  and  offer- 
ed such  immediate  remuneration  for  tlie  sums  invested 
in  them,  as  overpowered  the  competition  of  one,  which, 
however  certain  in  the  end,  it  re<iuired  time  to  effect. 
The  deficiencies  of  the  stockholders  in  not  paying  up 
their  instalments  were  at  first  partial,  and  the  board  hoped 
to  counteract  them  by  mild  remonstrances,  but,  notwith- 
standing these,  they  became  more  and  more  extensive, 
and  at  last  general.  Suits  were  instituted  in  some  instan- 
ces to  try  the  powers  of  the  board  in  this  respect,  but 
they  were  resisted — it  was  vain  to  contend  against  the 
i^eneral  deficiency,  or  to  retain  workmen  and  pursue  ope- 
rations. Inquiring  a  continual  advance  of  money,  upon  the 
uncertain  success  of  law-suils  or  further  payments — the 
woiks  tliercfore  were  discontinued  ;  the  most  economical 
disposition  made  of  their  tools  and  other  perishable  pro- 
perly, to  pay  the  workmen  as  far  as  they  would  go;  and 
the  works  left  in  the  best  situation  they  would  admit. 

Thus  circumstanced,  there  remained  no  resource  but 
to  apply  to  the  legislatures  of  Pennsylvania,  Delaware 
and  Maryland,  and  to  Congress,  for  aid.  This  has  been 
done  at  every  session  since,  in  which  there  appeared  to 
be  any  hope  of  success.  Petitions  of  the  most  explanato- 
ry and  forcible  nature,  accompanied  by  statements,  calcu- 
lations, maps,  and  every  thing  which  could  throw  light 
upon  the  subject,  have  been  constantly  furnished — in  pai-- 
ilcular,  ti)e  legislature  of  Pennsylvania  was  attended,  du- 
ring one  session,  by  a  committee  of  the  board,  who  laid 
before  them  that  statement  of  facts  and  observations  which 
is  given  herewith,  in  order  more  particularly  to  point  out 
the  benefit  of  this  canal  to  the  State  of  Pennsylvania,  as  a 
conveyance  of  its  produce  from  the  Susquehanna  to  its 
metropolis. 

The  issue  of  all  these  applications  may  be  comprised 
in  a  very  few  words,  viz.  that  except  resolutions  of  the 
states  of  Pennsylvania  and  Maryland  to  subscribe  to  a 
certain  number  of  shares  when  the  United  States  and 
state  of  Delaware  should  do  the  same,  which  are  thus 
far  ineffectual,  for  want  of  their  co-operalion,  nothing  has 
been  done  ;  there  has  been  no  aid  obtained  whatever, 
and  there  now  seems  to  be  little  prospect  of  it.  For 
some  years  it  is  true,  and  particularly  under  the  very  ac- 
tive exertions  of  the  late  Mr.  Bayard,  there  appeared  to 
be  strong  grounds  for  belief  that  Congress  would,  in  some 
way  or  other,  patronize  or  support  the  work;  since  then 
however,  and  especially  of  late  years,  the  business  seems 
to  have  been  inore  and  more  involved  in  uncertainiv. 


Very  formidable  doubts  have  been  raised  on  the  score  of 
unconstitutionality.  This  work  has  been  made  the  pa- 
I'ent  or  co-partner  of  other  designs,  that  seem  to  have 
become  more  splendid,  as  the  hope  of  assistance  dimi- 
nished, and  which  either  might  never  be  executed,  or  at 
least  not  in  such  a  lime  or  manner  as  might  relieve 
the  suffering  interests  of  Philudclphia  ;  and  lastly,  ideas 
which  have  been  diffused  in  Congrcas,  of  the  impi-oper 
choice  of  the  route,  have  given  argument  to  those  who 
were  unfriendly  or  indifferent  to  the  measure,  and  palsi- 
ed the  1  fforts  of  its  fi-iends.  "  Of  what  use,"  it  has  been 
said,  "  is  it,  to  give  assistance  to  a  work,  about  which 
those  who  are  concerned  in  it  disagree  among  them- 
selves?" 

In  this  situation,  without  the  command  of  a  shilling, 
or  any  support  whatever,  the  board  of  directors  have  had 
no  part  to  act  but  to  keep  alive  the  constitutional  exist- 
ence of  the  company,  and  to  wait  fur  some  moment,  when 
the  interests  of  the  public  might  be  manifested  in  its  fa- 
vour. Of  late  it  has  appeared  to  them,  that  while  there 
was  no  efficient  support  to  their  measure,  it  only  served 
to  engender  opposition  and  party  opinion  for  them  to 
move  in  the  business,  and  this  has  been  the  real  cause  of 
their  silence.  So  long  as  the  works  were  in  operation, 
and  the  board  had  any  thing  to  communicate,  they  were 
ample  in  their  communications,  as  their  reports  will  show  ; 
these  they  had  the  gratification  to  perceive  and  know,  at 
the  time,  were  received  with  satisfaction  by  the  public  ; 
but  so  long  a  period  h»3  occurred,  during  which  they 
have  had  nothing  to  publish  but  their  abortive  attempts 
to  obtain  public  aid,  that  what  was  satisfactorily  made 
known  before  has  been  forgotten,  and  many  crude  ideas 
engendered,  till  at  length  a  period  seems  to  have  arrived 
in  which  the  zeal  of  the  public  has  manifested  itself  in 
such  a  manner,  as  to  revive  the  hope  that  they  may  re- 
ceive sufficient  support  to  proceed. 

From  the  review  of  what  has  been  done  in  this  im- 
portant work  in  the  past,  we  naturally  turn  to  the  more 
useful  consideration,  of  what  is  to  be  done  in  the  future. 
In  the  outset  of  this,  there  seems  to  be  no  fact  more 
probable,  than  that  if  ever  this  important  work  is  to  be 
revived  and  perfected,  in  the  manner  that  the  suffering 
interests  of  the  city  of  Philadelphia  require,  it  must  be 
done  by  the  enterprise  and  capital  of  its  citizens,  with  the 
aid  of  those  parts  of  the  states  of  Delaware  and  Maryland 
which  must  always  feel  a  deep  interest  in  it,  from  being 
the  theatre  on  which  it  is  to  be  executed,  and  from  the 
immediate  benefit  they  must  derive  from  it.  The  most 
important  step  in  the  prosecuiion  of  any  measure  for  the 
purpose  is,  to  proceed  with  unanimity— that  unanimity 
which  has  been  the  main  source  of  success,  in  the  under- 
takings of  the  states  around  us — and  to  insure  this,  the 
most  correct  proceeding,  is  to  examine  with  cool  deli- 
beration what  has  been  done,  and  to  ascertain  how  much 
easier  and  surer  a  foundation  for  success  exists,  in  re- 
viving and  carrying  that  into  effect,  than  by  exhausting 
the  time  and  attention  of  the  public  in  desultory  experi- 
ments or  controversies. 

It  is  to  be  observed  in  the  outset,  that  there  now  ex- 
ist acts  of  incorporation  in  all  the  three  states  which  are 
immediately  interested  in  this  work — these  were  obtained 
with  great  difficulty,  at  a  time  when  the  enthusiasm  in 
favour  of  the  canal  was  at  its  height.  In  one  state  the 
act,  after  laying  before  the  legislature  for  two  sessions, 
was  passed  in  the  third  by  a  casting  vote.  The  hope  of 
obtaining  any  other  acts,  should  these  be  lost  or  infringed 
upon,  is  little ;  and  indeed  the  differences  of  opinion  which 
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iiave  arisen  forbid  it.  Under  this  act  there  exists  a  com- 
pany, a  large  number  of  stockholders,  and  a  president 
and  directors,  who  are  the  legal  and  constitutional  organs 
for  prosecuting  this  work  ;  the  respect  due  to  this  board, 
as  a  regular  institution,  is  not  only  a  common  one,  due 
to  every  body  of  the  kind,  but  the  support  of  it  is  a  mat- 
ter of  interest  to  every  stockholder  and  well  wisher  of 
the  canal :  what  the  conduct  of  that  board  has  been,  will 
be  seen  from  the  review  that  has  been  here  given  ;  and 
I  trust  it  will  appear,  that,  under  the  circumstances  in 
which  they  have  been  placed,  none  could  have  acted  with 
more  correctness  ;  when,  as  I  have  observed  before,  the 
names  of  the  gentlemen,  by  whom  the  plan  of  this  work 
was  first  fixed,  are  reviewed,  I  believe  it  will  silence 
every  idea  of  their  acting  cither  interestedly  or  pre- 
maturely— and  the  present  board  will,  I  trust,  receive 
the  same  degree  of  confidence,  when  the  depressing  cir- 
cumstances under  which  they  have  acted  for  some  years 
past  are  known. 

The  zeal  which  has  been  lately  manifested  in  the  citi- 
zens of  Philadelphia  to  revive  this  work  is,  it  will  be 
observed,  the  first  favourable  circumstance  that  has  oc- 
curred since  the  operations  on  the  canal  began  ;  and  is 
such  as  the  board  of  directors  would  have  always  hailed 
as  the  surest  guarantee  of  their  success,  and  always 
hoped  they  should  at  some  period  receive  :  such  as  it  is, 
it  cannot  be  too  highly  appreciated,  nor  the  respectable 
gentlemen  who  compose  the  committee  that  has  been 
formed  on  the  subject :  there  can  be  no  wish  but  to  give 
them  information,  and  to  act  with  their  assistance.  It  is 
certain,  however,  that,  instead  of  wasting  the  time  and 
patience  of  the  public  in  the  discussion  of  plans  which 
may  be  offered,  even  by  ingenious  and  well  meaning 
men,  but  which  the  more  they  are  indulged  will  divide 
the  public  opinion — if  the  work  be  resumed  where  it  was 
left,  a  recommencement  of  active  operations  may  be  ac- 
tually carried  into  effect,  in  the  time  that  would  be  other- 
wise lost  in  deliberation.  Indeed,  such  preparations 
might  be  made  this  winter,  as  would  admit  it  the  mo- 
ment the  season  opens  in  the  spring. 

It  is  obvious,  that  if  the  present  board  had  the  means  of 
recommencing  the  work,  or  whenever  they  should  possess 
it,  one  of  their  first  objects  would  be,  a  revisal  of  their 
former  proceedings,  in  which  every  attention  would  be 
given  to  the  general  sentiments  of  the  stockholders,  and 
to  every  reasonable  plan  which  has  been  elicited  ;  while 
this  would  be  done  under  all  the  advantages  arising  from 
former  information,  and  with  that  just  discernment  be- 
tween plans  founded  on  local  views  or  ingenious  theory, 
and  those  of  real  practicability  and  public  benefit ;  a  dis- 
cernment for  the  exercise  of  which  it  is,  that  the  direc- 
tors of  this  or  any  work  arc  chosen,  and  which  constitutes 
the  most  essential  part  of  their  duty  ;  it  is  obvious  that 
new  engineers  must  be  appointed,  since  the  death  of  Mr. 
Latrobe  has  of  course  put  an  end  to  the  idea  of  employing 
him,  even  had  it  been  contemplated.  With  new  en- 
gineers a  decent  conformity  to  their  opinions  would  fol- 
low of  course — of  the  necessity  of  the  feeder  there  can 
be  no  doubt,  and  that  might  be  recommenced  and  car- 
ried on,  while  every  other  point  was  investigated  ;  par- 
ticularly the  line  of  the  canal  and  the  debouches,  espe- 
cially the  eastern  one,  upon  which  the  chief  difference 
of  opinion  seems  to  rest.  On  this  head  I  have  already 
mentioned,  that  no  party  exists  in  jthe  present  board  : 
their  object  was  to  get  the  more  iniportant  part  of  the 
work  done,  and  this  question  would  have  been  settled  by 
them  without  disturbing  the  public  mind.    Since  the  sus- 


pension of  the  work,  the  creciion  of  a  bridge  at  Wil- 
mington has  thrown  impediments  in  the  navigation  of 
that  creek,  or  at  least  all  the  disadvantages  cf  a  draw- 
bridge, and  the  works  erected  on  the  Pea-Patch  it  is 
presumed  will  defend  the  entrance  of  the  river;  and 
though  it  does  not  follow  from  hence,  that  it  would  be 
more  proper  to  place  the  dcboucbe  of  the  canal  where  it 
might  become  the  scene  of  military  operations,  nor  do 
away  the  natural  disadvantages  of  the  shore,  or  so  low  a 
situation  on  the  Delaware  ;  yet  these  united  circum- 
stances now  give  a  considerable  preponderance  to  the 
situations  on  the  Delaware  generally,  and  especially  that 
at  New-Castle,  where  there  is  decided  bold  water,  with- 
out the  impediments  existing  below,  and  the  danijers  of 
exposure  may  be  overcome  by  a  mole  or  embankment, 
at  less  expense  than  in  any  otlier  situation  without  the 
Christiana.  Here  also  the  peaceable  traffic  of  the  canal 
is  equally  defended  by  the  works  of  the  Pea-Patch  be- 
low, and  rendered  more  secure  by  its  distance  from  the 
actual  scene  of  operation. 

Whether  however  the  debouche  be  in  the  Christiana,  at 
New-Castle,  or  at  any  point  below  it,  is  a  matter  of  less 
moment  to  the  citizens  of  Philadelphia,  than  that  it  be 
begun  and  executed  in  a  useful  and  economical  manner. 
While  the  work  remains  at  rest,  the  public  will  conti- 
nue to  be  agitated  by  local  interests  and  plans,  all  san- 
guine in  their  objects,  and  all  obtaining  some  advocates, 
as  the  board  of  directors  experienced  before  ;  while  the 
business  at  last  must  be  settled  by  the  judgment  and  au- 
thority of  some  delegation,  and  never  more  properly  than 
by  the  legal  organ  of  the  stockholders,  uniting  the  know- 
ledge of  what  has  already  been  done  with  a  disposition 
to  pursue  anew  every  necessary  investigation,  and  deter- 
mine it  with  unbiassed  integrity. 

That  the  stockholders  and  public  may  have  the  best 
information  to  proceed  upon,  I  shall  now  give  a  statistical 
explanation  of  the  state  of  the  company  ;  premising,  that 
this  is  principally  drawn  from  a  letter  which  I  wrote,  in 
1808,  to  Mr.  Gallatin,  formed,  at  that  time,  from  the 
papers  of  the  company,  and  a  comparison  of  opinions 
with  Mr.  Latrobe  ;  since  which,  I  have  reviewed  it  so 
far,  that  I  believe  it  is  as  accurate  as  the  nature  of  the 
subject  admits. 

First — The  state  of  the  company's  accounts  is  as  fol- 
lows : 

There  has  been  received  from  the  stock- 
holders about  ....         gl03,000 

And  expended  altogether       .         .         .       122,000 

Leaving  the  company  in  debt         .         .  19,000 

This  debt,  which  may  be  taken  at  the  round  sum  of 
20,000  dollars,  includes  all  that  the  company  owes,  ex- 
cept for  lands  and  water-rights  not  yet  lal;en  into  posses- 
sion, which  of  course  must  be  considered  as  a  new  ex- 
penditure, and  enter  into  the  estimate  of  what  the  canal 
will  now  cost.  It  is  to  be  observed,  however,  that  at 
least  g20,000  has  already  been  paid  for  those  lands  and 
water-rights,  which  may  in  some  degree  be  balanced 
against  what  they  owe. 

The  expenditure  includes  all  the  surveys;  the  mate' 
riel  or  outfit  for  the  work  ;  the  whole  of  the  contingent 
expenses,  and  the  works  on  the  feeder. 

Second—The  capital  of  the  company  is  as  follows  : 

Tlie   amount  of  the  original   subscription 

was  1792  shares,  at  8200  a  share  g358,400 

Of  which  there  has  been  received        .         103,000 


Leaving 


U  2 


255,400 


* 
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Yet  du«  from  the  stockholders,  subject  no 
floubt  to  some  allowances  for  bankrupt- 
cies, intestate  estates,  &c.  thou,;h  this 
allowance  must  be  contingent  upon  the 
spirit  with  which  the  work  is  revived, 
and  the  consequent  demand  for  shares, 
which  will  of  course  occasion  a  greater 
or  less  desire  to  pay  the  arrearages.  It 
is  probable  however  that,  under  all  cir- 
cumstances, the  capital  of  the  company 
may  be  rated  at  ....     §200,000 

'J,"hird — The  estimate  of  the  future  expenditure  may, 
I  believe,  be  taken  with  as  much  correctness  as  it 
is  possible  to  attain,  as  follows  : 

To  pay  the  debts  of  the  company  .         820,000 

To  complete  the  purchase  of  the  water- 
rights  on  Elk  river,  and  land  on  the 
feeder, 40,000 

To  complete  the  whole  work  on  the  feeder      30,000 

To  purchase  the  land  on  the  course  of  the 

main  canal,  4,200  acres  at  g  12,  say       .       50,000 

To  complete  the  whole  extent  of  the  ca- 
nal fit  for  operation,  except  the  locks, 
§20,000  per  mile,  on  the  longest  route, 
say  22  miles         .  .  .  .  .      440,000 

Tocomplcte  18  locks,  averaged  at  §10,000 

each 180,000 

For  contingent  expenses         .         .         .         10,000 

§770,000 

Should  the  route  go  into  the  Delaware,  some  allow- 
ance must  be  made  for  an  artificial  harbour,  though  the 
calculation  of  §20,000  per  mile,  on  20  miles  of  the  up- 
per route  at  least,  is  so  liberal,  considering  the  nature 
of  the  ground,  that  it  will  probably  admit  of  paying  for 
a  harbour,  especially  at  New-Castle,  where  it  will  cost 
less  than  at  any  other  place.  It  may,  however,  for  the 
sake  of  round  numbers,  be  proper  to  estimate  the  total 
future  expenses  at  ....         §800,000 

From  which  if  we  deduct  the  present  ca- 
pital   200,000 


There   will   remain  of  new  capital   to  be 

provided  .....         600,000 

Fourth — The  revenue  and  probable  reimbursement  of 
capital  or  interest  is  a  subject  of  course  of  no  small  im- 
portance :  on  this,  as  information  was  required  by  Mr. 
Gallatin  in  1808,  I  took  every  pains  to  investigate  the 
subject,  and  shall  give  the  result.  In  the  outset,  how- 
ever, it  may  be  necessary  to  state  the  net  revenue  that 
will  be  wanted.  If  to  the  §103,000  already  expended 
there  be  added  §800,000,  the  work  will  cost,  say 
§900,000,  the  interest  of  which  will  h*  §54,000 

Annual  repairs 10,C00 

Attendance  on  the  locks,  clerks,  &c.         .         6,000 


§70,000 

The  tolls  on  a  route  of  this  distance  would,  in  Eng- 
land, average  2^d.  sterling  per  ton  per  mile,  or  55d.  for 
22  miles  ;  but  taking  it  at  §1  per  ton,  it  would  require 
the  passage  per  annum  of  70,000  ions,  to  pay  the  above 
revenue  ;  or  240  tons,  or  5  vessels  of  50  tons  each  per 
day,  for  300  days  in  the  year. 

The  probability  of  obtaining  this  depends  upon  calcu- 
lations of  two  different  kinds—  1.  The  existing  traffic — 


2.  The  new  traffic  which  may  be  expected.  The  first  of 
these  seems  to  afford  some  probable  data,  and  accord- 
ingly I  endeavoured  to  obtain  the  best  information  I 
could  of  the  produce  carried  across  at  the  difl'erent  por- 
tages, and  ihe  cost  of  it  ;  by  which  I  found  it,  as  near  as 
a  subject  naturally  so  vague  in  itself  admits,  as  follows  : 

The  amount  of  goods  .         .  Tons  400,000 

The  carriage  of  it  .         .         .         .      §30,000 

It  must  be  obvious,  however,  that  the  existing  land 
carriage,  by  bad  roads,  can  give  but  a  very  partial  view 
of  the  revenue  to  be  derived  through  an  unlimited  inter- 
course by  water,  and  that  the  great  expectation  of  reve- 
nue must  be  founded  upon  the  new  traffic  to  be  created, 
of  which,  though  no  idea  approaching  to  accuracy  can  be 
formed,  very  reasonable  conjectures,  that  it  will  be  very 
great,  may  be  made  from  the  following  circumstances. 
It  is  probable  that  the  craft  occupied  in  the  two  bays  of 
Chesapeake  and  Delaware  amount  at  least  to  1200  ves- 
sels of  40,000  tons,  out  of  which  we  may  presume  that 
many  more  than  7  vessels  will  pass  per  day.  Indeed,  if 
50  vessels  of  50  tons  should  be  engaged  in  the  trade, 
and  each  pass  30  times  through  the  canal  in  the  course 
of  a  year,  they  would  carry  more  than  the  requisite  ton- 
nage, say  75,000  tons. 

The  probability  of  this  employment  may  be  conjec- 
tured from  the  following  considerations  : 

First — The  great  interchange  of  merchandise  between 
Philadelphia  and  Baltimore,  and  the  other  towns  on  the 
Chesapeake. 

Second — The  attraction  of  all  those  heavy  articles,  the 
productions  of  either  bay,  to  its  head,  and  thence  across 
the  canal.  And  here  we  may  observe,  that  it  is  these 
upon  which  the  revenues  of  all  canals  in  Europe  are 
founded,  more  than  upon  the  passage  of  merchandise, 
as  their  great  quantity  and  great  bulk  or  weight,  gives  a 
vast  revenue.  If  coals  alone  be  attracted  from  Virginia 
to  the  manufactures  on  Brandywine  and  Christiana,  it 
will  give  a  new  feature  to  them,  by  introducing  those  of 
iron,  and  afford  a  large  revenue — if  to  Philadelphia,  so 
as  to  be  sold  cheaper  than  foreign  coal,  it  would  be  still 
greater.  Independent  of  this,  on  the  one  hand,  are  the 
lime  of  Pennsylvania  through  the  feeder,  to  all  parts  of 
the  peninsula  below,  the  produce  of  the  Susquehanna  to 
be  brought  round,  and  tiie  wheat,  Indian  corn,  tobacco, 
cotton,  Uc.  of  the  southern  states;  and  on  the  other,  all 
those  articles  with  which  Philadelphia  supplies  the 
southern  states  ;  without  taking  into  account  what  may 
be  expected  from  an  extension  of  intercourse  to  New- 
York  at  one  end,  and  the  southern  slates  at  the  other,  by 
canals,  of  which  the  present  one  will  probably  be  the  pa- 
rent. 

In  contemplating  the  resources  of  the  board,  we  must 
mention  the  very  ample  powers  to  raise  money,  to  an  un- 
limited extent,  as  there  is  no  particular  sum  to  which 
the  capital  is  circumscribed.  Under  these  powers,  the 
board  felt  great  confidence  in  their  original  proceedings, 
for  though  the  subscription  was  not  sufficient  for  the 
whole  woi  k,  it  appeared  amply  so  to  complete  the  west- 
erj)  end  and  feeder,  upon  which  there  would  have  been 
an  immediate  traffic;  as  the  produce  of  the  Chesapeake 
would  then  have  been  brought  to  within  a  few  miles  of 
Christiana  bridge,  and  other  landings  on  that  creek, 
which  would  have  given  the  company  r.n  active  property 
whereon  to  raise  loans,  or  would  have  so  far  inspirited 
the  stockholders,  that  new  subscriptions  could  be  obtain- 
ed, or  the  powers  of  the  company  to  raise  money  re- 
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sorted  to.  But  the  defection  began  so  early,  as  to  de- 
prive the  board  of  every  resouice,  it  being  obviously 
useless  to  ask  for  loans  without  an  estate  to  morti^age, 
or  new  subscriptions  wlicn  the  old  were  unpaid.  There 
was  then  no  hope  but  in  public  aid,  the  failure  of  which 
left  the  board  without  the  least  appearance  of  support, 
till  the  present  moment. 

In  order  to  judge  of  the  interest  taken  in  the  present 
work,  and  where  the  subscribers  to  it  exist,  it  is  worth 
while  to  take  a  view  of  the  original  subscriptions,  which 
are  as  follows : 


Shares. 

Subscribers. 

Tn  Penn.  chie 

fly  Philadelphia 

) 

824 

by 

429 

In  Delaware, 

,   ^V'i!mington, 

351 

166 

New-Castle, 

126 

14 

Cantwell's  Bri 

idge. 

125 

35 

Pencader, 

24 

10 

Port  Penn, 

35 

12 

Middlelown, 

30 

4 

Duck  Creek, 

11 

2 

Concord, 

10 
712 

4 

In  Maryland, 

Elkton, 

69 

11 

Head  of  Sassa 

fras, 

85 

17 

Chestertown, 

45 

19 

Easton, 

57 

r 

-256 


1792 


730 


It  will  thus  be  seen,  that  less  than  one  half  of  the  sub- 
scriptions are  in  Philadelphia,  and  that  Delaware  has 
subsciibed  nearly  as  much  as  Pennsylvania.  But  in  the 
payments  the  case  stands  differently,  for  of  the  sum  re- 
ceived. 


Pennsylvania  has  paid  about 
Maryland  about 
Delaware  about 


873,400 
18,300 
11,300 


So  that  of  the  deficiencies  of  the  calls  heretofore,  there 
is  due — 

From  Pennsylvania  S9,100 

From  Maryland  7,300 

From  Delaware  59,900 


Making  a  deficiency  of        g76,300 

As  this  deficiency  took  place  after  the  decision  of  the 
route  and  commencement  of  the  canal,  of  course  it  had 
no  effect  upon  them,  altliougli  it  must  go  now  to  abate 
the  claims,  which  the  deficient  stockholders  might  other- 
wise have  for  their  interest.  It  has  been  inc[uired  of  the 
board,  whether  the  deficient  shares  have  been  declared 
to  be  forfeited,  a  measure  which  sound  policy  has  here- 
tofore rejecte;' — -in  the  fallen  fortunes  of  the  company, 
the  deficient  stockholders  would  willingly  have  received 
this  as  a  relief  from  future  demands,  but  amid  their  li- 
mited resources  the  board  did  not  choose  to  deprive 
themselves  of  the  hope  of  receiving  the  arrearages  in 
one  way  or  other,  besides  which  it  was  dubious,  if  a  ge- 
neral forfeiture  was  declared,  whether  a  sufficient  at- 
tendance of  the  general  meetings  could  have  been  ob- 
tained, to  keep  up  liie  board.  What,  therefore,  would 
now  be  proper,  if  new  subscriptions  are  obtained,  would 
heretofore  have  been  useless  at  least. 

It  would  be  for  the  board,  if  convened,  to  adopt  the 
measures  proper  to  be  taken  for  the  re-organization  of 


the  work.  But  as  the  public  are  alive  to  the  subject,  it 
may  be  satisfactory  to  point  out  a  plan,  on  which  it  may 
be  done,  with  great  simplicity.  The  debts  of  the  com- 
pany are,  as  it  will  be  seen,  of  no  great  amount ;  the  im- 
portance of  the  work,  and  the  probability  of  its  paying 
an  interest  to  the  subscribers,  great — if  therefore  new 
subscriptions  could  be  obtained  to  the  amount  of  §500,000 
or  8600,000,  it  would  require  3000  shares,  the  instal- 
ments on  which  first  required  should  be  glOO  per  share, 
or  the  same  that  has  already  been  required  of  the  old 
stockholders,  who  should  be  called  upon  at  the  same 
time  to  pay  up  tlieir  subscriptions,  or  forfeit  their  shares, 
and  thus  the  old  and  new  subscribers  would  be  consoli- 
dated on  the  same  footing.  If  these  subscriptions  are 
obtained,  there  seems  to  be  no  reasonable  cause  of  delay 
in  recommencing  and  pushing  on  the  works  in  the  ensu- 
ing year.  Those  on  the  feeder  are  in  a  state  to  be  im- 
mediately resumed  ;  the  substantial  part  of  them  is  little 
injured,  and  a  moderate  expense  will  reinstate  the  whole. 
Besides  which  they  will  aflbrd,  as  they  have  done  here- 
tofore, an  opportunity  Eor  organizing  the  workmen  and 
materials  upon  a  small  scale,  preparatory  to  their  being 
engaged  on  a  greater  one.  If  indeed  the  feeder  was  not 
essential  to  the  main  canal,  in  every  position  in  which  it 
could  be  contemplated,  it  would  be  a  work  of  incalcula- 
ble advantage  itself,  for  drawing  the  produce  of  Penn- 
sylvania to  Christiana  bridge,  or  other  landings  on  that 
creek,  and  the  distance  to  execute  it  for  this  purpose 
would  be  but  a  few  miles. 

I  have  already  spoken  of  the  probable  revenue  of  the 
canal — but  as  this  is  a  matter  of  primary  importance  to 
the  subscribers,  it  may  not  be  improper  to  enlarge  upon 
it.  I  have  mentioned  that  5  vessels,  or  250  tons  per  day, 
would  probably  pay  the  full  interest  and  expenses,  at  a 
rate  of  toll  under  what  is  admitted  by  the  acts,  and  which 
is  altogether  a  very  reasonable  one  in  itself.  It  is  al- 
most unnecessary  to  add,  that  10  vessels  or  500  tons 
would  of  course  double  the  revenue  to  12  per  cent,  and 
if  any  thing  near  the  number  of  vessels  which  can  pass 
through  in  a  day,  actually  do  so,  the  revenue  will,  as  it 
will  be  seen,  be  enormous.  There  is,  however,  another 
object,  which,  though  of  inferior  importance,  is  not  to 
be  lost  sight  of.  The  mode  of  forming  this  canal,  that 
is  by  its  width,  and  by  passing  the  roads  under  it,  will 
admit  the  passage  of  steam-boats,  a  thing  which  is  im- 
practicable on  almost  every  canal  in  Europe,  owing  at 
once  to  the  necessary  height  of  the  chimneys  in  those 
boats,  and  the  obstruction  of  bridges  and  tunnels  on  the 
canals,  as  well  as  the  wear  and  tear  of  the  banks  where 
they  are  not  very  wide.  These  circumstances  are  so 
important,  that  Mr.  Fulton  assured  me,  in  1809,  they 
were  the  reasons  which  prevented  him  from  attempting 
to  introduce  his  steam-boats  on  the  canals  of  England. 
There  is  another  circumstance  from  which  revenue  may 
be  derived,  viz.  a  turnpike  road  on  the  bank  of  the  ca- 
nal. This  will  be  in  a  great  degree  essential  to  continue 
the  traffic,  at  those  times  in  which  the  canal  is  obstructed 
by  ice,  but  it  will  be  a  most  convenient  and  lucrative  ac- 
commodation to  the  public  at  all  times,  for  it  is  to  be 
observed,  that  the  bank  of  the  canal  is  perfectly  level 
throughout  the  whole  extent,  except  just  at  the  declivi- 
ties of  the  locks— that  it  is  at  all  times  completely 
drained,  and  the  carriage  of  materials  by  the  canal  it- 
self will  admit  such  a  choice  of  them,  as  to  make  it  of 
the  most  perfect  construction.  Upon  most  of  the  canals 
of  Europe,  their  winding  course  and  their  interference 
with  established  turnpikes  have  limited  this  use;  most 
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of  the  canals,  from  tlic  expense  of  land,  and  other  mo- 
tives of  economy,  have  limiied  ihe  road  on  iheir  banks  lo 
a  mere  towing-path  on  one  side,  but  the  modern  ones 
have  extended  them  to  each  side.  Here  it  is  obvious, 
that  one  of  these  may  be  made  a  perfectly  fine  road,  of 
20  to  30  feet  wide,  without  interfering  with  the  purposes 
of  the  canal.  The  acts  of  the  company  do  not,  it  is  true, 
at  present  contemplate  a  turnpike,  and  there  is  now  one 
from  New-Castle  to  French-town,  but  the  superb  con- 
venience of  one  of  about  20  miles  from  New-Castle  to 
Welch  point,  on  the  banks  of  the  canal,  would  undoubt- 
edly render  it  an  easy  matter  of  compromise  with  the 
present  company,  or  obtain  it  from  the  public."* 

In  order  to  form  a  just  outline  of  the  work,  and  to  fix 
a  plan  of  proceeding  for  the  engineers,  under  that  super- 
intendance  which  was  enjoined  on  the  board  by  the  trust 
reposed  in  them,  a  committee  of  their  body  was  appoint- 
ed, who,  with  the  engineers,  proceeded  tea  general  ex- 
amination of  the  sources  of  supply,  the  situations  on  each 
bay,  the  respective  passes  supposed  to  be  practicable, 
and  of  the  nature  of  the  country  itself.  From  this  in- 
vestigation much  important  information  was  obtained, 
and  a  system  of  proceeding  established  for  the  more  mi- 
nute operations  of  the  engineers.  It  also  enabled  the 
board  to  direct  their  attention  to  every  point  from 
whence  utility  and  satisfaction  could  result  to  the  pub- 
lic, to  curtail  the  expense  and  time  which  would  have 
been  consumed  in  desultory  and  useless  experiments, 
and  so  far  to  accelerate  the  business  of  the  surveys, 
(sufficiently  tedious  even  when  confined  to  the  most  ne- 
cessary objects)  as  to  commence  the  execution  of  the 
work  with  the  promptness  and  economy  due  to  the  ex- 
pectations of  the  public. 

In  the  course  of  this  survey,  and  of  the  inquiries 
which  attend  it,  many  important  general  principles  were 
established,  to  the  satisfaction  of  the  board  as  well  as  of 
the  engineers.  Among  the  first  of  them,  was  that  of 
the  general  nature  or  kind  of  the  canal  itself.  Upon 
this  subject  they  were  aware,  that  several  different  plans 
had  been  offered  to  the  public,  before  and  at  the  time 
of  their  appointment,  to  which  they  thought  it  their  duty 
to  pay  a  just  attention  ;  and  to  carry  with  them  the  ideas 
which  had  been  suggested,  in  order  to  apply  them  to 
the  country  and  situations  which  they  explored.  One 
of  the  most  prominent  of  these  plans  was  that  of  effect- 
ing the  canal  by  a  deep  cut  or  channel  on  the  level  of 
the  tide  from  one  bay  to  the  other,  so  as  to  connect  the 
two  waters  upon  one  level.  As  this  had  gained  consi- 
derable public  attention,  they  thought  proper,  not  only 
loi  nvestigate  its  general  principles,  but  to  apply  them 
«o  the  positions  which  had  been  pointed  out  as  most 
proper  to  admit  of  them.  In  examining  the  general 
principle,  it  appeared  to  them  no  other,  than  the  revival 
of  those  ideas  of  artificial  navigation  which  had  existed 
previous  to  the  invention  of  locks,  and  the  execution  of 
which  had  been  found  to  present  so  many  difficulties  as 
to  baffle  a  variety  of  attempts  both  in  the  ancient  and 
modern  world.  In  applying  the  principle  to  those  pla- 
ces which  were  most  favorable  from  the  near  approach 
of  the  respective  tides,  such  a  work  appeared  at  once, 
if  not  wholly  impracticable,  at  least  beyond  the  reach  of 
the  funds  of  the  present  company,  or  of  any  which  seem- 
^  likely  to  be  formed  for  the  purpose  :  to  say  nothing 
of  the  nature  of  such  a  canal  when  formed,  of  the  ope- 
ration of  the  two  opposite  tides,  or  of  the  doubts  how  far 


these  operations  might  ever  be  subjected  lo  the  regula- 
tions of  art.  From  the  investigation  of  the  subject 
therefore  it  appeared  obviously  to  result,  that  no  alterna- 
tive remained  to  the  board,  butio  adopt  that  kind  of  canal 
which  should  pass  over  the  peninsula  at  a  practical  level 
with  a  lockage  at  each  end,  in  the  usual  manner  of  those 
navigations  which  have  been  carried  into  such  complete 
effect  in  Europe  and  in  America,  reserving  the  adop- 
tion ofa  larger  or  smaller  canal  to  the  lime  when  a  mi- 
nuter investigation  of  the  sources  of  supply  should  fur- 
nish the  grounds  on  which  to  form  a  decision. 

In  exploring  the  various  waters  of  the  peninsula  which 
seemed  likely  to  afford  a  supply  for  the  canal,  it  became 
at  once  obvious  that  this  could  be  obtained  from  no  other 
sources  than  from  the  waters  of  White-clay,  Christiana, 
or  Elk  creeks;  as  all  the  streams  below  these  were 
found  to  take  their  rise  f.ir  below  the  level  necessary  for 
the  canal,  and  also  to  be  so  scanty  in  their  nature,  as  to 
afford  no  hope  of  supply.  From  hence  the  result  was 
obvious,  that  the  more  southward  the  position  of  the  ca- 
nal, the  greater  would  be  the  distance  for  furnishing  it 
with  water. 

It  also  appeared  that  the  navigation  of  nearly  all  the 
rivers  and  creeks  on  each  bay  was  subject  to  difficulties 
for  a  considerable  extent  below  their  respective  heads 
of  tide,  that  positions  for  the  mouths  of  the  canal,  on  ei- 
ther bay,  became  more  distant  from  each  other  as  the 
line  of  the  canal  was  carried  to  the  southward,  as  well 
as  more  exposed  to  rougher  navigation,  especially  be- 
low the  line  from  Back  creek  to  Port  Penn  ;  that  the 
highest  navigable  position  on  the  waters  of  Chesapeake, 
approacliing  nearest  to  those  on  the  Delaware,  was  at 
French  town  on  Elk  river,  opposite  to  Hamburg;  Red 
Hook  ;  New  Castle  and  Christiana  creek  on  the  Dela- 
ware ;  the  board,  therefore,  leaving  the  investigation  of 
any  route  below  that  from  Back  creek  to  Port  Penn  as 
affording  no  hope  of  utility,  adopted,  from  their  prelimi- 
nary survey,  a  plan  for  obtaining  the  accurate  and  detail- 
ed surveys  of  their  engineers  on  all  the  proposed  routes 
northward  of  that  line. 

In  order  to  carry  this  plan  into  effect,  and  to  leave  no 
necessary  point  of  examination  incomplete,  a  committee 
of  survey  was  formed  to  assist  the  engineers,  by  frequent- 
ly accompanying  them  :  and  the  board  itself  also  held  fre- 
quent meetings  in  order  that  the  progress  of  the  work 
might  be  known  to  them,  and  every  measure  taken 
which  could  conduce  to  its  speedy  and  successful  ter- 
mination. 

The  operations  pointed  out  to  the  engineers  were  as 
follow : 

1st.  To  survey  and  ascertain  the  lower  route  from 
Port  Penn  on  the  Delaware  to  Back  creek,  with  an  ex- 
tension of  the  line  to  old  Court-House  point  on  Elk  river. 

2d.  To  survey  and  ascertain  the  routes  from  French 
town  to  New-Castle,  Christiana  creek.  Red  Hook,  and 
other  positions  on  the  Delaware. 

3d.  To  survey  and  .iscertain  the  elevation  and  proba- 
ble quantity  of  water  of  White-clay  creek,  Christiana, 
and  Elk  respectively,  and  the  course  by  which  feeders 
and  a  reservoir  might  be  formed  to  conduct  these  wa- 
ters to  the  canal. 

4th.  To  survey,  sound,  and  estimate  by  actual  mea- 
surement, the  courses  and  depths  of  Christiana  creek, 
of  Elk  river,  and  Back  creek,  and  their  respective  chan- 
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nels,  and  also  of  the  river  Delaware  at  New-Castle,  and 
opposite  to  Red  Hook  and  its  vicinity. 

These  operations,  with  several  of  a  less  important  na- 
ture, which  were  from  time  to  time  thought  necessary 
for  the  general  investigation  ol  liie  subject,  were  pursu- 
ed with  unremitting  industry  through  the  late  summer. 
But  the  season  being  considerably  advanced  before  the 
appointment  of  the  board,  it  was  found  impossible  to 
complete  them  before  the  winter  put  a  close  to  all  ope- 
rations of  the  field,  and  its  length  and  rigour  prevented 
their  recommencement  till  unusually  late  in  the  present 
spring.  However  reluctant  therefore  the  board  have 
been  to  delay  the  important  measures  of  a  decision  on  the 
route,  of  the  commencement  of  the  work,  and  of  giving 
the  result  of  their  labours  to  the  public  eye,  they  have 
been  compelled  to  it  bj  circumstances  beyond  their  con- 
trol, and  by  their  desire  to  effect  their  surveys  in  such 
a  manner  as  should  render  them,  not  a  vague,  but  an 
accurate  guide  to  themselves  and  their  successors  :  and 
they  trust  that  their  constituents  will  feel  with  them- 
selves, that  this  delay  is  in  a  great  measure  compensa- 
ted by  the  accurate  and  copious  information  which  it  has 
produced. 

Without  entering  into  the  detail  of  these  operations, 
which  would  be  too  tedious  for  the  present  purpose,  it 
will  be  sufficient  to  mention  their  general  result  and  the 
measures  which  have  been  founded  upon  them. 

1.  By  the  survey  of  the  waters  of  Elk,  Christiana,  and 
White-clay  creeks,  and  of  the  course  of  the  feeder  and 
reservoir,  it  was  ascertained,  that  the  supply  to  be  de- 
rived from  Christiana  creek  was  at  all  times  small,  and 
in  summer  very  scanty  indeed  ;  but  that  a  copious  sup- 
ply could  be  obtained  from  White-clay  creek  and  Elk 
river.  Either  of  these  streams  were,  as  far  as  could  be 
ascertained,  sufficient  for  an  extensive  navigation  upon 
'.he  canal,  with  tlie  advantage  of  adding  the  other  when- 
ever an  increase  of  business  should  require  it. 

In  tracing  the  line  for  the  feeders  from  their  respect- 
ive streams  at  a  sufficient  elevation,  to  reservoirs  in  the 
vicinity  of  the  canal,  it  was  found  that  both  could  be  con- 
ducted over  practicable  ground,  but  that  the  waters  of 
Elk  could  be  brought  from  the  upper  forge  on  that  river 
at  the  elevation  of  84  feet,  by  a  route  considerably  short- 
er and  less  expensive  than  those  of  White-clay  creek. 

By  the  survey  of  the  feeders  several  important  gene- 
ral principles  were  also  established. 

V.  That  as  the  supply  for  the  canal  on  any  of  the  pro- 
posed routes  must  be  drawn  from  White-clay  or  Elk 
creek,  and  along  the  same  course  from  the  reservoir, 
wherever  might  be  the  line  of  the  canal,  both  the  feeders 
end  reservoir  might  be  begun  without  delay. 

2.  As  it  was  ascertained  that  a  copious  supply  of  wa- 
;er  might  be  obtained,  the  size  of  the  canal  was  estab- 
lished :  the  only  doubt  being  removed,  whether  it  ought 
to  be  so  ample  in  its  construction  as  to  convey  those  ves- 
sels which  were  usually  employed  in  the  navigation  of 
the  two  bays,  or  be  made  a  mere  barge  navigation  of 
moderate  dimensions,  to  which  it  must  have  been  con- 
fined had  the  source  of  supply  been  smallci'. 

3.  That  as  a  canal  so  ample  in  its  construction  could 
be  lormed,  it  became  of  the  utmost  importance  to  place 
the  termination  or  embouchure  on  each  bay  in  such  situa- 
tions as  should  afford  a  bold  and  open  access,  beyond  the 
hazard  of  delay  arising  from  shallow  water,  exposure  to 
winds,  or  any  of  those  obstructions  which  might  lessen 
its  utility,  by  impeding  the  most  free  and  uninterrupted 
approach  to  it. 


H.  By  the  survey  of  the  lower  route,  from  Port  Pemt 
to  old  Court-house  point  and  Back  creek,  and  of  the  creek 
itself  as  connected  with  it,  it  was  ascertained, 

1.  That  from  Port  Penn  to  the  head  of  Back  creek  the 
ground  was  highly  practicable,  but  that  from  'hence  no 
eligible  route  could  be  obtained  either  to  old  Court-house 
point,  or  to  Back  creek,  at  such  a  level  as  could  be  sup- 
plied by  any  known  feeder,  or  in  any  other  manner  than 
by  a  steam  engine,  or  other  artificial  work.  It  appeared 
particularly  from  the  survey  of  Back  creek,  that  its 
mouth  was  so  much  obstructed,  and  its  channel  so  nar- 
row, as  to  render  the  creek  itself  in  no  degree  proper 
for  forming  any  part  of  the  proposed  navigation. 

2.  The  situation  of  Port  Penn  also  appeared  by  no 
means  more  favourable  than  those  higher  up  the  Dela- 
ware. 

Ill  By  the  survey  of  the  route  from  French  town  to 
the  waters  of  Delaware,  the  general  practicability  of  that 
route  was  established  with  such  certainty,  as  to  confirm 
the  most  sanguine  hopes  that  had  been  entertained  of 
the  probability,  and  indeed  the  ease  of  forming  a  canal 
from  the  two  bays  adequate  to  the  most  important  pur- 
poses. Indeed,  in  considering  the  survey  of  this  route, 
it  seems  rather  to  present  a  choice  of  places,  all  prac- 
ticable in  their  kind,  than  to  oppose  any  material  obsta- 
cles whatsoever. 

In  the  deliberations  on  this  route,  the  first  important 
feature  was  that  of  the  inouth  or  position  on  Elk  river. 
After  a  survey  of  the  port  of  French  town  it  seemed  to 
result,  that  although  the  navigation  of  Elk  river,  to  and 
from  the  landing,  or  its  vicinity,  was  at  present  highly 
practicable,  yet,  from  the  narrowness  of  the  channel,  and 
the  existence  of  a  shoal  below  French  town,  the  naviga- 
tion of  the  river,  especially  during  the  prevalence  of 
south-westerly  winds,  was  liable  to  delay,  and  not  of  that 
unquestionably  bold  nature,  which  the  board  were  de- 
sii-ous  to  procure.  Added  to  this,  it  was  to  be  feared,  that 
from  the  loose  soil  of  the  shores  of  the  river,  the  slow- 
ness of  its  tide,  and  its  being  deprived  of  much  of  its 
head  water  by  the  operation  of  the  canal,  any  disadvan- 
tage under  which  it  now  laboured  might  justly  be  sup- 
posed to  increase,  and  perhaps  others  accumulate  in  the 
progression  of  years,  to  which  it  may  be  confidently  hop- 
ed the  utility  of  the  present  work  will  extend. — The 
ground  also  for  some  distance,  although  practicable  for 
the  canal,  was  found  to  Ije  of  a  nature  which  would  ren- 
der it  difficult  and  expensive.  For  these  united  reasons, 
the  board  entered  into  more  minute  surveys  and  sound- 
ings of  the  shores  and  channels  of  Elk  river,  in  order  to 
find  a  more  advantageous  position.  None  however  of- 
fered nearer  than  Welch  point,  at  the  mouth  of  Back 
creek,  where  there  is  a  bold  and  open  ))oint,  projecting 
at  once  into  a  deptli  of  water  sufficient  for  vessels  of  al- 
most any  size,  at  any  time  of  tide,  or  with  any  wind. 

In  order  lo  verity  the  circumstances,  which  appeared 
so  highly  in  favour  of  adopting  Welch  point  as  the  mouth 
of  the  canal,  the  engineer  was  directed  to  make  an  ac- 
curate survey  of  it  ;ind  of  the  route  from  thence  towards 
New-Castle  and  Ciiiistiana  creek.  The  result  of  this 
survey  was,  that  the  Point  itself  proved  to  be  in  the  high- 
est degree  favourable  to  the  constant  approach  of  vessels 
of  almost  every  desciiption  at  all  times,  with  a  suffi- 
cient harl)our,  and  tituatioris  proper  for  erecting  the  ne- 
cessary locks  anil  basin  at  the  mouth  of  the  canal,  with- 
out extraordinary  expense.  In  tracing  the  route  of  the 
canal  from  thence  northward,  until  it  joins  that  f;om 
French  town,  the  ground  over  which  it  runs  appears  not 
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only  liighly  eligible  in  itself,  biU  so  far  superior  lo  llie 
route  from  French  town,  that  altliough  the  lengtli  of  the 
canal  is  extended  three  and  a  half  miles,  a  considerable 
part  of  the  extra  expense  will  be  saved  by  the  superiori- 
of  the  ground,  and  the  difference,  which  it  is  supposed 
\viil  not  exceed  13,000  dollars,  appears  fully  compensated 
by  attaining  a  position  on  the  Elk,  which  will  in  all  pro- 
bability secure  for  ever  to  the  canal  the  desirable  object 
of  a  bold  and  unembarrassed  approach. 

From  either  French  town  or  Welch  point,  the  canal, 
rising  by  a  succession  of  9  locks  to  the  elevation  of  74 
feet  above  the  tide,  attains  the  summit  level,  at  which  it 
is  conducted  across  the  peninsula.  At  the  distance  of 
five  and  an  half  miles  from  French  town,  and  nine  from 
Welch  point,  the  two  routes  unite,  and  continue  on  the 
s.une  level  across  to  the  vicinity  of  the  Bear  tavern.  Of 
this  part  of  the  route  it  is  only  necessary  to  remark,  that 
the  general  direction  of  the  canal  is  confined  by  nature  to 
the  course  adopted,  it  being  prevented  from  any  material 
deviation  to  the  northward,  or  southward,  either  by 
grounds  which  are  too  high,  or  by  streams,  ravines,  or 
other  formidable  diflficulties  :  and  though  the  country  pos- 
sesses some  irregularity  in  its  general  levels,  it  is  in  the 
main  highly  favourable  to  the  purpose. 

The  canal,  thus  conducted  to  the  vicinity  of  the  Bear 
tavern,  arrives  at  a  point  from  which  the  route  becomes 
dififci-ent,  according  as  it  enters  the  Delaware  either  at 
Red  Hook,  Hamburg,  New-Castle,  or  into  Christiana 
creek. 

From  the  survey  of  the  country  from  the  Bear  to 
Hamburg  and  Red  Hook  it  appeared,  that  though  both 
these  lines  were  practicable,  that  to  Red  Hook  was  far  the 
most  eligible,  both  as  to  distance  and  the  nature  of  the 
ground. 

It  became  however  necessary  to  establish  one  general 
principle  respecting  these  positions,  by  which  they  both 
appeared  ineligible.  For,  by  surveying  and  sounding  the 
river  Delaware  opposite  to  them  it  was  found,  that  the 
whole  of  the  cove  or  bay  extending  from  New-Castle  al- 
most to  Reeden  point  was  at  once  so  shallow,  to  a  consi- 
derable distance  from  the  shore,  and  so  subject  to  the 
danger  and  changes  occasioned  by  the  violence  of  winds 
and  tides  as  to  be  in  every  part  an  improper  position  for 
the  entrance  of  the  canal. 

The  route  from  the  Bear  to  New-Castle,  which  was 
the  next  in  distance,  was  found  to  extend  over  very  fa- 
vourable ground  until  within  2  miles  of  the  town,  where 
it  appeared  that  an  embankment  of  considei-able  extent 
and  expense  would  be  wanted  over  Mill-creek,  and  the 
marsh  on  its  sides. 

In  surveying  the  port  of  New-Castle  as  a  position  for 
the  mouth  of  the  canal,  its  bold  and  accessible  situation 
was  unquestionable,  but  it  appeared  to  be  more  subject 
to  exposure  than  was  to  be  wished,  and,  although  im- 
proved by  the  piers  lately  erected  there,  it  was  to  be 
feared  that  the  nature  of  the  port  was  better  adapted  to 
the  security  and  navigation  of  large  vessels,  than  to  the 
shelter  and  constant  communication  of  those  of  a  mode- 
rate and  small  kind  ;  which  it  must  be  supposed  will  be 
chiefly  employed  in  the  traffic  on  the  canal. 

The  route  from  the  Bear  lo  a  position  on  Christiana 
creek,  near  Mendenhall's  ferry,  appeared  in  extent  near 
one  mile  longer  than  the  shortest  of  two  proposed  routes 
from  the  Bearlo  New-Castle,  and  the  ground  over  which 
it  extends  was  subject  to  some  obstacles  and  irregulari- 
ties of  surface,  especially  as  it  approached  Christiana 
creek.    None  of  these  however  were  either  impracticable 


or  formidable,  and  the  position  for  the  termination  of  tiie 
canal  on  the  creek  seemed  at  once  to  accomplish  the 
object  of  a  bold  navigation,  accessible  at  all  times,  and 
from  the  rapid  tide  and  quantity  of  water  likely  forever  to 
remain  so,  and  that  of  a  safe,  commodious  and  extensive 
harbour,  furnished  by  the  Christiana  itself,  particularly 
suhed  to  those  vessels  which  would  most  probably  navi- 
gate the  canal,  and  sufficiently  accessible  to  others. 

In  deliberating  upon  the  two  routes  to  New-Castle 
and  Cliristiana,  which  in  point  of  eligibility  so  nearly  ap- 
proached each  other,  the  Board  thought  it  peifectly  witl)- 
in  the  general  object  of  this  and  similar  undertakings,  to 
consider  how  far  the  interests  of  the  Stockholders  might 
be  promoted  by  adopting  such  a  position  for  the  canal, 
as  would  probably  most  increase  its  iratTic,  and  accom- 
modate the  greatest  proportion  of  the  interests  of  the 
Stockholders,  under  circumstances  subservient  to  the 
greater  interests  of  the  public.  AVhile,  therefore,  the 
position  on  Christiana  creek  appeared  perfectly  accessi- 
ble to  the  navigation  of  Delaware,  and  to  establish  as 
completely  the  intercourse  from  bay  to  b.iy,  the  Board 
could  not  but  entertain  an  opinion  that  the  impoitant 
trade  of  the  town  of  Wilmington,  and  the  rsanufactures 
which  were  extensively  conducted  on  Brandy  wine,  White- 
clay  creek,  and  other  waters  of  Chiistiana,  claimed  an 
attention  to  their  interests,  which  would  in  all  probability 
be  richly  repaid  by  their  increase,  and,  with  them,  the 
product  of  the  canal. 

In  the  prosecution  of  these  surveys,  a  variety  of  colla- 
teral objects  were  necessarily  pursued  in  subservience  to, 
and  as  a  confirmation  of  the  general  result  of  the  work. 
Among  these  was  a  line  of  level  along  the  ridge  of  the 
peninsula  for  some  distance  southward.  But  as  the  de- 
tail of  these  and  many  other  operations  are  less  the  pro- 
vince of  the  Board  than  of  the  engineer,  by  whose  talents 
and  scientific  knowledge  they  were  accomplislied,  they 
do  not  enter  into  the  present  report. 

Upon  the  close  of  the  surveys,  which,  as  has  been  here- 
tofore observed,  were  protracted  by  the  unavoidable  cir- 
cumstance of  an  inclement  season,  and  an  anxious  desiic 
to  leave  no  necessary  information  unattained,  the  Board 
finally  came  to  the  resolution  of  fixing  the  route  of  the 
canal  from  Welch  point  on  Elk  river  to  Christiana  creek, 
near  Mendenhall's  landing. 

Of  this  resolution,  which  the  Board  are  sensible  had 
been  for  some  time  demanded  by  the  public  anxiety,  and 
on  which  they  are  equally  sensible  that  tlie  opinions  of 
many  will  be  divided,  they  have  only  this  remark  to  offer  ; 
that  being  the  result  of  an  indefatigable  attention  to  the 
subject  in  all  its  bearings,  of  a  research  so  extended  as 
to  leave  no  point  of  information  unaccomplished,  and  of  an 
unremitting  deference  and  moderation  among  the  mem- 
bers of  the  Board  itself,  they  have  no  hope  that  any  de- 
cision on  a  subject  of  such  importance  could  ever  be  ob- 
tained under  more  favourable  circumstances;  and  they 
trust  that  it  will  give  satisfaction  to  every  candid  and  li- 
beral mind. 

During  the  progress  of  the  surveys  necessary  for  fix- 
ing the  general  route  of  the  canal,  upon  its  being  ascer- 
tained that  the  waters  of  Elk  and  White-clay  creek  must 
be  resorted  to  for  supplying  it,  wherever  its  position 
might  be,  and  that  the  most  economical  mode  of  begin- 
ning the  execution  of  the  work  would  be  by  conducting 
the  feeders  from  their  source  to  the  reservoir,  in  order 
that  water  might  be  supplied  to  every  part  of  the  canal 
as  soon  as  it  was  executed,  and  stone,  lime,  and  other  ma- 
terials procured  for  the  works  at  much  less  expense  than 
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in  any  other  way  ;  purchases  of  the  water  rights  on  Elk 
Creek  and  much  of  the  land  for  the  feeders  were  effected, 
and  on  the  si^cond  of  May,  (the  anniversary  of  the  organi- 
zation of  the  company),  the  first  sod  of  the  canal  of  the 
feeder  was  cut  near  Elk  forge,  and  a  commencement 
made  in  the  execution  of  the  work.  Since  then,  contracts 
have  been  made  for  digging,  and  otlier  measures  taken 
to  prosecute  the  work  with  such  activity  as  affords  a  con- 
fidence that  the  whole  of  the  feeder  will  be  accomplished 
during  the  present  year. 

To  this  detail  of  the  proceedings  of  the  board  in  their 
survey  may  be  added  the  result,  which  is  proved  by  every 
circumstance  which  has  occurred  to  them,  that  in  the 
case  of  obtaining  an  ample  supply  of  water,  in  the  unob- 
structed nature  of  the  ground,  in  the  excellent  position 
for  its  terminations,  in  the  shortness  of  the  work  itself, 
and  in  every  other  circumstance  requisite  for  forming  a 
canal  of  the  best  construction  and  upon  the  best  princi- 
ples, the  route  now  marked  out  is  beyond  any  that  has 
occurred  in  the  history  of  canal  navigation,  and  seems  to 
be  one  of  those  important  passes  left  by  nature  as  an  in- 
vitation to  human  art,  to  establish  a  monument  of  patri- 
otism and  industry. 

From  the  estimates  which  have  been  made  by  the  en- 
gineer of  the  cost  of  the  route  adopted,  it  appears  that 
the  work  contemplated  in  its  full  extent  and  upon  a  scale 
adequate  to  the  greatness  of  the  object,  will  amount  to 
560,000  dollars,  including  the  purchase  of  the  water 
rights,  but  exclusive  of  the  land.  When,  however,  they 
contemplate  how  increasingly  important  the  completion 
of  the  canal  must  become  as  its  progress  advances,  they 
have  no  doubt  but  that  the  sums  necessary  will  be  fur- 
nished, under  the  power  vested  in  the  board,  frona  the 
completion  of  the  remaining  shares,  and  from  the  sup- 
port of  the  stockholders  and  the  public  at  large. 

Since  the  establishment  of  the  board  additional  sub- 
scriptions to  the  amount  of  about  160  shares  have  been 
received,  leaving  about  500  yet  to  be  subscribed  for,  to 
complete  the  original  amount  of  the  subscription  of  2,500 
shares,  mentioned  in  the  acts  of  incorporation. 

The  sums  of  money  which  the  board  have  received 
from  the  stockholders  will  be  sufficiently  explained  and 
stated  by  the  account  furnished  :  upon  which  they  have 
only  to  remark,  that  thus  far  the  payments  required  by  the 
stockholders  have  been  proportioned  only  to  the  mode- 
rate expenditure  of  the  surveys  and  the  limited  progress 
of  the  work,  and  that  this  expenditure  has  been  regulated 
by  the  most  strict  and  methodical  economy. 

Having  thus  completed  every  necessary  preliminary, 
and  laid  the  foundation  of  a  public  work,  whose  utility 
has  never  been  too  highly  appreciated,  the  board  has  only 
to  commit  it  to  their  successors,  under  the  fullest  convic- 
tion, that  if  supported  by  the  zeal  with  which  it  was  un- 
dertaken, by  the  public  spirit  which  is  due  to  its  import- 
ance, and  by  the  exertion  of  those  places  to  which  it  pro- 
mises the  most  immediate  benefit,  its  execution  will  be 
neither  difficult  nor  its  success  dubious  ;  but  that  while  it 
will  ever  claim  for  the  age  and  people  by  whom  it  was  be- 
gun, the  credit  due  to  those  undertakings  which  almost 
beyond  all  others  increase  the  agriculture,  manufactures, 
commerce,  and  general  prosperity  of  a  country,  it  will 
afford  advantages,  perhaps  beyond  the  power  of  any  how 
to  estimate,  to  the  stockholders,  to  the  lands  in  its  vici- 
nity, to  the  neighbouring  states,  and  to  the  Union  in 
general." 

The  second  report  was  made  June  3d,  1805. 

"  Referring  to  the  report   presented  last  year,  it  will 
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appear,  that  the  survey  of  the  differeiit  routes  for  the 
canal  being  completed,  and  its  position  determined,  a 
commencement  had  been  made  of  the  feeder,  or  canal  cf 
supply. 

Since  that  period,  the  work  has  been  prosecuted  with 
unremitted  attention,  and  the  following  objects  have  been 
effected. 

Of  the  whole  extent  of  the  feeder,  whose  length,  from, 
its  commencement  at  Elk  forge  to  its  junction  with  the 
main  canal,  is  five  miles  forty-six  chains  and  seventeen 
links,  there  has  been  fully  completed,  fit  for  the  purpose 
of  navigation,  three  miles  seventy-five  chains  and  seven 
links  (nearly  four  miles  ;)  of  the  residue,  forty  chains  and 
sixty-seven  links  are  in  various  stages  of  progress,  so  as 
to  be  at  least  half  finished,  and  one  mile  two  chains  and 
forty-three  links  is  as  yet  not  begun,  consisting  chiefly  of 
pieces  intervening  between  the  parts  already  finished. 

This  unfinished  work,  and  the  completion  of  the  aque- 
duct over  Elk  river,  of  bridges  over  three  public  roads, 
of  one  lock  and  waste  weir  near  the  intended  reservoir, 
with  sundry  culverts  and  small  pieces  of  masonry,  com- 
prises  all  the  operations  necessary  for  completing  the 
whole  of  the  feeder. 

These,  it  is  presumed,  may  be  accomplished  during 
the  present  year,  so  as  to  leave  the  work  of  the  main  ca- 
nal the  sole  object  of  the  ensuing  one. 

The  cost  of  all  the  operations  upon  the  feeder,  as  ex- 
hibited in  the  general  account  of  the  Board  now  pre- 
sented, amounts  to  859,189.40  of  moneys  actually  paid, 
and  an  estimated  balance  of  gl7,878.76  on  accounts  due 
from  the  Board,  but  which  could  not  be  adjusted  previous 
to  this  period  :  in  this  expenditure,  however,  is  included 
a  large  quantity  of  stone  and  other  materials  for  the  fu- 
ture progress  of  the  works,  and  the  houses  and  tools  ne- 
cessary for  the  operations  upon  the  main  canal. 

The  time  necessary  for  completing  the  feeder  and  its 
expense  have  been  extended  solely  by  the  nature  of  the 
ground  over  which  it  was  necessary  to  form  it, — This 
ground  laying  chielly  on  the  east  bank  of  the  Elk  river, 
or  between  Iron  hill,  Gray's  hill,  and  other  high  grounds 
at  the  head  of  the  peninsula,  presented  many  difficulties  ; 
particularly  a  considerable  extent  of  hard  rocky  bank  only 
to  be  overcome  by  blasting  with  gunpowder,  several  pro- 
jecting points  of  the  surrounding  hills  necessary  to  be  cut 
through  at  a  considerable  depth,  and  of  a  soil  uncommon- 
ly difficult ;  and  numerous  ravines,  pieces  of  low  ground, 
swamps,  springs  and  streams  of  water,  all  which  required 
embankments,  drains,  culvfirts  and  other  works  of  consi- 
derable labour;  these  difficulties,  more  tedious,  however, 
than  formidable,  or  insurmountable  in  their  nature, 
which  could  not  to  any  extent  be  either  foreseen,  or 
subjected  to  calculation — which  were  absolutely  neces- 
sary to  be  overcome,  and  could  be  overcome  alone  by 
time,  perseverance  and  expense,  comprise  the  sole 
causes  for  the  protraction  of  the  work,  and  the  objects 
for  which  the  expenditure  of  the  company's  money  has 
been  made. 

In  reviewing  these  operations,  the  board  has  the  sa- 
tisfaction to  reiiect,  that  a  great  quantity  of  work  has 
been  done,  comprising  that  jjroportion  of  the  great  un- 
dertaking in  which  they  are  engaged,  at  once  the  most 
essential  in  its  kind,  and  the  most  difficult  in  its  execu- 
tion. That  the  works  which  have  been  executed  have 
been  done  in  a  manner  which  will  bear  the  strictest  scru- 
tiny or  comparison  with  others  of  the  kind,  either  in 
America  or  Europe,  and  that  the  general  structure  of 
the  feeder  is  such  as  to  unite  the  purposes  of  supplying' 
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the  canal,  and  of  foi'ming  a  barge  navigation  thereto,  upon 
the  smallest  practicable  scale,  and  at  tlie  easiest  expense. 

In  looking  forward  to  the  future  progress  of  the  work, 
the  board  have  also  satisfaction  in  observing,  that  not 
only  has  a  body  of  workmen  been  formed  and  reduced 
into  system,  various  preparations,  such  as  houses,  tools, 
&c.  made,  and  an  example  of  perseverance  and  labour 
given,  but  much  of  the  difficulty  occurring  in  the  whole 
undertaking  has  been  overcome,  since,  at  tiie  termination 
of  the  feeder,  a  change  of  country  takes  place,  which 
leaves  the  course  of  the  main  canal  throughout,  free 
from  nearly  all  the  obstructions  heretofore  encountered, 
and  its  expense  probably  not  more,  if  as  much  per  mile, 
as  the  feeuer  has  already  cost. 

In  reviewing  the  system  which  the  board  has  adopted 
for  conducting  the  works,  tiiey  feel  a  conviction  that  its 
general  plan  is  fully  calculated  to  carry  on  tlie  under- 
taking with  as  much  expedition,  and  as  complete  a  con- 
trol over  the  workmen  and  expenditure,  as  any  they  can 
adopt — they  feel  sensible,  however,  that  in  tlie  outset  of 
a  Work  which  was  in  a  great  degree  new  to  all  the  board, 
in  a  country  very  thin  in  its  population,  where  workmen 
were  to  be  collected  from  a  distance,  accommodations 
to  be  provided  for  them,  and  their  operations  to  be 
brought  into  regulation,  the  details  of  that  system  could 
not  at  once  be  so  perfect  as  they  have  since  become, 
under  the  experience  gained  by  the  board,  or  as  that  ex- 
perience may  still  make  them  in  the  hands  of  their  suc- 
cessors. 

The  general  account  now  presented,  will  show  to  the 
stockholders  the  sums  which  have  been  received  by  the 
board  from  the  payments  already  required,  and  will  also 
exhibit  to  them  the  amount  of  the  deficiencies  yet  out- 
standing.* 

Upon  these  deficiencies,  the  board  have  to  observe, 
that  as  the  whole  of  the  undertaking,  and  the  security 
upon  which  the  board  themselves  acted,  was  the  faith 
of  the  original  subscribers,  it  was  with  surprise  that  they 
found  any  persons  among  so  respectable  a  body  of  sub- 
scribers, who  could  hesitate  at  complying  with  engage- 
ments so  solemnly  made,  and  upon  which  such  important 
objects  depended;  finding,  however,  that  while  a  large 
proportion  of  the  stockholders  honourably  fulfilled  their 
engagements,  others  delayed  them,  and  some  altogether 
refused,  the  board  found  it  necessary  to  take  the  opinion 
of  counsel  respecting  measures  to  be  pursued  in  an  event 
at  once  so  ■inexpected,and  so  injurious  to  their  interests; 
accordingi;  the  opinions  ot  two  eminent  lawyers  in  Phi- 
ladelphia, two  in  Delaware,  and  three  in  Maryland,  in- 
cluding the  attorney-general,  were  taken,  all  of  whom 
declared,  that  the  original  subscriptions  for  stock  in  the 
company  were  recoverable  by  the  direct  and  usual  pro- 
cess of  law  in  all  those  states. 

In  this  situation,  the  board  had  no  other  alternative 
but  either  at  once  to  abandon  the  interests  of  the  stock- 
holders who  had  honourably  fulfilled  their  engagements, 
and  sufl'er  the  great  public  work  that  had  been  entrusted 
to  them  to  tumble  into  ruin;  or  to  avail  themselves  of 
the  powers  which  had  been  given  them  by  law  ;  accord- 
ingly, however  painful  the  alternative,  yet  conceiving  it 
their  duly,  they  directed  suits  to  be  brought  against  the 
delinquents  in  all  the  three  states,  in  consequence  of 
which,  nearly  all  the  subscriptions  in  Philadelphia  and 
Maryland  have  been  settled,  but  a  large  number  remain 
due  in  the  state  of  Delaware. 

Except  this  circumstance,  no  others  have  occurred  to 


the  board,  to  depress  or  lessen  the  hope  of  perfecting  the 
works,  or  the  expectations  of  benefit  to  be  derived  from 
them.  In  their  progress  thus  far,  every  thing  has  ap- 
peared to  confirm  the  practicability  of  tlieir  execution: 
many  of  the  most  important  difficulties  have  been  over- 
come. The  probability  of  income  to  be  derived  both 
from  the  feeder  and  the  main  canal  has  been  confirmed, 
with  the  additional  circumstance,  that  as  tlie  State  of 
New- Jersey  is  now  engaged  in  opening  the  communica- 
tion from  the  Delaware  to  the  Rariioii,  this  canal  >vil|, 
at  the  time  of  i,ts  completion,  enjoy  not  only  the  benefit 
to  be  derived  from  the  trade  of  the  two  bays,  but  of  ex- 
tending that  trade  from  the  southern  to  the  eastern 
stales,  and  thus  completing  one  great  link  in  the  com- 
munication through  the  United  States. 

The  board  arc  sensible  of  the  gratification  which  many 
of  the  stockholders  might  derive  from  an  estimate  of 
the  whole  cost  of  the  future  work,  but  they  are  the  more 
confirmed  at  once  of  the  diflrculties  of  making  such  an 
estimate,  and  of  the  injury  which  often  arises  from  it,  as 
affording  too  much  ground  to  those  who  are  disposed  to 
despond,  or  who  may  enttrtain  views  inimical  to  the 
work,  by  deviations,  or  the  failure  of  calculations  in  their 
nature  peculiarly  liable  to  error: — All  therefore  that 
they  can  mention,  or  that  they  conceive  it  their  duty  to 
mention,  is,  that  this  important  work  appears  to  them 
highly  praciicablc  under  the  same  measures  they  have 
adopted — that  the  monies  already  subscribeil  appear  suf-  • 
ficient  to  secure  the  execution  of  the  work,  especially 
with  the  aid  which  they  are  authorized  by  law  to  obtain. 
For  the  satisfaction  of  the  stockholders  on  this  head, 
however,  the  board  will  remark,  that  as  every  part  of  the 
main  canal,  when  executed,  will  produce  a  lessening  of 
land  carriage,  and  thereby  secure  its  use,  and  as  the  pre- 
sent subscriptions  of  the  company  will  in  all  probability 
finish  one  end  of  the  canal,  and  thereby  produce  a  car- 
riage and  revenue  upon  it,  so  much  will  be  perfected  as 
to  make  it  the  interest  of  the  company  to  secure  its  fu- 
ture execution. 

If  the  canal  be  executed  from  Elk  river  to  the  Bear 
tavern,  the  land  carriage  to  Christiana  bridge  will  be  re- 
duced from  thirteen  to  two  miles;  and  from  the  traffic 
already  existing  by  this  conveyance,  a  revenue  upon  the 
part  so  executed,  and  upon  the  funds  then  expended,  will 
be  derived,  perhaps  as  great  in  proportion  as  upon  the 
whole  work  when  completed,  so  that  there  is  no  doubt 
but  this  product  will  insure  the  desire  and  means  of  the 
stockholders  to  effect  its  completion. 

There  are  other  circumstances  which  aid  the  expecta- 
tion that,  with  a  due  exertion  at  present,  the  work  will 
proceed  to  a  completion.  The  board  are  not  only  au- 
thorized to  obtain  further  moneys  upon  subscription,  loan, 
or  otherwise,  and  these  means  will  be  placed  in  their 
power  by  a  vigorous  prosecuiion  of  tlie  work  ;  but  there 
is  every  reason  to  expect  that  the  governments  of  the 
several  states  bor'dering  upon  the  canal,  and  that  of  the 
United  Slates  itself,  will  support  a  work  promising  such 
great  public  advantage. 

In  order  to  avail  themselves  of  this  aid,  and  of  that 
confidence  which  public  support  adds  to  a  work  of  this 
kind,  applications  were  made  by  the  board  to  the  legis- 
tures  of  Delaware  and  Pennsylvania,  in  both  of  whicli, 
resolutions  were  passed  for  subscribing  to  the  canal ;  and 
though  the  acts  for  that  purpose  were  not  completed 
during  the  late  sessions,  owing  to  the  great  quantity  of 
previous  business  before  the  several  houses,  yet  there  is 
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every  reason  to  believe  they  will  be  passed  in  tlie  ensuing 
sessions,  and  that  the  legislature  of  Maryland  will  adoju 
the  same  measures. 

In  order,  however,  to  receive  this  aid,  and  indeed  to 
entitle  the  company  to  it,  it  is  necessary  that  the  works 
should  proceed  with  unremitting  exertion  througli  the 
present  summer,  that  all  idea  of  despondence  should  be 
laid  aside,  and  that  the  stockholders  should  jjive  that  sup- 
port to  the  undertaking,  which  can  alone  enable  the  fu- 
ture direction  to  carry  it  into  efl'ect. 

If  ever  this  work,  thus  favourably  begun,  and  so  con- 
siderably effected,  should  suffer  injury  or  delay,  this 
reflection  will  justly  arise,  that  it  is  neither  fiom  the  im- 
practicability of  its  execution,  from  the  greatness  of  its 
importance,  nor  from  a  want  of  zeal  and  perseverance  in 
those  to  whom  it  has  thus  far  been  intrusted,  but  from  a 
despondence  without  cause,  from  a  versatility  to  abandon 
an  enterprise  just  as  it  is  begun,  and  from  tliat  want  of 
public  spirit  and  fortitude,  without  which  no  public  work 
whatever  can  succeed. 

Having  thus  exerted  themselves  in  the  performance 
of  their  duty  during  the  period  for  which  they  were  elect- 
ed, and  given  to  the  stockholders  and  to  their  successors 
the  best  information  as  to  the  past,  and  prospects  of  the 
future,  which  is  in  their  power  to  bestow,  the  board  have 
only  to  resign  into  the  hands  of  those  stockholders,  and 
to  the  direction  they  may  appoint,  the  future  fate  of  this 
important  work,  with  every  hope  for  its  success. 
Signed  by  order  of  the  Board. 

By  the  report  of  last  year,  the  stockholders  will  per- 
ceive, that  the  operations  of  the  company  had  been  di- 
rected, thus  far,  to  complete  the  feeder  or  canal  of  supply, 
of  which  there  then  remained  about  one  mile  unfinished, 
and  that  it  was  the  expectation  of  the  board  that  the  same 
might  be  completed  during  the  late  year,  and  the  main 
canal  itself  begun  in  the  course  of  the  present  one. 

But  the  exertions  of  the  board  in  this  respect  have 
been  wholly  disappointed  by  the  delinquency  of  the  sub- 
scribers; this  delinquency  was  stated  in  the  last  report; 
a  hope, however,  prevailed,  that  a  sense  of  public  duly,  in 
supporting  a  work  of  such  general  and  acknowledged  uti- 
lity, or  at  least  a  regard  for  private  honour  and  good  faith 
in  performing  engagements  solemnly  contracted,  would 
have  produced  the  payment  of  those  arrearages,  upon 
■which  the  progress  of  the  work  depended.  But  unfortu- 
nately, so  far  from  these  hopes  being  realized,  the  failure 
of  payments  among  the  remaining  subscribers  became  so 
general  as  to  leave  no  alternative  but  the  prosecution  of 
suits  against  the  deficient  parlies,  and  suspension  of  the 
work  until  legal  justice  should  furnish  the  funds  which 
the  defection  of  individuals  had  retained. 

In  justice,  however,  to  those  stockholders  who  have 
honourably  fulfilled  their  engagements,  it  is  incumbent  on 
the  board  to  mention,  that  but  a  small  proportion  of  de- 
linquencies exist  in  the  city  of  Pliiladelphia  or  in  the 
state  of  Maryland,  that  a  respectable  number  of  the 
stockholders  in  Delaware  have  also  paid,  and  that  the 
deficiencies  chiefly  exist  in  that  State  and  in  the  vicinity 
of  the  canal,  where,  above  all  others,  they  should  have 
been  been  least  expected. 

To  assign  any  other  cause  is  at  once  obviously  unne- 
cessary and  impossible,  for  from  this  alone  has  the  sus- 
pension of  the  work  arisen,  since  the  payment  of  the 
arrearages  now  due  would  have  completed  the  feeder, 
enabled  the  board  with  propriety  to  draw  forth  the  resi- 


due of  the  company's  funds,  and  left  the  execution  of  the 
canal  no  further  a  subject  of  doubt  or  despondence. 

In  order  that  no  means  should  be  left  untried,  which 
it  was  in  the  power  of  the  boaid  to  attempt — applica- 
tions were  made  during  the  late  winter  to  Congress,  ar.d 
to  the  respective  legislatures  of  Pennsylvania  and  Maiy- 
land,  impressing  on  them  the  importance  of  the  canal  as 
a  great  national  work,  interesting,  more  than  any  which 
could  be  contemplated,  to  those  states,  and  to  the  Union 
at  large,  and  praying  that  as  such  the  company  should 
receive  their  patronage  and  support. 

These  appiicaticns  were  all  favourably  received,  and 
the  imporiaiice  of  them  recognised  both  by  Congress 
and  the  state  legislatures,  in  their  respective  acts  and 
reports. 

The  house  of  rcpresen'.atives  of  the  United  States, 
after  fully  admitting  the  importance  of  the  canal  as  a  na- 
tional work,  especially  as  a  means  of  defence  during  any 
hostile  act,  plead  the  pressure  of  demands  on  tlie  public 
funds  for  withholding  a  present  grant  of  money — in  the 
senate  a  resolution  was  introduced  for  granting  a  consi- 
derable quantity  of  land  in  the  Western  Territory. 

In  the  legislature  of  Maryland,  a  resolution  was  reported 
by  a  committee  of  the  house  of  delegates  for  authorizing 
the  treasurer  to  subscribe  for  one  hundred  shares,  and  a 
bill  was  reported  by  order  of  the  house  of  representatives 
of  Pennsylvania  for  a  like  subscription  to  an  undefined 
number — after  this  recognition  of  the  principles  and 
importance  of  the  work,  and  a  reception  so  highly  fa- 
vourable and  flattering  to  the  hopes  of  the  company,  as 
to  leave  little  doubt  of  success  at  a  future  session,  it  was 
with  regret  the  board  perceived,  that  from  the  pressure 
of  other  business,  the  several  resolutions  and  acts  were 
unhappily  postponed  for  the  present,  so  that  none  of 
them  were  carried  into  an  effect  so  complete  as  to  ren- 
der any  immediate  aid  for  continuing  the  work. 

Thus  the  want  of  public  support,  which  appeared  the 
only  resource  on  the  failure  of  payment  in  the  sub- 
scribers, has  confirmed  the  present  suspension  of  the 
canal :  with  what  concern  the  board  view  this  event,  the 
public  can  estimate  :  without  arrogating  to  themselves 
any  merit  beyond  the  fair  execution  of  their  duty,  they 
feel  it  no  more  than  an  act  of  justice  to  remark,  that,  par- 
taking of  the  general  zeal  which  was  manifested  at  the 
first  institution  of  the  company,  they  entered  upon  the 
execution  of  the  trust  committed  to  them,  and  have  per- 
severed in  an  arduous  attention  to  it  through  a  course 
of  three  years,  under  a  firm  reliance  on  the  punctual  pay- 
ment of  the  subscriptions  as  the  work  should  require 
them,  and  on  a  continuance  of  that  zeal  and  public  sup- 
port under  whose  auspices  they  began,  and  which  was 
essential  to  animate  and  encourage  them  through  all  its 
progress ;  their  regret  therefore  is  in  a  high  degree  ac- 
cumulated from  finding  themselves  deprived  of  means 
to  proceed,  and  the  works  suspended  in  their  hands,  not 
by  a  failure  of  their  own  attention,  but  of  that  support  on 
which  they  were  taught  to  rely. 

That  the  regret  which  the  board  experience  will  be 
participated  by  every  patiiotic  mind,  who  originally  felt 
tiie  importance  of  uniting  the  two  bays  of  Chesapeake 
and  Delaware  by  an  uninterrupted  navigation,  t)r  who 
now  feels  that  importance  confirmed  by  the  ease  of  ex- 
ecuting it,  is  a  subject  of  some  consolation,  and  affords 
the  hope,  that  the  lassitude  or  negligence  of  the  public 
mind  to  an  object  at  once  so  new,  so  useful  and  interest- 
ing, for  which  so  much  concern  has  been  professed,  and 
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s|o  Utile  realized,  will  soon  be  succeededby  that  just  atten- 
tion to  their  interests,  which  a  large  proportion  of  tiie 
United  States,  and  particularly  the  country  contiguous  to 
the  canal,  ought  to  feel."* 

AV'e  have  now  given,  as  far  as  the  limits  of  our  work 
would  admit,  views  of  the  gctK-ral  advance  of  artificial 
inland  communication  in  the  United  States,  north  of  the 
Susquehanna  ;  and  now  proceed  to  review  those  of  that 
streara,  and  those  more  southward. 

Two  small  canals  already  exist  on  the  Susquehanna, 
one  in  Pennsylvania,  at  the  Concwago  falls,  and  the  other 
in  IMaryland.  The  former,  hy  a  fall  of  19  fciit  and  1  mile 
in  length,  passes  those  falls,  and  the  latter,  called  the 
Susquehanna  canal,  reaching  from  tide  water  to  the 
Maryland  and  Pennsylvania  line,  passes  the  Lower  Falls. 

The  practical  experience  of  Mr.  Latrobe,  and  the 
boldness  and  justness  of  his  conceptions,  give  his  ob- 
servations great  weight,  and  from  his  intimate  know- 
ledge of  the  country  from  the  Susquehanna  to  the 
Roanoke,  inclusive,  his  geogra|)hical  sketches  deserve 
peculiar  attention,  and  ought  to  be  preserved  ;  we  there- 
fore make  the  following  extracts  from  his  report  to  Mr. 
Gallatin,  when  secretary  of  state,  March  16th,  1808. 
We  have  been  induced,  also,  to  give  this  report  to  our 
readers,  as  it  contains  invaluable  advice  respecting  some 
prevalent  errors  on  the  subject  of  canals,  and,  in  particu- 
lar, a  much  too  strong  predilection  in  favour  of  natural 
channels  in  gen?ral,  and  loo  little  regard  to  the  many  in- 
superable advantages,  in  most  cases,  even  in  point  of 
expense,  in  favour  of  artificial  canals. 

'>Two  principal  objects  will  dictate  all  the  exertions  to- 
wards the  impiovement  of  our  internal  navigation,  which 
can,  for  many  years  to  come,  be  attempted  :  1.  To  carry 
our  produce  by  water  to  the  nearest  port  for  its  exporta- 
tion, and  the  importation  of  foreign  articles.  2.  To  ex- 
change, by  internal  commerce,  the  articles  reciprocally 
deficient,  on  lines  parallel  to  the  sea  coast.  Canals,  the 
use  of  which  arises  from  manufacturing  activity,  will  not 
probably  be  soon  required. 

The  first  object, — as  all  our  principal  rivers  run  sea- 
ward, and  generally  by  the  shortest  course, — must  be  at- 
tained by  the  natural  or  improved  navigation  of  the  rivers 
themselves,  or  by  canals  cut  parallel  to  them;  the 
second  may  often  require  a  navigation  parallel  to  the 
valleys,  so  as  to  communicate  one  principal  river  with 
another. 

The  former  attempt  at  improved  navigation  has  al- 
ready been  made  on  many  of  our  principal  rivers, — the 
latter  has  been  seldomer  undertaken  ;  and  only  once 
above  the  falls  of  both  primary  rivers,  in  the  canal  in- 
tended to  join  the  Susquehanna  and  Schuylkill,  and  the 
Schuylkill  and  Delaware  rivers  above  Philadelphia. 

The  general  construction  of  our  country  opposes  to 
artificial  navigation,  in  either  of  these  directions,  difficul- 
ties, which,  in  no  part  of  the  woild,  exist  in  so  uniform 
and  certain  a  degree.  Canals,  parallel  to  oiar  rivers, 
have  three  formidable  obstacles  to  encounter  and  over- 
come : 

1.  Tiie  rapid  descent  of  the  ravine  cut  through  the 
mountains  by  the  river  itself,  along  which  the  canal  must 
be  carried  ;  or,  if  the  ravine  be  quitted,  difficulties  on  the 
high  levels,  which,  the  further  you  go  from  the  liver, 
are  always  intersected  by  tlie  more  numerous  ravines, 


and   embarrassed  by  the  difficulty  of  returning  to  the 
ravine  of  the  river. 

2.  The  invariably  rocky  nature  of  the  ground,  which 
is  uniformly  of  granite,  in  all  its  varieties  ;  and  has  nu- 
merous fissures,  which  carry  off  the  water,  and  require 
lining. 

3.  The  difficulty  of  keeping  off  the  land  water,  and  of 
crossing  the  lateral  branches  and  torrents  of  the  river. 

On  tiie  other  hand,  canals,  parallel  to  our  mountains, 
must  necessarily  cross  the  ridge  or  spur  of  the  moun- 
tain which  divides  the  waters  of  two  primary  rivers.  On 
this  ridge,  above  the  falls,  the  water  requisite  to  supply 
the  canal  is  always  scanty,  often  there  is  none  ;  and 
though  a  tunnel  or  a  steam  engine,  or,  in  the  last  resort, 
a  rail  road,  are  certain  means  of  obviating  the  difficulty, 
they  are  expensive,  inconvenient,  and  imperfect.  Below 
the  granite  ridge,  the  difficulty  is  less.  There  may  al- 
ways be  found  a  supply  of  water  from  the  ridge  itself; 
and  the  feeders,  though  carried  through  rocky  and  ex- 
pensive ground,  are  themselves  useful  as  small  canals,  as 
far  as  they  extend  ;  and  below  the  ridge  the  soil  is  easily 
cut  and  embanked. 

Having  so  frequently  mentioned  the  granite  ridge,  I 
will  here  trace  its  extent,  as  far  as  my  knowledge  of  our 
country  enables  me  do. 

The  granite  ridge  forms  the  shore  of  the  north  side 
of  Long  Island,  opposite  to  the  island  of  New- York.  All 
the  south  of  the  island  is  alluvial,  and  is  the  first  margin 
of  alluvial  soil  below  the  granite  ridge.  This  margin  of 
alluvial  soil,  beginning  at  Long  Island,  widens  as  it  ex- 
tends to  the  south-west,  until  in  Georgia  it  becomes  more 
than  200  miles  in  width. 

Staien  Island  and  Bergen  Point,  are  two  spurs  of  this 
same  ridge,  which  continues  nearly  in  the  line  of  the  post 
road  to  Trenton,  where  the  river  Delaware  falls  over  it, 
having  worn  down  the  rocks  more  deeply  there  than 
many  other  of  our  rivers.  The  Delaware  runs  in  its 
general  direction  for  60  miles  under  the  ridge,  as  far  as 
Ncw-Castle,  leaving  it  only  for  a  short  distance  at  par- 
ticular bends  of  the  river.  At  Philadelphia  the  ridge 
crosses  the  peninsula  to  Gray's  ferry,  on  Schuylkill.  The 
softer  granite  of  Schuylkill  has  been  worn  down  so  that 
the  falls  are  4  miles  from  its  lower  edge.  From  Phila- 
delphia the  ridge  runs  with  the  post  road  to  Havre-de- 
Grace,  where  it  is  visible  on  both  shores,  although  the 
tide  extends  6  miles  above,  to  the  foot  of  the  falls. 

The  Susquehannah,  by  the  name  of  the  Chesapeake, 
may  be  considered  as  running  under  the  foot  of  the 
granite  ridge,  almost  as  far  as  Baltimore,  which  city  is 
built  upon  the  foot  of  the  ridge.  At  the  river  Patuxent, 
on  the  post  road,  the  ridge  appears  again,  but  is  lost  un- 
der the  incumbent  soil,  and  is  not  again  visible  until  it  ap- 
pears at  Georgetown.  The  harder  granite  of  the  Poto- 
mac has  resisted  the  force  of  the  water  more  than  the 
granite  further  to  the  north-east,  and  the  tide  reaches 
only  3  miles  above  its  outrunnings.  From  the  Potomac, 
the  falls  of  Rappahannoc  at  Fredericsburgh,  of  James 
river  at  Richmond,  Appomatox  at  Petersburg,  Roanoke 
at  Halifax,  beyond  which  point  my  personal  observation 
does  not  extend,  point  out  the  course  of  this  ridge  in  a 
line  nearly  parallel  to  the  Blue  ridge,  diverging  to  the 
eastward  as  it  extends  southward. 

The  difficulties  of  the  natural  navigation  of  our  rivers 
are  :  In  spring, — the  danger  of  wreck  in  the  wild  water 
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ef  our  rapids;  in  autumn,  obstructions  created  by  rocky 
shoals  ;  and,  in  most  of  them,  rapids  and  falls  impracti- 
cable at  all  times.  The  least  expensive  and  most  ob- 
vious means  of  removing  the  former,  are  the  blowing  of 
the  most  prominent  rocks,  so  as  to  straiten  the  channel, 
and  piocure  a  passage  at  low  water.  This  has,  in  al- 
most all  our  rivers,  been  attempted  on  a  greater  or  less 
scale,  and  with  various  degrees  of  success.  When  in- 
judiciously performed,  and  in  rivers  of  rapid  descent, 
and  liable  to  great  variation  in  the  quantity  of  their  water, 
more  injury  has  been  done  than  advantage  obtained. 
Many  of  our  worst  obstructions  act  as  natural  dams, 
which,  holding  up  the  water,  create  a  large  extent  of  ex- 
cellent navigation  above  them.  Of  this,  the  James  river, 
above  Westham,  and  the  Susquehanna,  above  Chickisa- 
lunga  and  Hunter's  Falls,  are  instances  in  point.  Such 
obstructions,  when  removed,  let  down  the  water  rapidly 
from  above,  without  supplying  deeper  navigation  below. 

In  a  river  of  such  magnitude  as  the  Susquehanna,  in- 
deed, no  gap  or  sluice  artificially  cut  can  materially 
affect  the  rapidity  of  the  stream  ;  but,  in  lesser  rivers, 
great  care  is  required,  not  only  to  prevent  lowering  the 
water  above,  but  to  avoid  giving  a  new  direction  to  the 
current,  more  mischievous  in  its  effects  than  that  which 
has  been  changed.  But,  with  whatever  judgment  the 
natural  navigation  of  a  river,  perplexed  by  rapids  and 
shoals,  may  be  conducted,  and  however  its  descent  may 
be  thereby  facilitated,  its  ascent  cannot  possibly  be  ren- 
dered more  easy,  in  the  same  degree.  Thus,  for  instance, 
although  by  the  moneys  expended  by  the  state  of  Penn- 
sylvania, and  the  Susquehanna  Canal  Company,  on  the 
natural  navigation  of  the  Susquehanna  below  Wright's 
ferry,  it  has  been  rendered  much  less  dangerous  to  run 
down  the  distance  of  41  miles,  almost  the  whole  of  which 
is  a  tremendous  rapid,  from  Columbia  to  the  tide,  and 
thereby  to  carry  lumber,  iron,  and  agricultural  produce 
to  Havre-de-Grace,  and  thence  to  Baltimore, — yet  so 
difficuU  is  the  up-stream  navigation  by  the  same  route, 
even  with  the  assistance  of  the  Susquehanna  canal,  that 
the  returns  in  imported  articles  have  been  generally  pur- 
chased in  Philadelphia,  and  conveyed  to  Columbia  or 
Middletown,  above  the  rapids,  by  the  Lancaster  turnpike, 
thence  to  be  boated  to  the  country  watered  by  the  upper 
branches  of  the  Susquehanna.  And,  although  the  Philadel- 
phia market  lias  hitherto  offered  more  advantages  to  the 
buyers  of  imported  goods  than  that  of  Baltimore,  yet  the 
expense  of  transporting  them  72  miles  by  land  to  Colum- 
bia would,  if  there  were  a  good  navigation  from  Havre- 
de-Grace  upwards,  destroy  this  advantage. 

The  difficulty  of  carrying  canals  parallel  to  our  great 
rivers,  the  scarcity  of  engineers  possessing  knowledge 
and  integrity,  the  want  of  capital,  and,  above  all,  the  er- 
roneous dread  of  bold  measures,  and  the  fear  of  uselessly 
expending  money  among  us  in  works  hitherto  unknown 
among  us,  have  deterred  those  interested  in  improving 
our  navigation  from  deserting  the  beds  of  our  rivers, 
while  it  was  pi-acticable  to  keep  them.  They  have  there- 
fore had  recourse  to  canals  only  where  navigation  was 
otherwise  impossible,  where  obstructed  by  rocks,  or 
broken  by  a  cascade. 

There  cannot,  however,  be  a  reasonable  doubt,  that,  if 
in  England,  where,  compared  with  the  United  States, 
the  quantity  of  water  in  the  rivers  varies  little  between 
the  driest  and  the  wettest  period  of  the  year,  a  canal  run- 
ning parallel  to  a  river  furnishes  a  much  more  certain, 
and  safe,  and  equal,  and  cheap  navigation  than  the  river 
itself — it  is  infinitely  more  the  case  here.    Unfortunately, 


those  of  our  canals  which  have  been  cut  to  pass  the  rapids 
and  falls  of  our  rivers  partake,  in  a  great  measure,  of 
the  inconveniences  of  the  rivers  themselves  ;  some  want- 
ing water  when  the  river  is  low,  some  incapable  of  being 
entered,  excepting  at  a  particular  height  of  the  water  in 
the  river,  some  subject  to  constant  accumulation  of  bars, 
and  all  of  those  with  which  I  am  acquainted,  much  less 
useful  than  the  money  expended  on  them  ought  to  have 
made  them. 

Those  canals  of  which  I  now  particularly  speak,  are 
the  James  river  canal,  the  Potomac  canal,  the  Conewago 
and  Susquehanna  canals.  Of  the  canals  north  of  the 
Delaware,  and  south  of  Virginia,  I  have  not  suflFicient 
knowle<lge,  nor  can  I  speak  of  the  Appomattox  canal.  It 
is,  I  believe,  not  liable  to  the  same  strictures,  in  all 
points,  which  I  shall  make  upon  the  others  ;  but,  though 
I  am  well  acquainted  with  the  ground,  I  have  not  seen 
the  manner  in  which  the  work  has  been  executed. 

One  great  and  fatal  error  has  been  interwoven  into  the 
scheme  of  the  other  canals,  excepting  only  that  of  the 
Potomac.  They  have  been  dug  as  much  with  a  view  to 
the  erection  of  mills,  as  to  the  purposes  of  navigation. 
To  fit  them  for  mill  races,  their  descent  is  rapid,  and 
their  current  strong.  They  are  liable,  of  course,  to  the 
variation  of  the  quantity  of  water  in  the  river  ;  they  bring 
down  with  their  current  alluvium  of  the  river;  bars  are 
formed  in  them,  as  well  by  this  alluvium,  as  by  the  land 
wash  ;  and  their  banks,  where  they  are  not  of  rock,  or 
walled,  are  liable  to  perpetual  wear  by  the  current.  The 
canal  is,  besides,  itself  an  inconvenient  rapid  to  those  who 
would  ascend  it. 

Besides  these  inconveniences,  the  contracts,  binding 
the  company  to  furnish  to  the  millers  the  water,  when  it 
rises  above  a  certain  gage-selle,  for  an  annual  rent,  or  on 
other  fixed  and  permanent  terms,  tie  the  canal  company 
to  the  original  construction  of  the  work,  and  forbid  future 
improvement.  For  instance,  if  a  lock  were  found  to  be 
useful  above  the  highest  mill,  it  could  not  be  erected,  be- 
cause it  would  rob  the  mills  below  of  their  stipulated 
water  ;  the  inclination  of  the  canal  cannot  be  lessened, 
because  it  would  have  the  same  effect.  In  the  James 
river  canal,  more  than  in  any  other  which  i  have  seen, 
this  error,  though  now  generally  considered  as  a  very 
great  advantage,  will,  at  some  future  period,  be  discover- 
ed and  deplored.  The  Potomac  canal,  more  especially 
tliat  of  the  Little  Falls,  has  the  same  defect  of  a  too  rapid 
descent,  plthough  the  object  of  a  mill  race  is  placed,  by 
their  charter,  out  of  view.  But  its  principal  defect  is  of 
another  kind,  to  which  that  of  James  river  is  also,  but  in 
a  less  degree,  subject.  It  receives  the  wash  of  all  the 
hills  and  lavines  of  the  north  bank,  which  ought  to  be 
discharged  through  culverts,  or  carried  over  bridges: 
and  that  legislative  impartiality,  which  has  requiretl  the 
canal  to  enter  the  river  at  the  very  head  of  the  tide,  in 
Older  that  V'^irginia  may  have  an  equal  chance  of  becom- 
ing the  depot  of  its  commerce  with  Maryland,  has  very 
much  injured  iis  ulilil)  to  the  country  at  large. 

In  a  still  greater  degree  than  the  Potomac  canal,  the 
Susquehanna  canal,  beginning  at  the  Maryland  and 
Pennsylvania  line,  and  ending  at  the  head  of  the  tide,  has 
the  defect,  not  only  of  receiving  tiie  land  wash  of  the  hills 
and  ravines,  but  also  two  considerable  river?,  the  Cone- 
wingo  and  Octorara,  partaking  thus  of  all  the  danger 
arising  from  tl.eir  inundations,  and  receiving  their  allu- 
vium. This  canal  is  also  applied  to  the  purposes  cf  a 
mill  race.  Other  inconveniences  attend  it,  which  arise 
from  the  most  unfriendly  nature  of  the  river,  and  ihc  local 
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feelinfr  of  the  state  lcp;'islatiires  of  Pennsylvania  and 
Maryland,  at  the  period  of  llic  incorporation  of  the 
company. 

Tlie  Conewago  canal,  ahout  50  miles  higher  up  the 
Susquehanna,  is  also  a  mill  race,  and  is  the  property  of 
an  individual.  It  is  of  diflicult  entrance,  which  is  to  be 
regretted,  as  it  ought  to  be  the  means  of  passing  a  short 
but  very  dangerous  fall  of  the  river,  which  interrupts  a 
Ion;;  extent  of  very  good  navigation. 

Having  thus  pointed  out  the  general  and  common  de- 
fects of  these  canals,  to  wliich  I  may  add  the  general 
want  of  proper  slopes  to  tlicir  banks,  I  will  now  enter 
upon  the  very  thankless  task  of  giving  an  honest  opinion 
respecting  them,  in  detail,  viewing  only  the  fmblic  in- 
terests, and  perfectly  conscious  of  the  bearing  of  what  I 
shall  say  upon  private  feelings.  These  feelings,  how- 
ever, are  extremely  short-sighted  ;  for  nothing  could  be 
more  advantageous  to  the  individuals  most  interested, 
than  those  measures  which  would  most  benefit  the 
public. 

The  James  river  and  Appomattox  canals  stop  short  of 
tide  water.  The  most  important  of  these  canals  is  that 
of  James  rivei'.  Upon  the  coal  mines  of  James  river, 
our  Atlantic  sea  ports  will  soon  become  dependent  for 
Iheir  chief  supply  of  fuel.  That  dependence  exists  al- 
ready, in  respect  to  the  fuel  required  for  a  variety  of 
manufactures  ;  and  even  now,  ihe  smiths  within  ten  miles 
of  our  seajrorts  require,  in  order  to  carry  on  advanta- 
geous business,  a  supply  of  Virginian  coal.  There  are 
three  means  (and  I  think  only  three)  by  which  the  Vir- 
gian  coal  can  be  brought  to  the  tide.  1.  By  a  small  canal 
and  rail  roads,  immediately  from  the  mines  south  of  the 
river  to  the  shipping  tide  water  at  Ainpthill,  or  its  neigh- 
bourhood, along  the  valley  of  Falls  creek ;  distance,  I 
believe,  20  miles.  This  is  a  route  easily  practicable,  and 
at  a  moderate  expense,  for  Falls  creek  rises  in  the  coal 
mines  themselves.  2.  By  the  turnpike  road  to  Man- 
chester, opposite  Richmond.  This  road  has  been  some 
time  completed,  and  is  of  the  highest  utility.  3.  By 
James  river  to  the  head  of  the  falls,  and  thence  by  the 
canal  to  Richmond.  This  is,  for  two-thirds  of  the  coal 
country,  the  best  and  most  obvious  route.  For,  from  all 
the  mines,  the  coal  may  easily  be  brought  to  the  liver  on 
rail  roads,  and  thence  boated,  independently  of  the  cheap- 
er conveyance  which  Tuckahoe  creek  might  be  made  to 
yield  to  a  great  extent  of  coal  land  now  little  worked. 
But  of  what  adequate  use  is  this  navigation  in  boats  car- 
rying, at  an  average,  200  bushels  of  coal  only,  when,  if 
the  canal  were  well  constructed,  1000  bushels  might  be 
as  easily  and  cheaply  conveyed  ;  and  when,  on  their  ar- 
rival in  Richmond,  they  must  be  unloaded,  again  loaded 
into  carts,  and  carried  down,  by  a  bad  road,  to  the  tide  at 
Rockets,  to  be  shipped  ?  The  Manchester  turnpike, 
with  all  its  expense  of  waggons,  horses,  and  drivers,  and 
the  consequent  waste  oi  labour,  calnial,food,  -inii  forage, 
is  a  better,  and,  I  am  told,  as  cheap  a  mode  of  con- 
veyance. 

The  means  by  which  the  canal  itself  may  be  made 
much  more  useful,  1  will  not  consume  your  time  and 
patience  in  detailing  ;  what  is  most  important,  taking  the 
■whole  subject  into  view,  is,  to  connect  the  canal,  such  as 
it  is,  with  the  tide. 

In  the  year  1796,  Mr.  Weston,  then  engineer  to  the 
western  navigation  companies  of  the  state  of  New-York, 
was  called  to  Richmond,  to  give  his  advice  and  opinion 
on  this  subject.  It  amounted  to  this  :  to  connect  the 
basin  with  the  foot  of  the  falls,  by  a  succession  of  ten  or 


eleven  locks  in  one  tier,  carrying  the  race  of  Ross's  mill 
upon  an  aqueduct  across  the  canal  at  the  loot  of  the  locks. 
With  all  del'e)cnce  to  his  talents,  I  cannot  help  remark- 
ing, that,  of  all  expensive  projects  of  which  I  ever  heard, 
this  would  have  been  one  of  the  most  useless.  For,  in- 
dependently of  the  excessive  inconvenience  and  detention 
which  such  a  tier  of  locks,  at  the  most  busy  part  of  a 
navigation,  would  occasion,  the  boats  would  arrive  at 
their  foot,  in  a  very  considerable  rapid,  now  impractica- 
ble, and  which  could  only  be  made  practicable  by  blowing 
up  the  rocky  bed  of  the  river.  When  arrived  there,  two 
miles  of  tide  water  inust  be  encountered  ;  to  navigate 
which,  these  boats  arc  wholly  unfit.  I  cannot  help  think- 
ing that  the  present  mode  of  conveying  the  coal  to  Rock- 
ets is  not  much  less  eligible.  I  refrain  from  stating 
many  other  objections,  which  are  professional,  and  which, 
I  believe,  were,  as  well  as  those  already  mentioned,  as 
evident  to  Mr.  Weston  as  to  myself;  but  ol)jections  of  a 
another  nature,  more  powerful  than  mere  physical  dilTi- 
culties,  opposed  every  project,  excepting  that  which  he 
proposed. 

In  order  to  connect  the  basin  of  the  James  river  canal 
with  the  tide,  a  very  simple  means  is  offered  by  the  na- 
ture of  ground.  To  do  this  it  will  be  necessary  to  form 
a  capacious  basin  at  Rockets,  communicating  with  the 
tide  by  one  or  more  locks.  To  carry  a  canal  from  thence 
along  the  level  bank  of  James  river  to  Shockoe  creek. 
A  cheap  aqueduct  of  one  arch  of  30  feet  span  will  carry 
the  work  across  the  creek  into  the  back  street.  The 
canal  will  then  go  up  the  back  street,  mounting  by  suc- 
cessive locks,  not  more  than  two  in  each  tier,  into  the 
basin.  The  canal  from  Rockets  to  the  basin  on  Shockoe 
hill  should  be  of  9  feet  draught  of  water,  and  the  locks 
100  feet  long  and  18  feet  wide.  This  canal  would  of 
course  bring  vessels  which  navigate  our  coasts  and  bays, 
and  run  out  to  the  West  India  islands,  into  the  basin  on 
Shockoe  hill. 

The  legislature  of  the  state  of  Virginia  (for  the  com- 
n.Tonwealth  is  deeply  interested  in  the  stock),  has  from 
time  to  time  expressed  great  anxiety  on  the  subject  of 
completing  thi<;  canal.  But  the  dread  of  unfoiesten  dif- 
ficulties and  risks  in  carrying  the  v/ork  below  the  basin, 
and  the  value  and  productiveness  of  the  stock  in  its  pre- 
sent state,  have  hitlierto  overhalanceii  this  anxiety.  But, 
considering  Richmond  as  the  principal  source  of  fuel  to 
the  cities  on  our  sea  coast,  at  least  until  the  mines  of 
cape  Breton  shall  supply  us,  I  feel  a  national  sentiment, 
in  deeply  regretting  the  very  fatal  policy  which  maintains 
and  supports  the  error,  and  the  mutilation  of  this  most 
important  work.  I  will  not  at  the  same  time  deny,  that 
wben  it  is  considered  that  those  who  projected  and  exe- 
cuted the  canal  were  men  of  no  acquaintance  either 
with  general  science,  or  with  this  particular  branch  of  art, 
and  knew  nothing  of  canals  but  from  books  or  hearsay, 
they  have  already  done  wonders.  They  deserve  the 
thanks  of  their  state,  and  of  the  union.  But  the  work 
should  not  stop  where  tlicy  have  left  it.  Nature  has, 
perhaps,  done  more  for  Richmond  than  for  any  site 
where  a  city  has  been  planted.  For  10  miles  above  the 
city  on  both  sides,  and  upon  several  islands  of  the  stream, 
there  are  innumerable  mill  seats,  supplied  by  one  of  the 
noblest  rivers  in  the  union.  Immediately  above  the  head 
of  the  falls  lies  an  inexhaustible  treasnre  of  coal.  Every 
art  and  manufacture  to  which  human  ingenuity  ran  em- 
ploy fire  and  water,  may  be  here  carried  on  with  the 
least  expense.  From  above,  an  easy  and  wide  spreading 
navigation  collects  on    this  spot  all  the  raw  materials 
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which  our  climate  can  produce ;  below,  a  rivei-  capable 
of  bearing  sea  vessels  sufficient  for  every  trade  but  that 
across  the  ocean,  is  ready  for  the  exportation  of  its  mer- 
chandise. The  town  itself  is  placed  on  a  liealthy  and 
commanding  ground.  13ut  to  improve  these  advantages 
to  the  utmost  extent  to  which  our  population  is  equal, 
nothing  would  so  much  contribute  as  the  coinpietioii  of 
the  Richmond  canal. 

1  have  dwelt  specially  on  the  coal  trade  to  which  this 
canal  is  subservient,  as  of  first  rate  national  importance. 
It  is  of  no  less  importance  to  the  state  of  Virginia  as  a 
means  of  conveyance  of  agricultural  produce.  As  you 
•will  receive  an  answer  in  detail  to  your  queries  relative 
to  the  amount  of  all  the  sorts  of  produce  carried  upon 
it,  and  of  its  actual  trade,  I  will  not  add  any  thing  fur- 
ther to  what  I  have  already  said  on  the  subject,  but  to 
observe,  that  at  some  distant  period  the  Chickahoininy, 
a  river  rising  in  the  coal  country,  and  discharging  itself 
into  James  river  below  Richmond,  where  ships  may  take 
in  their  cargoes,  offers  a  means  of  carrying  down  the 
coal  destined  for  distant  exportation. 

A  canal  has  often  been  projected  for  passing  the  falls 
of  the  Rappahannoc  at  Fredericksburg.  There  is  no 
reasonable  hope,  however,  that  this  work  can  soon  be 
executed.  The  ravine  of  the  river  at  the  falls  on  either 
side  is  so  abrupt,  rocky,  and  ii  regular,  that  great  ex- 
pense must  be  incurred  to  effect  it :  an  expense  not 
likely  to  be  repaid  ]jy  its  trade  for  many  years. 

A  canal  to  connect  the  Rappahannoc  with  the  Poto- 
mac, a  few  miles  below  I'nidericksburg,  across  the 
northern  neck,  has  also  been  spoken  of.  It  would  be  a 
highly  useful  work,  but  would  require  a  tunnel  of  2  or 
3  miles.  I  believe  it  could  be  executed  at  an  expense 
not  greater  than  the  tolls  would  remunerate.  Such  a 
canal,  however,  does  not  belong  to  the  class  of  which  I 
am  now  speaking. 

The  Potomac  canal  consists  of  two  parts  ;  one  to  pass 
the  Great  falls,  14  miles  above  Georgetown,  the  other 
to  pass  the  Little  falls.  The  errors  committed  in  the 
construction  of  the  woik  have  been  enumerated  above. 
The  trade  of  Uiis  canal,  especially  during  the  year  1807, 
has  been  so  great  that  there  appears  every  prospect  of 
its  becoming  a  productive  work  i?i  those  years  in  which 
there  is  a  considerable  and  equal  quantity  of  water  in  the 
river.  But  upon  this  LJrcumstance  it  must  always  de- 
pend. The  information  respecting  it,  which  can  be  ob- 
tained from  the  company  on  the  spot,  renders  it  unneces- 
sary for  me  to  say  more  upon  it. 

No  attempt  at  the  improvement  of  the  navigation  of 
any  of  the  rivers  of  Marylacd,  between  the  Susquehaima 
and  the  Potomac,  hr.s  been  made,  nor  is  there  in  the 
prospects  of  advantage  to  be  derived  from  the  navigation 
of  the  two  Paluxcnt,  the  P^tansco,  or  any  of  the  lesser 
rivers  falling  into  the  Chesapeake,  a;.y  thing  wliich  could 
at  present  tempt  capital  into  such  an  undertaking. 

But  the  Susquehanna  itself  has  been  for  many  years 
the  object  of  almost  all  the  attention  directed  in  the  states 
of  Maryland  and  Pennsylvarjia  to  the  improvement  of  our 
internal  navigation.  About  six  miles  above  Havre-de- 
Grace,  this  mighty  river  meets  the  tide,  The  place  is 
now  known  by  the  name  of  Smith's  ferry.  The  map  of 
the  river  from  thence  up  to  Wright's  ferry,  (Columbia) 
in  Pennsylvania,  which  I  made  in  the  year  1801,  when 
directing  the  works  carried  on  for  the  improvement  of 
the  natural  bed  of  the  river,  and  which,  by  favour  of  the 
governor  of  Pennsylvania,  I  am  able  to  exhibit  with  this 
n-.eraoir,  will  explain  the  nature  of  this  part  of  the  ri- 


ver very  minutely,  being  drawn  to  a  very  large  scale. 
The  whole  of  its  extent  is  one  tremendous  rapid,  which 
in  fact  continues  to  the  north-west  side  of  the  Chicka- 
lunga  hills,  3  miles  above  Columbia.  The  rapid  is  not 
every  where  of  equal  velocity,  or  equally  dangerous. 
Wherever  the  river  crosses  a  valley  of  limestone  or 
slate,  the  rocks  are  worn  down  into  a  smoother  and  wider 
bed:  but  when  it  has  to  cross  a  ridge  of  granite,  its 
course  is  immediately  broken  by  irregular  masses  and 
ranges  of  rocks ;  its  bed  is  narrow  and  inclosed  by  pre- 
cipices, and  its  torrent  furious  and  winding. 

The  Chickisalunga  falls  can  be  descended  without 
danger,  and  no  attempt  to  open  them  has  been  thought 
necessary.  The  ridge  of  granite  hills  through  which 
they  break  bounds  on  the  north-west  the  beautiful  lime- 
stone valley  of  Columbia.  Across  this  valley  the  river 
runs  rapidly,  but  smoothly.  Another  narrow  ridge  of 
granite  hills  crosses  the  river  immediately  below  Colum- 
bia, over  which  the  river  falls  rapidly,  and  then  enteis 
the  wider  limestone  valley,  known  by  the  name  of  the 
Jochara  valley.  The  river  spreads  here  to  the  width  of 
three  miles,  its  stream  is  gentle,  though  rapid,  and  it 
abounds  in  beautiful  and  fertile  islands.  It  then  suddenly 
contracts,  and  is  received  into  the  narrow  ravine  which 
it  has  sawed  down  in  the  granite  hill  called  Turkey  hill. 
From  its  first  entrance  into  the  Turkey  hill,  to  the  tide, 
there  is  no  part  that  deserves  the  name  of  a  sheet  of 
smooth  water.  When  the  river  is  full,  the  whole  ravine 
about  half  a  mile  in  width  contains  only  one  furious  tor- 
rent, in  which  few  rocks  comparatively  are  to  be  seen 
above  the  water  ;  but  the  danger  is  not  the  less,  and  very 
skilful  pilots  and  many  stout  hands  are  required  to  carry 
a  boat  or  an  ark  safely  down.  But  in  the  autumn,  and 
in  a  dry  season,  the  river  itself  can  for  six  miles  scarcely 
be  seen,  and  its  bed  appears  a  barren  and  dry  waste  of 
irregular  rocks,  among  which  the  loud  roaring  of  water 
is  only  heard:  for,  from  the  Turkey  hill  to  near  the 
moutli  of  Conestogo,  the  whole  river  is  discharged 
through  a  channel  generally  about  60  feet  wide,  in  the 
greatest  part  of  which  the  depth  and  the  rapidity  of  the 
torrent  is  such,  that  it  has  not  been  fathomed.  About  a 
mile  below  the  mouth  of  Conestogo,  a  narrow  limestone 
valley  touches  the  river  on  the  north-east  side,  but  on  the 
west  shore  not  a  trace  of  limestone  is  to  be  seen.  Four 
miles  below  Burkhaltcr's  ferry,  the  river  arrives  at  the 
high  range  of  granite  hills,  abounding  in  copper,  in 
which  the  gap  mine  is  situated,  and  at  a  place  called 
M'Call's  ferry,  it  narrows  to  the  width  of  15  perches. 
Here  I  attempted  to  find  bottom  with  a  line  of  180  feet, 
but  failed,  notwithstanding  every  precaution  taken  to  pro- 
cure a  perpendictilar  descent  of  the  weight  attached  to  it. 
Through  this  pass  the  water  is  rapid,  but  smootli  and 
safe.  The  river  rises  here  rapidly  and  very  suddenly 
after  the  fall  of  rain  above  ;  and  it  will  never  be  possible 
to  erect  a  sale  biidge  at  this  place,  so  often  mentioned  as 
the  most  practicable.  Th.c  obstructions  to  navigation  by 
three  rapids,  below  W'Cali's,  is  not  so  considerable  as  to 
endanger  the  arks  and  boats  that  descend,  until  they  ar- 
rive at  D?.ldfri;,r  falls,  below  Peachbotlom,  and  about  8 
miles  above  the  tide.  From  M'Call's  to  the  slate  valley 
of  Pcachbottom,  the  river  is  filled  with  islands  called  the 
Bear  islands.  Across  the  valley  of  Peachbottom,  and 
above  the  BaUlfriar  falls,  the  river  is  wide  and  safe.  The 
best  natural  navigation,  and  that  always  pursued  by  boats 
descending  by  the  iiatural  bed  of  the  river,  is  on  the  west 
side,  from  the  foot  of  the  Bear  islands.  Above  that  point 
to  Columbia,  the  best  passage  is  on  the  east  side.     The 
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most  dangerous  falls  below  Peachbottom  were  Amos's 
and  Hector's  falls,  on  which  many  wrecks  annually  oc- 
curred until  the  late  improvements  of  the  navigation 
were  made. 

From  this  description  it  may  easily  be  imagined,  that  if 
the  descent  of  the  river  with  boats  loaded  with  pioduce 
was  dangerous  and  difficult,  the  ascent  was  still  more  so. 
The  natural  obstructions  were  besides  increased  by  fish- 
dams  in  every  part  of  the  river,  and  the  rival  interests  of 
the  stales  of  Pennsylvania  and  Maryland  prevented,  for 
many  years,  every  attempt  at  artificial  improvement  of 
the  bed  of  the  river.  In  the  mean  time  each  state  took 
measure  to  go  as  far  towards  rendering  the  navigation  of 
this  river  useful  to  their  respective  interests,  as  their 
means  and  limits  would  permit ;  and  a  company  was  in- 
corporated in  Maryland  to  make  a  canal  from  the  Mary- 
land line  to  the  tide,  to  pass  all  obstructions  of  the  river 
of  the  eight  lowest  miles;  and  in  Pennsylvania  two  com- 
panies were  also  incorporated,  the  one  to  connect  the 
Susquehanna  with  the  Schuylkill,  by  a  navigation  taken 
out  above  all  the  dangerous  falls,  the  other  to  connect  the 
Schuylkill  with  the  iSelaware.  The  objects  of  none  of 
these  companies  were  advantageously  accomplished. 
The  Susquehanna  canal  company  have,  however,  com- 
pleted a  navigable  canal,  liable  to  the  objections  which 
I  have  above  noticed.  The  Pennsylvania  companies  have 
made  considerable  progress  in  the  works,  under  the  di- 
rection of  a  very  able  engineer,  Mr.  Weston,  but  have 
not  completed  either  canal  so  as  to  render  them  useful 
or  productive. 

At  last,  in  the  year  1801,  the  states  of  Maryland  and 
Delaware  having  passed  laws  incorporating  a  company 
for  the  purpose  of  cutting  a  canal  between  the  Chesa- 
peake and  Delaware,  a  former  law  of  Pennsylvania,  ap- 
propriating 10,000  dollars  to  the  removal  of  obstructions 
in  the  Susquehanna,  went  into  effect ;  and  the  late  colo- 
nel Fred.  Antes,  than  whom  no  man  was  better  fitted  to 
accomplish  its  object,  was  charged  with  its  execution. 
But  he  died  on  his  arrival  at  the  river,  and  the  direclioti 
devolved  on  me.  The  enclosed  report  to  the  legislature 
on  this  subject  details  the  extent  of  the  work  executed, 
and  the  principles  on  which  I  proceeded  in  the  attempt 
to  make  a  practicable  and  safe  navigation  both  up  and 
down  the  river.  I  will  here  only  repeat,  that  all  my  ex- 
ertions were  bent  to  force  through  all  obstructions,  a 
channel  clear  of  rocks,  of  40  feet  wide,  close  to  the 
eastern  shore,  never  leaving  any  rock  upon  which  a  ves- 
sel could  be  wrecked  between  the  channel  and  the  shore, 
so  that  in  the  most  violent  freshes  a  boat  should  always 
be  safe,  by  keeping  close  in  shore.  Rocks  of  im- 
mense magnitude  were  therefore  blown  away,  in  prefer- 
ence to  the  following  a  crooked  channel  more  cheaply 
made,  but  more  difficult  and  dangerous,  and  varying  in 
safety  and  practicability,  according  to  the  degree  of  the 
rise  of  the  river.  There  is  however  one  part  of  the  na- 
vigation in  which  the  bed  of  the  river  must  for  ever  be 
pursued,  namely,  from  the  Indian  steps  above  M'Call'sto 
below  the  gap  at  M'Call's: — a  part  of  the  navigation 
which,  if  art  can  conquer  it,  must  be  undertaken  in  a 
state  of  the  country  infinitely  more  abounding  in  wealth 
and  population  than  at  present." 

But  little  remains  to  add,  to  complete  our  general  re- 
view of  the  inland  navigation  of  the  United  States;  but 
we  are  compelled,  from  the  magnitude  of  the  project,  to 
dilate  partially  on  the  long  contested  and  investigated 
problem  of  a  canal  line  or  lines  through  (he  Appalachian 
mountains,  connecting  the  basins  of  Susquehanna  and 


Roanoke  with  the  valley  of  Ohio,  and  the  basin  of  Sus- 
quehanna to  Cayuga  lake.  Respecting  the  latter  com- 
munication we  regret  to  be  unable  to  convey  any  specific 
facts,  but  from  respectable  sources  of  information  are 
inclined  to  consider  the  enterprise  practicable. 

Toeflect  the  former  object,  the  following  channels  have 
been  proposed.  The  west  branch  of  Susquehanna  and 
the  Juniata  in  Pennsylvania;  the  Potomac,  James  river, 
and  Roanoke,  in  Maryland  and  Virginia. 

Of  these  routes,  it  is  probable,  neither  can  be  eflPected 
without  incurring  very  heavy  expense.  The  peculiar 
gorge  through  which  the  grand  western  canal  of  New- 
York  has  been  carried,  we  have  noticed  and  described. 
Without  paying  attention  to  the  mountain  ridges,  the  ta- 
ble land  on  which  they  stand  rises  gradually  from  the 
valley  of  the  Mohawk  souih-westwardly,  and,  as  we  shall 
soon  see,  has  reached  at  the  mouth  of  Savage  river  on 
Potomac  1 160  feet.  The  Rome  summit  level  it  may  be 
remembered  we  stated  at  420  feet,  consequently  the  ta- 
ble land  from  Rome  to  the  mouth  of  Savage  river  has 
gained  an  elevation  of  r40  feet. 

No  level  has  ever  been  drawn  over  the  intermediate 
country  to  determine  the  rise  and  fall  by  the  route  of  the 
West  Branch  and  Allegany  rivers,  but  from  the  eleva- 
tion of  the  Susquehannah  at  the  mouth  of  the  Swatara, 
the  summit  level  near  Coudersport  must  greatly  exceed 
that  near  Rome.  An  actual  communication  by  water  has 
long  since  on  a  small  scale  been  effected  by  a  gentleman 
of  the  name  of  Freeman,  but  too  little  mathematical  and 
statistical  information  of  the  country  has  been  collected 
to  permit  a  decisive  judgment  upon  it  as  a  route  of  inland 
navigation. 

The  Juniata,  though  to  a  considerable  distance  naviga- 
ble, may  be  nevertheless,  for  purposes  of  canal  communi- 
cation between  the  waters  of  Susquehannah  and  Ohio, 
pronounced  utterly  impracticable. 

The  Potomac,  in  Maryland,  and  Monongahela,  in 
Pennsylvania,  seem,  from  their  relative  position  on  a  map, 
to  form  the  most  naturally  direct  channel  of  communica- 
tion which  exists  between  the  basin  of  Susquehanna  and 
valley  of  Ohio;  but  the  subjoined  table  of  heights  will 
exhibit  formidable  obstacles  to  canal  improvement.  Com- 
mencing at  Washington  City  at  tide  water. 


Miles. 
From  tide  water  to  Great  Falls     -     -     12 
Great  Falls  to  Shanandoah       -     -     -     40 
Shanandoah  Falls       ------       si- 
Cumberland     --  130| 

Mouth  of  Savage  river   -----    31 
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From  Savage  river  to  Pittsburg,  is  by  a  direct  route  over 
the  mountain  valleys,  and  thence  by  the  channel  ol  the 
Monongahela,  about  120  miles;  or  by  the  channel  of 
Youghingany  is  90  miles  10  Pittsburgh,  and  by  either,  a 
fall  of  905  feet.  From  these  elements,  the  rise  and  fall 
from  tide  water  in  the  Potomac  to  Pittsburg  in  a  little 
more  than  330  miles  amounts  to  2065  feet ;  demanding 
206  locks  at  an  average  of  10  feet  lift.  If  we  subtract 
from  this  40  or  even  SO  miles  m  the  Monongahela,  where 
locks  may  not  be  needed,  it  would  only  lessen  the  extent 
of  lockage  at  most  100  feet,  and  still  leave  a  rise  and  fall, 
where  locks  would  be  indispensable,  of  1965  feet. 

Thus,  though  the  City  of  Washington  is  the  nearest 
seaport  to  the  head  of  uninterrupted  navigation  in  the  val- 


NAVIGATION  INLAND 


401 


ley  of  Ohio,  whether  the  relative  distances  are  taken  in 
straight  lines  or  along  the  intermediate  streams,  yet  from 
the  great  intervening  elevation,  all  rational  ideas  of  pro- 
fitable canals  may  be  abandoned,  in  the  present  state  of 
science,  population  and  wealth  in  the  United  States. 

Much  has  been  done  to  render  the  inland  trade  of  the 
Potomac  itself  commodious.  In  the  District  of  Colum- 
bia, at  Georgetown,  the  tide  is  arrested  by  the  Little  Falls; 
here,  as  may  be  seen  by  reference  to  IVIr.  Latrobe's  re- 
port, a  defective  canal  has  been  constructed  2A  miles 
long  with  3  locks.  At  the  Great  Falls  another  canal 
descends  76  feet  in  I  mile  by  5  locks.  Seneca  falls,  6 
miles  above  which  descend  10  feet,  is  also  passed  by  a 
short  canal.  From  the  latter  point  to  the  passage  of  the 
river  through  the  Blue  Ridge,  the  river  is  open  and 
navigable  in  its  natural  state.  At  and  near  Harper's  fer- 
ry great  obstructions  existed  in  both  the  Potomac  and 
Shenandoah ;  these  have  been  partially  obviated  by  canals, 
and  the  fine  upper  valleys  on  both  streams  laid  open  to 
the  commerce  of  the  Chesapeake  bay.  Immense  quan- 
tities of  grain,  flour,  whiskey,  and  other  produce  is  an- 
nually brought  down  :  the  port  of  Alexandria  is  the  ge- 
neral depot  of  this  valley  of  inland  trade. 

The  canals  of  V'irginia  have  been  noticed  by  Mr.  La- 
trobe;  we  can  add  but  little  to  his  stock  of  general 
information,  and  have  no  room  for  more  extended  detail 
on  the  subject,  but  we  consider  ourselves  bound  to  notice 
another  project  of  inland  navigation  which  has  long  oc- 
cupied the  attention  of  the  people  and  legislature  of  Vir- 
ginia, that  is,  a  connexion  between  the  Atlantic  waters  of 
the  state  and  those  of  the  Kenhawa  branch  of  Ohio. 

A  board  of  public  works  exists  in  Virginia,  which,  in 
1819,  had  a  fund  at  its  disposal  yielding  a  net  revenue  of 
126,441  dollars.  In  that  year  large  grants,  amounting  to 
about  300,000  dollars,  were  made  by  the  legislature  to 
aid  in  the  internal  improvement  of  the  state,  and  on 
January  25th,  1820,  Mr.  T.  M.  Randolph,  president  of  the 
board  of  public  works,  made  the  following  report : 

The  president  and  directors  of  the  board  of  public 
works,  in  obedience  to  the  resolution  of  the  general  as- 
sembly of  the  26lh  of  February  last,  requesting  them 
"  to  report  to  the  (theri)  next  general  assembly,  the  best 
practicable  communication,  for  the  purposes  of  trade  be- 
tween the  waters  of  James  river  and  those  of  the  great 
Kenhawa  ;  together  with  an  estimate  of  the  probable  ex- 
pense of  such  plan  or  plans  as  they  may  suggest,"  hav- 
ing caused  surveys  of  those  water  courses  and  the  inter- 
mediate country  ;  and  estimates  of  the  expense  of  making 
a  communication  between  the  basin  at  Richmond  and  the 
Ohio,  which  might  be  convenient  for  the  purposes  of  com- 
merce, to  be  carefully  made  by  their  principal  engineer 
and  Isaac  Briggs,  as  suggested  in  tlie  last  annual  report; 
and  having  received  the  report  of  the  former  on  the  I4th 
day  of  this  month,  and  of  the  latter  on  the  19th  inst.  now 
submit  those  reports  to  the  consideration  of  the  general 
assembly ;  together  with  the  result  of  their  reflections 
and  deliberations  therton. 

It  is  deemed  superfluous  to  insist  in  detail,  upon  the 
many  weighty  political,  commercial  and  local  considera- 
tions which  ought  to  influence  the  public  councils  of  the 
commonwealth,  in  giving  every  piacticabic  facility  to  the 
accomplishment  of  this  great  internal  improvement. 
Those  details  may  be  found,  in  part,  in  the  report  of  John 
Marshall  and  his  associate  cotnmissioners  made  to  the 
legislature  of  Virginia  in  the  year  1812  ;  in  the  several 
reports  of  the  board  of  public  works,  heretofore  made  to 
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the  general  assembly ;  in  the  report  of  Samuel  Black- 
burn, made  to  the  present  assembly;  and  in  the  reports  of 
the  engineers  accompanying  this.  To  all  which,  the  {ge- 
neral assembly  are  respectfully  referred.  The  board  of 
public  works,  however,  in  looking  as  they  do  to  the  pro- 
fits which  will  speedily  accrue  upon  the  proposed  works 
as  they  progress,  as  the  means,  and,  if  they  are  not  great- 
ly mistaken,  ample  means  of  completing  by  far  the 
greater  portion  of  those  works,  are  necessarily  led  to  the 
examination  of  the  present  state  of  the  agricultural  and 
mineral  products  of  that  part  of  V'irginia  which  is  natu« 
rally  and  neccssaiily  connected  with  the  proposed  im- 
provement ;  and  the  probable  effects  of  such  improve- 
ment on  these  subjects.  The  coal  trade  of  James  river 
labours  under  great  disadvantages,  for  the  want  of  a  cheap 
mode  of  conveyance,  which  the  present  state  of  naviga- 
tion of  James  river  does  not  afford;  the  coal  comes  into 
the  market,  not  only  charged  with  the  burthen  of  I2J 
cents  per  bushel  for  carriage,  but,  in  consequence  of  the 
mode  of  transporting  it,  it  is  greatly  deteriorated  and  dis- 
figured.— The  effect  of  which  is,  that  the  English  coal, 
although  charged  with  a  heavy  export  duty  in  England; 
a  heavy  import  duty  in  America  ;  and  a  freight  across 
the  Atlantic,  comes  advantageously  into  competition  with 
the  James  river  coal,  in  the  principal  Atlantic  sea  port 
towns  in  the  United  States,  and  even  in  Norfolk  ;  so  as, 
in  a  great  measure,  to  exclude  the  James  river  coal. 
The  proposed  improvement  would  not  only  release  the 
coal  of  James  river  from  two  thirds  of  the  charges  ol" 
transportation  to  Rockets,  (for  it  would  have  a  right  to 
pass  through  the  smaller  locks  of  the  dock  company 
without  paying  toll),  but  would  bring  it  into  market  un- 
injured by  the  transportation;  under  such  circumstan- 
ces it  is  impossible  but  that  the  British  coal  roust  yield 
the  American  market  to  the  James  river  coal.— That 
market  is  already  great,  and  is  becoming  daily  more  im- 
portant. The  stock  of  coal  on  James  river  is  supposed 
to  be  inexhaustible;  and  it  may  be  justly  anticipated, 
that  in  ten  years  after  the  James  river  coal  shall  have 
come  fairly  into  competition  with  the  English  coal,  from 
five  to  ten  millions  of  bushels  of  the  former  will  pass 
the  proposed  canal.  Such  an  anticipation,  however,  is 
not  at  all  necessary  to  justify  the  proposition  v.'hich  the 
board  of  public  works  are  about  to  submit  for  the  im- 
provement of  James  river.  They  disclaim  all  specula- 
tive views,  and  found  themselves  on  the  trade,  which, 
under  existing  circumstances,  must  necessarily  pass 
through  the  canal  in  contemplation. 

The  board  of  public  works  are  assured,  and  do  not 
doubt  the  fact,  that  at  present  500,000  bushels  of  salt, 
made  upon  the  banks  of  the  Kenhawa,  are  annually  ex- 
ported by  contract  through  that  river: — That  much  lar- 
ger quantities  would  probably  be  made,  and  transported 
through  tliat  channel,  if  the  makers  of  salt  were  not  pro- 
hibited by  the  terms  of  an  existing  contract,  which  is 
temporary,  from  exceeding  that  quantity  :  That  the  salt 
wells  of  the  Kenhawa  afford  water  of  a  quality  much 
superior  in  strength  to  that  of  any  other  salt  works  which 
can  come  in  competition  with  those  of  the  Kenhawa: 
And  whilst  all  other  works  depend  on  wood  for  fuel, 
which  daily  becomes  more  scarce  and  costly,  the  Ken- 
hawa works  have  an  inexhaustible  supply  of  fuel,  in  bo- 
dies of  coal  in  their  immediate  vicinity.  That  there  is, 
besides  the  exportation  of  salt,  a  great  commerce  on  the 
Kenhawa,  in  articles  for  the  supply  of  the  salt  works,  to 
wit.  Lumber,  provisions,  groceries,  and  various  mer- 
chandise ;  but  th3.t,  when  the  river  is  low,  especially  as 
3  Y 
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it  has  been  for  many  months  past,  tliat  commerce  is 
greatly  interrupted,  and  the  persons  engaged  in  it  suffer 
great  loss  and  inconvenience,  which  would  be  complete- 
ly removed  by  the  proposed  improvement.  With  a  good 
navigation  on  this  river,  it  is  hardly  possible  to  antici- 
pate the  extent  to  which  the  commerce  on  it  would  be 
carried. 

A  great  extent  of  country  upon  the  head  waters  of 
James  river,  and  on  the  New  and  Greenbrier  rivers, 
abounding  with  fine  timber,  iron  ore,  and  other  minerals, 
and  well  fitted  for  agricultural  purposes,  lies  almost  un- 
occupied, because  the  products  of  the  country  will  not, 
under  existing  circumstances,  bear  the  cost  of  transport- 
ation to  market. 

The  execution  of  the  proposed  improvement  would 
have  the  effect  of  bringing  the  whole  of  this  extensive 
country  as  near  to  market,  in  respect  to  the  price  of 
transportation,  as  Albemarle  county  now  is  ;  would  soon 
people  and  bring  into  cultivation  this  great  extent  of 
territory,  and  the  produce  drawn  from  them,  togcilier 
with  that  which  would  be  drawn  to  the  canal  from  a 
greatly  increased  distance  on  both  sides  of  James  river, 
might  justly  be  expected  at  no  distant  period  to  double, 
treble,  or  quadruple  the  trade  on  the  canal.  If,  there- 
fore, nothing  were  due  to  the  more  enlarged  political 
and  commercial  considerations  connected  with  this  sub- 
ject, it  would  seem  that  local  considerations  alone  would 
afford  a  sufficient  inducement  to  the  undertaking  of  the 
work,  if  resources  can  be  found  for  its  execution. 

The  board  of  public  works,  therefore,  whilst  they  are 
persuaded,  that  nothing  in  the  power  of  the  general  as- 
sembly can  more  largely  contribute  to  the  increase  of 
the  population,  wealth  and  prosperity  of  Virginia,  than 
the  establishment  of  the  commercial  communication  pro- 
posed, confine  themselves  to  their  more  appropriate 
province,  of  inquiring  into  the  practicability  of  the 
scheme,  and  of  raising  the  pecuniary  funds  necessary 
for  carrying  it  into  execution.  To  these  objects,  their 
attention  has  been  specially  devoted;  and  they  are  gra- 
tified in  believing,  that  the  work  is  not  only  practicable, 
but  that  the  necessary  resources  can  be  commanded, 
without  relying  upon  the  precarious  supplies,  afforded 
by  a  subscription  to  a  stock,  depending  lor  its  profit  up- 
on contingencies ;  without  calling  in  the  aid  of  the  pub- 
lic treasury  in  any  event ;  without  oppressing,  but,  on 
the  contrary,  greatly  benefitting  those  who  will  be  more 
immediately  affected  by  the  payment  of  tolls,  and  pro- 
bably without  any  aid  from  the  fund  for  internal  improve- 
ment ;  certainly  with  the  aid  of  that  fund  to  an  extent 
so  limited,  as  not  to  impair  its  capacity,  to  give  due  as- 
sistance to  any  other  work  of  public  utility  which  may 
present  itself 

This  may  be  effected  by  applying  the  annual  resour- 
ces which  may  be  commanded,  (and  which  will  hereafter 
be  stated  in  detail,)  to  the  payment  of  interest  upon  a  ca- 
pital to  be  employed  in  the  execution  of  the  work,  ra- 
ther than  by  applj  ing  such  annual  resources  to  the  work 
itself.  It  is  obvious  that  those  who  have  the  benefit  of 
any  work  of  internal  improvemenr,  must  pay  in  the  shape 
of  tolls,  an  interest  upon  the  capital  expended  on  it ;  and 
if  those  who  have  advanced  such  capital  have  taken  up- 
on themselves  any  risk,  such  risk  must  also  be  compen- 
sated in  tolls,  and  that  liberally.  Thus,  if  it  were  pro- 
posed to  raise  funds  for  the  proposed  work,  by  a  sub- 
scription of  stock  in  the  usual  mode,  it  vouid  be  neces- 
sary, in  order  to  induce  the  individuals  to  embark  their 
funds,  that  a  fixed  and  unalterable  tariff  of  tolls  should 


be  established,  which  should  afford  a  reasonable  pros- 
pect of  producing  to  the  stockholders  a  profit  of  ten, 
twelve  or  fifteen  per  cent,  as  a  compensation  for  their 
risk,  real  or  supposed,  as  well  as  for  the  use  of  their 
money  :  or  to  ensure  some  fixed  profit,  exceeding  the 
rate  of  legal  interest.  It  is  therefore  more  beneficial  to 
those  who  will  avail  themselves  of  the  use  of  the  pro- 
posed improvement,  that  the  work  shall  be  effected  by 
a  capital  borrowed  at  six  per  centum  per  annum  ;  in 
which  case,  tolls  will  only  be  required  to  the  extent  ne- 
cessary to  pay  the  interest;  than  by  a  sale  of  stock  de- 
pending for  its  compensation  upon  fixed  tolls.  It  is  be- 
lieved that  upon  the  pledge  which  will  be  hereafter  sug- 
gested, money  may  be  borrowed  at  the  rate  of  six  per 
centum  per  annum,  as  fast  as  it  can  be  expended  in  the 
works. 

A  canal  from  the  basin  at  Richmond,  to  Covington,  at 
the  mouth  of  Dunlap's  creek;  a  good  graduated  road 
from  thence  to  the  fall  of  the  Kenhawa,  and  the  improve- 
ment of  the  navigation  of  that  river,  according  to  the 
suggestion  of  the  engineers,  with  a  provision  for  the 
final  completion  of  the  road,  when  circumstances  will 
permit,  are  preferred  by  the  board  of  public  works,  to 
any  other  improvement  on  an  inferior  scale,  even  as  i: 
relates  to  the  transportation  of  the  commodities  and  ag- 
ricultural products  of  that  part  of  Virginia  naturally  and 
necessarily  connected  with  this  line  of  communication. 
It  appears  by  the  estimates  of  the  principal  engineer, 
submitted  to  the  legislature  by  the  board  of  public 
works,  in  the  course  of  the  last  winter,  that,  after  al- 
lowing for  such  additional  tolls,  as  the  most  improved 
navigation  would  require  for  its  support,  the  difference 
in  the  whole  cost  of  transportation  would  be  greatly  in 
favour  of  the  most  improved  system  of  navigation.  To 
those  estimates,  the  board  of  public  works  beg  leave  to 
refer.  The  collateral  improvements  spoken  of  in  the 
engineers'  reports,  ought  to  be  taken  up  as  soon  as  cir- 
cumstances will  permit. 

By  the  report  of  the  principal  engineer,  it  appears 
that  the  whole  works  contemplated  would  cost  1,927,069 
dollars;  and  by  the  report  of  Mr.  Briggs,  the  additional 
engineer  employed  by  the  board  of  public  works,  that 
they  would  cost  1,945,445  dollars.  The  board  of  public 
works  have  the  utmost  confidence  in  the  judgment  and 
integrity  of  both  of  those  gentlemen,  and  they  have  not 
the  slightest  ground  to  doubt  of  the  verity  of  the  data 
upon  which  their  estimates  are  bottomed  ;  on  the  con- 
trary, they  are  inclined  to  think,  that  their  estimates  are 
liberal ;  since  the  price  of  provisions  and  labour  has 
greatly  fallen,  and  will  probably  continue  low  for  many 
years;  a  circumstance  deemed  peculiarly  favourable  to 
the  execution  of  the  work  in  quesiion,  at  this  time.  Yet, 
in  making  estimates  for  a  work  of  great  magnitude,  it 
is  thought  to  be  piudcnt  to  make  liberal  allowances  for 
unforeseen  contingencies.  The  estimate  of  Thomas 
Moore  is  therefore  taken,  as  the  basis  of  the  estimates 
of  the  board  of  public  works,  with  an  addition  of  twenty- 
five  per  cent,  except  as  to  the  road.  Upun  these  prin- 
ciples, the  account  would  stand  thus: 

For  the  rivers,              -            -            -  g  1,827,099 
Add  25  percent,  for  unforeseen  comin- 

frencies,              ...            -  456,7o7 

For  the  road,               -            -            -  "      100,000 

Total,  §2,583,866 

Of  this  sum  it  is  probable  that  not  more  than  8120,000 
per  annum  could   be   advantageously   expended.     This 


NAVrOATION  INLAND. 


40: 


At  the  end  of  Ihi 

i  1st 

year, 

do. 

2d' 

Kear, 

do. 

3d' 

year, 

do. 

4th 

year, 

do. 

5th 

year. 

do. 

6th 

year, 

do. 

7th 

year. 

do. 

8th 

year. 

do. 

9th 

year. 

do. 

10th 

year, 

sum  would  employ  as  many  labourers  as  could  probably 
be  procored.  At  that  rate  the  work  would  be  completed, 
and  the  whole  sum  expended  in  the  following  manner, 
to  wit:  in  the  first  year  the  Keniiawa  navigation  would 
be  completed,  for  the  sake  of  getting  immediate  posses- 
sion of  the  tolls  on  salt,  and  other  articles  transported  on 
that  river;  and  in  the  first  year  a  part  of  ihe  James  riv- 
er canal  would  also  be  cut ;  in  the  second  year  the  James 
river  canal  would  be  completed  to  Pleasants'  island  :  in 
the  third  and  fourth  years  the  road  would  be  finished, 
and  at  tlie  same  lime  the  James  river  canal  would  stea- 
dily progress  to  its  final  completion. 

The  expenditure  of  8120,000  per  annum  would,  for 
the  first  ten  years,  (at  tlie  expiration  of  which  the  canal 
would  be  completed  to  Lynchburg,)  recjuire  the  follow- 
ing provision  for  the  payment  of  interest,  viz  : 

-  g  7,200 
14,400 
21,600 
28,800 
36,000 
43,200 
50,400 
57,600 
64,800 
72,000 

Total  is         S396,000 

How  may  this  sum  be  provided  for  the  annual  pay- 
ment of  interest  ? 

It  is  understood  that  the  James  river  canal  company 
are  disposed,  for  the  sake  of  promoting  this  important 
object,  to  come  into  any  terms  which  shall  effect  it, 
whilst  the  value  of  their  existing  rights  shall  be  secured 
to  them.  The  board  of  public  works  have  supposed  it 
to  be  beyond  their  province  lo  negotiate  any  terms  with 
the  James  river  company  ;  and  if  not  beyond  their  pro- 
vince, yet  that  such  a  regulation  would  more  properly 
belong  to  the  general  assembly.  But  upon  the  pre- 
sumption that  some  equitable  arrangement  may  be  made 
with  that  company,  without  which  no  step  can  be  taken 
towards  the  contemplated  improvement,  it  is  supposed 
that  the  income  of  the  company  will  be  applicable  to  the 
aid  of  the  works  in  contemplation,  whenever  they  shall 
be  commenced.  The  income  of  that  company  has  gra- 
dually increased,  and  now  may  be  fairly  stated  at  35,OCO 
dollars  per  annum,  although  the  annual  income  fluctuates 
with  the  variations  of  the  seasons,  insomuch,  that  the  late 
dry  season,  has  reduced  it  the  last  year  to  30,185  dol- 
lars 24  cents,  from  38,820  dollars  51  cents,  the  amount 
in  1817,  and  37,392  dollars  10  cents,  the  amount  in  1818  ; 
as  will  appear  by  the  annexed  document  marked  (A).  The 
present  value  of  the  shares  of  the  company  is  375  dollars; 
lating  them  at  400  dollars,  their  whole  capital  will  be 
worth  280,000  dollars.  The  annual  interest  of  which  is 
16,800,  which,  deducted  from  the  35,000  dollars,  leaves 
18,200  dollars,  for  the  collection  of  tolls,  and  the  expen- 
ses of  keeping  the  works  in  repair ;  a  further  deduction 
of  6,200  dollars  per  annum  ought  to  be  made;  leaving 
12,000  dollars  nett  per  annum,  for  the  payment  of  in- 
terest. 

The  tolls  upon  the  Kenhawa,  at  two  cents  per  bushel 
on  salt,  together  with  tolls  on  other  articles,  as  proposed 
in  the  supplemental  report  of  the  last  year,  would  proba- 
bly amount  to  15,000  dollars  per  annum.  But,  not  to 
hazard  a  miscalculation,  suppose  them  to  nett  10,000 
dollars  per  annum,  which  is  no  more  than  the  toll  upon 
salt  i  leaving  the  residue  of  the  lolls  to  meet  the  expenses 


of  collection,  Sec.  The  coal  to  pass  the  canal,  antici- 
pated by  the  engineer,  from  the  information  of  a  gen- 
tleman extensively  engaged  in  the  coal  trade,  to  pro- 
mise 2,500,000  bushels  per  annum,  and  assumed  by  tiie 
engineer  at  2,000,000  bushels  per  annum,  may,  to  avoid 
any  hazard  of  miscalculation,  be  stated  at  1,250,000  bii- 
shcls  per  annum,  which,  at  a  toll  of  two  cents  per  bushel, 
would  yield  25,000  dollars  per  annum.  Upon  these 
data,  the  resources  for  paying  the  interest  for  the  first 
ten  years  would  stand  thus  : 

To  be  raised  in  ten  years,  for  the  payment  of  interest,  g396,000 
To  be  raised  from  the  present  foils  of  the  James 

river,  10  years,  at  12,000  dollars  per  annum,   S120,000 
To  be  raised  from  the  Kenhawa  tolls,  9  years,  at 

10,000  dollars  per  annum,  90,000 

To  be  raised  from  toll  upon  coal,  8  years,  at 

25,000  dollars  per  annunj,  200,000 

410,000 

Leaving  a  surplus  of  gl4,000 

These  estimates  are  considered  as  safe,  since  no  allow- 
ance is  made  for  the  increase  of  the  ordinary  trade  upon 
the  James  river,  or  for  the  increase  of  salt  and  other 
trade  on  the  Kenhawa,  or  of  the  coal  trade  on  the  James 
river,  in  the  course  of  ten  years,  all  of  which  are  morally 
certain  :  and  that  in  respect  to  salt  and  coal  to  an  inde- 
finite extent. 

Nor  is  any  allowance  made  for  any  increase  of  tolls  on 
the  ordinary  trade  of  the  James  river,  before  the  canal 
has  reached  Lynchburg;  although  the  benefit  derived 
from  the  canal  to  large  and  fruitful  districts  below 
Lynchburg,  and  even  to  the  country  above,  would,  in  the 
event  of  its  being  necessary,  in  order  to  the  completion 
of  the  work,  render  it  just  and  proper  that  additional 
tolls  should  be  imposed,  in  proportion  as  the  canal  shall 
progress. 

According  to  the  foregoing  estimates,  there  would  be 
expended  on  the  James  river,  in  ten  years,  from  Lynch- 
burg to  the  mouth  of  Dunlap's  creek,  1,200,000  dollars, 
which,  including  the  continuing  interest  on  the  1,2CO,000 
dollars,  before  expended,  would  require  a  provision  for 
the  payment  of  interest,  according  to  the  following  table, 
viz. 


llth  year, 
12th  year 
13th  year, 
14th  jear, 
15th  year, 
16th  year, 
17th  year, 
18th  year, 
19th  year, 
20th  year. 


79,200 

-  86,400 
93,600 

-  100.800 
108,000 

-  115,200 
122,400 

-  129,600 
136,800 

-  144,000 

81,116,000 


To  provide  for  the  payment  of  which,  the  income  ot 
the  improvements  completed  in  the  first  ten  years  may 
be  assumed  as  follows  : 

James  river  tolls,  as  at  present,  after  deducting  the 
sums  necessary  to  pay  interest  on  the  James  river 
stock,  and  keep  the'  works  in  repair,  at  12,000 
dollars  per  annum,  Sl20,000 

Kenhawa  tolls  increased  by  the  increased  trade  on 
the  river,  without  increasing  the  rate  of  tolls,  say 
increase  50  per  cent.  13,000  dollars  for  10  years,  150,000 

To  tolls  on  coal,  arising  from  increased  quantity, 
say  50  per  cent.  37,500  dollars  per  annum  for  10 
years,  375,500 

Additioiial  tolls  on  James  river,  less  than  150  per 
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cent,  advance  on  the  present  rate  of  tolls,  50,000 

dollars  per  annum  for  10  years,  500,000 


§1,145,500 


In  examining  the  foregoing  statement,  it  is  proper  to 
observe,  that  no  tolls  from  the  road  are  brought  into  the 
estimate,  although  some,  and  probably  to  a  considerable 
amount,  will  arise,  in  the  course  of  the  20  years,  and 
will  make  a  part  of  the  fund  for  the  payment  of  interest; 
that  no  allowance  is  made  for  tolls  upon  articles  going 
up  the  river,  which,  in  consequence  of  the  facility  of  na- 
vigation, would  probably  be  very  great  upon  articles  ne- 
cessary for  the  consumption  of  the  neighbouring  country 
and  east  Tennessee.  This  resource  would  be  applica- 
ble to  the  payment  of  interest,  and  would  probably  be 
very  considerable.  Nor  is  any  allowance  made  for  the 
natural  and  steady  increase  of  the  downward  trade  upon 
the  James  river,  which,  judging  from  past  experience, 
will  be  great,  and  afford  other  funds  for  the  payment  of 
interest,  and  no  more  is  allowed  for  the  increase  of  the 
coal  and  salt  trade  in  twenty  years  than  50  per  cent, 
whereas,  in  all  probability,  both  would  be  quadrupled. 
All  these  considerations  being  weighed,  it  seems  to  be  a 
reasonable  conjecture,  that  the  present  rate  of  tolls  on 
James  river  need  never  be  raised.  On  the  other  hand, 
the  present  revenue  on  coal  received  by  the  James  river 
company  is  not  taken  into  the  account,  because  it  is  in- 
considerable, since  they  only  receive  toll  on  the  coal 
boats  as  on  empty  boats  passing  the  canal. 

Upon  the  completion  of  the  work,  a  tariff  of  tolls 
should  be  adjusted  on  equitable  principles,  which  should 
insure  an  income  amply  sufficient  to  meet  the  interest 
on  the  capital  expended,  and  all  incidental  expenses. 
And  as  upon  any  fixed  rate  of  tolls  the  income  would 
continually  increase,  the  surplus  income  should  be  re- 
served, to  be  applied  as  a  sinking  fund,  for  the  extin- 
guishment of  the  principal  debt. 

The  consideration  that,  upon  the  plan  proposed,  the 
whole  subject  will  be  continually  in  the  power  and  under 
the  control  of  the  general  assembly,  so  that  they  may 
progress  to  the  completion  of  the  work,  or  suspend  it, 
as  it  may  be  found  expedient,  aflbrds  an  additional  rea- 
bon  why  this  plan  shall  be  adopted,  rather  than  that  of 
incorporating  a  company  for  the  purpose  of  effecting 
this  improvement. 

It  is  believed  that  upon  a  pledge  (for  the  payment  of 
interest)  of  2  cenis  per  bushel  upon  the  salt  on  the  Ken- 
hawa,  with  other  lolls  on  the  same  river,  according  to 
the  tariff  reported  to  the  general  assembly  in  the  sup- 
plemental report  of  the  last  year  ;  and  of  2  cents  per 
bushel  on  coal  on  the  James  river  ;  and  from  the  pre- 
sent James  river  tolls,  after  setting  apart  a  sufficient 
fund  thereof  to  pay  the  ordinary  expenses  of  collection 
and  repairs,  and  for  compensating  the  present  stock- 
holders ;  with  a  power  reserved  to  the  legislature  to  im- 
pose additional  tolls  on  the  James  river,  as  the  works 
may  progress  and  become  useful ;  and  of  all  the  tolls  on 
the  road,  together  with  a  provision  that  any  deficiency 
in  the  payment  of  the  interest,  from  the  funds  so  pledg- 
ed, shall  be  made  good  out  of  the  income  of  the  fund  for 
internal  improvement  ;  the  sums  necessary  for  carrying 
the  foregoing  plans  into  execution  may,  from  time  to 
time  be  borrowed  as  they  may  be  wanted. 

The  board  of  public  works  do  not  recommend  to  the 
general  assembly  to  provide  for  making  good  any  defi- 
ciency in  the  funds  appropriated  for  the  payment  of  in- 
ter est,  out  of  the  income  of  the  fund  for  internal   im- 


provement, under  the  apprehension  that  any  such  defi- 
ciency will  occur;  but  Ijecause  they  think  that  such  a 
pledge  will  give  unbounded  confidence  to  those  who 
may  be  disposed  to  lend  money  at  6  per  cent,  per  annum, 
upon  an  absolute  assurance  of  the  punctual  payment  of 
interest,  and  the  security  of  the  principal.  And  such 
an  additional  pledge  may  be  indispensably  necessary, 
because  the  board  of  public  works  are  apprised,  that 
those  who  are  not  required,  by  a  sense  of  public  duty,  to 
consider  minutely  the  details  of  the  plan  of  improve- 
ment under  consideration,  are  not  at  all  likely  to  exam- 
ine into  them;  and  those  who  do  not  examine  them  will 
probably  be  alarmed  at  the  magnitude  of  the  subject, 
and  condemn,  without  consideration  the  enterprise,  as 
visionary  and  delusive.  Such  persons  would  of  course 
demand  an  unquestionable  security  for  their  money  be- 
fore they  would  advance  it.  If,  however,  contrary  to  the 
anticipations  of  the  board  of  public  works,  there  should 
be  any  demand  on  the  fund  for  internal  improvement, 
by  reason  of  such  pledge,  provision  may  be  made  that 
they  shall  be  entitled  to  a  six  per  cent,  stock  to  the 
amount  advanced,  but  not  to  receive  an  interest  thereon 
until  the  works  shall  have  progressed  to  such  a  point  as 
would  justify  the  levying  additional  tolls  for  the  pay- 
ment of  such  interest.  This  would  be  in  strict  con- 
formity with  the  principles  of  the  act  creating  the  fund 
for  internal  improvement,  which  contemplates  in  all 
cases  that  the  board  of  public  works  shall  receive  no  di- 
vidends on  the  money  advanced  by  them  in  aid  of  any 
company,  until  the  works  shall  produce  an  income  suf- 
ficient to  pay  to  individuals  an  interest  on  the  capital  ad- 
vanced by  them  of  six  per  centum  per  annum  from  the 
time  they  advanced  their  money.  And  surely  the  aid  of 
the  fund  for  internal  improvement,  if  necessary,  should 
not  be  withheld  from  a  work  in  which  so  great  a  portion 
of  the  people  of  Virginia  are  so  deeply  interested. 

In  the  foregoing  review  of  the  subject  under  consi- 
deration, the  board  of  public  works  have  purposely 
founded  their  estimates  upon  the  supposition,  that  the 
contemplated  works  will  require  an  expenditure  greatly 
exceeding  the  estimates  of  the  engineers;  and  that  the 
annual  income  from  the  works  will,  on  an  average  of 
twenty  years,  be  less  than  half  of  what  there  is  just  reason 
to  believe  will  in  fact  accrue  thereon ;  because  it  was 
thought  that  if  they  erred,  it  was  better  to  err  on  the 
safe  side.  It  only  remains  to  observe,  that  if  the  income 
should  be  found  to  be  equal  to  the  real  expectations  of 
the  Board  of  Public  Works,  there  will  be  no  occasion  to 
borrow  any  money  for  the  execution  of  the  work  above 
Lynchburg  ;  but  that  the  surplus  income,  after  providing 
for  the  payment  of  interest  on  the  money  borrowed  for 
completing  the  work  to  Lynchburg,  and  for  the  payment 
of  the  incidental  expenses  of  the  collection  of  tolls  and 
repairs,  would  be  sufficient  alone  to  complete  the  resi- 
due of  the  work  within  the  time  proposed,  and  there- 
after form  an  active  sinking  fund,  for  the  speedy  extin- 
guishment of  the  debt 

All  which  is  respectfully  submitted, 

Th.  M.  Randolph, 
PresidfJit  of  the  Board  of  Public  Works. 
Bernard  Peyton, 

Secretary  of  the  Board  of  Public  Works. 

Richmond,  24th  Jan.  1820. 

The  annexed  table  is  the  document  leferred  to  in  Mr. 
Randolph's  report,  and  contains  receipts  of  the  James 
River  Company  from  1816  to  1819,  inclusive. 
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Jieceifils  on  account  of  the  James  River  Company .,  for  the 
years 
1816.     For  tolls 


jg27,880  61 
3,890  00 
560  00 


S32,330 

61 

g31,3-0  51 

3,890  00 

560  00 

35,820 

51 

§32,902 

3,890 

.       560 

10 
00 
00 

3r,352 

10 

§25,735  24 

3,890  00 

.      560  00 

30,185  24 

S138,688  46 

rent  of  water, 
rent  of  ground 


1817.    For  tolls 

rent  of  water 
rent  of  ground 


1818.    For  tolls 

rent  of  water 
rent  of  ground 


1819.     For  tolls 

rent  of  water, 
rent  of  ground 


How  far  the  projected  canals  are  capable  of  beneficial 
execution  or  not,  we  are  unprepared  to  say,  but  the  fol- 
lowing report  of  Mr.  Isaac  Briggs  on  the  subject,  con- 
tains so  much  geographical  and  statistical  knowledge  as 
to  justify  its  insertion  in  our  general  view.  It  was  dated 
at  Richmond,  January  15th,  1820. 

Summary. —  \st.   Of  Distances. 

Canals  proposed  to  be  made  from  Lynch- 
burg to  opposite  the  mouth  of  Cowpasture 
river 77  m.  11.46  ch. 

Navigation  on  the  river  in  4  places,  by  means 
of  towing  paths  onshore,  and  in  4  crossings     7       59.64 

From  Lynchburg  to  the  raouth  of  Cowpasture, 
total  distance 84  m.  71ch. 

Canals  proposed  to  be  made  from  the  mouth 
of  Cowpasture  river  to  the  mouth  of  Dun- 
lap's  creek        16  m.  72.79  ch. 

Navigation  on  Jackson's  river  in  3  places,  by 
means  of  towing  paths  on  shore,  and  in  2 
crossings         ......         2  m.  7-21  ch. 

From  the  mouth  of  Cowpasture  river  to  the 
mouth  of  Dunlap's  creek,  and  to  11  chains 
above  it,  total  distance. 


Total  length  of  3d  section, 


19  miles. 
103  miles  and  71  chains. 


2d.   Of  Exliense. 

From  Lynchburg  to  the  mouth  of  Cowpasture 
river,  including  dams,  guard-gates,  aque- 
ducts, and  culverts          ....  §280,736 
Lockage,  533.45  feet,  at  ,§625  per  foot          .  333,406 
Road-bridges  13,  at  §500         ....  6,500 
Farm  ditto  80,  at  §200        ....  16,000 

§636,642 
For  engineers,  superintendence,  and  contin- 
gencies, 10  per  cent.        ....  63,664 

Amount §700,306 

To  which  add  the  amount  from  the  mouth  of 

Cowpasture  to    tlic    moulli  of   Dunlap's 

creek, 227,830 

This  sum  is  the  total  amount  of  expense  for 
the  od  section §928,136 


I  now  close  my  estimates  by  a  recapitulation. 

I.  Indefiendent  Canals. 

Hile<.  chains. 
1st  Section,  from  the  basin  to  Plea- 
sants' island,  distance         .         .         24  49.12 

E.\pense    .        .  §159,769 

2d  Section,  from  Pleasant's  island  to 
Lynchburg,  distance        .  .     120  55 

Expense     .        .  711,891 

3d  Section,  from  Lynchburg  to  the 

mouth  of  Dunlap's  creek,  distance  103  71 

Expense     .         .  928,13 

Total  length  of  continued  indepen- 
dent canals  ....     249  IS 

Total  expense  of  ditto  §l,799,76fi 

II.   The  main  connecting  Road, 

As  proposed,  from  the  mouth  of 
Dunlap's  creek  on  Jackson's  ri- 
ver to  the  Kenhawa,  just  below 
the  great  falls.     Distance 
Expense    . 


89  68 


§100,OOC 


III.   The  Kenhaiua  River, 

From  the  great  falls  to  the  Ohio  ri- 
ver at  Point  Pleasant,  distance  94  00 

Expense  of  improvements  which 
will  render  the  navigation  good 

The  w  hole  length  of  the  proposed 
commercial  route  from  Richmond 
to  the  Ohio  river  at  Point  Plea- 
sant, is 433  miles. 

The  whole  estimated  expense  of 
the  improvements  contemplated 
on  this  route,  is         .        .         . 


§45,656 


§1,945,446 


I  will  now  give  a  summary  of  the  cost  of  improving 
those  routes  (as  far  as  we  have  surveyed  them)  which 
naturally  converge  to  and  intersect  the  main  line  of  com- 
mercial communication. 

1st.  "  Of  Craig's  creek,  from  its  mouth  to  the  highest 
point"  (the  mouth  of  John's  creek)  "  susceptible" 
economically, "  of  navigation," 

The  distance  is  48  miles  and  75  chains. 

The  probable  expense  of  making  a  sluice  navigation 
will  be §6,000 

The  length  of  portage,  from  the  mouth  of  John's 
creek  to  the  mouth  of  Sinking  creek,  on  the  Ken- 
hawa river,  is  43  miles  and  43  chains.  No  part 
of  this  distance  is  susceptible  of  navigation  with- 
out an  expense,  in  our  judgment,  quite  inexpe- 
dient. As  this  last  mentioned  line  was  surveyed 
and  levelled  in  the  hope  of  navi^alion,  further  sur- 
veys will  be  necessary,  when  it  sh.all  be  decided 
to  locale  a  roai!,  the  expense  of  making  which  is 
therefore  not  estimated. 

2d.  "  Of  the  Kenhawa,"  commonly  called  New  ri- 
ver,  from  the  mouth  of  Sinking  creek  to  the  mouth 
of  Greenbrier  river. 

The  distance  is  55  miles  and  14J  chains. 

The  probable  expense  of  making  a  sluice  navigation 

will  be 10,400 

3d.  Of  Greenbrier  river,  from  the  mouth  of  How- 
ard's creek,  to  Kenhawa  river. 

The  distance  is  49  miles  and  72  chains. 

The  probable  expense  of  making  a  sluice  navigation     34,525 

4th.  Of  the  Kenhawa  river,  from  the  mouth  of  Green- 
brier to  liowyer's  ferry. 

The  distance  is  46  miles  and  32J  chains. 

The  probable  expense  of  making  a  sluice  navigation, 
with  thiee  locks 39,850 
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5th.  Of  the  Kenhawa  river,  from  Bowyer's  ferry  to 
the  foot  of  the  great  falls, 

The  distance  is  20  miles  and  60  chains. 

The  probable  expense  of  making  a  sluice  navigation, 
with  tracki!ig--wat/s,  made  on  shore  along  all  diffi- 
cult and  rapid  places ;  the  boat  is  towed  by  men 
walking  on  those  paths        .....      18,850 

The  total  estimated  cost  of  all  those  incidental  im- 
provements, is 5109,635 


I  shall  close  this  Report  with  a  few  general  remarks. 

All  our  levels  have  been  taken  with  an  excellent  in- 
strument, and  with  great  care.  In  all  our  levelling  for 
the  canal,  the  base  line  was  noted  witli  reference  to  fixed 
objects,  such  as  pegs  driven  firmly  into  the  ground,  and 
frequent  bench  marks  made  on  trees.  Levels  had  been 
taken  during  the  preceding  year,  under  the  direction  of 
Thomas  Moore,  with  reference  to  the  surface  of  the 
water  in  the  rivers,  liable  to  some  variations.  I  had  with 
me  Thomas  Moore's  notes  ;  and  from  the  mouth  of 
Dunlap's  creek  to  Lynchburg,  I  made,  between  my  le- 
velling and  his,  frequent  comparisons  at  marks  which 
he  had  left.  The  following  are  the  results  :  The  dis- 
tances mentioned  are  from  the  mouth  of  Dunlap's  creek 
downward,  as  measured  on  Jackson's  and  James  rivers. 
The  differences  between  our  levels  are  reduced  to  inches 
and  tenths  of  an  inch. 


Points  of  comparison. 

At  31  miles 
65 
82 
86 
94 
109 


Difference  of  leveli. 

1.1  inches. 

6.7 

40 

4.4 

0.5 

0.1 


From  Lynchburg  to  Pleasanl's  Island,  120  miles  and 
55  chains,  the  levelling  for  the  canal,  compared  at  both 
extremes  with  the  surface  of  the  water,  gives  the  whole 
fall  six  feet  less  than  that  on  the  river,  in  the  preceding 
year.  This,  on  the  whole  distance,  yields  an  average  of 
not  quite  six-tenths  of  an  inch  per  mile.  We  have  no 
doubt  an  error  has  been  committed  in  levelling,  either 
on  the  river  or  for  the  canal  :  but  as  the  disagreement 
was  not  discovered  until  we  had  gone  over  the  whole 
ground,  and  made  the  final  comparison,  we  had  not  time 
to  search  for  and  detect  it ;  and  knowing  it  cannot  af- 
fect materially  the  general  result  of  our  estimates,  we 
deem  it  unimportant.  Even  if  the  whole  amount  of  er- 
ror be  in  levelling  for  the  canal,  (which  I  think  is  not 
probable,)  its  utmost  effect  would  be,  by  increasing  the 
lockage,  to  add  S4,125  to  the  aggregate  amount  of  es- 
timates. 

Having  carried  a  levelling  along  Craig's  creek,  from 
its  mouth  to  the  mouth  of  John's  creek,  then  across  the 
mountains,  and  down  Sinking  creek  to  its  mouth,  92 
miles,  we  left  a  Bench  mark  on  the  bank  of  Kenhawa. 
In  carrying  from  the  mouth  of  Dunlap's  creek  a  second 
levelling,  in  crossing  the  mountains  the  vane  was  put 
into  a  new  hand,  and  before  we  arrived  again  at  the 
mouth  of  Sinking  creek,  as  we  passed  down  Greenbrier 
and  up  Kenhawa,  I  suspected  that  an  error  had  been 
committed  at  a  certain  place.  When  we  arrived  again, 
by  a  distance  of  133  miles,  at,  and  compared  with,  the 
mark  at  the  termination  of  our  former  levelling,  there 
was  a  disagreement.  On  our  return  across  the  moun- 
tain, the  suspected  place  was  examined,  the  error  was 
found  there,  and  when  this  correction  was  applied  to  the 


notes,  the  difference  of  levels  was  but  6.7  inches.  This 
proves  the  excellence  of  our  instrument. 

Finding  that  we  had  collected  a  large  mass  of  mate- 
rials, and  that  for  a  detailed  exposition  of  the  whole, 
many  calculations,  merely  technical,  but  of  considerable 
labour,  would  be  necessary,  it  was  arranged  between  the 
principal  engineer  and  myself,  that  I  should  make  most 
of  the  calculations  which  were  equally  essential  for  both  ; 
and  that,  as  this  would  of  course  consume  much  of  my 
time,  I  should,  in  my  report,  respecting  certain  fiarts, 
adopt  a  more  general  form,  and  that,  in  these  parts,  he 
would  be  therefore  more  particular  in  detail,  than  per- 
haps would  otherwise  have  been  the  case. 

I  am  convinced  the  subject  will  not  suffer  by  this  ar- 
rangement, as  I  know  him  to  be  eminently  qualified  for 
the  task  ;  and  probably  more  information  and  more  sa- 
tisfactory views  will  be  laid  before  you,  and  much  earlier 
in  this  way,  than  would  have  been  possible,  had  we 
made  every  calculation,  each  for  himself,  and  had  each 
gone  into  every  particular  of  detail  on  every  point.  The 
improvements  proposed  on  Craig's  creek,  on  the  western 
waters,  and  the  new  commercial  road,  their  probable 
cost  and  consequences,  and  every  part  of  the  whole  sub- 
ject, as  it  relates  to  political  economy,  and  as  it  is  calcu- 
lated to  benefit  peculiarly  the  Commonwealth  of  Virgi- 
nia, have  been  freely  discussed  between  us,  and,  without 
any  sacrifice  of  judgment,  the  uniform  results  have  been, 
a  harmony  of  views  and  concurrence  in  opinion.  I  there- 
fore conceive,  if  you  approve,  that  I  hazard  nothing  by 
reposing  in  these  respects  on  his  report. t 

The  canal  commissioners  of  the  state  of  New  York 
have,  in  their  report  of  the  year  1812,  exhibited  calcu- 
lations of  the  cost  of  transportation  on  an  independent 
canal  ;  the  result  is  one  cent  fier  tonfier  mile. 

The  late  lamented  Robert  Fulton,  in  a  letter  to  Gou- 
verneur  Morris,  now  also  deceased,  remarks  on  those 
calculations,  as  follows: 

"  In  the  Report  of  March,  1812,  page  9,  the  commis- 
sioners gave  calculations  on  the  expense  of  conveyance 
by  canals,  which  calculations  were  drawn  from  experi- 
ence acquired  on  canals  in  England,  as  to  the  quantity  of 
work  that  two  horses  and  three  men  could  do  in  eight 
hours;  to  which  adding  the  wear  and  tear  of  the  boat 
and  canal,  the  decay  of  horses,  and  interest  on  the  capi- 
tal expended  in  purchasing  horses  and  boats,  also  the 
profit  on  the  boat  and  the  wages,  which  are  higher  in 
this  country  than  in  England,  it  is  shown  that  the  total 
expense  amounts  to  no  more  than  one  cent  fier  tonfier 
mile.  As  I  passed  three  years  at  various  canals  in  Eng- 
land, to  obtain  practical  knowledge  on  the  manner  of  con- 
structing them,  and  to  make  myself  familiar  with  their 
advantages,  and  was  well  acquainted  with  some  of  the 
best  engineers,  i  knoiv  this  calculation  to  be  coirect." 

I  believe  that  recent  experience  on  the  grand  canal  of 
New  York  confirms  the  estimate. 

John  E.  Howard  of  Maryland,  a  gentleman  of  respecta- 
bility and  extensive  information,  published,  in  1818,  a 
pamphlet,  entitled,  "  Remarks  on  the  intercourse  of  Bal- 
timore  with  the  Western  Country,"  in  which  pamphlet 
the  author  states,  that  "one  of  the  proprietors  of  the 
line  of  stages  from  Baltimore  to  Wheeling,  a  gentleman 
of  considerable  experience  in  this  way,  came  to  the  fol- 
lowing proposal,  which,"  (the  author  adds,)  "  is  hereby 
offered  to  the  public,"  viz. — "  To  contract  for  the  regu- 
lar carriage  of  goods  from  Cumberland  to  Uniontown, 
near  60  miles,  at  the  price  of  62  J  cents  per  cwt.  if  the 
road  continues  without  any  repairs,  but  if  there  are  anv 
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measures  taken  to  keep  the  road  in  repair,  he  will  then 
underlake  to  do  it  at  50  cents  per  cwt.  provided  that  he 
have  regular  employment  and  a  return  load." 

The  road  alluded  to  in  the  above  mentioned  proposal 
is  that  part  of  the  national  turnpike  which  crosses  all 
the  ridges  of  the  Alleghany  mountains.  50  cents  per 
cwt.  for  GO  miles,  gives  the  rate  of  216^  per  ton  per 
100  miles,  or  \6\  cents  per  mile.  It  appears  then,  that 
land  transportation,  on  a  good  road,  kept  in  repair,  can 
be  effected  for  16|  cents  per  ton  per  mile;  but  to  be 
quite  safe,  we  will  assume  it  at  20  cents. 

To  estimate  the  expense  of  transportation  on  the  Ken- 
hawa,  let  us  suppose  a  boat  of  60  tons  burden.  Surely 
ten  men  can  navigate  such  a  boat  from  the  falls  to  Point 
Pleasant  in  4  days,  and  return  to  the  falls  with  30  tons 
(for  there  can  be  no  doubt  of  a  return  cargo.)  in  6  days ; 
allow  2  days  to  load  and  discharge  :  we  have  then  12  days 
for  the  voyage,  and  90  tons  transported  94  miles  by  ten 
men  in  that  time.  The  wages  of  ten  men  for  12  days, 
at  a  dollar  per  day  each,  gives  the  amount  of  gl20. 
To  this  add  glO,  for  ten  dollars  on  every  voyage  will 
more  than  cover  wear  and  tear  of  the  boat,  and  interest 
on  the  capital  employed  ;  we  then  have  the  cost  of  trans, 
porting,  from  the  falls  to  Point  Pleasant,  gl30  for  90 
tons  94  miles,  equal  to  gl  44^  for  one  ton  that  dis- 
tance, and  to  the  rate  of  I  cent  and  not  quite  T-j'-j  per  ton 
per  mile.     I  will  state  it  at  2  cents. 

Now  let  us  apply  these  rates  to  the  transportation  of 
a  ton  of  merchandise  from  Richmond  to  Point  Pleasant; 

From  Uichmond  to  the  mouth  of  Dunlap's  creek, 

by  an  independent  canal  249  miles,  at  one  cent        jJ2  49 

From  the  mouth  of  Dunlap's  creek  to  the  great  falls 
of  Kenhawa,  by  the  proposed  new  road,  90  miles, 
at  20  cents  .  .  .  18  00 

From  the  great  falls  to  Point  Pleasant,  by  the  Ken- 
hawa river,  94  mile3,  at  2  cents        .  .  1  88 

The  whole  cost  of  transportation  of  a  ton  of  mer- 
chandise, taken  from  Richmond  and  delivered  at 
Point  Pleasant,  would  be  ....         g22  37 

If  this  expense  were,  without  making  any  allowances, 
calculated  strictly,  on  what  I  believe  to  be  sound  data, 
the  amount  would  be  but  18  dollars,  93J  cents. 

It  appears  from  very  good  authority  that,  besides  what 
has  been  carried  from  New  York  and  Baltimore  for  the 
supply  of  the  western  country,  there  has  passed  from 
Philadelphia  to  Pittsburg,  the  whole  way  (more  than  300 
miles,)  by  waggons,  the  annual  amount  of  more  than  4,500 
tons  of  mercliandise,  at  an  expense  of  transportation  ex- 
ceeding g80  pvr  ton.  Baltimore  hopes,  and  perhaps 
reasonably  expects,  to  be  able  to  transport  goods  to 
Wheeling  for  an  expense  of  §50  per  ton.  Surely  then 
Richmond,  without  being  chargeable  with  expectaiions 
too  sanguine,  may  calculate  on  delivering  at  Puint  Plea- 
sant 5,000  tons,  if  she  can  do  it  for  S-5  per  ton.  The 
preceding  calculation  makes  it  but  g22  37.  If  then  we 
draw  from  this  transportation,  a  revenue  equal  lo  g2  63 
per  ton,  the  iv/icie  exfitnse  on  goods  sent  from  Richmond 
to  Point  Pleasant  will  not  exceed  g25  per  ton;  and  at 
the  rate  of  g2  63  per  ton  on  5000  tons,  it  will  yield  an- 
nually gl3,l50.  This  sum  would  be  raised  by  a  toll  of 
one  ceiit  per  Ion  per  mile,  from  Richmond  to  the  mouth 
of  Dunlap's  creek,  and  14  cents  per  ton  for  the  whole 
distance  from  the  falls  to  Point  Pleasant,  leaving  the  re- 
turning trade  on  Kenhawa,  and  that  on  the  road  both  ways, 
entirely  free  from  charges  on  account  of  revenue. 

The  preceding  statement  is  made  with  respect  to  the 
outward  trac".-  only.  There  can  be  no  doubt  the  return 
trade  would  be  quite  equal  to  it,  making  the  revenue 


equal  to  g2  63  per  ton  on  10,000  tons,  or  the  annual 
amount  of  26,300  dollars. 

It  will  be  obvious,  I  think,  on  the  slightest  investiga- 
tion, that  this  is  a  very  moderate  estimate.  It  is  cer- 
tainly far  short  of  what  would  be  the  reality,  if  goods  can 
be  delivered  at  Point  Pleasant  at  no  greater  expense  for 
conveyance  than  g25  per  ton.  I  have  stated,  that  4,500 
tons  are  carried  annually  from  Philadelphia  to  Pitts- 
burg, at  an  expense  exceeding  gSO  per  ton  ;  I  ought  to 
have  said  gl40  per  ton,  for  this  is  rather  below  the  fact 
at  present.  The  hofie  of  her  merchants  is  to  reduce  it 
toglO  as  the  minimum — and  Baltimore  ho/ies  to  reduce 
to  g50  her  freight  to  Wheeling.  I  even  admit  their 
hopes  to  be  realized.  Then,  if  Point  Pleasant  be  as  fa- 
vourably situated  for  extensive  distribution  as  Pittsburg 
or  Wheeling,  (and  I  think  this  cannot  admit  of  a  doubt,) 
and  Richmond  can  deliver  goods  there  for  g25  per  ton, 
what  will  be  the  inevitable  consequences  ?  Articles  of 
great  value  in  proportion  to  their  weight  will  bear  a 
high  rate  of  transportation,  but  a  vast  amount  of  articles 
of  more  weight  in  proportion  to  the  their  value  will  be 
excluded.  A  great  many  kinds  of  goods,  prohibited  at 
gl40,  can  be  carried  at  g80;  many  prohibited  at  g80, 
can  be  carried  at  g50  ;  and  still  more  prohibited  at  g50, 
can  be  carried  at  g25.  This  consideration,  even  at  the 
rate  of  tolls,  which  1  have  purposely  assumed  very  loiv, 
would  vastly  augment  the  final  result  beyond  my  esti- 
mated revenue  of  g26,300,  but  even  this  sum  afTords  an 
animating  prospect. 

I  am  fully  convinced  that,  to  accomplish  all  the  im- 
provements proposed,  nothing  more  will  be  necessary 
than  to  issue  at  6  per  cent,  stock  irredeemable  for  a  li- 
mited time,  and  perhapsihereafter  only  in  a  limited  pro- 
portion, pledging  for  the  annual,  or  half-yearly  payment 
of  interest,the  James  river  tolls  ;  those  at  present  existing 
for  a  commencement :  and,  as  the  work  advances,  and 
more  funds  become  necessary  to  carry  it  on,  the  proceeds 
of  canal  tolls  will  be  a  continually  augmenting  resource 
for  pledges  for  additional  stock.  When  an  independent 
canal  shall  be  made  as  far  as  the  mouth  of  Dunlap's 
creek,  the  before  mentioned  fund  of  g26,30O  may  come 
into  operation ;  this,  in  additton  to  that  arising  from  the 
trade  of  James  river,  will  unquestionably  form  a  fund 
sufficient  for  further  internal  improvements,  even  beyond 
our  present  views,  for  redeeming,  if  thought  expedient, 
the  stock  previously  issued,  and  for  diminishing  the  rate 
of  lolls. 

It  has  been  already  stated,  that  we  have  explored  the 
Kenhawa,  or  New  river,  no  higher  than  the  mouth  of 
Sifiking  creek  :  but  every  information  I  have  been  able 
to  obtain  of  that  noble  river  seems  to  invite  strongly  an 
examination  of  it,  perhaps  even  as  far  as  the  southern 
boundary  of  Virginia,  and  especially  respecting  the  prac- 
ticability of  a  connexion  with  the  Holstein  river.  A  very 
valuable  trade  may  be  expected  on  the  upper  parts  of 
Kenhawa  river  ;  and  if  the  connexion  alluded  to  be  found 
practicable,  at  a  reasonable  expense,  the  trade  may  be 
extended  to  the  state  of  Tennessee — ii  may  descend  the 
Kenhawa,  ascend  Greenbrier  to  the  mouth  of  Howard's 
creek,  and  then,  by  a  portage  of  but  very  little  more  than 
26  miles,  it  may  enter  the  James  river  canal  at  Covington. 
This  portage  may,  at  an  expense  which  may  hereafter 
be  found  expedient,  be  diminished  to  15  miles,  by  mak- 
ing a  navigation  on  part  of  Dunlap's  and  on  part  of  How- 
ard's creeks.  The  upper  part  of  Jackson's  river,  and 
the  upper  part  of  Greenbrier,  will  pour  their  treasures 
into  the  same  channel. 
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The  consequences  of  these  improvements  will  be,  vast 
quantities  of  fertile  land,  now  a  neglected  wilderness, 
will  be  brought  into  cultivation;  much  already  occupied, 
will  be  belter  managed;  many  useful  articles,  now  un- 
touched, will  be  produced,  and  in  increasing  quantities, 
because  they  will  bear  the  cost  of  transportatioTi,  and  still 
leave  profit  to  reward  the  labour  of  the  husbandman. 
Geology  and  chemistry  will  unlock  the  now  hidden  trea- 
sures of  the  mountains.  Wherever  sulphur,  iron,  lime- 
stone, and  slate  abound,  as  they  do  about  the  Alleghany 
ridges,  we  may,  with  great  reason,  expect  to  find  three 
very  useful  minerals,  gypsum,  copperas,  and  alum.  Sul- 
phur is  the  basis  of  an  acid,  which,  combined  with  lime, 
forms  gypsum  or  plaster  of  paris;  combined  with  iron, 
it  forms  copperas;  and  combined  with  alumine  (which 
is  the  basis  of  slate)  and  some  potash,  it  forms  alum. 
Nature  furnishes,  on  a  large  scale,  those  useful  combina- 
tions, and  we  may  add  to  the  list,  nitre;  but  iron,  lime- 
stone, slate,  and  sulphur,  are  extensively  useful  also  in 
their  primitive  or  elementary  forms.  All  these  sub- 
stances, primitive  and  combined,  are  in  a  vast  extent  ne- 
cessary to  the  arts,  and  are  therefore  essential  to  the 
prosperity  and  comforts  of  civilized  society.  If  the  ex- 
pense of  distributing  those  ponderous  materials  where 
they  are  wanted,  instead  of  leaving  a  reward  to,  should 
be  a  tax  upon  labour,  those  inexhaustible  treasures  will 
lie  idle  in  their  beds.  They  will  not  even  be  sought  for, 
except  as  curiosities  by  the  mere  man  of  science,  and  if 
found,  they  will  be  useless,  because  confined  to  the  spot. 

Nature  has  been  bountiful  to  Virginia  by  the  location 
of  her  fine  rivers  ;  yet  it  is  uniformly  the  wise  economy 
of  nature,  to  leave  something  to  exercise  the  ingenuity 
and  industry  of  man.  If  Virginia  neglect  to  use  the 
means  of  improving  her  advantages,  so  largely  offered 
to  her  acceptance,  she  must  consent  to  hold  sn  inferior 
rank  among  her  sisters. 

The  state  of  New  York,  by  her  noble  enterprises,  by 
her  enlightened  zeal  in  developing  and  applying  to  in- 
ternal improvements  her  own  resources,  is  rising  in 
splendour  like  a  star  of  the  first  magnitude  in  the  federal 
constellation. 

The  cities  of  Philadelphia  and  Baltimore  are  strug- 
gling in  earnest  competition  for  the  western  trade.  If 
Richmond  do  not  rise  in  the  scale  of  cities  to  a  rank  se- 
cond only  to  that  of  the  city  of  New-York,  and  if  the 
Commonwealth  do  not  still  maintain  a  pre-eminent  sta- 
tion among  the  states,  it  will  not  be  because  nature  has 
denied  the  means. 

Virginia  will  generously  rejoice  in  the  prosperity  of 
her  sister  states;  she  will  applaud  their  honourable  ef- 
forts, and  wish  success  to  their  enterprises ;  but  at  the 
same  lime  she  will  be  wise  enough  to  improve  her  own 
resources,  and  to  use  those  means  which  her  position 
gives  her,  so  as  to  secure  to  herself  her  appropriate 
rank  in  the  nation. 

Mr.  Briggs,  in  another  communication  to  the  board  of 
works,  through  Mr.  Peyton,  its  secretary,  has  given  the 
general  levelsof  the  sources  of  Craig's  creek,  that  branch 
of  James  river  which  interlocks  with  Sinking  creek 
branch  of  Kenhawa,  in  the  great  valley  south-west  of  the 
Blue  ridge.  These  elements  are  of  the  utmost  conse- 
quence in  forming  a  correct  idea  of  the  country  over 
which  canals  are  designed  to  be  drawn,  to  unite  James 
and  Kenhawa  rivers.  The  following  short  geographical 
description  will  serve  to  inform  the  reader  of  the  locality 


of  the  two  creeks  so  particularly  noticed  in  the  annexed 
table. 

Craig's  creek  is  formed  by  two  branches,  John's  creek 
and  Craig's  creek  proper,  both  rising  in  Giles  county,  in 
Virginia,  at  North  Lat.  37°  20',  and  3°  30'  West  Lon. 
from  Washington  City.  Both  branches  flow  north-east 
into  Botetourt  county,  in  which  they  unite,  and  fall  into 
James  river,  about  15  miles  below  the  junction  of  Jack- 
son's and  Cowpasture  rivers,  after  a  comparative  course 
of  40  miles. 

Sinking  creek  rises  between  Pond  and  Walker's  moun- 
tains, and  between  John's  and  Craig's  creeks,  in  Giles 
county,  flows  south-west  25  miles,  and  falls  into  Great 
Kenhawa,  at  North  Lat.  37°  17',  and  West  Lon.  3°  42' 
from  Washington  City. 
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James  river  at  the  mouth  of  Craig's  creek    - 

To  the  mouth  of  John's  creek,  following  the 
bendi  of  llie  water  course 

Highest  spring  tributary  to  Craig's  creek     - 

To  the  lowest  point  ontlie  dividing  ridge 

To  the  nearest  stream  tributary  to  Sinking 
creek  ...... 

To  the  mouth  of  Sinking  creek    ... 

Following  James  river  up  to  the  mouth  of  Jack- 
son's river,  and  thence  to  the  mouth  of 
Dunla])'s  creek,  dividing  Bath  from  Bote- 
tourt county,  tlie  point  of  junction  between 
Jackson's  river  and  Dunlap's  creek  was 
found  to  be  ..... 

Tlience  to  tlie  lowest  point  on  the  dividing 
ridge  ..... 

To  the  mouth  of  Howard's  creek  into  Green- 
briar  river,  near  Lewisburg,  in  Green- 
briar  county  ..... 

From  the  mouth  of  Sinking  creek  to  that  of 
Greenbriar  river,  is  55  miles,  and  from  the 
mouth  of  Howard's  creek  to  that  of  Green- 
briar  river,  50  miles.  Elevation  of  mouth 
of  Greenbriar  ..... 

To  Bowyer's  Ferry,       ..... 

Kenhawa  at  the  foot  of  the  Great  Falls 

Ohio  river  at  the  mouth  of  Kenhawa 


The  reader,  from  a  comparison  of  the  relative  eleva- 
tions of  any  route  hitherto  rendered  navigable  by  canals, 
can  easily  determine  the  probability  of  effecting  such  an 
object,  by  either  of  the  above  routes,  through  the  Appa- 
lachian ridges.  One  observation  must  be  made,  that  as 
far  as  the  sources  of  James  river,  the  table  land  of  the 
Appalachian  chain  rises  gradually  fro-m  the  Mohawk 
valley. 

Dismal  Swamp.  Canal. 

This  channel  of  inland  navigation,  called  the  Chesa- 
peake and  Albemarle  canal,  has  been  dug,  to  unite  those 
two  great  sheets  of  water,  and  though  but  partially  exe- 
cuted, is  of  great  value  in  opening  markets  for  the  fine 
timber  of  the  Dismal  swamp.  It  is  partly  in  Virginia 
and  partly  in  North  Carolina. 

Santee  and  Coofier  river  Canal. 

This  canal  is  22  miles  in  length,  uniting  Santee  river 
to  the  head  of  Cooper  river.  The  ground  rises  by  an 
ascent  of  35  feet  to  the  summit  level,  by  4  locks.  To- 
wards Cooper  river  the  descent  is  68  feet,  which  is  over- 
come by  9  locks.     The  locks  are  formcJ  of  brick  and 
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stone,  60  feet  long,  by  10  feet  wide.  The  top  water  line 
of  the  canal  is  35  feet,  and  the  bottom  20  feet,  with  4  feet 
in  depth.  Boats  of  20  tons  are  navigated  on  this  canal. 
The  expense  of  construction  amounted  to  650,66"  dol- 
lars, and  the  tolls  to  about  13,000  dollars  annually. 

Some  other  canal  improvements  have  been  projected 
and  partially  executed  in  South  Carolina,  but  to  no  very 
great  extent. 

Canals  Carondelet,  Marigny,  Lafourche,  and  Plaquemine, 
in  Louisiana, 

From  South  Carolina  to  Louisiana  no  canals  have  been 
executed,  and  few  even  designed.  The  canal  Caron- 
delet extends  from  Bayou  St.  John  1}  miles,  to  a  basin 
in  the  rear  of  the  city  of  New-Orleans.  This  canal  is 
about  30  feet  wide,  with  4  feet  in  depth,  without  locks; 
through  it  the  tide  flows  into  the  basin. 

The  Lafourche  canal  is  cut  from  that  river  16  miles 
below  its  efHux  from  the  Mississippi.  It  is  opened  from 
the  right  bank  into  a  small  creek  uniting  with  lake  Ver- 
ret.  It  is  through  this  channel,  at  high  water,  that  boats 
are  taken  to  and  from  the  lower  part  of  Attaceapas  into 
the  Mississippi,  or  from  the  latter  stream. 

Plaquemine  canal  is  cut  from  the  Mississippi  river 
into  Bayou  Plaquemine,  at  its  efflux  from  the  Missis- 
sippi. The  mouth  of  the  Plaquemine  is  closed  by  a  raft 
of  timber,  and  the  canal,  a  short  cut  of  about  400  yards, 
was  made  across  the  point  below  the  Bayou. 

The  two  canals  of  Lafourche  and  Plaquemine  are  of 
about  equal  dimensions,  that  of  Lafourche  is,  however, 
rather  larger  than  that  of  Plaquemine  ;  both  are  too 
shallow,  and  only  navigable  in  limes  of  high  flood. 

Canal  Marigny  is  designed  also,  like  that  of  Caronde- 
let, to  unite  Bayou  St.  John  to  the  Mississippi,  but  re- 
mains unfinished.  The  plan  was,  to  leave  the  river  im- 
mediately below  Fort  St.  Charles,  in  New-Orleans,  and 
extend  through  the  intermediate  plains,  so  as  to  enter 
Bayou  St.  John  some  distance  below  the  Fauxbourg  St. 
John. 

Though  this  article  has  been  extended  to  great  length, 
much  still  remains  to  complete  an  entire  view  of  the  in- 
land navigation  of  the  United  States.  In  the  article 
Mississippi,  and  this,  expressly  on  the  subject,  we  trust 
a  very  ample  mass  of  matter  has  been  for  the  time  con- 
densed into  one  view.  That  any  material  point  has  been 
omitted  we  are  unaware. 

If  correct  documents  could  have  been  procured,  a  par- 
ticular notice  would  have  been  taken  of  the  contemplated 
canals  around  the  falls  of  Ohio,  but  that  not  being  the 
case,  any  view  we  could  have  taken  would  have  been 
too  general  to  have  been  satisfactory  ;  and  a  similar  ob- 
servation applies  to  some  other  points,  of  less  impor- 
tance, it  is  true,  but  sufficiently  so  to  deserve  some  at- 
tention in  a  general  survey. 

OF  THE  MEANS  EMPLOYED  TO  FACILITATE  INLAND  NAVI- 
GATION. 

I.  River  JVavigation. 

As  the  inland  navigation  of  all  countries  commences 
by  those  channels  which  nature  has  provided  for  the 
discharge  of  superfluous  waters  of  the  interior,  our  at- 
tention will  be  first  directed  to  those  circumstances  in 
which  the  navigation  of  rivers  diff"ers  from  that  of  the 
open  sea. 
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In  many  rivers,  the  vessels  which  are  constructed  for 
the  sea  are  enabled  to  ascend  to  great  distances,  without 
the  necessity  of  any  modification,  cither  of  their  own 
shape,  or  that  of  the  river.  But,  as  we  proceed,  the 
liver  becomes  obstructed  by  shallows;  its  channel,  nar- 
row and  winding,  often  completely  inte\  rupted  by  rapids, 
and  even  cataracts  or  falls;  the  quantity  of  water  dimi- 
nishes too  much,  or  is  in  excess.  In  some  rivers  the 
difliculties  commence  by  bars  at  the  very  mouth,  and  in 
all  of  them  the  descending  current  forms  a  continual  ob* 
stacle  to  the  upper  trade. 

But  the  river  navigation  has  also  its  advantages;  for, 
being  free  from  the  storms  and  waves  of  the  ocean,  the 
vessels  intended  for  them  alone  do  not  require  the 
strength  and  convex-shaped  bottom  of  sea  vessels,  but 
are  built  flat,  and  of  great  length  and  breadth,  in  propor- 
tion to  their  depth,  so  that  they  may  carry  large  cargoes, 
and  a  great  surface  of  sail,  with  little  draft  of  water.  In 
tide  rivers  there  is  a  current  alternately  upward  and 
downward,  so  that  nothing  more  is  required  than  to  an- 
chor the  vessel  until  the  current  is  about  to  proceed  in 
the  intended  direction.  In  many  rivers  where  there  is 
no  tide,  as  in  the  Nile,  a  regular  trade  wind,  blowing 
contrary  to  the  current,  affords  the  same  aid.  In  the 
Mississippi  similar  advantages  are  obtained  by  means  of 
the  eddies,  or  counter  currents,  which  are  formed  behind 
projecting  points  of  the  banks.  Where  none  of  these 
advantages  exist,  favourable  winds  must  be  waited  for, 
or  other  means  resorted  to. 

Of  Bars  at  Mouths  of  Rivera. 

Bars  are  the  first  sort  of  difficulty  commonly  met  with 
in  entering  on  the  navigation  of  a  river.  They  almost 
uniformly  occur  at  the  influx  of  the  collateral  branch  into 
the  main  stream,  or  of  the  river  itself  into  the  sea.  The 
diminished  velocity  of  the  stream  in  these  places  permits 
the  river  to  deposit  much  of  the  solid  matter  which  it  has 
transported.  The  river  spreads  itself  over  the  shoal,  and 
ceases  to  have  any  determined  channel.  The  shoal  in- 
creases in  extent  and  height,  until  the  depth  of  water  be- 
comes every  where  too  small  for  navigation.  Piers  or 
jetties,  to  confine  the  bed,  are  usually  resorted  to,  but,  in 
general,  they  have  only  the  efi'ect  of  prolonging  the 
formation  of  the  bar  further  from  the  shore.  Where  the 
influence  ol  the  stream  can  be  made  to  expand  itself  into 
a  large  pool  previous  to  the  influx,  in  which  its  silt  may 
be  deposited,  the  port  at  its  mouth  may  often  be  pre- 
served by  the  efflux  of  clarified  waters;  but  still  there 
will  exist  the  same  difficulty  of  bringing  the  sea  vessel 
into  the  river  navigation,  since  the  bars  will  now  be 
formed  within  the  haven.  Dantzic,  Memel,  Venice,  the 
Texel,  Sec.  are  ports  of  this  sort,  andafi'ord  a  safe  inter- 
mediate station  for  the  transfer  of  goods  to  the  deep  sea 
vessel,  from  those  fitted  for  passing  the  shoals  to  the  in- 
terior. In  other  cases,  where  the  embouchure  is  gradual, 
and  the  mouth  gently  expanding  as  through  the  medium 
of  a  firth,  the  change  of  velocity  is  in  no  place  so  sud- 
den as  to  give  oppoi'tunity  to  the  formation  of  a  bar. 
Thus  the  river  Forth  has  no  bar,  nor  the  Thames,  al- 
though it  has  many  banks;  and  such  ports  only  can 
decay  from  the  gradual  filling  up  of  the  valley  from  its 
head.  But,  lastly,  where  the  river,  like  the  Tyne,  the 
Dee  at  Aberdeen,  or  the  Rhone,  falls  at  once  into  the  sea, 
and  almost  perpendicularly  to  the  coast,  the  formation  of 
a  bar  is  inevitable  ;  and  as  there  is,  in  such  cases,  a  lit- 
toral current,  either  from  the  tide  or  prevalent  winds,  the 
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mcutli  of  the  channel  or  port  has  necessarily  a  tendency 
to  the  saine  cUrection,  and  removes  itself.  A  deposition 
takes  place  between  tliese  two  currents,  and,  periiaps,  in 
time,  rises  into  a  tongue  of  sand  or  gravel,  enclobing  an 
interior  haven  or  lagune.  INlany  instances  occur  of  this 
transition,  and  it  is  frequently  impossible  to  prevent  it. 
The  only  remedy  hitherto  thought  of,  is  to  have  a  canal 
from  the  river  above  the  bar,  to  some  point  on  the  coast, 
free  from  the  deposits  of  the  river.  Of  this  kind,  amongst 
the  ancients,  were  the  canal  of  Alexandria,  in  Egypt ;  of 
Lone  and  Aries,  at  the  Rhone  ;  and  of  Fiamicino,  at  the 
Tiber.  If  the  examples  be  fewer  on  the  coast  of  the 
ocean,  it  is  because  the  tide,  while  it  affords  for  a  longer 
time  the  means  of  crossing  such  bars,  affords,  also,  by 
its  flux  and  reflux,  a  means  of  removing  them.  If  the 
above  mentioned  canals  are  allowed  to  run  freely,  they 
become  merely  another  mouth  for  the  river,  and  the 
evils  they  were  intended  to  remedy,  again  take  place  at 
the  point  of  their  discharge,  so  much  the  quicker,  also, 
since  they  usually  pass  with  greater  velocity  over  new 
ground,  which  affords  more  abundant  matter  for  depo- 
sition. 

Where  bars  exist  in  a  navigation  river,  it  is  generally 
owing  to  the  enlarged  width  of  the  channel,  the  natural 
remedy  of  which  is  to  contract  it,  by  which  means  the 
bottom  will  be  corroded,  and  create  more  depth  of  water  ; 
or  the  height  of  water  will  be  increased,  until  a  sufficient 
velocity  be  communicated  to  discharge  the  former  quan- 
tity of  water  through  the  contracted  channel ;  and  it  is 
evident,  where  the  bottom  is  not  liable  to  be  corroded, 
that,  if  an  excavation  can  be  made  through  it  by  art,  and 
the  width  contracted,  the  great  velocity  obtained  will 
keep  it  open  ;  but,  if  an  excavation  is  made  without  this 
precaution,  it  will  become  a  trap  for  the  depositions. 
Contractions  of  this  sort  may  be  made  by  a  single  dyke 
or  jetty  projecting  across  the  greater  bed  of  the  river, 
and,  to  prevent  mischief,  should  not  be  made  higher  than 
necessary  for  the  navigation,  so  that  all  higher  floods 
may  pass  over  it ;  but,  as  the  velocity  occasioned  by  such 
a  jetty,  will  not  continue  far  down,  shoals  will  again  be- 
gin to  form  below  it,  and  a  similar  obstruction  must  again 
be  had  recourse  to,  and  so  on  until  the  depth  of  the  chan- 
nel requires  no  amendment.  Improvements  of  this 
kind  have  been  effected  on  the  Chester,  Dee,  and  the 
Trent,  in  England  ;  the  river  Clyde,  in  Scotland,  the 
Boyne,  in  Ireland,  and  the  harbour  of  the  Nev/  Diep,  in 
North  Holland.  For  an  account  of  the  effect  of  corro- 
sion, or  the  increased  velocity  produced  by  obstructions 
to  the  current,  see  our  article  Bridge,  where  tables  are 
given. 

Of  the  Manner  of  ProfielUng  Vessels. 

In  the  lower  parts  of  rivers,  where  there  is  sufficient 
room,  deep  water,  and  not  too  strong  a  current,  jfessels 
are  navigated  by  the  sail  and  oar,  but,  proceeding  up- 
wards, poling  or  setting  along  the  bottom,  or  tracking 
along  the  banks,  are  the  means  employed.  Through 
short  rapids,  warping  by  mechanical  power,  applied  by  a 
cable,  if  often  useful  ;  but  when  the  current  becomes  ex- 
cessive, or  the  depth  of  water  too  small,  artificial  means 
of  navigation  have  been  invented,  by  which  the  ascent  is 
overcome,  and  the  voyage  continued  on  successive  kinds 
of  still  water. 

In  rigging  vessels  for  navigating  rivers  by  the  sail, 
much  depends  on  local  circumstances,  or  the  customs 
of  the    country.     On  the  Thames,  and   most   English 


rivers,  the  barges  are  fitted  with  a  falling  mast,  to  pass 
under  bridges,  on  which  are  mounted  fore  and  aft  sails, 
like  those  of  a  sloop.  They  usually  pass  singly.  On 
the  Loire,  boats  go  in  fleets  of  6  and  8,  the  largest  first. 
Those  about  90  or  100  feet  long,  1 1  to  14  feet  wide,  carry 
mabts  of  70  or  80  feet,  the  next  less,  and  so  on,  diminish- 
ing to  the  last.  On  these  masts  are  mounted  lofty  square 
sails.  On  the  lower  Rhine,  the  Cologne  ships  are  per- 
haps the  largest  used  in  inland  navigation,  being  fre- 
quently of  1000  tons  burden.  They  are  fitted  with  three 
lofty  mtists  and  top  masts,  like  sea  vessels,  and  draw  only 
five  feet  water.  On  the  Nile,  the  canja  has  a  short  mast, 
with  an  immense  triangular  or  latteen  sail,  the  yard  of 
which,  according  to  Bruce,  is  sometimes  200  feet  long. 
These  large  sails,  which  the  still  water  of  inland  naviga- 
tion permits  to  be  used  with  safety,  are  a  cheap  and  pow- 
erful means  of  impulse,  but,  as  the  rapidity  increases,  it 
follows  that,  independent  of  the  depth  of  water,  there  is  a 
term  arising  from  the  slope  only,  at  which  navigation  by 
the  sail  must  cease,  the  action  of  the  wind  upon  the  sails 
being  balanced  by  that  of  the  water  at  the  prow.  It  has 
been  found  by  experience,  that  this  term  occurs  a  little 
above  the  place  where  the  current  ceases  to  carry  gravel ; 
or,  in  our  chief  European  rivers,  where  the  slope  be- 
comes about  one  in  2000,  or  about  2i  feet  in  a  mile.  Ac- 
cordingly the  rivers  of  which  the  bottoms  are  composed 
of  materials  finer  than  gravel,  viz.  sand,  mud,  ooze,  Ecc. 
are  capable  of  being  navigated  by  the  sail,  provided  they 
have  depth  of  water,  and  are  not  crooked. 

Mathematical  writers  have  endeavoured  to  reduce  the 
action  of  vessels  propelled  by  sails  to  calculation,  so  that 
the  limit  above  mentioned  might  also  be  determined  by 
an  equation  depending  on  the  velocity  of  the  wind  and 
river,  the  magnitude  of  the  sails  and  prows.  Such  an 
inquiry  would,  however,  be  of  little  value  for  that  pur- 
pose, since,  in  most  rivers,  the  numerous  craft  einployed, 
have  long  ago  determined  this  limit  by  experiment.  But 
it  will  be  of  considerable  importance  to  inquire  what  are 
the  actual  relations  between  the  various  means  of  im- 
pulse, and  what  are  the  real  velocities  which  each  of 
them  may  be  expected  to  communicate  to  vessels  em- 
ployed in  navigation.  It  would  lead  us  into  far  too  wide 
a  digression  from  our  present  subject,  to  give  this  matter 
all  the  consideration  it  merits.  At  present,  we  shall  con- 
fine ourselves  to  those  parts  where  the  common  laws  of 
hydrostatics,  as  far  as  yet  regulated  by  experiments, 
seem  applicable  to  the  simple  case  of  direct  motion  of 
vessels,  leaving  the  more  intricate  problems  of  windward, 
leeway.  Sec.  for  the  article  Seamanship. 

According  to  the  common  theory  of  the  impulse  of 
fluids,  it  is  assumed,  that  each  particle  of  the  fluid  in 
motion  will  strike  a  solid  body  in  its  path  in  the  same 
maiiner,  and  with  the  same  force,  as  in  the  collision  of 
hard  bodies  in  free  space  ;  therefore,  since  the  number 
of  particles  striking  in  a  given  time  will  be  as  the  ve- 
locity, and  the  force  of  each  particle  also  proportional  to 
the  velocity,  we  have,  as  a  first  principle, 

1.  The  resistance  or  impulse  is  as  the  square  of  the 
velocity. 

2.  The  number  of  particles,  and,  consequently,  the  re- 
sistance, will  be  as  the  density  of  the  fluid,  and  the  mag- 
nitude of  the  surface. 

Again,  in  oblique  impulses.  Let  AB  (Plate  CCCC  VIII. 
Fig.  l.)be  the  place  exposed  to  direct  Impulse  in/A,/ 
B  ;  BC,  the  same  plane,  exposed  obliquely  to  the  same 
fluid.  The  number  of  particles  intercepted  by  BC,  will 
be  only  as  DB  or  CE,  that  is,  as  the  sine  of  the  angle  of 


NAVIGATION  INLAXD. 


411 


incidence  O  o  B  ;  but  also  the  perpendicular  action  of 
each  particle  0,  as  o  m,  will  be  diminished  in  the  propor- 
tion of  0  m  :  0  n=BC  :  CE,  that  is  also  as  the  sine  of 
incidene  ;  so  that,  as  a  third  principle,  we  have  the 
direct  impulse,  or  resistance,  to  the  oblique  perpendicu- 
lar impulse,  as  the  square  of  radius  to  the  square  of  the 
sine  of  the  angle  of  incidence.  From  these  principles  it 
has  been  deduced,  that  Cor.  I.  the  impulse  on  a  cylinder, 
or  the  level  surface  of  a  cylinder,  is  two-thirds  of  the 
direct  impulse  on  its  transverse  section  through  the  axis  ; 
Cor.  II.  the  impuls3  on  a  sphere  is  half  that  of  its  great 
circle. 

In  like  manner,  from  the  same  principle,  it  has  been 
deduced,  that  the  resistance  or  direct  impulse  of  an  un- 
elastic  fluid  on  any  plane  surface  is  ecjual  to  the  weight 
of  a  column  of  the  fluid  having  the  surface  for  its  base, 
and  a  height  equal  to  twice  the  fall  required  for  pro- 
ducing the  velocity  of  the  motion  through  the  fluid.  In 
elastic  fluids,  the  impulse  is  double  of  the  above.  {^Prin- 
ci/iia,  ii.  p.  55.  38.) 

Though  this  subject  has  exercised  the  ingenuity  of 
the  greatest  mathematicians  of  Europe,  it  does  not  ap- 
pear that  the  theory  of  resistance  here  given,  from  the 
investigations  of  Newton,  is  at  all  conformable  to  ex- 
periments ;  but,  since  we  have  as  yet  no  better  to  direct 
our  researches,  we  may  at  present  adhere  to  this,  modi- 
fying it  only  so  far  as  the  numerous  experiments  which 
have  been  made  on  the  subject  may  require.  We  have 
already  shown  (see  Bridge)  that  the  action  of  a  fluid  on 
any  solid  body  can,  by  no  means,  be  considered  as  that  of 
a  number  of  hard  particles  striking  the  body,  and  recoil- 
ing in  free  space  ;  the  fact  is,  the  mobility  of  the  fluid, 
and  the  liberty  it  possesses  of  rising  above  the  general 
level,  if  like  water,  or  of  being  compressed,  if  like  air, 
give  it  all  the  properties  of  an  elastic  body  ;  makes  its 
action  on  the  solid  that  of  a  simple  pressure,  the  amount 
of  which  may  be  readily  measured  by  that  accumulation. 
This  accumulation  becomes,  in  its  turn,  a  moving  power, 
which  impels  the  parts  of  the  fluid  below  it  to  escape  in 
all  directions,  and,  of  course,  communicates  a  motion 
transverse  to  the  general  direction  of  the  stream,  or 
lather,  perhaps,  along  the  surface  of  the  solid,  and  with 
an  increased  velocity.  The  figures  of  that  surface,  and 
its  adaptation  to  the  natural  path,  followed  by  the  fila- 
ments of  water  in  passing  round,  and  closing  in  behind 
the  body,  greatly  affect  the  observed  resistance. 

Now  let  us  examine  how  far  the  above  principles 
agree  with  the  resistances  actually  observed.  It  is  very 
consonant  to  experiment,  that  the  resistance  increases  as 
the  square  of  the  velocity,  litile  deviation  appears  in  the 
smaller  velocities,  and  Newton  has  shown,  that,  sub- 
tracting a  certain  ui.iform  quan'ity  for  the  adhesion  of 
the  fluid,  the  remainder  agreed  exactly  with  the  theoiy  ; 
and  in  that  of  the  greater  velocities  tliere  is  a  devia- 
tion, arising  from  the  inertia  of  the  fluid  which  accu- 
mulates in  front,  and  is  rarefied  or  depressed  behind 
the  body. 

Whenever  a  body  is  moved  through  a  fluid,  such  as 
water,  a  force  is  required  to  overcome  the  resistance 
thereof  The  same,  or  a  similar  force,  is  required  to 
retain  a  body  at  rest,  which  floats  in  a  fluid  in  motion ; 
in  either  case  the  fluid  h>;aps  up  or  accumulates  in  front 
of  the  floating  body,  until  the  increasing  pressure,  in  all 
directions,  produced  by  this  accumulation,  is  sufficient 
to  remove  sideways  that  portion  of  the  fluid  intercepted 
by  the  floating  body,  and  which  afterwards  falls  into  the 
general  current.     The  effect  of  this  accumulation  on  the 


prow  of  the  vessel  has,  by  writers  on  this  subject,  been 
called  the  /ilus  pressure.  Again,  the  fluid,  after  passing, 
will  require  some  time  and  force  to  fail  in  towards  the 
after  part,  or  stem  of  the  floating  body  ;  this  deflec- 
tion is  also  caused  by  some  force  or  hydrostatic  pressure, 
viz.  by  the  water  at  the  stem  being  somewhat  below  the 
level  of  the  passing  stream.  A  portion  of  the  stem, 
therefore,  is  not  pressed  upon  by  the  same  force  as  the 
bow,  even  reckoned  from  the  general  level  of  the  stream, 
and  independently  of  the  accumulation  at  the  bow  ;  and, 
therefore,  this  depression  increases  the  power  or  resist- 
ance of  the  fluid,  by  a  quaniity  whicli  has  been  called  the 
minus  pressure,  or  stem  resistance.  Lastly,  the  fluid,  in 
passing  along  the  side  of  the  floating  body,  is  subjected 
to  a  certain  degree  of  adhesion  or  friction,  which  in- 
creases with  the  extent  of  surface. 

2.  The  resistance  is  nearly  as  the  square,  but  appa- 
rently increases  a  little  faster.  According  to  Borda's 
experiments,  the  resistance  to  the  surface  of 


Batio  of  Theory 

to  experimemt. 

3'  or    9  inches,  being 

9 

4'  or  16  do.  was 

-       17.535 

1.096 

6'  or  36  do.  do. 

-       42.750 

1.168 

9^  or  81  do.  do. 

-     104.737 

1.294 

In  larger  surfaces,  the  deviation  is  probably  much 
greater,  as  the  smaller  affords  greater  facility  of  escape. 
The  only  two  fluids  of  different  densities  we  have  to  do 
with,  being  air  and  water,  we  may  restrict  our  inquiry 
into  the  actual  resistance  to  them  alone.  The  resistance 
of  a  square  foot  of  air,  moving  with  the  velocity  of  one 
foot  per  second,  appears  from  the  experiments  of  Mr. 
Robins, 


On  16  inches  to  be 
Borda  16  inches 
Do.  81  do. 


.001596  lbs. 

.001757 

.002042 


With  respect  to  water,  Bouguer  has  calculated  that 
the  impulse  of  sea  water  one  foot  per  second  is  23  oz. 
on  a  square  foot  French  measure,  and  that  of  wind  is 
the  same  when  blowing  24  feet  per  second,  the  density 
of  air  would  rather  give  us  V900— 30  feet.  The  expe- 
riments of  the  French  Academy  make  the  resistance  to 
a  square  foot  moving  2  56  feet  per  second,  to  be  7  625  lb. 
or  in  English  measures,  1.136  square  foot  moving  2.7263 
feet  per  second,  gives  a  resistance  8.234  lb.  avoirdupois, 
which  is  nearly  the  weight  of  a  column  of  water  of  this 
base,  having  its  height  equal  to  the  fall  necessary  for 
communicating  this  velocity,  and  only  the  half  of  the 
resistance  assigned  by  the  Newtonian  theory.  If  wc 
calculate  from  the  last  number,  the  impulse  on  one 
square  foot  moving  one  foot  per  second,  we  have  0.973  lb. 
avoirdupois.  A  good  deal,  however,  depends  on  the 
form  and  situation  of  the  adjoining  parts.  The  expe- 
riments of  the  Academy  were  made  on  a  prism  or  bo.'c 
of  two  feet  square,  and  four  feet  long.  The  resistance  on 
a  thin  board  of  the  size  of  the  end  of  this  box  would 
have  been  greater.  Thus,  according  to  Buai,  the  re- 
sistance on  a  square  foot  wholly  immersed  in  a  stream 
was, 

A  square  foot  as  a  thin  plate  -  =1.81  lb. 

Do.  as  the  front  of  a  box  one  foot  long,  ^1.42 

Do.  as  do.  three  feet  long,  =1.29 

Sea  water  about    '    greater. 

The  resistance  to  sailing  vessels  is  therefore  consider- 
3  Z  : 
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ably  less  \n  ihc  iJii'ccliun  of  tlicir  kii^ih  tlian  in  that  of 
their  breadth  upou  ci|ual  portions  of  surface,  while  the 
resistance  to  their  surface  of  a  sail  or  an  oar  is  the  greatest 
possible.     Both  these  properties  are  favourable. 

We  shall,  therefore,  assume  in  our  investigation,  that 
the  resistance  of  water  in  sailing  vessels  is  about  1^  lb. 
per  square  foot,  moving  with  a  velocity  of  one  foot  per 
second,  and  that  the  impulse  on  a  sail  is  .002  lb.  or 
.j^lb.  for  the  same  surface  and  velocity;  proportions 
not  very  tlislatit  from  that  of  their  relative  densities, 
when  modified  as  above  mentioned. 

Or,  if  we  calculate  the  rcsistunce  for  a  velocity  of  one 
nautic  mile  per  hour,  we  have  air  per  square  foot  .005  lb. 
water  per  square  foot  4.17  lb.  being  nearly  the  rates  as- 
signed by  Mr.  Rouse. 

But  we  seldom  make  the  bows  of  our  vessels  square, 
and  most  frequently  place  our  sails  obliquely.  Theory 
here  appears  to  differ  widely  from  experiments.  The 
best  experiments  hitherto  made  in  this  department  of 
our  subject  are  those  of  the  French  Academy. 

A  bos  of  three  feet  square  and  4  long  was  made  and 
fitted  with  prows  of  a  wedge-like  form,  the  angles  of 
which  varied  by  12°  in  each  set  of  experiments  from 
12°  to  180°,  so  that  the  angles  of  incidence  varied  6° 
from  each  other.  These  boxes  being  immersed  two  feet 
in  a  large  basin  of  water,  were  drawn  obliquely  by  a 
line  and  weights,  the  motion  after  a  little  time  becoming 
very  uniform.  The  time  of  passing  over  96  French  feet 
was  then  carefully  noted,  and  the  resistance  calculated 
from  the  weight  employed,  after  deducting  a  certain 
quantity  for  friction  and  the  accumulation  of  water  on  the 
r^nterior  surface.  The  following  Table  exhibits  the  re- 
sult of  these  experiments.  Where  col.  1st,  Is  the  angle 
of  the  prow  ;  cul.  2d,  The  angle  of  incidence  ;  col.  3d, 
The  obsetved  resistance;  col.  4th,  The  resistance  cal- 
culated from  No.  1,  as  the  squares  of  the  sines  of  in- 
cidence; col.  5th,  The  same  reduced  as  the  sines  of  in- 
cidence only. 


Angle  at 

Angle  of 

Impulse 

Square  ot 

Prow. 

Inciilence. 

obierved. 

Sine. 

sine  only. 

Feet. 

90° 

1000 

1000 

1000 

168 

84 

989 

989 

995 

156 

78 

958 

957 

978 

144 

72 

908 

905 

951 

132 

66 

845 

835 

914 

120 

60 

771 

750 

866 

108 

54 

693 

655 

809 

96 

48 

615 

552 

743 

84 

42 

543 

448 

669 

72 

36 

480 

346 

587 

1      60 

30 

440 

250 

500 

1       48 

24 

424 

165 

407 

36 

18 

414 

96 

309 

i       24 

12 

406 

43 

208 

12 

6 

400 

11 

105 

1 

2 

3 

4 

5 

The  error  of  the  theory  is  as  important  in  the  action 
on  sails;  for  the  experiments  of  Borda  and  Robins  on 
the  oblique  impulse  of  air  are  very  conformable  to  those 
of  the  academicians  on  water;  and  the  neat  experiments 
of  the  Society  for  Naval  Architecture  exhibit  similar 
results.  We  may,  therefore,  observe,  that  the  oblique 
impulse  of  the  wind  is  much  more  efficacious  in  pre- 
serving the  ship  in  the  direction  of  the  course  than  they 
rouUl  suppose ;  and,  in  the  same  manner,  the  oblique 


action  of  the  water  is  more  efficacious  in  resisting  lee- 
way. 

From  the  experiments  of  the  Society  for  the  Im- 
provement of  Naval  Architecture,  it  would  appear  that 
in  the  ordinary  velocities  the  total  resistance  of  sharp- 
ended  vessels  is  little  more  than  one-third  of  those  with 
square  ends.  The  impulsion  of  the  wind,  therefore, 
being  at  the  same  time  more,  we  are  justified  at  least  in 
calculating  for  velocities  of  five  miles  per  hour  or  up- 
wards, in  assuming  a  pressure  of  only  i  lb.  per  square 
foot  of  the  cross  section  the  of  vessel  for  one  foot  per 
second. 

Power  of  Sails. 

From  these  data,  we  may  now  proceed  to  calculate  the 
rate  at  which  a  vessel  may  pass  through  the  water,  her 
own  dimensions,  and  those  of  her  sails  being  given. 

Case  I.     T/ie  Shift  sailing  before  the  Wind. 

Take  b  the  breadth,  d  the  draft  of  water,  a  the  area 
of  the  sail,/2^:the  pressure  of  the  wind  at  one  foot  per 
second,  q  the  pressure  of  water  at  ditto  in  one  square 
foot;  then  iu  being  the  velocity  of  the  wind, -y  of  the 
ship  through  the  water. 

As  the  ship  is  sailing  before  the  wind  we  havea> — -u, 
the  velocity  of  wind  in  the  sails,  (to  —  ■u)^/'  a  the  im- 
pulse of  the  wind  on  the  sails,  b  d  q  v'  that  of  the  water 
on  the  siiip;  and  by  equating  these,  as  will  be  the  case 
when  the  vessel  has  acquired  uniform  motion. 


Qw  —  vY  fi  a-^.b  d  q  v^  ;  and  (w  —  x')*z: -v'^. 

=  ^+Vl^=('+yi7^)-'^he  wind 


Whence  to 
required 


1 


a  fi 


the  rate  of  sailing. 


Example.  A  vessel  of  12  feet  beam,  and  40  inches 
draft,  is  used  on  the  Loire,  carrying  a  sail  of  20  yards 
high,  and  9  yards  wide. 

and  /iZr.002;  then 


Here  b  r/  =  40,  az:  1620,  j  =  |, 
q 1  .      Ibdq  I  40 


^ ,  and 

.004 


lb_dq_    I 

\    a  fi  "v 


1 


1620  X  .004       1-273 


/  I      \  2-273 

Wherefore  to~    1-f.  „,„    x*  IZ— — r-x' ZI  1"8  zi  nearly; 
\        1.273/  1-263  •*  ' 

that  is  to  say,  the  wind  must  be  l-^\,  or  ntarly  twice  the 
velocity  of  the  sliip;  so  that  with  a  brisk  gale  of  18 
miles  an  hour  this  vessel  might  pass  through  the  water 
at  the  rate  of  10  miles,  and  would  ascend  the  river  at 
all  times  when  the  current  was  less  than  that  velocity. 
Considerable  deduction  must,  however,  be  made  from 
such  calculation.  The  resistance  is  taken  at  the  smallest 
possible,  both  by  supposing  the  shape  of  the  vessel  to  be 
most  favourable,  and  the  fluid  pervaded  to  be  perfectly 
free.  When  the  latter  is  confined  in  space,  as  in  the 
bed  of  canals,  or  near  the  side  of  shallow  rivers,  the  re- 
sistance is  at  least  doubled.  Taking  then  9  at  its  first 
determination,  viz.  1^  lb.  we  would  find 

lb  dq  __  I     40Xl|    __    I   1  _  1 
V   «/}   ~N  1620-f  .OOS—V  ,52~"-721 
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and  the  value  of  w— -;^~2'4  nearly;  ihat  is  to  say, 

the  wind  must  be  2i  times  the  velocity  of  a  square-end- 
ed vessel  in  open  water;  and  with  a  gale  of  18  miles  an 
hour,  the  vessel  would  make  way  at  the  rate  of  7  miles. 
In  a  confined  channel,  according  to  the  experiments  of 
Bossut,  the  resistance  9  is  as  high  as  2^  lb.  at  which  rate 

Ibd  q  /     40x2i  /    1     _,, 

we  have  / ^~    / — zr»/ — Unear- 

V   afi         y/   1620  x002        V  -347         ^ 

ly;  and  to~2.7  v,  or  the  wind  must  be  2^^  times  the 
velocity  of  the  vessel  in  a  confined  channel ;  so  that  with 
a  gale  of  18  miles  the  vessel  would  make  way  at  the 
rate  of  6§  miles. 

It  is  in  few  livers,  however,  that  sails  of  this  magni- 
tude can  be  carried. 

CASE  II. 

As  to  the  motion  of  a  vessel  in  a  side  wind,  the  pro- 
blem is  somewhat  more  complicated.  At  present  we 
can  only  view  it  in  the  simpl-st  form,  reserving  the 
farther  detail  to  the  article  Seamanship. 

Suppose  AB  (Plate  CCCCVIII.  fig.  2.)  the  ship's 
keel,  C  the  centre  of  the  mast,  DH  the  yard  trimmed 
square,  WC  the  direction  and  velocity  of  the  wind,  and 
CE  the  velocity  ofcheship.  Thus  relatively  to  the  ship 
the  direction  of  the  wind  on  the  sail  will  be  in  the  diago- 
nal yC,  and  C/  will  be  the  direction  of  her  vane  when 
in  motion,  though  C^  will  be  its  direction  when  at  rest. 
This  apparent  change  or  heading  of  the  wind  when  a 
ship  is  in  motion,  is  familiar  to  seamen.  Now  since  the 
wind  !/C  acts  obliquely  on  the  sail  DH,  we  must  reduce 
its  diiect  impulse  in  the  ratio  of  the  square  of  the  sine  of 
obliquity;  pr  draw  HK  parallel  to  yC,  the  perpendicular 
DK  represents  the  number  of  particles  intercepted  by 
the  sail's  surface  HD  ;  and  their  perpendicular  action  on 
the  sail,  by  drawing  the  perpendicular  LL,  will  be  re- 
presented by  DL.  The  other  portion  of  that  force  act- 
ing parallel  to  the  face  of  the  sail,  and  perpendicular  to 
the  keel,  can  have  no  effect  on  the  progresaive  motion  of 
the  ship,  except  in  so  far  as  its  friction,  or  the  bagging 
of  the  sail,  may  tend  to  cairy  the  ship  to  leeward;  a 
force  which  we  do  not  at  present  consider,  looking  on 
the  surface  of  the  sail  merely  as  a  plane.  Draw  the 
perpendicular  yG,  then  CG  is  the  sine  of  obliquity  yCH, 
and  the  impression  yC  is  as  the  square  of  CG 

Now  adopting  the  former  notation,  we  have  CEziv, 
WC  —TO,  EGrzTO,  sine  GyE:^  sine  WCH,  and  CG  zz 
EG — EC  —  TO  (sine  WCH  —  v),  and  since  the  impulse 
will  be  — a/i  (to  sine  WCH  —  vy,  where  a  is  the  area 
of  the  sail,  audfi  the  impulse  on  a  square  foot  as  before. 

Now  equating  as  before, 

a /i  (to  sin.  WCH  —  v)'^  ZI  4  ci 


9  ■yS 


and  TO  sin.  WCHzr/l  +  J''lJ-\v, 
,_  '*'      a/i 


Where  to: 


sin.     WCH 
TO  sin.   WCH 


X  V, 


J  + 


y 


bd  cj 


which  is  precisely  the  former  result  reduced  by  Ihc  sine 
of  obliquity  of  the  wind. 


Example.  Suppose  the  wind  is  30°  behind  the  beam, 
or  WCH  n  30°,  then,  since  the  sine  of  30°  is  \,  we  have 
in  the  former  example  the  velocities  of  the  ship  half  of 
those  with  a  fair  wmd,  viz.  in  the  first  supposition  ZZ  5 
miles,  in  the  second  3}  miles,  with  a  brisk  gale  of  18 
miles  per  hour. 

In  either  of  these  cases,  it  may  be  perceived  that  the 
co-efficient  oft;  being  constant,  to  and  -v  are  proportional 
to  each  other,  that  is,  the  velocity  of  the  ship  with  the 
same  sail  is  proportional  to  the  velocity  of  the  wind.  But 
b  d  expressing  the  area  of  the  sail,  being  under  the  radi- 
cal sign,  the  velocity  of  the  ship,  the  wind  being  equal, 
will  be  only  as  the  square  root  of  the  area  of  the  sail,  so 
that  to  procure  a  double  velocity  four  times  the  sail  is 
required. 

CASE  III. 

But  it  is  not  usual  to  keep  the  vessel  with  the  yards 
square  when  the  wind  is  oblique  to  the  course  ;  a  con- 
siderable portion  of  the  wind  that  might  be  intercepted 
would  be  lost,  and,  if  the  wind  were  before  the  beam, 
the  sail  would  be  taken  aback.  Besides,  ships  exposing 
more  surface  of  sail  when  their  sides  are  to  the  wind,  are 
enabled  to  make  up  for  the  loss  of  power  occasioned  by 
the  obliquity  of  action. 

Let  the  sail  DH,  (Plate  CCCCVIII.  Fig.  3.)  of  the  ship 
AB  be  trimmed  obliquely.  It  is  evident,  in  the  first  place, 
that  since  the  impulse  of  xhe  wind  must  be  perpendicu- 
lar to  the  sail,  the  vessel  will  not  move  in  the  direction 
of  her  length  AB,  but  in  some  other  line  to  leeward  of 
it,  as  CE.  Her  head  therefore  must  be  kept  to  wind- 
ward of  her  intended  course.  The  amount  of  this  devi- 
ation, viz.  the  angle  BCE,  is  called  the  leeway.  If  the 
ship  were  a  round  tub,  so  as  to  be  equally  moveable  in 
all  directions,  and  fitted  with  a  mast  and  sail  in  her  cen- 
tre, it  is  clear  that,  if  prevented  from  turning  round,  she 
would  constantly  sail  in  the  line  CL,  jserpendicular  to  the 
yard.  But  from  her  construction  she  is  much  more  easily 
moveable  in  the  direction  of  her  length  than  her  breadth, 
and  her  course  will  therefore  be  somewhere  between 
CL  and  CB;  whatever  be  the  amount  of  the  impulse  on 
the  sail  in  the  direction  CL,  the  angle  of  leeway  BCE 
will  remain  the  same,  for  the  impulse  of  the  resisting  sur- 
faces will  still  be  proportional.  And  this  impulse  must 
be  in  the  direction  CL,  so  long  as  the  yard  remains  in 
the  same  trim,  whatever  be  the  direction  of  the  wind, 
consequently,  the  shape  of  the  vessel,  and  train  of  the 
sails  alone  are  what  determine  the  leeway,  (except  in  so 
far  as  the  wind  acts  on  the  hull  and  rigging),  which,  when 
the  quantity  of  sail  that  can  be  carried  is  small,  becomes 
a  very  important  part  of  the  whole  impelling  power. 
Therefore,  did  we  know  the  proportionate  resistance 
which  a  vessel  makes  to  longitudinal  and  transverse  mo- 
tion, we  might  calculate  the  leeway  lor  any  angle  of  im- 
pulse. But  in  the  small  obliquities  of  action  on  the  sides, 
the  resistance,  as  we  have  seen,  difters  so  much  from 
theory,  that  no  calculation  can  properly  be  formed.  Be- 
sides, in  common  vessels,  the  form  cannot  be  reduced  to 
an  equation,  and  the  surfaces  of  action  change  with  every 
variation  in  the  direction  of  the  impelling  power.  As 
matter  of  experiment,  it  is  known  that  a  good  sailing  ship, 
with  all  her  sails  in  action,  will  not  make  moiethan  from 
half  a  point  to  a  point  of  leeway,  that  is,  from  5  to  12  de- 
grees. The  amount  increases  as  slie  is  obliged  to  take 
in  her  sails,  and  in  the  shallow  vessels  employed  in  in- 
land navigation,  the  lateral  resistance  being  less  in  pro- 
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portion,  the  lec-way  must  in  general  be  greater.  Hence 
it  is  an  object  with  them  to  adopt  inventions  for  increas- 
ing the  lateral  resistance  without  diminishing  much  their 
direct  motion,  such  as  the  lee-boards  used  in  Holland, 
sliding  keels,  or  the  like.  But  leaving  this  at  present  to 
be  matter  of  experiment,  we  return  to  our  investigation 
of  the  action  of  the  wind  on  an  obliquely  trimmed  sail. 
In  the  last  figure,  therefore,  take  CE  to  represent  the 
motion  of  the  ship,  VVC  that  of  the  wind,  then  the  diago- 
nal t/C  will  be  the  relative  direction  and  force  of  the 
wind  on  the  sail  DH,  and  its  impulse,  as  in  the  former 
case,  will  be  represented  by  the  square  of  CG  ;  draw  the 
perpendiculars  mK,  WK;  then  because  of  parallels 
mC  =  GK  =  EC  X  sin.  ECH,  and  CK  —  CW  x  sin. 
WCH,  and  with  the  former  notation  EC  ~  v,  WC  i^  w  ; 
then  CG  =  CK  —  GK  =  w  sin.  WCH  —  v  sin.  ECH. 

And  the  impulse  on  the  sail  will  be 

a/i{w  sin.  WCH  —v  sin.  ECH)^. 

Now,  the  vessel  having  acquired  uniform  motion,  this 
impulse  will  be  equal  and  opposite  to  that  produced  by 
the  water  acting  on  the  side  of  the  ship  in  the  direction 
LC,  when  the  ship  is  moving  with  the  velocity  and  di- 
rection CE.  Let  CL  represent  this  impulse,  or  that  of 
the  wind  on  the  sail,  and  reduce  it  into  CM  and  ML,  of 
which  CM  will  represent  the  impulse  in  the  line  of  the 
ship's  length,  and  ML  perpendicular  thereto,  that  in  the 
direction  of  the  breadth,  when  she  is  sailing  with  the  lee- 
way BCE,  the  surface  or  side  of  the  ship  exposed^to  the 
action  of  the  water  in  the  direction  CL;  then  9  s  is  the 
impulse  of  the  water, 

and  o  /8  (w  sin.  WCH  —  v  sin.  ECH)^  :=g  s-v^ 
w,sin.WCH=v  (sin.  ECH-f  ^^-^^ 


and  IV.  ^iv  I 


sin.  ECH  +     /'7  *  \ 

___y_ZK  ) 

sin.  WCH/ 


01 


■,n:v::  [sin.  ECH  -f  JYt)  •  sin.  WCH. 


Where  note,  that  by  diminishing  ECH,  that  is,  trim- 
niing  sharp,  and  enlarging  a  the  quantity  of  sail  in  pro- 
portion to  s  the  siJe  exposed  to  the  water,  the  third 
term  of  this  proportion  may  be  greater  than  the  fourth, 
and  therefore  the  velocity  of  the  ship  exceeds  that  of 
the  wind. 

It  would  be  foreign  to  our  purpose  to  pursue  this  inves- 
tigation farther  at  present.  We  therefore  shall  now  pro- 
ceed to  the  modes  of  impulsion  on  which  the  reaction  of 
the  water  has  been  employed  to  move  the  vessel. 

Power  of  Oars. 

When  the  oar  is  employed  in  navigation,  the  mode  of 
calculating  the  power  is  not  so  simple  as  some  authors 
have  imagined.  It  is  usually  said  to  be  a  case  of  the  ap- 
plication of  the  lever,  from  which,  however,  it  differs  in 
many  paiticulars.  The  fulcrum,  if  the  gunnel  betaken 
as  such,  is  moveable,  the  power  itself  moves  with  the 
vessel,  and  the  water  affords  no  fixed  point  of  resistance. 
Bouguer,  in  his  treatise  on  the  construction  of  vessels, 
has  discussed  the  subject  but  imperfectly,  as  is  properly 
observed  by  Euler,  who,  in  a  Memoire  aur  la  force  des 
Ramea.  Acad.  Berl.  1747,  has  given  a  complete  solution 
of  the  problem.     The  memoir,  however,  of  Euler,  is  too 


diffuse  to  be  introduced  here,  and,  as  he  himself  has  found 
necessary  to  omit  various  parts  of  his  general  solution  in 
applying  it  to  practice,  we  believe  it  will  be  better  to 
give  here  a  more  simple  view  of  the  subject,  which  will 
at  the  same  time  be  sufficiently  correct  for  every  useful 
purpose.  In  the  boat  AB,  (Plate  CCCCVIII.  Fig.  4.)  lei 
the  oar  EF  be  supposed  to  work  in  the  rowlock  C,  from 
the  position  ECF  to  the  position  ^•CA,  and  rejecting  the 
slight  elevation  from  parallelism,  which  is  produced 
during  the  action  of  the  oar,  we  shall  suppose  E^  and 
hV  to  be  straight  lines,  parallel  to  the  keel  AB  :  of  these 
E^-  represents  the  path  of  the  point  where  the  hand  is  ap- 
plied, and  AF  in  like  manner  the  path  of  the  centre  of  the 
percussion  of  the  oar's  blade. 

Now,  since  the  action  or  impulse  on  the  oar  and  on  the 
vessel  will  be  the  same,  whether  the  boat  advances 
through  the  water,  or  be  kept  at  rest  in  a  stream,  which 
proceeds  with  equal  velocity  in  the  opposite  direction, 
let  C  e  be  the  space  through  which  the  boat  passes, 
while  the  oar  describes  the  angle  F  C/;,  then  by  draw- 
ing/iey  through  e,  parallel  to  GC/(,  it  will  exhibit  the 
position  of  the  ours  at  the  coiickiaion  of  the  stroke,  and 
F7  will  be  the  space  through  which  the  oar  actually 
passes  in  the  water. 

Tiien,  if  the  relative  velocity  of  the  point  F  parallel 
to  the  vessel  be  express  ri  by  to,  that  of  the  vessel  by 
T),  the  actual  velocity  of  the  point  F  through  the  water 
will  be  w  —  v^  and  the  resistance  of  the  oar  will  be  pro- 
portional to  (to  —  v)^.  Let  the  surface  of  the  oar  blades 
=  s,  and  kt  rn^  s  Ix.  the  surface  of  the  boat's  bow,  or 
rather  the  plane  which  undergoes  an  equal  resistance 
with  the  vessel.  Also  Itl  {i  ^:  the  impulse  of  water  on 
a  square  loot  of  oar  moving  one  foot  per  second,  and 
r'^Ji  the  inipulse  on  an  equal  portion  of  the  bow,  or 
equivalent  plane,  whence  r'^mP-  will  express  the  quo- 
tient of  the  resistance  of  the  bow  to  (he  water,  divided 
by  the  resistance  of  the  water  to  all  the  oars  moving  with 
equal  velocily. 

We  shall  then  have  the  impulse  of  all  the  oars  as  the 
square  of  their  velocily  through  the  water  (^to  —  -vy-sp^ 
and  the  resistance  of  the  vessel  ZZ  m'^  sv'^rfi.  Where- 
fore, by  equating  these,  as  will  be  the  case  when  the  boat 
moves  with  uniform  velncity. 

(to  —  vY  —r^m^v^,  and  w  —  v  ^rmv, 

*    TO 

Also  (r  m  -4^  0  i*  :z  to,  or  t  n r 

^  '  rm-\- 

Also  v.  W^.  \  :  r  7n  -\-  1  :3  C  e  :  F  A  ~  C  0  :  CF, 
and  V  :  IV  —  v  :  IrmzirCeri^Fy  —  Co:oF. 
As  an  example,  suppose  the  resistance  on  oars  per 
foot  three  times  the  resistance  on  the   vessel's  bow,  or 
r~  =  -1,  also  that  the  surface  of  the  oars  be  only    one- 
third  of  that  of  the  bow,  then  m^  ^  3,  and  rm^  1. 

TO  .  . 

AlsO|  V  ~  — ,  that  IS,  the  velocity  of  the  vessel  relative 

to  the  water,  will  be  one-half  that  of  the  velocity  of  the 
oar's  blade  relatively  to  the  vessel.  The  first  of  these 
positions  agrees  nearly  with  experiment,  for,  by  making 
the  oar  thin  and  broad,  iis  resistance/;  will  be  nearly 
1  J  lb.  per  foot,  whereas,  in  the  sharp  bow  of  a  vessel,  we 
have  seen  the  resistance  will  not  exceed  ^  lb.  per  foot  of 
the  base  or  transverse  section.  But,  in  common  rowing, 
this  advantage  is  nearly  counterbalanced  by  the  circum- 
stance of  the  oar  only  acting  for  about  one-third  of  the 
time  required  for  making  the  stroke.  In  such  cases, 
therefore,  if  we  suppose  r~  ^  i,  we  must  reckon  only 
one-third  of  the  number  of  oars  employed,  and  on  this 
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last  example,  we  would  have  the  entire  surface  of  oar- 
blades  equal  to  that  of  the  bow,  ere  the  above  velocities 
would  be  obtained.  In  that  case,  the  surface  of  the  oar  in 
constant  action  would  be  only  one  third  of  the  bow  of  the 
vessel,  and  therefore  to^  =  3  ;  or,  we  may  suppose  v'''=zl, 
and  reckon  all  the  oars,  we  would  have  then  m"  ~  1 — -v 

=  7t». 

Now  suppose  the  surface  of  the  oar-blade  increased  to 
four  times  ihe  bow,  or  m~^  ^,  m^  j,  also  r*  ^1,  then 

v^ —  =§  w ;  and  if  m^^^'^,  or  m::^^,  then  t)~ — ~yTO 

with  oars  of  36  times  the  surface  of  the  bow. 

Whence  we  see,  that  the  velocity  of  the  ship  increases 
with  the  magnitude  of  the  oars  in  comparison  of  her  bow, 
but  not  in  ihe  same  proportion  ;  since  quadrupling  the 
oars  of  the  first  example  increases  the  velocity  only  -J,  and 
increasing  thai  again  ninefold  only  adds  j\,  or  hardly 
one- fifth. 

2d,  If  we  increase  the  velocity  w  without  altering  the 
po^ve^,  we  must  diminish  the  oar. 

Let  v/^.1,  and  m^zz  1,  then  v  = z;  J 

2 


the  ship,  the  reaction  of  their  feet  tends  to  drive  the  vessel 
backwards,  and  will  be  equal  to  the  impulse  which  is 
applied  to  the  handle.  But  this  reaction  acting  on  the 
oar  at  C,  will  be  balanced  by  «n  increase  of  force  in  E, 
aso  i!,  :  oC:^t  -\-  V  -.v;  therefore,  taking  the  whole  im- 
pulse on  the  handle ~ .r ,  we  have  x  x  E  o'^x  X  cz^x 


w  ~  2,  and  m^  —  4,  then  v  ^ ~-? 

2-1-1   ' 
3 
w  rr  3,  and  m^  ZZ  9,  then  v  zz ZZ  i 

3-)-  1 

71;=  10,  and  m-ZZ.  100,  then-y  ^:  — 


1 1' 


10-1-1 

Whence,  in  general,  since  the  power  applied  will  bear 
the  square  of  the  oar's  velocity,  and  inversely  as  its  size; 
therefore,  with  equal  powers,  the  oar's  size  must  be  in- 
versely as  the  square  of  the  velocity  ;  and,  in  that  case, 
the  velocity  of  the  ship  will  increase,  by  diminishing  the 
oar  as  far  as  possible,  and  increasing  the  velocity  accord- 
ingly. Long  light  oars,  therefore,  wiiliout  the  vessel, 
are  best,  in  opposition  to  the  conclusions  of  Bouguer  and 
others. 

Our  next  enquiry  is  to  the  application  of  the  powers 
used  to  the  handle  of  the  oar. 

Let /i  =  the  distance  from  the  handle  of  the  oar  to 
the  rowlock,  or  EC,  and  nh  =  the  distance  CF  from  the 
rowlock  10  the  centre  of  the  blade. 

Then,  since  v:w::Co:  CF  =  1  :  r  m  -\-  1, 
And,  CF  :  CE  =nA  :  A  =  n  :  1. 

Therefore,  Co:CE  —  n:rOT-|-  I  ^v:  t  the  velocity 
of  the  handle  within  the  boat,  the  actual  velocity  being 
»%Aa-{-aF.^t-\-v. 

n,,      ■                rm  -f-  I        ,  t  n 

1  hat  IS  i  ~  •u  ,  and  v  ~- 


r  7/1  4- 1 


And  / 1^ — ,  W^  n  t. 
n 

Again,  as  to  the  power  applied  at  the  handle,  s  fi  be- 
ing the  suiface  of  one  oar  {iv — vY  a  p.  is  its  resistance, 
and  will  be  to  the  impulse  on  the  handle  as  r  -f  x> :  iu — v 
■ZZS^ti  :  F  9=E  0  :  0  F. 

Oi    since  TO — vz^rm-v,  the  impulse  of  the  handle  is 

{rmvY  sfi         {r  mvY  a  fi 
~ or 


Since  t  t=-u 


r  m  4-  1 


said  will  be  = 


■v^  r3  m^  n  s  fi 


n+r  m  -}-  1 
But  again,  as  rowing  is  performed  by  persons  within 


xCo-fyxEo,  orx  = 


9X  E  0  Eo t -Y  V 


E  0 — C  0 


qx 


"Ec-^- 


t     ^         \      ^rm-\-\l^         \      r  in  +    \       } 


■  m  -^  I  -{-  71   /  rm-)-l 

For  an  example,  take  the  galley  mentioned  by  D.  Ber- 
noulli, which  had  260  oars  of  half  a  square  foot  each, 
and  the  distance  of  the  handle  and  blade  from  the  row- 
lock were  as  1  to  2.  This  galley,  by  its  oars,  rows  7^ 
feet  per  second,  and  by  the  weight  of  a  cubic  foot  of  wa- 
ter, it  was  moved  2  feet  per  second. 

Now,  taking  the  weight  of  a  cubic  foot  of  water,  which 
produces  the  velocity  of  two  feet,  as  being  equal  to  641b, 
we  have  the  impulse  on  the  bow  at  one  foot  per  second, 
equal  to  one-fourth  of  this,  viz.  161b.  also  of  the  260  row- 
ers, only  one-third,  or  86,  could  act  at  once  on  the  sur- 
face, equal  43  square  feet;  and  the  impulse  on  this  at 

l|.  lbs.  is  64  lbs.  nearly  ;  wherefore,  r^  m^  ^ — ^i)0rr 


or  by  reduction  the  impulse  afore- 


64 


nt  ■^,  — — ,  n  ^  2,  and  v  ^  7.2  feet. 


Therefore,  to  find  the  velocity  of  the  handle  within 

the  galley,  i=-vl i^— 1=7.2  X -r^=  5.4,  five  and  a 

half  feet  nearly. 

Also  a>  — 1),  or  the  velocity  of  the  blade  through  the 
water,  is  equal  to  10.8 — 7.2—3.6  feet  only,  or  to — xi^Jx;. 

The  impulse  of  the  blade  of  one  oar  is  equal  to 
(3.6)^  X  4X  li  lbs.  =  9.72  lbs. 

The  actual  velocity  of  the  handles  is  equal  to  f  -(-  7)  — 
7.2  X  5.4=  12.6  feet. 

And  the  actual  force  applied  to  the  handles  :::  or  :^ 

■yV3m3,i«/i_(7»)^-f-lx2xilbs.       51.84 

— ; — ^ ^6.48  lbs. 

rm-fl  i-l-l  8 

Also  in  this  case  E  C  :  C  0  :  :  3  :  4,  and  C  0  :  0  F  :  :  4  :  2. 

So  that  four-sevenths  of  the  force  is  employed  in  over- 
coming the  reaction  of  the  rowers,, and  only  2,776  lbs. 
employed  in  overcoming  the  resistance  of  the  water; 
but  then  this  2.776  lbs.  is  enabled  to  act  with  a  propor- 
tionally greater  velocity,  viz.  12.6  feet,  while  the  appa- 
rent power  is  6.48  lbs.  moving  5.4  feet. 

Observe,  that  besides  the  above,  a  considerable  force 
is  employed  in  overcoming  the  inertia  of  the  oar,  and  in 
making  the  returning  strokes. 

These  forces  may  be  calculated  on  similar  principles, 
but  it  would  extend  our  investigation  too  far.  In  the 
above  example,  the  circular  velocity  of  the  blade  being  to, 
its  actual  velocity  in  the  returning  stroke  would  be  equal 
to  TO  -I-  -u,  or  10.8  -f  7.2=  18  feet  per  second,  and  the 

resistance  of  the  air  being lbs.  at  one  foot  per  se- 
cond, that  of  260  oars,  or  43  feet  at  a  time,  would  be 
182  X  43       13932 
— rrr — =    .       =27.864  lbs.  constantly  acting,  which 

is  nearly  as  much  as  the  direct  impulse  on  three  of  the 
oars  during  the  stroke.    Hence  the  utility  of  feathering 
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the  oars,  by  wliich  the  surl'acc  of  the  oar  blade,  being  re- 
duced to  one-third  at  least,  and  that  acting,  from  the 
shape  of  the  oar  edgeway,  in  the  most  favourable  man- 
ner, the  impulse  on  it  will  not  exceed  an  half  of  the 

former,  or——-  lb.  per  foot,  whence  the  whole  reaction 
1000        '^ 

from  the  oar  during  the  returning  stroI<e  will  not  ex- 
exceed  — ^ — ,  or  4.64  lbs.  not  half  the  effect  of  one  oar 
6 

during  the  direct  stroke.  The  efl'ect  of  feathering  is 
still  more  important  when  going  against  tlic  wind,  since 
against  a  gentle  breeze  of  12  miles  an  hour,  the  above 
reactions  would  be  quadrupled. 

The  investigation  of  the  power  of  oars  has  become 
the  more  important,  since  the  application  of  steam-en- 
gines to  the  propelling  of  vessels,  by  which  discovery 
hiany  of  the  inconveniences  of  open  rowers  are  likely  to 
be  removed,  and  a  new  field  opened  for  the  extension  of 
inland  navigation.  The  usual  mode  of  applying  this 
])owcr  has  been  by  means  of  the  paddle,  which  is  a  se- 
ries of  revolving  oars  on  one  axis.  This  possesses  the 
great  advantage  of  admiuing  safely  of  any  increase  of 
velocity,  without  endangering  the  connection  of  their 
pans;  on  the  otiier  hand,  an  alternate  motion  can  hardly 
be  produced  of  sufficient  rapidity,  which  would  not  have 
the  effect  of  sliaking  itself  to  pieces.  We  have  seen 
that  the  increase  of  velocity  in  the  oar  is  of  great  im- 
portance, even  where  the  power  is  the  same.  The 
points  liable  to  injury  are  also  greatly  diminished.  This 
increase  of  velocity  is  not  limited  as  in  the  common  oar, 
where  the  application  of  human  power,  and  the  diffi- 
culty of  quick  repercussion,  oblige  us,  where  great  ve- 
locity is  wanted,  to  have  recourse  to  oars  of  great  length, 
for  the  revolution  of  the  paddle  wheel  may  be  made 
as  rapid  as  we  please,  as  its  diameter  may  be  increased 
in  any  degree  ;  by  which  last  means  the  loss  arising  from 
the  obliquity  of  action  at  the  beginning  and  end  of  the 
stroke  may  be  lessened,  and  the  effect  of  backwater  on 
the  wheel  diminished  by  the  increased  centrifugal  force 
communicated  to  the  water.  Here,  therefore,  is  a  rich 
field  for  the  investigation  of  the  mechanical  philosopher, 
or  scientific  engineer,  but  one  which  we  cannot  at  pre- 
sent enter  far  into. 

It  is  obvious,  that,  though  velocity  in  the  propeller  or 
oar  be  desirable,  that  it  has  its  limits;  for,  in  the  first 
place,  time  must  be  given  for  the  water  to  fall  in  after 
the  oar  or  paddle,  ere  a  new  stroke  be  given,  and  there- 
fore the  paddles  or  oars  should  be  as  few  as  possible. 
They  cannot  be  fewer  than  one  ;  but  probably  two  may 
be  found  most  advantageous.  A  propeller  of  great  radius 
will  also  be  found  inconvenient,  in  occupying  too  much 
space.  The  water  should  enter  and  be  dischaiged  from 
the  paddle,  as  nearly  as  possible,  in  the  tangent  to  the 
circle  ;  and  where  waves  occur,  they  should  be  prevent- 
ed from  rising  against,  and  burying  the  paddle.  Where 
the  vessel  works  with  sails  and  paddles,  the  means  of 
equalizing  the  action  of  these  last,  as  the  vessel  heels, 
must  be  employed.  For,  in  heavy  gales  of  contrary 
wind,  the  machinery  will  hardly  be  able  to  pull  the  ves- 
sel against  it,  and  the  mode  of  beating  to  windward  with 
sails  will  be  found  of  great  importance.  The  propellers 
will  destroy  the  leeway  ;  and  we  know,  that  if  the  vessel 
can  carry  sail,  she  may,  in  such  cases,  run  on  the  ob- 
lique course  with  a  greater  velocity  than  that  of  the 
wind. 


Example  of  the  Power  of  a.  Steam  Vessel. 

This  vessel  is  built  sharp,  of  18  feet  beam,  and  nine 
feet  draft,  exposing,  therefore,  about  80  square  feet  of 
bow,  which,  at  half  a  pound  per  foot,  is  forty  pounds 
pressure. 

Her  paddle  wheels  have  six  propellers,  of  4  feet  by 

2,  and  reckoning  one  of  these  paddle  boards  in  constant 

action  on  each    side,    we    have   16  square  feet  of  oar, 

which,  at  a  pound  and  a  half  per  foot,  is  equal  to  24 

pounds. 

40 
Therefore,  r^  w' ^:  — ,  and  m  r  zi  y  1.65 :z:  1.29. 

Now,  the  mean  circle  of  the  paddle  wheel  is  eight  feel 
in  diameter,  or  circumference  equal  to  25,  and,  wbem 
working  at  her  speed,  makes  30  revolutions  per  minute, 
or  12J  feet  per  second  zZ7y. 

AVherefore,  v  = Vt-=^;— ^— 5-46  feet  per  second, 

rm-{-\        2.29  '  ' 

or  about  3^  miles  per  hour,  for  the  velocity  of  the  ship. 

Now,  suppose  the  paddle  reduced  to  l-4ih,  by  making 
them  only  half  the  number  and  half  the  size,  but  their 
velocity  doubled,  wliich  may  be  done  by  the  same  power, 

AV'e  have  one  paddle  of  2x2  ZI 4,  and  in  the  two 
wheels  only  one  si'.ch  paddle  at  once,  or  4  feet  of  oar, 
which,  at  1  ^  lb.  per  foot,  is  6  lb. 

Whence,  r^  m^iz- ~6.6,  and  r  m  z:  ^^  6.6  rz  2.58. 

But  the  velocity  being  doubled,  ot  is  60  revolutions  of 
25  feet  per  minute,  and  w~25  feet  per  second. 

28        ,    . 

:^  7    leet    per    second, 


or 


Hence,  v  =:: ^  ■ 

r/n-f-l       3.58 

about  45  miles  an  hour. 

Thirdly,  suppose  the  paddles  reduced  to  two  in  num- 
ber on  each  wheel,  and  of  one-third  the  size,  the  diameter 
doubled,  and  the  velocity  increased  one-half,  or  45  revo- 
lutions per  minute,  which  might  also  be  clone  by  the  same 
power,  and  with  much  better  effect,  since  the  obliquity 
of  action  would  be  greatly  diminished. 

We  have  l-9th  of  24  lbs.  =:  2§  lbs.  for  the  impulse  of 
the  oar  at  1  foot. 

Then  r*  m'  —  :z:  —  =15,  and  r  mzz^  IS  zi  3.873. 
2f        8 

A,  45X50       150       „_^  _     ^  , 

Also,  luZZ = — :z:  37.5  feet  per  second. 

60  4  ^ 

"7  1 

And  z>zr—r^ZZ  7.7  feet  per  second,  or  5^  miles  an 
hour. 

So  that,  with  the  same  power,  the  velocity  of  the  ves- 
sel is  increased  one  mile  per  hour  by  the  first  alteration, 
and  half  a  mile  more  by  the  second. 

And  this  increase  of  velocity  is  still  more  important, 
for  this  vessel  likewise  uses  sails,  by  which  her  speed  is 
sometimes  increased  to  upwards  of  eight  miles  an  hour, 
by  which  time  her  present  paddles  not  only  become  use- 
less to  her,  being  unable  to  keep  up  with  her  motion, 
but  are  even  a  drag,  and  prevent  her  from  exceeding 
this  velocity. 

Whereas,  by  the  proposed  alterations,  this  would 
hardly  ever  occur,  since  the  paddles  would  continue  to 
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have  some  action,  until  iier  rate  of  sailing  was  18  or  24 
miles  per  hour. 

But  observe,  that  although  we  have  said  these  in- 
creased velocities  may  be  obtained  by  the  same  power, 
by  diminishing  the  size  of  the  oars  in  proportion  to  the 
increased  resistance,  yet  the  friction  and  inertia  of  the 
machine  will  greatly  diminish  this  advantage,  in  con- 
suming a  portion  of  the  power  applied,  and  the  small 
swift  oars  will  be  chiefly  useful  in  being  less  exposed  to 
injury. 

To  determine  the  pressure  of  the  paddles  in  the  above 
case,  we  have 

■w  —  V  —  1 2  J — 5.46  =  7.04, 
a  (7.04)^  X  16  X  1^  lbs.  =  1189*  lbs. 

The  steam  engine  is  of  25  inches  cylinder,  or  20  horse 
power;  and,  taking  the  pressure  on  the  piston  at  10  lb. 
per  circular  inch,  the  entire  pressure  is  6250  lbs. 

This  piston  moves  with  a  velocity  of  200  feet  per 
minute,  making  40  double  strokes,  of  2J  feet  each  ;  the 
momentum  per  minute  is  therefore  1,250,000. 

The  paddle-wheel,  moving  30  revolutions  of  25  feet,  is 
750  feet  per  minute,  which,  multiplied  into  1189.5  lbs. 
gives  a  momentum  of  892,125. 

Whence  a  momentum  of  358,000,  or  ^  of  the  entire 
power  expended,  is  lost  by  the  mode  of  application.  And 
this  loss  is  rather  underrated,  for,  in  fact,  a  much  greater 
power  than  10  lbs.  per  inch  is  required  to  give  the 
wheels  the  velocity  above  mentioned. 

Now  this  loss  may  be  accounted  for  from  various 
causes,  to  overcome  the  inertia  of  the  machinery,  and 
especially  to  convert  the  alternate  motion  of  the  piston 
into  the  rotatory  motion  of  the  paddles;  also,  to  over- 
come friction.  But  the  greater  part  of  the  loss  is  occa- 
sioned by  the  oblifjue  action  of  the  paddle,  especially  at 
entering  and  departing  from  the  water,  and  in  communi- 
cating the  centrifugal  force  to  the  water,  which,  except- 
ing at  the  after-part  of  the  wheel,  is  of  no  use  towards 
propelling  the  ship. 

A  steam  boat  is  said  to  have  been  built  in  America, 

of  138  feet  keel,  and  300  to  400  tons  burden,  and  to  have 

run  at  the  rate  of   18   miles  an  hour;  hence,  from  the 

common  rule   for  tonnage,  her  section  must  be  about 

350  X  94 

;z:240  square  feet,  and  the   pressure   thereon 

1 38 

n  120  lbs. 

Required  the  power  of  engine  to  produce  a  velocity 
of  six  feet  per  second,  or  four  miles  per  hour. 

6*  X  120:;;  4320,  the  resistance  at  four  miles. 

The  resistance  in  last  example  being  about  1200  lbs. 

and    overcome  by  a  20  horse  eni^ine,   woulii    be   about 

60  lb.  per  horse  power.     Wherefore,  in  this  case,  with 

.     .,  ,     ,  ^4320 

machinery  smiilar  to  the  last,  a  power  ot  — —  ^  72  horse 

power  would  be  required.  And  even  if  the  machinery 
were  as  perfect  as  possible,  it  is  not  likely  that  thi:  loss 
of  power  would  be  diminished  above  one  halt,  viz.  re- 
duced from  j'-y  to-j'j.  being  about  a  seventh  in  all,  so  that 
an  engine  of  aboui  62  horse  power  mii;tit  possibly  be 
sufficient  for  the  purpose.  To  produce  a  velocity  of 
eiglit  miles  an  hour  would  require  an  engine  of  four 
times  the  above  dimensions,  so  that  we  must  suppose 
the  accounts  of  these  great  velocities  are  either  spuiiuus, 
or  else  that  the  progress  ol  tht  vessel  has  been  aided  by 
wind  or  currents. 

Th<re  are  various  other  ("  irjns,  in  which  the  reaction 
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of  the  water  has  been  applied  to  the  propelling  of  ves- 
sels. All  of  them  admit  of  being  explained  and  investi- 
gated upon  the  same  principles  as  we  have  now  done 
for  the  oar  and  paddle-wheel.  Being  not  in  general  use, 
we  shall  at  present  only  mention  a  few  of  these.  It  may 
be  observed  with  respect  to  these,  that  though  the  means 
of  propelling  vessels  through  the  sea,  or  in  rough  water, 
by  machinery,  be  yet  a  desideratum,  many  methods  may 
be  given  which  wouid  be  sufl^cient  for  the  purpose  of 
river  navigation,  or  in  any  smooth  water  where  great 
velocities  were  not  expected.  But  in  this  simplest  case, 
it  does  not  appear  that  any  better  mode  has  been  found 
than  revolving  water  or  paddle-wheels. 

The  Chinese  mode  of  working  their  river  barges, 
which  is  much  praised  by  many  voyagers,  is  by  scul- 
ling with  one  or  more  long  heavy  oars  over  the  stern  or 
quarters.  This  mode  is  very  convenient  in  a  crowded 
river  ;  and,  according  to  the  report  of  travellers,  appears 
as  effectual  as  rowing.  Similar  in  principle  is  the  mode 
proposed  by  D.  Bernoulli,  consisting  of  planes  parallel 
to  the  ship's  side,  which  move  on  a  vertical  hinge  or 
axis  a  little  before  their  middle,  so  that  whether  the 
planes  are  pulled  in  towards  the  ship's  side,  or  thrust 
out  therefrom,  one  side  will  act  obliquely  backwards, 
and  thus,  by  the  reaction  of  the  water,  impel  the  ship. 
Instead  of  these,  a  revolving  screw  has  been  propos- 
ed, but  found  of  little  effect,  though  it  would  perhaps 
admit  of  improvement.  Also,  oblique  vanes,  like  those 
of  a  wind-mill,  or  smoke-jack,  revolving  athwart  the 
ship's  hawse,  or  at  her  stern,  have  been  proposed  re- 
peatedly. A  Mr.  Sloper,  some  time  ago,  obtained  a  pa- 
tent for  this  mode  of  propelling  vessels. 

It  is  not  easy  to  assign  what  may  be  the  effect  of  these 
modes  of  oblique  action,  the  resistance  of  fluids  to 
oblique  surfaces  not  being  found  to  follow  any  known 
law. 

According  to  the  investigations  of  Kraft,  and  other 
mathematicians,  the  oars  «f  Bernoulli  appear  to  possess 
a  considerable  advantage  over  those  commonly  employ- 
ed; but  as  we  have  not  heard  of  their  having  been 
brought  into  use,  it  appears  unnecessary  here  to  notice 
them  farther.  It  has  been  proposed,  also,  to  move  the 
same  sort  of  oars  by  a  rotatory,  instead  of  an  alternate 
motion,  by  which  means  they  would  probably  be  more 
durable,  as  not  only  the  looseness  of  the  hinge-work,  but 
the  loss  of  power  in  alternately  overcoming  the  inertia 
ot  the  apparatus  would  be  avoided. 

With  respect  to  sculling,  we  suspect  that  the  centri- 
fugal force,  communicated  to  the  water,  is  of  as  much 
importance  in  impelling  the  vessel,  at  its  oblique  im- 
pulse on  the  blade.  In  the  screw  system,  and  that  with 
oblique  vanes,  js  well  as  in  the  cojiimon  oar,  this  centri- 
fugal force  is  lost,  being  exactly  opposed  by  that  on  the 
opposite  side  of  the  ship's  axis.  A  spiral  blade,  indeed, 
mii^ht  be  constructed,  tnat  would  possess  the  property  of 
turning  tliis  lorce  to  account.  In  any  other  form  the  la- 
teral resisidiice  of  the  walci  to  any  machinery,  which  is 
constantly  immersed,  must  of  itself  be  a  considerable  im- 
pediment to  the  progress  of  thi.  vessel. 

Wnen  the  rapidity  of  the  river,  or  other  causes,  will 
no  longer  admit  of  navigation  by  the  siil  or  oar,  recourse 
is  had  to  tracking,  or,  where  the  river  is  not  too  deep, 
and  unprovided  with  tracking  paths,  to  boom-setting  or 
poiing,  especially  against  tlie  stream,  for  that  of  itself  is 
usually  suthcK-nt  tor  the  navii^ation  downwards,  though 
instances  occur  on  slow  running  rivers  of  tracking  being 
4  A 
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used  either  way.  In  canals,  also,  tracking  is  the  usual 
mode  employed  for  impelling  the  vessel,  and,  therefore, 
the  same  investigation  will  serve  for  that  case. 

Tracking  is  performed  by  men  or  horses;  and  if  their 
habitual  efforts  were  either  constant,  or  bore  a  regular 
proportion  to  the  velocity,  we  might  easily  form  an  equa- 
tion, by  means  of  wiiich,  from  the  section  of  the  vessel 
and  proposed  velocity,  the  number  of  horses  or  men  may 
be  found  ;  but  in  all  operations  performed  by  animal 
force,  it  is  to  be  observed  that  the  animal  has  not  only  to 
overcome  the  proposed  resistance,  but  also  to  put  his 
own  body  or  members  in  motion;  and  if  the  velocity  be 
great,  this  last  part  will  exhaust  the  whole  of  his  power. 
Thus  the  race-horse  can  do  little  more  than  move  him- 
self, while  the  drag-horse  can  transport  with  hicn  a  load 
of  at  least  a  ton.  The  greatest  power  is  exerted  by  an 
animal  when  no  motion  is  required,  or  at  a  dead  pull; 
but  no  work  is  thereby  effected.  His  greatest  velocity 
is  obtained  when  at  his  speed,  and  completely  unloaded. 
Between  these  extremes,  therefore,  in  which  no  profita- 
ble result  is  obtained,  there  is  a  certain  velocity  which 
produces  the  greatest  mechanical  effect.  We  should, 
in  the  application  of  animal  labour,  therefore,  so  con- 
trive our  rate  of  motion  that  this  maximum  of  effect  may 
be  obtained. 

In  the  case  of  still  water  navigation,  the  velocity  of 
the  animal,  and  of  the  load  or  vessel  are  necessarily 
equal,  and  much  depends  on  circumstances  and  the  na- 
ture of  the  cargo,  whether  a  smaller  quantity  with  greater 
speed,  or  a  greater  at  little  expence,  though  slower,  be 
the  most  advisable  mode  of  transport. 

Chapman,  in  his  observations  on  canal  navigation, 
p.  73,  says,  he  has  observed  a  boat  of  light  construc- 
tion, with  only  1 4  tons  lading,  8  feet  width  of  floor,  about 
!0  feet  width  of  water  line,  and  50  feet  extreme  length, 
drawing  two  feet  three  inches  water,  and  sharp  at  the 
ends,  dragged  against  a  stream,  whose  velocity  was  5^ 
English  miles  an  hour;  and  although  there  were  28 
trackers,  besides  three  men  in  the  boat  poling  it  on,  it 
only  advanced  at  the  rate  of  one-fourth  of  a  mile  an 
hour.  The  resistance  was  not  much  increased  by  con- 
traction of  the  water-way  either  in  width  or  depth.  In 
this  case,  therefore,  the  progress  through  the  water  was 
5  J  miles  per  hour,  or  about  S^J  feet  per  second,  the 
force  of  the  trackers  being  exerted  in  the  most  favour- 
able manner,  seeing  they  had  to  advance  on  the  ground 
only  at  the  rate  of  one-fourth  of  a  mile  per  hour,  or  one 
foot  in  three  seconds.  Yet,  in  this  case,  taking  the  re- 
sistance on  the  bow  for  one  foot  per  second,  as  formerly 
at  ^  lb.,  the  actual  resistance  per  foot  in  that  velocity 
will  be  35^  lbs.,  and  for  20i  feet  of  bow,  or  cross  sec- 
tion, is  718  lbs.,  which  being  divided  among  the  whole 
number  of  trackers  and  polers,  taken  as  30,  will  be  about 
26  lb.  of  direct  resistance  overcome  by  each.  This  re- 
sistance, increased  in  the  proportion  of  the  secant  of  the 
obliquity,  will  give  the  direct  force  applied  by  each  man 
to  the  track  rope.  It  is  probable  that  this  obliquity  was 
such  as  might  increase  the  force  one-third,  or  to  about 
35  lb.  per  man. 

This  power  is  greatly  below  that  commonly  stated  by 
authors  ;  but  perhaps  may  be  assumed  with  more  safety 
in  a  calculation  of  this  kind  than  any  higlier  average;  lor 
where  many  men  are  employed  together,  their  individual 
action  is  considerably  below  what  may  be  done  by  each 
working  alone.  At  the  above  rate  of  action,  the  propor- 
tion for  a  horse,  reckoning  5  horses  equal   to   30  men, 


would  overcome  a   resistance  of  ISO  lbs.  on  the  boat's 
bow,  or  175  lbs.  on  the  track-rope. 

As  another  example,  take  ihe  case  of  two  boats,  said 
by  Smeaton  to  be  drawn  by  one  horse  aloni^  a  canal  of 
three  feet  deep,  50  feet  average  section.  The  average 
section  of  each  boat  is  about  20  square  feet;  they  pro- 
ceed along  the  canal  at  from  2  to  21  miles  per  hour, 
average  2|  miles,  or  3^^^  feet  per  second.  This  velo- 
city, along  a  canal  of  50  feet  clear,  will  make  the  water 
pass  along  the  boat's  side  in  the  diminished  channel  of 
30  feet,  with  a  velocity  of  5i  feet  per  second,  which  at 
the  former  rate  of  resistance,  viz.  4  lb.  per  foot  and  se- 
cond, will  be  15i  lbs.  on  each  foot  of  bow,  302^  lbs.  on 
each  boat,  or  605  lbs.  on  the  two.  These  boats  are  in 
length  four  limes  their  breadth,  and  fifteen  times  their 
draft  when  loaded.  But  the  above  rate  of  tracking  gives 
a  resistance  far  greater  than  we  can  suppose  a  horse  able 
to  overcome,  so  that  there  must  be  some  mistake.  Even 
in  open  water,  the  velocity  of  3/^  feet  per  second,  would 
produce  a  resistance  of  5|-  lbs.  on  each  square  foot  of 
bow,  and  of  2  18  lbs.  on  the  two  boats,  which,  if  increased 
by  the  obliquity  of  direction,  and  the  adhesion  or  friction 
of  the  side,  will  still  be  a  high  average.  It  may  however 
be  remarked,  that  this  contracted  channel,  and  conse- 
quently the  increased  velocity,  only  takes  place  after  the 
water  has  passed  the  bow  of  the  vessel,  and  that,  there- 
fore, the  increased  resistance  due  to  5|  feet  velocity,  does 
not  take  place  at  the  bow,  although  uideed  there  maybe 
an  increase  of  friction  on  the  sides,  a  cause  of  resistance 
which  we  have  not  thought  necessary  to  bring  into  our 
estimate  hitherto,  though  doubtless  of  considerable  im- 
portance, especially  in  narrow  canals.  But  to  produce 
the  increased  velocity,  the  water  must  begin  to  accele- 
rate, even  in  its  passage  aloni?  the  bow,  so  that  there  can 
be  no  doubt  but  a  considerably  greater  resistance  than 
that  already  stated  for  open  water  would  take  place  in 
the  example  alluded  to.  It  is  probable  again  that  the 
pressure  on  the  bow  of  the  after-vessel  would  be  much 
diminished  by  following  immediately  in  the  wake  of  the 
other. 

We  may  give  another  example  from  Smeaton. 

Vessels  of  13i  feet  wide,  3  feet  draft,  are  drawn  on  a 
river  at  the  rale  of  two  miles  an  hour,  i.  e.  three  feet  per 
second.  This  will  give  180  lbs.  for  the  resistance  on  the 
bow.  A  number  much  nearer  to  the  power  of  the  horse 
than  that  in  the  preceding  example.  If  we  suppose  it 
increased  one-third  for  obliquity  of  the  line  of  traction, 
we  have  210  lbs.  And,  according  to  Desaguliers,  a 
horse  may  draw  200  lbs.  at  the  rale  of  2-^  miles  per  hour 
for  8  hours  per  day,  when  with  240  lbs.  he  can  only 
Work  6  hours  per  day. 

The  first  example  gives  an  idea  of  the  current  at 
which  farther  tracking  upon  rivers  must  necessarily 
become  impracticable,  or  at  least  unprofitable  ;  the  28 
trackers  transported  14  tons,  that  is,  each  person  trans- 
ported 10  cwt.  but  at  the  rate  only  of  one  quarter  of  a 
mile  per  hour.  Now,  seeing  each  man  would  wiihease 
carry  one  hundred  weight  with  ten  times  this  velocity, 
at  the  rate  of  2i  miles  per  hour,  or  faster,  ii  is  evident 
that  if  the  load  admitted  of  proper  subdivision,  there  was 
no  need  of  the  navigation,  since  tlie  most  economical 
way  was  for  the  trackers  to  carry  the  load  overland. 
Whenever,  therefore,  the  velocity  of  the  river  exceeds 
5^  miles  per  hour,  we  may  suppose  all  ascending  travel 
to  cease  ;  and,  as  is  the  case  in  the  great  rivers  of  Poland 
and  Russia,  it  may  not  even   be   worth  while  to  bring 
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back  ihe  boals  that  are  employed  to  take  tlie  produce 
of  the  interior  down  to  the  coast,  wiiilc  the  men  may 
be  employed  to  return  overland  with  some  of  the  tack- 
ling. 

The  slope  and  elevation  which  is  required  to  produce 
this  velocity  will  depend  on  a  variety  of  circumstances. 
It  will  be  much  less  in  great  rivers  than  in  small.  In 
the  former  the  mass  of  water  beini?  greater,  the  friction 
of  the  bottom  has  less  effect.  The  sinuosities  arc  larger, 
and  of  course  fewer  in  the  same  space,  since  a  river  of 
half  the  width  may  take  double  the  number  of  windings. 
They  are  also  more  gentle  for  the  same  reason.  Much 
will  also  depend  on  the  regularity  of  the  section,  whether 
altered  by  contractions  and  enlargements  in  the  breadth 
or  depth,  which,  by  requiring  an  increase  of  velocity 
through  the  contraction,  to  compensate  for  the  decrease 
through  the  enlargement,  will  consume  a  portion  of  the 
fall  of  the  river  in  regenerating  this  velocity.  Again, 
asperities  or  obstructions,  whether  at  the  sides,  or  in  the 
bottom,  will  produce  eddies  behind  them,  by  which,  not 
only  is  the  current  retarded,  but  in  great  slopes  a  means 
afforded  of  navigation  against  the  stream,  when  that 
■would  be  otherwise  impracticable,  in  slopes  for  instance 
of  even  ten  feet  per  mile. 

Of  these  causes  we  shall,  at  present,  only  enquire  into 
the  effects  of  depth  and  flexure.  The  velocity  is  nearly 
proportional  to  the  square  root  of  the  hydraulic  mean 
depth,  and  of  the  sine  of  inclination,  jointly;  that  is, 
to  the  square  root  of  the  mean  depth,  multiplied  into 

— - — , 

where  d  isthe  hydraulic  mean  depth,  s  the  sine  of  inclina- 
tions, /the  fall,  and  /  the  length.  From  the  researches 
of  Buat  and  Young  (see  Hydrodynamics)  it  appears 
that  the  velocities  per  second  in  French  inches  gives 

•2  d  f 
■y—VSO.OOOrf  4^200^2  rf«^200V—T-^nearly,  and  as- 
suming -1)^:6  miles  an  hour,  or  9  feet  per  second,  or  100 
inches,  as  the  limiting  velocity  for  tracking,  we  have  then 
2f// 


ioo:r2ooy- 


l 


Now  taking  /; 


I  whence  ^/— 2^2  df,  and  /— 8  df. 
:1  mile,  or  5280  feet,  we  have 

5280 660 

~d' 


8rf 


Taking  the  lowest  horizontal  depth  at  5  feet  or  60  inches 
French,  theny~ll  feet  per  mile. 

Taking  the  depth  at  20  feet  the  fall  would  be  only  2J 
feet  per  mile. 

The  velocity  per  second  m  inches,  ti— — ^^ ■ , 

where  d  is  the  diameter  of  the  pipe,  or  four  times  the 

hydraulic  mean   depth,  s  the  sine  of  inclination,  or—, 

a  a  coefficient,  expressing  that  part  of  the  friction  pro- 
portional to  the  square  of  the  velocity,  c  a  similar  coeffi- 
cient for  that  part  proportional  to  the  simple  velocity. 
These  coefficients  are  variable  according  to  the  depth. 
The  following  is  a  brief  table  of  their  values,  abridged 
from  Dr.  Thomas  Young,  Phil.  Tran.  1808,  and  suffi- 
cient for  the  present  purpose : 


d 

a 

c 

1 

.000025 

.0001 10 

2 

28 

.oooo7r 

5 

31 

51 

10 

34 

41 

20 

36 

48 

50 

39 

77 

100 

40 

92 

200 

40 

95 

500 

41 

94 

1000 

41 

90 

But  again,  since 

V{a  d  s  +  c^. — c 

a 

,_,         _v^a  +  2vc. 

Then  szz 

d 

And  if  we   assume  i-izlOO  inches  as  the  limited   velo- 
city of  tracking,  we  have,  in  a  depth  of  25  inches,  where 

.0184 
40  + 


dzZlOO, 


a  IZ  40,  2  V  f  — 


.0184 


and 


.4184_ 


.4184'    ■'"  100 

.00418:z:«;  and  this,  multiplied  by  5280,  gives  22  feet 
nearly  per  mile.  Also  seeing  that  a  and  c  are  little  alter- 
ed in  these  great  depths,  we  have  the  fall  inversely  as 
the  depth  nearly,  so  that  a  mean  depth  of  25  feet  would 

22 
require  a  fall  of— z:l  foot  10  inches  only  for  the  same 

velocity. 

But  it  is  probable  that  these  theoretical  values  are 
vastly  too  high  for  the  great  rivers;  for,  according  to 
experiments  made  on  the  Ganges,  by  order  of  Mr.  Hast- 
ings, {P/iil.  Tran.  1781,  p.  87,)  a  section  of  the  ground, 
parallel  to  one  of  the  branches,  and  60  miles  in  length, 
was  found  to  have  nine  inches  fall  in  a  mile  in  a  straight 
line;  but  the  windings  of  the  river  were  so  great  as  to 
reduce  it  to  four  inches  per  mile  along  the  stream.  This 
was,  in  the  dry  season,  the  mean  width  of  the  river  3-4ths 
of  a  mile,  its  mean  depth  30  feet,  and  the  velocity  some- 
what less  than  three  miles  an  hour.  But  during  the  in- 
undation, the  river  runs  in  its  channel  at  the  rate  of  five 
or  six  miles  per  hour,  which  is  easily  explained  on  ac- 
count of  its  increased  depth  ;  for,  at  the  same  time,  the 
boats  are  enabled  to  pass  upward  over  the  shallow  wa- 
ters of  the  inundation,  which  run  little  more  than  half  a 
mile  per  hour. 

If  we  try  the  velocity  due  to  the  above-mentioned 
state  of  the  Ganges,  by  the  table  above  given,  we  have 

1 


£/=  4  X  30  X   12  =  1440,  «  = 
and  c  =  .000090. 


3X5280' 


-,  a   =  .000041, 


Whence,  v  ~ 


_y/{ads  +  c^)  —  c  _ 


^  45  inches  nearly 


for  the  velocity  per  second,  or  about  two  miles  and  a  half 
per  hour  nearly. 

This,  however,  it  is  to  be  observed,  is  the  mean  velo- 
city of  the  stream ;  the  superficial  velocity  is  what  we 
have  to  do  with,  and  is  also  that  above  noted.  It  will, 
according  to  Young  and  Buat,  exceed  this  by  the  square 
of  the  mean  velocity,  viz.  45  -f-  \/  45  —  51.7  inches  per 
second,  or  2.94  miles  per  hour,  agreeing  extremely  well 
with  the  observation. 

During  the  inundation,  the  hydraulic  depth  of  the  riv- 
er is  probably  doubled,  the  river  having  thrice  the  vo- 
4  A  2 
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lume  of  water  in  it,  and  since  it  runs  about  five  or  six 
miles  an  hour,  we  may  take 

v^  100  inches,  and  dz^A,  X  12  X  60—2880. 

d'  a  4-  20  c  .  .     , 

Whence,  5280  s  — ZZ  78  feet,  or  9.4  inch- 

d 

es  per  mile,  beint^  very  nearly  that  found  by  leveling 
across  the  country. 

We  may  try  the  same  examples  by  the  elegant  con- 
cise theorem  of  Eyiehvein.* 

The  superficial  velocity  is  nearly  a  mean  proportional 
between  the  hydraulic  mean  depth,  and  the  fall  in  two 
miles.  Whereas,  the  fall  per  mile  is  a  third  proporiion- 
al  to  twice  the  hydraulic  mean  depth,  and  the  velocity 
per  second. 

Therefore,  in  velocities  of  100  inches  per  second,  we 

have,  in  the  depth  of  five  feet,  a  fall  of  —p—  =  83^ 
inches  nearly. 

ZZ:  200  inches,  or  I  6|  feet. 


At  2; 

>  inches  dee 

P       50 

-  =r  20 

25 

feet 

deep 

1 0000 

—  16^ 

600 

—   '°3 

35 

feet 

nearly 

10000 
att 

=  12 

On  the  whole,  therefore,  we  may  assume  the  fall  of 
one  foot  per  mile  is  sufficient  to  prevent  trackage  up 
rivers  30  feet  deep,  and  in  shallow  rivers  a  greater  fall 
may  be  overcome  in  the  inverse  proportion  of  the  depth, 
so  long  as  the  river  continues  navigable.  When  the 
want  of  water,  or  the  excess  of  fall,  puts  a  stop  to  the 
navigation,  other  methods  of  overcoming  the  ascent  must 
be  reverted  to,  as  we  shall  shortly  explain. 

But,  ere  we  leave  the  subject  of  tracking,  we  may 
inquire  into  the  most  economical  mode  of  its  application. 
It  is  established  by  writers  on  dynamics,  that  the  work 
done  by  an  animal  is  greatest,  when  the  velocity  with 
which  it  moves  is  one-third  of  the  greatest  velocity  with 
which  it  can  move,  when  not  inipeded  ;  and  the  force 
then  exerted  is  four-ninths  of  the  utmost  force  the  ani- 
mal can  exert  at  a  dead  pull. 

New,  the  utmost  force  of  a  man  at  rest  is,  according 
to  the  best  observations,  about  70  lbs.  and  his  greatest 
walking  velocity  about  six  feet  per  second,  at  a  medium, 
consequently  f  —  2  feet  per  second,  or  about  IJ  mile 
per  hour,  is  the  velocity  at  which  he  should  move,  hence 

l_i — —  Sl^lbs.  Is  the  force  he  will  exert  when  acting 

to  the  greatest  advantage. 

The  power  of  a  horse  is  usually  reckoned  at  about  six 
times  that  of  a  man,  or  about  420  lbs.  at  a  dead  pull. 
His  utmost  walking  velocity  is  about  nine  feet  per  se- 
cond:  hence  -1—3  feet  per  second,  or  about  two  miles 

4  X  420 
per  hour,  is  the  rate  at  which  he  should,  and — 

—  1 86|  lbs.  is  the  force  he  will  exert  when  working 
most  effectually. 

These  numbers,  it  will  be  observed,  are  not  very  dis- 
tant from  those  formerly  assigned  from  practical  exam- 
ples above  given.  Whatever  be  the  velocity  of  the  cur- 
rent, the  tracking  power  and  load  should,  in  general,  be 
adjusted  so  as  to  obtain  these  velocities. 


If  other  velocities  are  proposed,  it  will  be  necessary 
to  alter  the  force  nearly  in  the  duplicate  proportion  of 
the  differences  between  the  proposed  velocities  and  the 
greatest  velocity  which  the  animal  can  move  with  when 
utiloaded.  Thus,  suppose  the  greatest  velocity  equal  V, 
the  supposed  velocity  v,  the  forces  will  be  nearly  F  = 

Suppose  the  force  required  which  will  be  exerted  by 
a  horse  moving  three  miles  an  hour,  or  about  4 J  feet 
per  second. 

(9  —  3)'*  -.^9  — 4.5)^=6^  :4,i'=\86*:  105  lbs. 
the  force  at  three  miles  per  hour,  which  is  considerably 
higher  than  exhibited  by  the  experiments  of  Mr.  More 
on  a  horse  ploughing  ;  the  resistance  found  by  him  being 
only  from  70  lbs.  to  80  lbs.  when  the  horse  was  moving 
at  the  rate  of  three  miles. 

Suppose  next,  that  the  horse  should  only  move  at  the 
rate  supposed  to  be  proper  for  men,  viz.  2  feet  per  se- 
cond, we  have, 

(9— 32:(9  — 2)^  ::  186|:254lbs. 
for  the  force  which  the  horse  will  exert  being  more 
than  the  power  of  eiRht  men,  instead  of  six,  whicli  is 
the  proportior,  for  a  dead  pull.  This  difference  is  owing 
to  the  superior  velocity  of  the  horse;  and  if  we  calcu- 
late the  power  which  would  be  applied  by  men  moving 
at  the  velocity  proper  for  the  horse,  the  superiority  of 
the  horse  labour  in  the  case  of  tracking  will  be  still 
more  manifest ;  for, 

6  —  2y  :(6— 3)^::  31|:  17J  lbs. 
the  force  of  each  man  at  that  velocity  being  little  more 
than  the  eleventh  of  the  power  of  the  horse. 

By  multiplying  the  forces  into  the  several  velocities, 
wc  will  sec  the  proportion  of  effect  on  works  done  at  the 
several  rates  ;  which,  for  the  horse,  will  be 
at  2    feet  per  second,  254    x2    :^508 


3     feet 
4J  feet 

18o2  X  3    —560 
105    X4i  =  4ro 

Size  of  Boats. 

The  most  economical  load,  and  velocity  of  traction, 
being  thus  ascertained,  the  sise  of  a  boat  may  be  rea- 
dily adjusted  thereto.  For,  dividing  186^  by  3.j  equal 
to  the  square  of  the  velocity  in  feet  per  second,  we  have 
21,  nearly,  for  the  pressure  at  one  foot  per  second,  and 
valuing  that,  as  before,  at  half  a  pound  per  foot  square, 
42  square  feet  appears  the  area  of  the  section  of  a  boat 
to  be  tracked  by  a  single  horse  in  still  water.  The  bow 
being  made  of  a  favourable  shape,  the  breadth  and  depth 
will  be  adjusted  by  other  circumstances,  and  the  boat 
should  be  as  long  as  possible,  since  that  will  have  less 
effect  in  increasing  the  resistance.  Where  very  long 
boats  cannot  be  employed,  on  account  of  the  difficulty 
of  turning,  $cc.  sundry  short  boats  are  linked  together 
in  a  string,  rather  than  employ  a  single  horse  boat  of 
greater  section. 

As  to  the  limits  of  length,  it  is  obvious  that  the  fric- 
tion only  will  increase  by  the  prolongation  of  the  vessel. 
The  form  of  bow  and  stem  being  the  same,  ought  to 
cause  the  plus  and  minus  pressures,  or  head  and  stern 
resistances,  to  remain  nearly  unaltered.  It  would  ap- 
pear, however,  from  experiments,  that,  to  a  certain  ex- 
tent, the  whole  resistance  to  the  vessel's  motion  is  ac- 
tually diminished  by  an  increase  of  length  only.     This 
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diminution  is  most  palpable  in  square-ended  vessels,  a 
parallelepiped,  whose  length  is  ten  times  its  breadth, 
moving  more  easily  in  a  direct  line  than  one  of  less 
length.  But  even  in  sharp-ended  vessels,  the  sides  of 
which  more  nearly  correspond  with  the  path  of  the  wa- 
tery filaments,  the  improvcniei)l  holds  good,  at  least 
until  the  length  be  four  or  five  times  the  breadth  of 
warping. 

Besides  the  methods  already  mentioned  for  open  ri- 
ver navigation,  there  is  still  another  mode  occasionally 
employed,  and  which  is  somewhat  atialagoiis  to  the  last- 
mentioned  ;  we  mean  that  of  warpiijg  lo  find  anchors  or 
moorings,  which  are  successively  removed  to  higher 
parts  of  the  stream. 

Where  the  force  is  applied  by  hauling  the  warp  along 
the  gunnel,  or  winding  it  in  by  a  capstan  or  windlass, 
the  efff  ct  being  exactly  similar  to  tracking,  may  be  cal- 
culated upon  the  same  principlts.  A  man  at  a  winch 
will  exert  30  lb.  at  the  rate  of  2  J  feet  per  second,  wnich 
is  more  than  he  can  do  in  tracking.  By  tugging  the 
warp,  or  working  as  in  ringing  or  towing,  he  will  do 
perhaps  one  third  or  one-fourih  more  than  at  the  winch, 
and  most  of  all  when  ascending  stairs  and  acting  by  the 
weight  of  his  body.  So  that  the  walking  wheel,  or  coal- 
heaving  operation,  seems  not  an  injudicious  application  of 
human  labour. 

But  in  warping  up  rivers,  it  has  been  sometimes  pro- 
posed to  make  use  of  the  descending  course  of  the  cur- 
rent itself,  to  perform  or  facilitate  the  operation,  and 
there  may  be  cases  where  this  could  be  en  ployed  with 
good  eff-  ct.  In  the  Machines  afifirouveea  fxar  VAcade- 
mie  des  Sciences,  there  are  a  variety  of  proposals  for 
this  purpose.  In  one  of  them  the  warp  is  passed  through 
a  pulley  at  the  mooring,  and  attached  to  a  light  boat, 
which,  being  made  to  expose  as  njuch  surface  as  pos- 
sible to  the  current,  by  its  descent  tows  up  the  loaded 
barge.  In  another,  water  wheels  or  paddle  wheels  are 
placed  on  the  vessel's  sides,  and,  being  turned  by  the 
current,  wind  up  the  warp  upon  their  axle ;  and,  in 
shallow  rivers,  booms  or  poles  pushing  against  the  bot- 
tom are  proposed,  wrought  by  those  wheels  either  by 
racks,  mast-ropes,  or  cranks.  This  last  idea  has  been 
improved,  and  lately  applied,  by  Mr.  Brunton  of  But- 
terley,  to  a  locomolive  steam-engine  for  a  common  road. 
Another  method  is,  to  work  a  spiked  roller  or  spoke- 
wheel  along  the  bottom,  either  drawing  the  vessel  after, 
or  pushing  it  before — an  idea  which  has  also  been  era- 
ployed  by  Mr.  B.  Chapman  of  Newcastle,  to  locomotive 
steam-engines.  These  last  modes  are  not  likely  to  be 
of  much  use  in  rivers,  chiefly  on  account  of  the  irregu- 
larity of  the  bottom  and  depth  of  water  ;  but  the  afore- 
mentioned method  of  warping  may,  at  times,  be  valuable, 
since  it  will,  in  general,  be  easy  to  transport  the  anchors 
in  the  small  boats  which  are  usually  employed  with  river 
barges.  Unless  with  respect  to  the  strength  of  the  warp 
or  cable,  the  velocity  of  the  current  in  such  a  case  will 
not  be  at  all  inconvenient,  since  its  action  on  the  water 
wheel  will  keep  p<ice  with  that  of  the  bow  of  the  vessel. 
With  respect  to  the  proportions,  it  is  obvious,  that  allow- 
ing one  float-board  at  least  to  be  in  constant  action,  when 
the  proportion  of  that  to  the  bow  of  the  barge  is  the 
same  as  that  of  the  virtual  radius  of  the  axle  on  which 
the  warp  is  wound,  to  that  of  the  water-wheel,  reckon- 
ing, of  course,  from  tlie  centre  of  percussion  of  the  float- 
board  and  the  centre  of  the  warp.  In  this  case,  we  say, 
the  resistance  on  the  wheel  and  bow  being  reckoned  the 
same,  the  vessel  will  stand  still ;  but  we  have  seen,  from 


experience,  that,  with  equal  velocities,  the  resistance  on 
the  bow  will  be  only  about  one-third  of  ihat  on  an  equal 
surt'ace  of  the  float-board.  The  wster  wheels  will  there- 
fore be  turned  by  the  current,  and,  consequently,  warp  up 
the  vesstl.  Suppose  the  wheel  to  revolve  with  one  third 
the  rapidiiy  of  the  current,  when  it  will  be  working  to 
the  maximum,  the  resistance  will  be  four-nimhs  ;  and, 
the  pressure  per  foot  being  tiiree  times  that  on  the  bow, 

12 
with  equal  velocity,  the  whole  will  be   —that  on  the  bow. 

This  will  be  counterbalanced  by  the  resistance  on  the 
bow  when  the  barge  moves  up  the  s'ream  with  the  ve- 
locit)  ZZ  \/^^:^  \.i6,  or  about  one  sixth  of  the  velocity 
of  the  stream  aiong  the  river.     Or  thus: 

Let  s,  the  velocity  of  stream  past  barge  and  paddles, 
1  «  —  1 

—  of  s,  then s  ~  velocity  of  paddle  through  water. 

n  n 

Then,/;  s^  =  3  fi  (- ^j    the  resistance 
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=  2.36. 


That  is  to  say,  the  paddles  will  balance  the  resistance 
on  the  bow,   when  their  surface,  being  inversely  as  the 

velocities,  the  velocity  of  the  paddle  is  ——   that  of  the 

2.36 

stream. 

But  it  must  be  observed,  that  the  barge  moving  up  the 
stieam  produces  an  additional  impulse  on  the  paddles  ; 
so  th'at  if  these  be  arranged  to  overcome  the  stream  at 
all,  they  will  overcome  it  in  any  velocity,  and  the  pro- 
gress of  the  barge  upwards  will  go  on  accelerating. 

Where  the  vessel  ascending  has  its  resistance  coun- 
terbalanced by  that  of  another  light  vessel  descending,  it 
is  evident  that  the  molion  will  he  uniform,  and  must  ne- 
cessarily be  slower  than  that  of  the  stream,  that  the  de- 
scending boat  may  receive  any  impulse.  Tiie  rate  of 
motion  may  be  readily  calculated  from  the  relative  sui- 
faces  exposed  to  action. 

This  species  of  navigation  deserves  more  attention 
than  it  seems  to  have  received.  All  rivers  which  are 
floatable  may  be  made  navigable  in  this  manner,  at  an  ex- 
pense, in  general,  greati)  less  than  any  sort  of  canal  may 
be  made  near  them.  The  principle  is  used  frequently 
on  railways,  as  shall  be  afterwards  explained,  and  the  ex- 
treme case  of  a  descending  and  ascending  boat,  being 
made  to  balance  each  other  at  a  perpendicular  lift,  has 
been  often  suggested  as  a  means  of  extending  the  benefits 
of  canal  navigation. 

In  shallow  rivers,  with  sandy  or  moveable  bottoms,  the 
descending  force  of  the  current  is  sometimes  employed 
to  urge  on  a  plank,  kept  upon  edge,  and  acting  as  a 
snow  plough,  to  form  a  temporary  channel  through  the 
sand  for  the  passage  of  a  fleet  of  barges.  This  opera- 
tion, called  "  chevaler"  by  the  French,  is  common  on 
the  Loire,  8cc.  and  is  sometimes  found  necessary  for 
miU's  iciiether. 

Contractions. — We  formerly  observed,  that  where 
rivers  arc  obstructed  by  shoals,  the  navigation  m.iy  be 
preserved  by  a  contraction  of  the  channel.  The  rapid 
thereby  formed  will  have  deep  water,  even  where  the 
bottom  is  not  corroded,  since  a  head  or  accumulation  of 
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water  will  take  place  above.  The  vessel  may,  if  neces- 
sary, be  warped  through  this  contraction  by  machinery, 
or  hauled  throu;,^!!  by  men.  This  is  the  Chinese  mode  of 
navigation,  and  has  the  advantage  of  being  speedy, 
though  rallier  dangerous  for  the  descending  trade.  In 
tliis  way  mill-weirs  are  frequently  found  useful,  in  pro- 
longing the  navigation  of  a  river  of  considerable  slope, 
and  the  mill  itself  furnishes  also  a  power  for  towing  the 
ascending  boat  through  the  rapid.  The  head  of  water 
produced  by  such  contractions,  may  be  calculated  on  the 
principles  employed  for  the  table  in  the  article  Bridge, 
ill  this  work,  formerly  referred  to,  and  an  opportunity 
will  hereafter  occur  for  discussing  the  subject  more  at 
large. 

Flashing. —  .\  more  useful  mode,  in  shallow  streams, 
is  to  create  an  artificial  flood  lor  a  lime,  by  penning  up 
the  water  in  the  river  itself,  or  in  side  reservoirs,  whicli 
may  be  opened  when  the  boats  are  passing.  This  mode 
is  called  flashing,  and  is  in  use  in  the  Cam,  and  various 
streams  in  England.  It  is  also  employed  at  the  canal  in 
V'ishney  Valshok,  in  Russia,  by  which  the  communica- 
tion between  the  Volga  and  Neva  is  effected,  and  in  many 
other  parts  of  the  continent.  It  is  chiefly  useful  in  shal- 
low rivers  of  gentle  fall,  where  the  trade  does  not  afford 
the  expense  of  a  canal ;  and  the  injury  arising  from  these 
floods  is  of  little  consequence.  Where  the  trade  is  en- 
tirely a  descending  one,  as  in  the  floating  of  timber,  there 
is  hardly  any  other  mode  of  transport  so  convenient.  It 
is  employed  frequently  in  woods  of  the  Scots  Highlands, 
and,  we  believe,  was  introduced  there  by  Aaron  Hill,  the 
poet. 

But  by  far  the  most  remarkable  specimen  of  inland 
navigation,  carried  on  in  this  way,  by  contractions  and 
flashes,  is  the  great  canal  of  China.  That  nation  has  not 
yet  discovered  the  advantage  of  the  European  lock  i  and 
their  operations  in  this  art,  however  extensive  and  im- 
portant to  their  empire,  have  been  hitherto  confined  to  a 
mere  imitation  of  the  process  of  nature,  in  the  navigation 
she  affords  on  their  great  rivers.  It  is  to  be  regretted, 
that  of  the  travellers  who  describe  their  justly  famous 
canal,  there  has  never  been  any  acquainted  with  practical 
engineering  ;  so  that,  instead  of  a  plain,  intelligible  de- 
scription, we  are  commonly  presented  with  inflated  ac- 
counts of  the  magnitude,  rapidity,  and  ramifications  of 
this  canal,  which,  after  all,  appears  only  to  be  a  series  of 
cuts,  in  comparatively  easy  ground,  connecting  various 
lakes,  into  which  various  streams  are  brought,  to  give  a 
navigable  depth  of  water,  and  which  is  rudely  regulated 
by  overfalls  and  floodgates,  to  prevent  the  too  great  ex- 
cess or  diminution. 

This  canal,  as  we  have  formerly  mentioned,  gives,  in 
conjunction  with  the  natural  rivers  of  that  country,  an 
inland  navigation,  except  in  times  of  flood  and  drought, 
from  the  north  to  the  south  of  that  great  empire,  through 
16°  of  latitude.  The  following  account  of  Lord  Rla- 
cartney's  Embassy  from  Pekin  to  Canton,  as  given  by  Sir 
George  Stauntsn,  enables  us  to  form  some  idea  of  the 
Chinese  navigation. 

"  The  embassy  embarked  on  the  river  Pei-ho,  at 
Tong-schoo-foo,  about  12  miles  from  Pekin,  in  covered 
barges  of  about  70  feet  length,  and  15  feet  width,  and 
only  about  10  inches  draught  of  water,  with  their  pas- 
sengers, and  such  portion  of  their  baggage  as  they  took 
on  board.  The  river  was  then  become  so  low  as  to  cause 
the  boat  to  be  dragged  with  difficulty  over  several  of  the 


shoals.  After  60  miles  of  navigation  they  arrived  at  the 
tide-way,  and  in  30  miles  faither,  arrived  at  Tien-sing, 
(about  61)  miles  from  the  sea,  or  Gulf  of  Pee-chee-tee,) 
at  the  confluence  of  three  rivers,  up  one  of  which  the 
Yun-leang-ho,  or  Eu-ho,  running  from  the  south,  they 
proceeded  in  the  beginning  at  the  rale  of  about  a  mile 
an  hour,  against  a  strong  current,  by  the  force  of  18  or 
20  trackers,  as  the  river  was  confined  within  narrow 
bounds  between  two  artificial  banks,  for  the  apparent 
purpose  of  giving  depth.  Above  it  was  wider,  deeper, 
and  more  gentle.  Up  this  river  they  proceeded  nearly 
2,J  degrees  of  latitude  to  the  city  of  Lin-sin-choo,  where 
lliey  entcied  the  Imperial  Canal,  which  is  can-ied  in  a 
line  almost  directly  south,  and  nearly  parallel  to  the  ge- 
neral line  of  the  sea-coast.  This  enterprise,  the  greatest 
and  most  ancient  of  its  kind,  which  was  found  to  extend 
from  Lin-sin  clioo  to  Hanclioofoo,  in  an  irregular  line 
of  about  500  miles,  not  only  through  heights  and  over 
valleys,  but  across  rivers  and  lakes.  It  is  said  by  Sir 
George  Staunton,  to  be  '  often  winding  in  its  course,  of 
unequal  and  sometimes  considerable  width,  and  its  wa- 
ters seldom  stagnant.'  On  its  junction  with  the  Eu-ho, 
the  canal  was  cut  through  ground  of  the  height  of  30 
feet,  to  permit  its  water  to  flow  with  a  gentle  current 
into  the  Eu-ho.  The  current  of  the  water  was  mostly 
slow  i  and,  to  prevent  its  running  off  too  rapidly,  its  de- 
scent is  occasionally  checked  by  flood-gates,  which  were 
seldom  so  near  as  within  a  mile  of  each  other.  These 
flood-gates  consist  of  two  abutments  of  stone,  one  pro- 
jecting from  each  bank,  leaving  a  space  in  the  middle 
just  wide*  enough  to  admit  a  passage  for  the  largest 
vessels  employed  upon  the  canal.  Few  parts  of  the<;a- 
nal  are  entirely  level  ;  and  they  have  overflows  or  pas- 
sages through  the  banks,  to  prevent  the  water  rising 
beyond  a  given  extent ;  and  also  to  prevent  unnecessary 
waste  of  it  through  the  flood-gates,  the  passages  are  oc- 
casionally closed  by  planks  let  down  transversely  and 
separately  one  above  another,  their  ends  resting  in  a  ver- 
tical groove  in  each  abutment.  '  Some  skill  is  requisite 
in  order  to  direct  the  barges  through  them  without  ac- 
cident. For  this  purpose,  an  immense  oar  projects  from 
the  bow  of  the  vessel,  by  which  one  of  the  crew  conducts 
her  with  the  greatest  nicety.  Men  are  also  stationed  on 
each  pier,  with  fenders  made  of  skins,  stuffed  with  hair, 
to  prevent  the  effect  of  the  vessels  striking  immediately 
against  the  stones  in  their  quick  passage  through  the 
gates,  which  are  only  open  at  certain  stated  hours,  when 
all  the  vessels  collected  near  them  in  the  interval  pass 
through  on  paying  a  small  toll,  The  loss  of  water  oc- 
casioned by  the  opening  of  the  flood-gates  is  not  very 
considerable,  the  fall  at  each  seldom  being  many  inches, 
which  is  soon  supplied  by  streams  conducted  into  the 
canal  from  the  adjacent  country  on  both  sides.  The  fall 
is,  however,  sometimes  above  a  foot  or  two,  when  the 
distance  between  the  flood-gates  is  considerable,  or  the 
current  rapid.  The  canal  was  traced  often  in  the  beds 
of  ancient  rivers,  which  it  resembled  in  the  irregularity 
of  its  depth,  the  sinuosity  of  its  course,  and  the  breadth 
of  its  surface,  when  not  narrowed  by  a  flood-gate. 
Wherever  the  circumstances  of  the  adjacent  country 
admitted  the  water  in  the  canal  to  be  maintained  in  a 
proper  quantity,  without  any  material  deficiency  or  ex- 
cess, by  means  of  sluices  managed  in  its  sides,  for  the 
purpose  of  influx  or  discharge,  as  was  the  case  farther 
to  the  southward,  few  flood-gates  were  necessary  to  be 


•  "  The  width,  according  to  the  plate,  appears  to  be  little  more  than  21  feet ;  according  to  De  la  Lande,  less  than  30  feet" 
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constructed,  nor  were  there,  any  where,  met  with  more 
tlian  half  a  dozen  in  a  day.' 

"  On  the  highest  part  of  the  canal  which,  by  the  map, 
is  about  one-fifth  of  its  entire  length  in  proceeding  from 
the  north, '  the  river  Luen,  the  largest  by  wliich  the  ca- 
nal if.  fed,  falls  into  it  with  a  rapid  stream,  in  a  line 
which  is  perpendicular  to  the  course  of  the  canal.  A 
stout  bulwark  of  stone  supports  the  opposite  western 
bank  ;  and  the  waters  of  the  Luen  striking  with  force 
against  it,  part  of  them  follow  the  northern,  and  part  the 
southern  course  of  the  canal.' 

"  In  proceeding  from  the  summit  to  the  south,  the 
canal  or  artificial  river  passed  by  the  verge  of  the  lake, 
and  was  there  supported  on  high  embankments,  to  enable 
it  to  pass  over  some  rising  land  farther  south,  through 
which  it  runs  at  least  20  feet  below  the  surface  of  the 
adjacent  ground.  The  canal  afterwards  passed  collate- 
ral to  the  lake  of  Wee-chang-hoo,  which  reminded  the 
ambassador  of  the  great  canal  of  Russia,  with  which  he 
was  well  acquainted.  This  ran  in  like  manner,  at  cer- 
tain distances,  parallel  to  the  lake  Ladoga,  from  which 
it  was  separated  by  vast  earthen  embankments."  From 
this  circumstance  it  is  possible  that  Peter  the  Great 
(although  his  genius  was  equal  to  the  suggestion  of  any 
thing  useful  to  his  country,)  may  have  borrowed  the  idea 
from  China,  as,  previous  to  the  formation  of  the  canal  of 
Ladoga,  he  had  a  direct  acquaintance  with  the  Chinese 
empire  by  an  embassy,  in  the  commencement  of  his 
reign,  in  the  year  1693,  whilst  his  brother  John  shared 
the  throne  conjointly  with  him. 

"  At  a  further  distance,  the  canal  widened,  flowing 
to  the  southward  in  a  current  of  upwards  of  two  miles 
an  hour.  Several  branches  went  off  from  the  main  trunk 
of  the  canal,  on  which,  as  well  as  on  the  distant  lakes, 
several  barges  were  seen  sailing.  During  the  next  stage, 
the  canal  was  conducted  again  through  low  grounds,  sub- 
ject to  inundation,  with  lakes  and  morasses  intervening. 

"  It  then  approached  the  Yellow  River,  into  which  it 
falls  by  a  gentle  current.  The  canal  is  here  about  three 
quarters  of  a  mile  in  width,  and  forms  an  excellent  har- 
bour for  the  vessels  navigating  it.  The  Yellow  River 
has  here  ru'"  hrough  a  course  of  2200  miles,  and  is  not 
more  than  (O  miles  from  the  sea:  '  Its  width  little  ex- 
ceeds a  mile,  and  its  depth  in  the  middle  of  the  stream 
is  not  more  than  9  or  10  feet,  and  its  velocity  is  about  7 
or  8  miles  an  hour,'  which  it  appears  to  continue  down- 
wards, consequently  there  is  a  considerable  fall  to  the 
sea,  which  enables  a  descending  branch  to  strike  off 
southwards  to  the  river  Kiang.  '  On  the  southern  side 
of  the  Yellow  River,  the  yaclits  began  to  proceed  more 
quickly  ;  the  current  of  the  canal,  as  it  quilted  that  river, 
being  more  rapid,  in  consequence  of  wliich  the  number 
of  flood-gates  were  increased  upon  tiiis  pan  of  it;  far- 
ther on  it  was  carried  by  the  margin  of  the  lake  Puyo-yng, 
whose  surface  was  much  lower  than  that  of  the  canal, 
which  was  separated  from  the  lake  by  a  strong  embank- 
ment. Beyond  the  lake  there  was  again  swamps  and 
morasses.' 

"  In  the  midst  of  the  low  grounds  of  this  part  of  the 
route,  a  town  of  the  third  order  was  situated  ;  tlie  tojis  of 
its  walls  being  little  more  than  level  with  the  surface  of 
the  canal,  which  formed  an  aqueduct  raised  20  feet,  was 


200  feet  in  width,  and  ran  at  the  rate  of  three  miles  an 
hour.  This  canal,  on  proceeding  somewhat  further, 
ceased  to  have  a  current ;  and  the  ground  rising  to  the 
southward,  it  was  found  necessary,  in  order  to  give  level, 
to  cut  down  about  20  feet  deep  for  a  track  of  7  or  8  miles, 
to  a  large  city,  where  not  less  than  a  thousand  vessels,  of 
different  sizes,  were  lying  at  anchor." 

From  the  preceding  extracts,  an  idea  may  be  formed 
of  the  magnitude  and  diversity  of  this  great  canal,  as  to 
width  and  velocity  of  current,  which,  being  variable, 
frequently  in  counteracting  degrees,  viz.  often  narrow 
in  deep  cutting,  where  the  water  is  nearly  stagnant,  and 
wide  where  the  stream  runs  with  considerable  velocity. 
It  follows,  that  to  give  depth  in  the  rapid  streams,  addi- 
tional rivulets  must  be  taken  in,  and  discharged  again  in 
the  commencement  of  the  stagnant  parts,  which,  it  ap- 
pears, is  their  mode  of  proceeding,  as  they  have  overflows 
to  discharge  their  superfluous  water,  which  is  fiequently 
applied  to  irrigation  ;  and  they  repeatedly  receive  addi- 
tional influx  where  it  is  necessary. 

"  The  Kan-kiang-ho  is  then  navigated  for  SOO  miles, 
mostly  against  a  strong  current,  to  the  foot  of  a  ridge  of 
mountains,  separating  it  about  30  geographic  miles,  in 
a  direct  line  from  the  navigable  part  of  the  river  Pekiang, 
which  runs  through  260  miles  to  Canton. 

"  These  rivers  were  navigated  in  their  higher  or  shal- 
lower parts  by  the  embassy,  in  lightly  constructed 
covered  barges,  and  described  in  one  place  to  be  sharp 
built  at  the  ends,  flat-bottomed,  about  12  feet  broad,  and 
70  feet  in  length  ;  they  sailed  well,  used  cotton  sails,  and 
drew  very  little  water,  and,  with  a  brisk  and  favourable 
breeze,  made  no  inconsiderable  progress  against  the 
stream,  without  the  aid  of  trackers.  The  trackers  to 
each  barge,  it  appears,  were  generally  about  15  men,  re- 
lieved alternately.  In  some  parts  of  the  river  Chen-tang- 
Chiang,  the  peasants  were  employed  to  deepen  a  chan- 
nel through  the  shoals,  although  the  barges  drew  less 
than  a  foot  water,  which  is  not  unusual  in  European 
rivers  in  dry  seasons. 

"  In  almost  all  the  rivers,  as  they  descended  to  deeper 
water,  they  changed  from  these  light  barges  to  junks, 
which  also  navigated  the  Grand  Canal  ;  and  when  they 
ascended  the  rivers  to  where  they  became  shallow,  they 
again  quitted  the  junks  for  light  barges,  which  latter  they 
used  throughout  their  navigation  of  the  Chen-tang- 
Chiang,  the  whole  course  of  which,  above  Ilan-choo-foo, 
where  they  embarked  upon  it,  does  not  exceed  200 
miles.  These  junks  contained  two  tier  or  ranges  of 
apartments,  were  consequently  heavier,  and  drew  more 
water;  but  it  does  not  appear  they  used  more  trackers 
to  them  than  IS  or  20;  whence  it  follows,  that  these 
rivers  have,  fortunately  fur  the  Chinese,  but  moderate 
falls.  It  has,  indeed,  appeared  to  the  embassy,  that  the 
river  Kan-kiang*  has  an  average  fall  of  20  feet  per  mile, 
which  is  very  far  beyond  what  it  can  possibly  have,  ac- 
cording to  the  circumstances  of  its  navigation.  Witli 
those  not  actually  experienced  in  improving  the  naviga- 
tion of  rivers,  such  an  opinion  wa^  not  unlikely  to  take 
place,  and  no  way  lessens  the  general  merit  of  the  in- 
formation on  this  subject,  which  appears  to  be  collected 
with  attention,  and  is  diffusely  scattered  through  various 
parts  of  the  work." 


•  "  The  Yang.tsc-kiang,  (called,  by  abbreviation,  the  Kiang)  below  the  lake  Poyan.tj  to  the  se.i,  a  distance  of  300  miles,  is  supposed 
by  Sir  George  Staunton,  to  have  1000  feet  fall.  This  river,  where  entered  and  left  by  the  canal,  was  about  two  miles  wide,  with  cur- 
rent not  exceeding  two  miles  an  hour  in  the  strongest  part ;  and  much  deeper  than  the  Yellow  River,  which  was  not  more  than  9  cr 
10  feet  deep  in  the  middle  of  its  stream." 


424 


NAVIGATION  INLAND. 


Of  Weirs  and  Sluices.— When  the  ascent  to  be  over- 
come is  greater,  or  the  quantity  of  water  which  may  be 
spared  too  small  for  the  navigation  in  the  open  river,  ac- 
cording to  the  above  described  modes,  recourse  is  had  to 
weirs  for  penning  up  the  water  below  the  fall  or  shallow, 
until  it  attain  the  level  of  the  higher  and  navigable  part 
of  the  river.  In  this  way  the  successive  weirs,  already 
built  on  many  of  the  rivers  of  Europe,  for  the  use  of 
mills,  have  been  found  to  give  a  navigable  depth  in 
cases  where  it  would  not  have  existed,  and  the  only 
difficulty  was,  to  find  a  convenient  mode  of  passing  them. 
For  this  purpose  an  opening  is  made  in  the  weir, 
■which  may  at  pleasure  be  closed  by  a  flood-gate,  and 
the  vessel  which  has  to  ascend,  being  first  brought 
through  the  opening  into  the  mill  pond,  will,  after  the 
gates  are  shut,  rise  with  the  accumulating  water,  and 
where^that  has  attained  a  sufficient  depth,  she  may  pro- 
ceed on  her  voyage.  She  will  commonly  be  stopped  at 
the  shoals  below" the  next  weir,  but  when  the  sluices 
there  are  drawn,  the  flash  of  water  will  admit  her  to  go 
over  these  shoals,  and  through  the  opening  of  that  weir, 
and  so  on  successively. 

These  flood-gates,  or  sluices,  are  supposed  to  have 
been  invented  by  the  Egyptians,  after  the  time  of  Alex- 
ander, and  at  a  later  period  by  the  Chinese,  by  whom 
they  are  employed,  as  already  described,  on  their  Grand 
Canal.  They  were  also  known  to  the  later  Romans, 
and  are  still  in  use  in  various  rivers  of  Britain  and  the 
continent. 

They  commonly  consist  of  two  abutments  of  stone, 
one  projecting  from  each  bank,  with  a  space  between 
wide  enough  for  the  passage  of  a  vessel.  This  space  is 
shut  occasionally  by  limber  let  down  into  grooves,  which 
may  be  raised  or  placed  singly  without  much  difficulty  ; 
or,  if  one  beam  be  placed  across  at  top,  and  a  sufficient 
sill  at  bottom,  the  planks  are  placed  upright,  so  as  to 
bear  against  the  cross-beams.  To  open  this  kind  of 
sluice,  the  lock-keepers  place  themselves  on  the  cross- 
beam, and  take  up,  one  after  another,  the  paddles  or 
phnks,  not  without  a  great  deal  of  trouble  and  danger; 
for,  frequently,  when  the  plank  has  been  cleared  of  the 
lower  sill,  the  current  carries  it  away,  with  such  force, 
as  not  unfrequently  to  pitch  the  lock-keeper  into  the 
water.  After  all  of  them  are  taken  up,  the  beam  is  re- 
moved, the  water  speedily  lowers,  and  the  boat  is  hauled 
up  ;  or,  if  going  down,  may  shoot  through  with  the 
stream,  the  fall  never  exceeding  three  feet.  When  the 
boats  have  passed,  the  beam  is  replaced,  and  the  paddles 
filled  up  again,  one  after  another.  Many  improvements 
have  been  made  on  the  simplest  form  of  sluices,  which 
still  may  be  seen  on  various  parts  of  the  Thames  and 
Lea. 

Where  made  with  gates  opening  against  the  stream, 
as  in  some  of  the-  earlier  attempts  at  inland  navigation  on 
the  rivers  of  Ireland,  in  the  middle  of  the  last  century, 
or  with  great  "  vaniies,"  lifting  by  a  windlass,  as  in 
some  of  those  of  the  Low  Countries,  their  use  becomes 
very  difficult ;  but  were  a  well  contrived  stop  made, 
which  would  readily  admit  of  opening  and  shutting,  its 
cheapness  and  conveniency,  on  many  great  rivers,  would 
fr  quently  make  il  be  preferred  to  the  more  perfect  in- 
vention of  the  lock. 

In  tiie  Machines  Afifirouvees  three  or  four  modes  of 
working  such  sluices  in  a  river  channel  may  be  seen, 
worthyof  notice  from  their  ingenuity,  though  we  iiave 
not  heard  of  any  of  them  bein^'  put  in  practice.  More 
lately,  the  intelligent  engineer  Blanken,  of  Amsterdam, 


has  proposed  a  mode  of  making  a  balance  lock-gate  ap' 
plicable  to  such  a  case,  and  actually,  we  believe,  executed 
for  the  "  Overlaat,"  or  set-off  lock,  at  Woerden  on  the 
Waal.  The  utility  of  the  invention  has  been  disputed 
by  his  countryman  Goudriaan,  from  his  difficulty  of 
preserving  such  a  lock  water-tight.  But  in  countries 
where  water  is  abundant,  this  objection  is  of  little  mo- 
ment. 

In  the  sluice  gates,  or  "  Pertuis,"  employed  by  Mr. 
Tresaguet,  on  the  river  Charente,  the  lower  beam  of 
each  gate,  instead  of  being  precisely  at  the  foot  of  the 
gate,  is  placed  six  inches  higher  than  the  extremity  of 
the  head  and  heel  posts,  so  as  to  leave  an  opening  below. 
The  upper  part  of  these  gates,  from  the  middle  beam  to 
the  top,  is  planked  over  in  the  common  way.  The  lower 
part  remains  an  open  frame,  which  may  be  closed  by 
means  of  two  paddles  or  sluices,  fitted  with  racks  for 
raising  and  lowering  ihem.  The  paddles  being  lowered, 
will  descend  to  the  floor  of  the  upper  side  of  the  sill, 
which  will  be  three  inches  lower  than  the  surface  of  the 
floor  on  the  lower  side,  so  as  to  form  a  rabbet  against 
which  they  may  bear,  to  shut  the  lock  more  exactly. 
This  rabbet  is  not  necessary  to  support  them,  because 
they  have,  besides,  a  bearing  at  six  inches  higher  against 
the  bottom  cross-beam.  The  uprights  of  each  gate,  viz. 
the  head  post  and  middle  post,  rest  against  squared 
stones  fixed  in  the  sill  of  ihe  gate. 

To  open  the  gates,  we  begin  by  raising  the  four  pad- 
dles as  far  as  the  lower  cross-piece  only  ;  and  the  water 
escaping  below  that,  will  scour  away  any  stuff  that  may 
have  been  deposited  at  the  foot  of  the  gate.  When  the 
upper  floor  has  ihus  been  washed,  the  paddies  are  raised 
as  far  as  the  middle  beam,  which  is  placed  nearly  ai'the 
height  which  the  water  would  have  if  there  was  no 
sluice.  The  water  will  then  pass  quickly  off",  and  de- 
scend to  a  proper  level  for  navigation,  viz.  four  feet  above 
the  sill.  The  close  part  of  the  gale  being  then  all,  or 
nearly  all,  above  water,  there  is  no  difficulty  in  opening 
the  gate,  by  means  of  the  cross-bar  or  lever  on  each 
side,  and  then  the  inconveniency  of  the  pressure  of  the 
water,  and  the  depositions  of  sand,  &c.  which  render  it 
nearly  impracticable  to  work  ordinary  gates  in  this  situa- 
tion, are  done  away. 

In  passing  the  falls  at  river  sluices,  there  is  consider- 
able risk  of  injury  to  the  vessels,  since  there  is  a  mo- 
ment wlien  the  half  of  the  barge  extending  beyond  the 
fall,  so  to  speak,  hangs  in  the  air,  and  runs  the  risk  of 
breaking,  or  at  least  slraining  her  considerably  below  the 
sluice,  the  water  being  obliged  to  pass  between  these  side 
walls,  and  prevented  from  flowing  away  laterally,  will 
assume  the  form  of  an  inclined  plane,  down  which  the 
barge  may  slide  with  safety,  and  up  which  it  may  be 
brought  with  considerably  more  ease  than  when  lefi  to 
assume  the  form  of  a  cascade.  As  a  genuial  rule,  we 
may  say,  that  the  side  walls  sliould  have  one  foot  lenglh 
for  every  inch  of  height  in  the  fall.  A  wooden  floor 
should  also  be  laid  between  these  side  walls,  to  pre- 
vent the  gullying  out  of  the  foundation,  and  the  foima- 
tion  thereby  of  sands  and  shoals  in  the  channel  below  the 
sluice. 

The  construction  of  the  weir  itself  requires  some  par- 
ticular precautions,  and  will  depend  very  much  u|)on  the 
niaieiic'ls  wnich  are  liflurdcd  by  the  country.  It  is  ne- 
cessary lo  prevent  not  only  the  action  of  the  l-iUing  water 
from  loosening  the  fuot  of  the  weir,  and,  consequently, 
to  render  its  fall  as  giadual  and  gentle  as  possible,  but 
also  to  prevent  t   ,  hydrosiatical  pressure  of  the  water, 
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when  penned  up,  from  forcinp;  a  way  under  the  founda- 
tion of  the  wear,  and  destroying  the  work.  It  is  also  ne- 
cessary to  take  care,  that  the  water  way  over  the  surface 
of  the  wear  should  be  sufficiently  large  in  time  of  floods 
to  permit  the  evacuation  of  the  river.  It  is  therefore 
best  to  have  the  dams  constructed  in  the  wide  part  of  the 
river,  and  formed  obli(iucIy  to  the  stream. 

Thus,  suppose  the  common  width  of  the  river  to  be 
100  feet,  and  the  wears  to  be  made  200  feet  long,  and 
to  rise  4  feet.  In  the  first  place  it  is  self-evident,  that 
those  wears  would  fot  raise  the  waters  below  them. 
Now  let  us  suppose  the  water  to  increase  four  feci  above 
its  ordinary  height,  4  feet  multiplied  by  100  ftet  will  pro- 
duce a  section  of  400  square  feet ;  buf.  200  feet,  the 
length  of  the  wear,  multiplied  by  2  feet  in  depth,  will 
give  an  equal  section.  This  is  more  than  the  rise  would 
be  upon  the  wear,  because  the  water  running  over  it 
would  have  a  greater  velocity  ;  but  putting  that  out  of 
the  question,  the  fall  over  the  wear  would  now  be  but  2 
feet.  Suppose  a  rise  of  4  feet  more  in  the  common  parts 
of  the  river,  and  yet  the  water  would  be  more  than  4  feet 
below  the  bank,  this  would  produce  a  section  of  800 
square  feet  ;  but  4  feet  multiplied  by  200  will  produce 
an  equal  section.  Now  the  rise  of  8  feet  in  the  com- 
mon parts  of  the  river  is  equal  to  4  feet  over  the  wear, 
added  to  4  feet  the  height  ot  the  water  ;  so  that  the  sur- 
face of  the  river  would  now  be  nearly  level  ;  and  when 
this  happens,  the  wear  can  have  no  effect  in  impeding 
the  water,  and  if  the  wears  were  then  to  be  annihilated, 
no  sensible  change  would  take  place  during  the  height 
of  the  water. 

When  the  wear  can  be  founded  on  rock,  the  best  way 
will  be  to  bore  holes  in  the  firm  foundation,  and  affix 
piles  therein,  which  may  be  then  connected  with  stout 
planks.  Such  holes  may  now  be  bored,  even  in  deep 
water,  with  comparative  ease  by  means  of  the  diving 
bell;  but,  in  general,  it  will  not  be  difficult,  even  when 
impracticable  or  inconvenient  to  lay  the  bottom  dry,  to 
establish  a  frame  or  scaffolding  to  carry  upright  boring 
rods,  by  which  such  holes  may  be  executed  of  any  di- 
mensions. For  a  case  of  this  kind,  see  the  article 
Bridge.  When  the  planking  is  laid  with  a  slope  up  the 
stream,  the  water  lising  against  will  keep  it  the  whole 
dam  down  by  hydrostatical  pressure,  although  specifi- 
cally lighter  than  water;  and  in  this  way  Ltupold  pro- 
poses to  form  a  timber  wear  even  where  it  is  impossible 
to  attach  it  to  the  rock.  A  vciy  fine  specimen  of  this 
kind  was  executed  at  the  construction  of  the  docks  of 
Carlscrona  in  Sweden.  But,  in  general,  it  is  necessary 
to  give  the  dam  a  sufficient  mass  or  weight,  to  enable  it 
to  resist  the  horizontal  pressure  of  the  water.  We  shall 
not  now  enter  into  this  subject,  which  has  been  treated 
of  at  considerable  length  by  Bossut,  Vallet,  and  others, 
(see  also  our  article  Hydrodynamics,)  but  shall  proceed 
with  details  of  the  practical  moiies  of  construction. 
Where  the  bottom  of  the  river  is  soft,  or  composed  of 
loose  gravel  or  sand,  piling  becomes  absolutely  necessa- 
ry. For  this  purpose  strong  piles  are  driven  at  regular 
distances  across  the  bed,  the  heads  sawn  off  as  close  as 
possible,  and  connected  by  a  beam,  which  serves  to  guide 
a  row  of  pile  planks  driven  between  the  interstices  of 
the  other  piles,  so  as  to  form  a  continuous  partition 
across  the  bed,  and  as  far  below  as  may  he  thought  ad- 
visable. Behind  these  a  dyke  of  rubble  stone  is  formed 
across  the  river,  and  it  is  usual  to  insei  t  in  this  dyke  tri- 
angular frames,  the  upper  end  of  which  rest  on,  and  are 
attached  to  the  bottom  piles  and  gauging  beam  aforesaid. 
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The  upper  edge  or  face  of  tliis  dyke  is  then  faced  up 
with  hewn  stones  or  planks,  and  the  interstices  of  the  dry 
stone  work  during  its  construction  ought  to  be  carefully 
packed  with  heath  and  gravel.  Soft  earth  mingled  with 
gravel  is  then  applied  to  the  upper  side  of  the  dam,  and 
if  possible,  by  dredging  in  the  bottom,  ought  to  be  car- 
ried some  way  below  the  bed  of  the  river,  and  also  some 
way  above  the  dam  to  increase  the  difficulties  of  transpi- 
ration. In  the  northern  countries  peat  moss  is  used  for 
this  purpose.  This  puddling  or  lining,  as  it  is  called,  is 
then  covered  over  with  a  sheeting  of  gravel  or  stone,  to 
prevent  its  being  washed  away.  The  lower  side  of  the 
wear  is  also  to  be  covered  over  carefully  with  a  facing 
of  timber,  or  close  pavement,  descending  by  a  very  gen- 
tle plans  to  the  bed  of  the  river  below,  and  the  foot  of  it 
must  be  secured  by  piles  or  planking  as  before  described. 
Beyond  which  a  mass  of  rubble  stone  may  be  thrown 
into  the  bed  of  the  river,  to  prevent  the  scouring  effects 
of  the  cascade. 

In  the  timber  countries,  floors  of  planks  are  made  use 
of  instead  of  the  stone  pavement  above  referred  to,  and 
the  water  is  permitted  to  fall  from  one  of  these  to  the 
other,  until  its  perpendicular  force  is  destroyed.  The 
framing  below  these  floors  is  filled  with  strong  puddle, 
dams  ol  earth,  and  stone  cut  off  by  successive  partitions 
of  timber  ;  and  instead  of  the  rubble  applied  to  the  skift 
or  tail  of  the  dam,  the  bottom  is  defended  by  coverings 
of  fascine  work,  or  brushwood  well  wattled  and  bound 
together,  and  fixed  down  with  stakes  for  a  considerable 
space  below.  In  France,  and  other  countries  on  the  con- 
tinent, where  much  small  wood  must  be  preserved  for 
fuel,  this  kind  of  material  is  very  abundant,  and  is  exclu- 
sively employed  in  river  works  in  preference  to  stone. 
In  Holland,  which  is  destitute  of  stone,  large  tracks  of 
brushwood  are  cultivated  on  the  banks  of  the  canal  and 
other  such  works,  for  the  sole  purpose  of  being  used  in 
hydraulic  architecture.  Plate  CCCCVI.  Fig.  1.  exhibits 
the  section  of  a  stone  wear,  constructed  by  Mr.  John 
Smeaton  on  the  Carron  river.  Fig.  2.  exhibits  the  struc- 
ture of  a  wooden  wear  with  sluices,  adopted  in  Russia  on 
the  river  Wittogra.  By  means  of  these  sluices,  the 
water  in  the  river  can  always  be  kept  at  the  proper 
height  for  navigation,  whethci  in  dry  weather  or  in  flood, 
over  the  shallows  in  the  viver.  Several  wears,  with  open- 
ings to  answer  this  purpose,  have  lately  been  constructed 
upon  the  Thames,  one  of  which,  near  Windsor,  has  been 
given  by  Zachary  Allnutt,  superintendant  on  the  Thames 
navigation,  in  his  considerations  on  the  best  mode  of  im- 
proving that  river.  It  consists  of  several  strong  piles  or 
posts,  driven  firmly  into  the  bed  of  the  river  at  20  to  25 
feet  apart  in  a  straight  tine  across  the  river.  The  inter- 
vals between  these  piles  are  driven,  and  nicely  filled  up, 
with  pug  piles  or  dovetail  piles  as  above  described.  These 
last  are  afterwards  sawed  off  straight  and  even  with  the 
bottom  of  the  river,  and  have  a  strong  and  sound  sill 
nicely  fitted  and  spiked  on  to  them,  and  into  each  of  the 
large  piles  at  its  end.  By  this  means  the  water  is  pre- 
vented from  soaking  or  making  its  way,  except  through 
the  rectangular  openings  between  the  several  piles, 
which  should  be  at  least  as  high  as  the  highest  floods, 
and  have  their  tops  connected  by  strong  cross  pieces  of 
timber  bolted  on  to  them.  In  these  cross  pieces,  and  in 
the  sill  below,  a  number^ of  holes  are  prepared  for  plac- 
ing, at  equal  intervals,  as  many  upright  pieces  of  wood 
called  rimers,  with  rebates  in  their  sides,  for  temporary 
gates  to  slide  down  in,  and  rest  against.  After  these 
rimers  are  put  in,  a  sluice  or  gate,  with  a  tall  handle  to 
4  B 
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rest  against  the  upper  oc  cross  piece,  is  piu  in  between 
each  rimer;  and  above  these  another  set  ot  ii;ates,  called 
overfalls,  with  similar  handles,  arc  fitted,  to  be  occasion- 
ally usetl  in  dry  seasons,  when  none  oC  ihe  water  is  to  be 
sufTend  to  escape  except  by  the  side  cut  and  lock,  pad- 
dles. In  lime  of  flood  all  these  spates,  overfalls,  and 
rimers  are  taken  away  tjy  persons  who  go  in  a  boat  for 
that  purpose  :  which  operation,  we  are  told,  can  be  per- 
formed in  three  hours,  and  the  water  is  suffered  to  take 
its  free  course  throui^h  the  openini^s.  As  the  water 
subsides,  a  few  of  these  gates  are  put  in  at  a  time,  leav- 
ing the  water  its  course  through  the  others  until  all  of 
Ihem  are  in,  when,  on  any  small  rise  of  the  water,  the 
same  falls  over  the  lops  of  these  gates  into  the  bed  of 
the  river  below.  When  a  greater  depth  of  water  is 
wanted  above,  the  overfalls,  or  upper  gates,  are  succes- 
sively put  in  upon  the  others,  these  last  being  of  such  a 
height,  that  the  water  can  fall  over  their  tops  before  it 
would  overflow  the  meadows,  in  case  of  iis  rising,  and 
the  men  not  attending,  or  being  expeditious  enough  in 
taking  away  the  overfalls,  and  then  ihe  gates,  if  thi;  pro- 
gressive rise  in  the  river  should  render  it  necessary. 

Of  inclined  Planes  and  rolling  Bridges — The  only 
other  mode  employed,  before  tne  niventi m  of  locks,  lur 
transferring  a  boat  from  any  navigable  pond  to  another 
across  a  vvear  or  the  like,  was,  to  haul  her  out  ol  the  wa- 
ter up  a  sloping  way  to  the  intervening  ridge,  and  launch 
her  from  thence  into  the  other  canal.  The  Chinese  have 
proceeded  no  farther  than  this  in  their  system  of  inland 
navigation;  and  the  following  account  of  their  practice, 
extracted  by  Mr.  Chapman,  may  not  be  foreign  to  our 
present  purpose. 

The  "  inclined  planes"  of  the  Chinese  "  are  particu- 
larly described  in  the  route  from  Hang-choo-foo  to 
Tchusan,  which  was  pursued  by  Colonel  Benson  and 
Captain  Mackintosh  of  the  Hindostan,  after  they  had 
parted  with  Lord  Macartney,  and  the  remaining  atten- 
dants of  the  embassy,  who  followed  the  route  already 
described  to  Canton. 

"  The  Tchusan  party  crossed  the  river,  and  entered  a 
small  canal.  After  tliev  proceeded  about  three  days,  they 
arrived  at  the  city  of  Loo  chung,  where  they  changed  their 
inland  barges  for  junks  of  aboui  60  tons  burthen  each, 
neatly  fitted  up  for  passengers,  but  constructed  for  salt- 
water navigation,  and  lying  on  a  river  into  which  the 
tide  flowed  beyond  Loo-chung.  T^ey  sailed  from  thence 
to  Ni'iipo,  near  Tclmsau  ;  the  river  was  of  the  breadth 
of  the  Thames  between  London  and  Woolwich. 

"  Before  their  arrival  it  Loo-chung,  it  sometimes  hap- 
pened in  the  route  to  T'.husan,  that  the  wat>  r  of  a  higher 
canal  passed  immediately  i.ito  another  of  a  lower  level ; 
and  in  two  instances  the  travellers  were  launched  in 
their  barges  with  prodii;if)US  velocity  down  the  stream.* 
The  upper  canal  is  bouiulod  by  a  strong  and  well  com- 
pa(  'ed  wall,  the  top  of  wiiich  is  level  with  toe  surface  of 
the  upper  water  A  beim  of  wood  is  laid  on  the  upper 
edge  of  the  wall,  ivhich  is  rounded  off  towards  the  wa- 
ter. Beyond  (or  below)  the  wall,  a  sloping  plane  of 
stone  work  extends  to  the  lower  canal  in  the  form  of  a 
glacis,  with  an  inclination  of  jbout  45°,  and  descending 
near  10  feet  in  pi  rpendicular  deptn,  at  the  bottom  of 
which  the  canal  is  carried  along  .is  the  level  of  the  coun- 


try will  allow,  when  another  wall  and  glacis  for  another 
canal  still  lower  are  constructed  as  before. 

"  In  pjssiiig  from  an  upper  to  a  lower  canal,  the  ves- 
sel  tilted  over  the  cross  beam  slides  down  by  its  own 
gravity,  and  to  prevent  the  water  from  flushing  over  the 
decks,  or  her  plunging  into  the  canal  below,  a  railing  is 
fixed  at  the  head  of  the  vessel  about  to  be  launched,  be- 
fore which  is  placed  a  strong  mailing  at  the  time  of  its 
descent.  To  draw  up  a  large  vessel  from  the  lower 
canal  along  the  glacis  into  the  upper  canal,  requires 
sometimes  the  assistance  of  near  a  hundred  men,  whose 
strength  is  applied  by  means  of  bars  fixed  in  one  or 
more  capstans,  placed  on  the  abutments  on  each  side  of 
the  glacis.  Round  the  capstans  is  a  rope,  of  which  the 
opposite  extremity  is  passed  round  the  vessel's  stcn, 
which  is  thus  conveyed  into  the  upper  canal  with  much 
less  delay  than  can  be  done  by  locks,  but  by  the  exer- 
tion of  much  more  human  force, — a  force,  indeed,  which 
in  China  is  always  ready,  of  little  cost,  and  constantly 
preferred  there  to  any  other." 

"  This  description  of  the  Chinese  inclined  planes  ap- 
pears to  be  correct  in  Ihe  outline,  but  caimot  be  taken 
literally,  as  45°  declivity  is  far  too  steep,  unless  the  fall 
be  so  little  as  to  bear  a  small  proportion  to  the  length 
of  the  boat  ;  and  then  the  sleep  inclination  of  the  plane 
would  be  of  little  moment,  as  the  boat  need  never  touch 
it  but  on  sliding  off  with  its  heel. 

"  In  the  plate  the  desiMiplion  is  partly  corrected,  as 
the  inclination  is  but  14°  from  the  horizon,  viz.  one  foot 
fall  for  every  four  feet  base,  which  is  also  too  sleep,  un- 
less the  boats  that  pass  theseplanes  be  much  shorter  tiian 
the  general  run  of  their  boats;  which  is  the  more  pro- 
bable, ,s  otherwise  they  would  strain  and  break  in  two 
with  any  lading  on  turning  over  the  cross  timber  at  the 
head  of  the  plane.  These  boats,  according  to  the  plate 
of  the  inclined  plane,  are  of  about  3  feet  height,  and  56 
feet  tread  on  the  ground,  with  sliarp  overhanging  ends 
projecting  9  or  10  feet,  and  i  ising  with  a  bend  equ  d  to 
the  descent  of  the  plane,  therefore  tending  at  one  end  to 
raise  the  vessel  in  its  descent,  and  at  the  other  lo  pro- 
duce the  Same  effect,  in  a  small  degree,  by  the  weight  of 
the  boat's  end  behind  the  Head  of  her  keel.  I  shall  as- 
sume the  boat  to  be  so  far  laden,  as  to  have  as  much 
buoyancy  above  as  below  water,  and  the  effect  of  the 
projecting  ends  to  be  undi  r  that  predicament,  equivalent 
to  a  shortening  of  it  to  8  feet  less  than  its  tread  on  the 
ground,  viz.  to  make  it  equal  to  a  boat  of  similar  section 
from  end  to  end  of  onl)  48  leet,  in  place  of  75  feet  in  ex- 
treme length.  From  these  premises,  and  admitlinii  the 
transverse  section  to  be  square,  which  will  not  materially 
alter  the  case,  (as  their  section,  exclusive  of  the  ends, 
is  uniform,)  we  may  deduce  wnal  the  floating  power  of 
such  a  bo.it  would  be. 

Under  this  predicament,  it  is  obvious  that  a  diagonal 
line  from  the  summit  of  one  end  of  the  boat  to  the  hjwer 
extremity  of  the  other  end,  would  divide  its  bulk  into 
equal  p,\rts,  one  of  which,  immersed  in  water,  would  be 
just  equal  to  its  wliole  weit;lit  ;  therefore,  as  under  the 
given  angle  of  inclination  and  weight  of  boat,  the  water 
would  only  flow  12  feet  along  the  boat's  botioo).  or  i  of 
its  length,  it  follows  that,  at  the  instant  of  immeismg 
one  end  under  water,  it  would  only  have  i  -if  its   weight 


*  "  It  appears  from  this  description,  that  water  was  running  down  the  inclined  planes  ;  :,nd  if  so,  it  is  accordant  with  some  oftlie  de- 
scriptions of  the  Jesuit  missionaries.  This,  however,  is  probably  only  occEksional,  and  caused  by  the  fluctuation  of  the  surface  of  the 
oanal." 
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water-borne.  The  centre  of  gravity  of  this  tendency  to 
lift  the  boat,  would  be  at  4  feet  inwards  from  its  lower 
extremity,  viz.  at  it  of  the  distance  from  the  boat's  keel, 
which  latter  would  be  its  turninj^  point.  It  is  evident, 
that  a  power  equal  to  half  the  weight  of  the  boat  and 
cari^o,  applied  at  its  lower  exiremity,  would  enable  the 
boat  to  ribe,  as  the  other  extremity  would  bear  half  the 
weight;*  but,  in  the  present  instance,  there  is  only  half 
the  necessary  power  acting  at  ^^  of  the  requisite  arm  of 
the  lever,  consequently,  only  equal  to  |^-}  of  the  requisite 
force  ;  therefore,  with  the  aid  of  malls,  towards  the  head 
of  the  boat  still  unequal  to  the  end.f  If,  however,  we 
combine  the  description  of  the  fall,  viz.  '  near  10  feet  in 
perpendicular  depth,'  with  the  length  of  ihe  plane,  in 
the  plans  accompanying  the  work  (which  the  eye  might 
judge  of,  comparatively  with  the  length  of  the  boat)  we 
shall  have  a  declivity  of  about  ^,  or  nearly  9^-  from  the 
horizontal  line,  which  will  pretty  well  accord  with  the 
circumstances." 

"  I  can  easily  conceive,  that  the  travellers  might  be 
mistaken  in  the  declivity  of  the  plane,  if  they  judged  by 
the  eye,  as  angles  of  ascent  and  descent  are  very  deceit- 
ful in  their  appearance.  That  the  boats  are  longer  than 
on  reflection  we  should  conceive  them  to  be,  appears  cor- 
roborated by  a  traveller  of  the  last  century.  Father  le 
Compte,  who  observes,  that  'in  some  places,  where  the 
disposition  of  the  ground  does  not  permit  the  forming 
of  a  communication  between  two  canals,  they  still  con- 
trive to  pass  vessels  from  one  to  the  other,  notwithstand- 
ing they  have  more  than  15  feet  height  to  surmount.  At 
the  extremity  of  the  upper  canal,  they  construct  a  double 
glacis,  or  inclined  plane,  of  hewn  stone.  When  a  vessel 
arrives  at  the  extremity  of  the  lower  canal,  it  is  raised 
by  the  help  of  capstans  to  the  summit  of  the  first  glacis, 
from  whence  its  own  weight  makes  it  slide  on  the  se- 
cond into  the  upper  canal,  and  they  descend  to  the  lower 
by  reversing  the  operations." 

"  This  author  could  scarcely  comprehend  how  the 
Chinese  barges,  which  are  commonly  very  long  and  very 
heavy  laden,  did  not  break  in  the  middle  when  suspended 
in  the  air,  on  the  angle,  between  the  double  glaces;  ne- 
vertheless, he  did  not  learn  that  the  least  accident  ever 
happened.  '  These  inclined  planes,'  he  says,  '  are  not  to 
be  found  in  the  grand  canal,  because  the  imperial  barks 
could  neither  be  raised  by  manual  force,  nor  secured 
from  the  misfortune  to  which  the  others  have  the  ap- 
pearance of  beit)g  liable." 

"  In  the  journey  of  the  Fathers  Boures,  Fontenay,  Le 
Compte,  Sec.  from  the  port  of  Ningpo,  they  relate  that 
they  soon  '  came  to  a  place  where  they  hoist  up  the 
barks,  in  order  to  convey  them  to  a  canal  which  is  9  or 
10  feet  higher  than  the  level  of  the  river.  They  hoist 
up  the  bark  by  means  of  a  slope  or  declivity,  paved  with 
large  stones,  and  when  they  have  got  it  to  the  lop,  they 
let  it  slide  down  another  into  the  canal.'  "There  are 
people  who  wait  to  be  hired  for  this  purpose;  they  are 
not  above  a  quarter  of  an  hour  about  it,  having  the  help 
of  two  capstans." 

'•  This  inclined  plane  is,  in  the  same  district,  described 
by  the  Tchee-san  traveller,  (probably  one  of  those  they 
descended.)  and  differs  in  nothing  but  the  time  of  pas- 


sage, which  will  depend  much  on  the  force  employed.  If 
the  aid  of  capstans  be  used,  in  which  both  narrators 
agree,  the  passage  cannot  be  so  quick  as  by  a  well-regu- 
lated lock.  Their  account  of  the  Kiang  and  Yellow  ri- 
vers, and  of  the  canal,  in  their  route  to  Pekin,  conside- 
rably resembles  Sir  George  Staunton's.  Some  of  the 
sluices  or  flood-gates  upon  the  great  canals,  are  describ- 
ed as  retaining  the  water  in  confined  channels  of  ma- 
sonry, (apparently  of  some  extent,)  through  which  it 
rushes  with  vast  impetuosity,  so  as  to  require  great 
power  of  capstans  and  of  men,  to  get  the  vessels  up  ; 
and  that,  in  place  of  letting  them  run  down  at  will,  they 
are  carefully  let  through  by  ropes  that  are  slacked  away, 
until  they  are  below  the  strength  of  the  stream." 

Inclined  planes  similar  to  those  in  China,  under  the 
name  of  rolling  bridges,  have  long  been  known  in  Eu- 
rope, particularly  in  Holland  and  Italy.  The  object 
seems  to  have  been,  not  so  much  to  overcome  a  differ- 
ence of  level,  as  to  prevent  the  transference  of  water 
from  one  tract  of  country  to  another,  on  account  of  the 
jealousy  of  drainage.  One  of  the  most  remarkable  of 
this  kind  is  the  OverCoon,  between  Amsterdam  and  the 
Haerlem  Meer,  already  noticed  under  Holland,  and 
which  is  preferred,  on  account  of  the  interest  which  the 
city  of  Haerlam  has,  in  continuing  the  ship  navigation 
through  the  ancient  sea  sluices  of  Sparendam.  At  Liz- 
zafiisina,near  V'enice,  is  an  ancient  machine  of  the  same 
kind.  The  fresh  water  of  the  Brenta  is,  in  this  place, 
prevented  from  flowing  directly  into  the  lagoons  of  Ve- 
nice, which  had  been  thought  the  cause,  not  only  of  the 
unwholesomeness  of  these  lagoons,  but  also  of  their  ra- 
pidly filling  up,  and  thereby  endangering  the  securi;y  as 
well  as  the  navigation  of  the  city.  New  channels  were, 
therefore,  cut  by  the  state,  for  this  and  other  rivers,  in 
order  to  lead  them  to  more  distant  mouths;  but  the  old 
bed  is  still  employed  for  the  purpose  of  navigation,  and 
forms  the  direct  track  from  Padua  to  the  city  of  Venice. 
The  vessels  are  transported  over  the  wears  by  means  of 
two  strong  sledges,  fitted  with  trucks,  travelling  upon 
railways,  and  drawn  by  a  rope  passing  over  an  axle,  which 
is  worked  by  a  horse  whim.  The  following  figure  and  de- 
scription of  the  machine  is  from  Leupold.  (PI.  CCCCVII. 
Fig.  1.)  "  The  carriage  is  made  of  square  balks,  of 
which  the  two  long  ones  have,  at  each  end,  iron  rings, 
PQ.,  to  admit  the  hooks  of  the  cable.  The  other  two 
balks  are  shorter,  and  connect  the  long  ones  in  a  square 
form.  Within  these  are  two  other  balks,  RS.,  the  same 
length  as  the  cross  ones,  and  all  well  jointed  together.  In 
this  square  frame  are  four  rollers,  each  one  fool  in  dia- 
meter, and  9  inches  broad,  strongly  hooped  with  iron. 
The  remainder  of  the  machine  lies  upon  the  ground. 
These  carriages  slide  up  and  down  into  the  water,  al- 
ternately. Hard  by  is  an  upright  shaft,  with  a  pinion  at 
the  head,  and  wilh  twocrossbars,  to  which  horses  can  be 
attached.  The  pinion  work?  into  a  face  wheel,  on  the 
horizontal  axle  of  which  a  rope  is  wound,  fitted  with  iron 
hooks  at  the  extremity,  which  are  attached  to  the  ship 
and  carriage,  and  by  this  means  draw  them  over  the 
bridge.  Here  it  is  to  be  remarked,  that  the  horse  which 
walks  on  the  right  side,  takes  the  ship  which  is  given  to 
the  sea,  and  the  horse  which  is  on  the  left  side,  takes  that 


*  "  Nearly  so,  the  turning  point  being  only  thrown  backward  the  tangent  of  the  ■^^  of  inclination  upon  one-third  of  the  boat's 
height.  To  make  the  other  deductions  perfectly  true,  the  centre  of  gravity  of  the  boat  and  cargo  must  lie  at  one-third  of  its 
beigbt  ;  and  if  higher,  as  it  generally  must  be,  it  will  operate  against  the  power  of  the  boat's  rising  " 

t  "  Unless  the-e  were  at  the  bottom  of  the  glacis,  an  apron,  or  smooth  platform,  at  such  a  depth  as  not  to  admit  the  boats  to  sink, 
which  does  not  appear  to  be  the  case,  nor  could  well  be  so,  under  such  fluctuation  of  surface  as  the  canals  are  Uable  to. 
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which  is  given  to  Ihe  river  or  canal.  Between  the  river, 
or  Brenta,  and  the  sea,  or  salt  lagoons,  the  dyke  or  liank, 
where  the  carriages  pass,  is  built  of  masonry,  with  a  rope 
over  it.  There  are  also  two  stone  ledges,  between 
which  Ihe  rollers  go,  and  of  the  same  breadth  as  the 
rollers.  The  extremities  of  those  ledges,  on  both  sides, 
are  firmly  constructed  with  a  pavement  of  large  and 
hard  stones,  so  that  they  may  not  be  shifted  by  the  tra- 
versing of  the  carriages.  Other  particulars  may  be 
discovered  in  the  plan." 

This  structure  may,  in  all  probability,  be  considered 
as  the  parent  of  all  our  modern  inclined  planes,  as  the 
pertuis  has  been  of  llie  modern  lock.  Meyer,  and  oilier 
German  writers,  seem  to  have  thought  very  highly  of 
the  tolling  bridge,  or  inclined  plane,  and  recommend  it 
strenuously  when  the  river  navigation  is  obstructed  by 
rocks  or  steep  hills  ;  but  we  do  not  know  of  its  having 
been  brought  into  use  for  high  lifts,  before  it  was 
adopted,  in  1788,  by  Reynolds,  and  others,  on  the  banks 
of  the  Severn,  although  Mr.  Dukart,  who  had  been  an 
engineer  in  the  Sardinian  service,  and  may  probably  have 
seen  this  in  Italy,  attempted  to  introduce  it  in  Ireland,  at 
the  Dungannon  Collieries,  as  we  have  described  when 
speaking  of  that  country. 

"These  collieiies,"  we  are  informed  by  Mr.  Chapman, 
"are  less  than  a  mile  north  of  Dungannon,  and  about 
three  miles  frotn  the  colliery  basin,  at  the  head  of  a  ca- 
nal, ascending  by  eight  locks  from  the  river  Black- 
water,  near  its  junction  with  Lough  Neagh.  The  rise 
from  the  basin  to  the  colliery  was  little  short  of  200 
feet ;  and  after  attempting,  very  improperly  for  the  par- 
ticular instance,  to  concjuer  this  great  ascent  in  that 
short  space,  by  continuing  the  lock  navigation,  and 
finding  the  sums  granted  by  government  for  that  pur- 
pose inadequate  to  the  design,  he  turned  his  attention  to 
small  boats  and  inclined  planes,  of  which  he  constructed 
three,  connected  by  narrow  canals.  The  falls  were 
seventy,  sixty,  and  fifty-five  feet,  which  last  terminated 
about  15  feet  above  the  colliery  basin;  from  which,  by 
a  short  rail-way,  his  boats,  again  floating  over  a  carriage, 
were  drawn  onward  to  the  wharf,  where  the  rail-way  was 
supported  on  yeers,  or  frames,  and  the  boats  were 
turned  over  to  discharge  their  cargoes. — They  were 
calculated  to  carry,  each,  a  ton  of  the  measure  the  coats 
were  sold  by,  viz.  (about  27  cwt.)  which  they  did,  at  less 
than  18  inches  draught,  so  that  his  canal  might  be  every 
where  fordable ;  and  accordingly  no  bridges  weie 
erected  upon  it. 

"  The  boats  were  flat-bottomed,  and  upright  at  the 
sides  and  ends ;  their  width  was  4J  feet,  their  height  3 
feet  6  inches,  and  10  feet  straight  side;  one  end  was 
square,  and  the  other  pointed,  so  as  to  form  a  right  angle 
at  the  stern  ;  and  they  went,  as  in  all  similar  ijaset,  a 
number  of  them  chained  after  each  other. 

"  His  first  attempt  differed  from  the  '  Ponteaux 
Rouleaux,'  in  no  other  respect  than  having  a  double 
passage  down  his  inclined  planes;  so  that,  by  means  of 
a  I  ope  leading  over  a  wheel,  his  loaded  boats  drew  up 
his  light  ones  ;  but,  finding  various  inconveniences  from 
some  of  the  rollers  not  turning,  and  from  the  individual 
inequality  of  the  diameters  of  others  throwing  his  boats 
to  one  side,  as  well  as  from  other  causes,  he  suggested, 
and  put  in  use,  the  method  i>ow  practised  on  the  banks  of 
the  Severn,  of  having  a  cradle  or  frame,  with  four 
wheels,  brought  under  his  boats,  upon  which,  over  a 
double  rail-way,  they  alternately  ascended.  The  sole 
difference  between  the  two  methods  being  in  the  size  of 


his  boats,  and  that,  in  place  of  a  steam-engine,  he  made 
use  of  a  liorsc-gin  to  draw  his  boats,  upon  the  ridge  ter- 
minating the  upper  level." 

"  Tliis  work  was  executed  a  little  prior  to  the  year 
1777;  but,  excepting  passing  a  few  boats  by  wa)  of 
trial,  nothing  more  was  done,  as  Mr.  Dukart  coul.l  not 
obtaui  m');iey  to  complete  some  of  his  intervening  levels, 
and  died  soon  after  the  time  mentioned." 

The  folfowing  letter  from  Mr.  Smeaton  shows,  tliat 
that  cngiiictr,  as  well  as  Mr.  Jessop,  were  acquainted 
with  this  scheme,  and  had  been  consulted  respecting  its 
pructical/dity. 

Brought  30  Jfirit,  1774. 
To  Mr.  Jessop. 

My  journey  into  Yorkshire  gave  me  an  opportunity  of 
reading  and  considering  youi'  report,  by  way  of  repre- 
sent,aion  of  the  several  matters  relative  to  the  works  of 
the  Tyrone  caiial  ;  and,  having  been  at  home  but  one 
day,  I  now  take  the  opportunity  of  a  leisure  hour,  to  give 
you  my  opinion  thereupon,  so  far  as  I  can  do  it  without 
entering  into  calculation. 

Had  this  canal  been  unbegun,  the  circumstances  at- 
tending it  are  such,  that  I  never  could  have  recom- 
mended a  canal  of  any  kind,  as  I  am  sensible  it  never 
could  be  made  in  any  degree  to  answer  the  expense. 
But,  if  I  understand  you  right,  the  bulk  and  expense  of 
the  work  is,  in  a  great  measure,  incurred,  there  being 
little  to  do  but  complete  the  inclined  planes  between  the 
different  reaches  of  the  canal.  I  think,  therefore,  that  it 
would  be  a  great  pity,  after  the  public  has  been  at  so 
considerable  an  expense  in  constructing  the  apparatus, 
but  that  the  experiment  was  made,  and  the  validity  of 
this  mode  of  navigation  put  to  a  thorough  proof,  espe- 
cially as  it  may  be  a  meet  point,  whether  it  may  be 
cheaper  to  navigate  upon  this  canal,  supposing  it  ready 
made,  and  given  for  nothmg  ;  or,  to  begin  a  new  work; 
which,  at  any  rate,  will  cost  a  considerable  sum  ;  for,  by 
this  means,  the  public  will,  at  least,  be  put  into  pos- 
session of  this  piece  of  knowledge,  i,  e.  how  far  a  scheme 
of  this  nature  is  likely  to  answer  in  other  places. 

I  think  the  best  chance  of  its  succeeding  will  be 
obliging  the  loaded  boats  going  down  to  draw  up  the 
empty  ones  returning,  which  may  be  done  by  a  simple 
pully,  with  a  brake  or  convoy  upon  it,  to  moderate  the 
velocity  of  the  descending  boat ;  and  that  a  great  deal  of 
friction  may  not  be  wanted  upon  the  pulley,  as  you  say 
the  plane  lises  one  in  five,  I  fancy  they  will  act  very  suf- 
ficiently, if  they  are  made  to  slide  upon  the  solid,  rather 
than  upon  rollers  ;  but  I  fancy  that  light  wooden  rollers 
will  be  wanted,  at  proper  distances,  to  keep  the  lopes 
from  rubbing  upon  the  gravel,  or  solids  between  the 
slides  ;  and  as  I  do  not  apprehend  that  above  one  boat 
can  be  let  down  at  a  lime,  for  greater  despatch,  I  think 
it  will  be  better  to  make  the  boats  carry  two  tons  rather 
than  one,  by  making  them  of  double  length.  I  do  not, 
however,  hint  these  things  by  way  of  adopting  the 
scheme,  nor  can  I  answer  whether  it  will  do  or  not ;  but, 
as  mailers  are  carried  on  to  so  great  a  length,  by  way  of 
suggesting  the  likeliest  means  of  getting  an  effectual 
trial  of  Mr.  Dukarl's  scheme. 

If  this  scheme  does  not,  on  trial,  answer,  I  am  of 
opinion  that  a  rail-road  of  wood,  in  the  manner  of  those 
at  Nev/castle  and  AVhitehaven,  is  much  to  be  preferred, 
in  such  a  situation,  to  either  a  canal  or  a  gravelly  road, 
especially  as  you  say  it  can  be  done  with  a  length  of 
two  miles,  and  all,  or  most  of  the  way,  down  hill.  This 
being  the  case,  the  waggons  will  go  down  loaded,  by 
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their  own  gravity,  and  the  horses  will  have  noihii.g  to  do 
but  to  draw  them  empty  back  again,  which,  in  a  rise  of 
192  Feet  in  two  miles,  will  be  easy  work. 

Rail-roads  of  this  kind  arc,  in  common  situations,  exe- 
cuted in  the  neighbourhood  of  Newcastle,  so  as  to  carry 
coals  at  the  rate  of  2d.  per  neai  ton  per  mile,  the  origi- 
nal charge  of  making,  muinienaiice,— of  wear  and  tear  of 
the  roadi — waggons,  horses,  and  drivers  included.  But 
as  the  cheapness  of  things  greatly  depends  upon  a 
country's  being  used  to  the  execution,  which  can  never 
be  the  case  in  the  first  instances,  if  we  suppose  6d.  per 
ton  per  mile,  of  the  Tyrone  tons,  they  will  be  more  than 
can  be  doi.e  upon  the  canal,  after  the  whole  of  the  origi- 
nal expense  has  been  given. 

You  will  be  pleased  to  communicate  my  sentiments  to 
my  Lord  Aichbisiiop  of  Armagh,  with  my  most  dutiful 
respects,  and  am, 

Sir, 
Your  most  humble  servant, 

J.  Smeaton. 

P.  S.  I  apprehend  it  will  be  necessary,  besides  a  sim- 
ple pulley  for  returning  the  rope,  to  have  somelf.ing  of  a 
tackle  assisted  by  a  winch  or  windlass,  by  way  of  bring- 
ing the  boats  upon  the  inclined  plane,  and  till  they  are 
launched  upon  the  down  going  side. 

Of  Locks. — The  discovery  of  the  lock,  an  invention  al- 
together modern,  simple  as  it  appears,  has  given  an  en- 
tire new  feature  to  the  inland  navigation  of  Europe.  It 
has  enabled  this  art  to  continue  the  convenience  of  water 
carriage  over  districts  furmerly  impracticable,  not  only 
along  the  valleys,  but  across  rivers  and  mountains. 

We  have  been  at  some  pains  to  trace  the  original  dis- 
coverers of  this  important  engine  ;  and  thougli  our  re- 
searches have  not  yet  been  attended  with  all  the  success 
we  could  w  ish,  yet  we  have  been  enabled  to  acquire  some 
new  lights  respecting  the  early  history  of  an  invention, 
which  three  centuries,  perhaps  four  centuries,  have  not 
yet  brought  to  its  ultimate  perfection.  Belidor,  in  his 
Architecture  Hydrauligue,  supposes  the  invention  to  be- 
long to  the  Dutch,  from  some  expressions  used  by  Ste- 
vinus,  an  eminent  engineer  of  that  country,  in  his  trea- 
tise Sur  la  nouvelle  Meniere  de  Fortification  fmr  Ecluses, 
published  in  1634  ;  but  ihtil  superficial  inquirer  does  not 
seem  to  have  comprehended  the  particular  invention 
which  Stevinus  describes,  who  expressly  says,  that  locks 
of  the  modern  construction,  a  figure  and  very  correct  ex- 
planation of  one  which  he  gives,  had  been  known  in 
Holland  from  very  early  limes.  His  object  was  to  de- 
scribe a  new  kind  of  sealock  then  lately  invented,  for 
the  purpose  of  secuiing  the  harbours,  and  which  might 
at  the  same  time  admit  the  passage  of  masted  vessels. 
The  difliculty  Wos,  to  form  gates  which  could  be  opened 
when  the  water  on  their  two  sides  was  at  different  levels. 
The  inventions  of  sevetal  engineers  there  mentioned  are 
described,  and  the  preference  given  to  the  plan  of  turn- 
ing gates,  placed  so  as  to  fill  up  the  frame  of  the  com- 
mon gates,  and  w  hich,  when  let  go,  fall  into  the  line  of 
the  stream. 

Stevinus  first  gives  an  account  of  the  common  mode 
of  effecting  the  first  object,  as  had  been  in  use  for  a  long 
time,  viz.  the  raising  a  common  sluice  door  by  a  wind- 
lass, which,  he  says,  does  not  allow  the  passage  of  mast- 
ed vessels. 

2.  He  describes  the  sluices  used  for  draining  low 
lands,  consisting  of  two  doors  butting  against  the  tide, 
and  shutting  of  themselves,  which,  he  says,  are  more 
useful  than  raising  the  sluices,  because  they  admit  of 


being  larger,  and  require  no  attention  to  watch  the  tide; 
but  he  says  they  also  are  defective  in  not  admitting 
masted  vessels  when  they  are  placed  under  the  dyke, 
and  in  not  retaining  water  to  scour  the  channel. 

3.  The  third  kind  of  sluices,  serving  to  pass  masted 
vessels,  are  made  with  two  p;'.ir  of  pointed  doors,  like  the 
second,  but  raised  as  high  as  the  dykes  themselves,  com- 
prising between  them  a  receptacle  for  ships,  with  two 
small  sluices  made  in  the  walls,  or  in  the  doors  them- 
selves. Then  he  describes  briefly  the  mode  of  passing 
a  ship  through  the  locks. 

Besides  these,  he  says  others  have  been  made  which 
open  ot  themselves,  with  the  ebb  falling  on  the  bed,  and 
lise  with  the  flood  ;  also  gales  which  are  drawn  aside 
into  the  land,  but  their  use  is  not  convenient. 

Stevin  also  informs  us,  that  he  and  several  other  en- 
gineers had  agreed  to  study  this  subject,  and  communi- 
cate their  inventions  to  each  other.  The  following  was 
the  result. 

Adrian  Janssen,  carpenter  of  Rotterdam,  invented  the 
locket  for  holding  a  turning  gate  in  its  place.  A  turn- 
ing gate  had  been  made  at  Biiel,  which  was  retained  in 
a  groove  at  the  bottom,  out  of  which  it  was  wound  three 
inches  by  a  rack  ere  it  could  turn  into  the  line  of  the 
stream. 

Stevins'  mode  was  to  have  rising  vannes  the  whole 
width  of  coch  butting  lock-gate  ;  Cornelius  Dirricksen 
Muys  of  Delft,  to  have  second  lock-gates  holding  up  the 
first;  and  Adrian  Diriicksenof  Delft  improved  Janssen's 
mode,  by  applying  them  in  folding  gates.  He  got  a  pa- 
lent  for  it  from  the  state,  and  built  two  at  Maeslandsluis 
and  two  at  Helvoetsluis  of  that  kind,  which  yet  exist. 
Stevins'  whole  account  of  this  mode  of  scouring  harbours 
is  well  worthy  of  attention. 

Of  the  Italian  authors,  the  first  who  enters  into  the 
history  of  the  discovery  is  Zendrini,  in  his  treatise  Del- 
la  Ac<]ue  Corrcnte,  published  in  Venice  1746,  who  says, 
that  being  interested  in  ascertaining  the  original  inven- 
tors of  locks,  he  had  taken  some  pains  to  search  the 
Venetian  annals  on  the  subject,  and  found  that  the  first 
lock  was  invented  at  Stra,  near  Viterbo,  by  two  brothers 
of  the  name  of  Dominico,  clock-makers  in  Viterbo,  who 
had  a  patent  for  its  construction  from  the  senate  of  Ve- 
nice, in  the  year  1481.  The  patent  describes,  that  these 
engineers  had  engaged  to  construct  a  sluice,  (concha,) 
in  which  boats  might  pass  without  danger,  and  which 
being  so  contrived,  that  the  water  passing  out  with  faci- 
lity, the  vessels  would  neither  be  required  to  be  dis- 
charged nor  drawn  over.  This  account  has  been  ac- 
quiesced in  by  Lalande  and  other  writers;  but  Lecchi, 
in  his  book  Dei  Cannali  .Yavigabili,  alleges  that,  pre- 
vious to  this  period,  in  1420,  the  lock  had  already  been 
inlroduced  in  the  naviKalion  of  Milan  by  Fillippo  Maria 
Visconti,  as  mentioned  in  his  life  by  Decembrio,  one  of 
his  courtieis.  And  in  1188,  Pctcntino,  the  architect  of 
Mantua,  had  thought  of  il  in  his  dykes  on  the  Mincio,  at 
Governolo,  the  first  attempt  at  overconiiiig  the  fall  of 
rivers  in  all  Italy  ;  so  that  Lecchi  claims  it  for  Lom- 
bardy.  Nevirlheless,  there  is  every  reason  to  believe 
that  these  cases  were  nothing  more  than  the  wear  and 
single  flood-gates  already  used  for  the  navigation  of  ri- 
vers ;  for  Bcrtazzolo,  in  his  discourse  upon  the  sluice  of 
Governolo,  published  at  Mantua  1609,  proposes  a  lock 
witii  a  chamber,  (sostegno,)  to  be  built  at  the  sluice  of 
Governolo  as  a  new  thing.  This  lock  has  since  been 
established  on  the  left  bank  of  the  Mincio ;  and,  con- 
nected with  an  opening  wear,  il  serves  to  hinder  the  tur- 
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bid  waters  of  the  Po  from  filling  up  the  lower  lake  of 
Mantua,  while  at  the  same  time  it  preserves  the  naviga- 
tion. Indeed,  in  many  parts  of  Lombardy,  wears  with 
flood-gates  are  yet  employed  for  river  navigation,  al- 
though locks  exist  of  an  early  date,  and  some  of  them 
also  of  singular  magnitude  and  boldness.  To  conclude, 
we  may  observe,  that,  at  all  events,  a  very  few  years 
after  the  supposed  invention  in  the  Venetian  state,  the 
celebrated  painter,  architect,  and  engineer,  Leonardo  da 
Vinci,  in  1497,  applied  locks  to  connect  the  Milanese  ca- 
nals derived  from  the  Adda  and  the  Tesino. 

We  must  next  consider  the  claims  of  Holland,  that 
other  great  cradle  of  the  hydraulic  art  of  Europe.  We 
have  formerly  noticed,  that  the  embankment  of  the  dif- 
ferent districts  of  Holland  had  chiefly  taken  place  be- 
tween the  years  1000  and  1400.  In  1253,  a  placart 
was  granted  by  Widiam,  Earl  of  Holland,  to  the  city  of 
Haerlem  for  the  construction  of  the  sluices  of  Sparen- 
dam.  Those  sluices  must  have  necessarily  been  a  lock  ; 
for  it  is  expressly  said  to  be  constructed  for  the  more 
convenient  passage  of  ships,  and  a  toll  is  appointed  to 
be  collected  on  the  vessels  which  make  use  of  it. 

About  the  same  time,  viz.  1255,  the  jurisdiction  of 
Delftland  was  established,  and  tlie  ancient  canal  from 
thence  to  Leyden  completed.  On  this  canal,  at  the  se- 
paration between  Delftland  and  Rhineland,  is  the  basin 
of  Leidsendam,  which,  as  wc  have  already  observed, 
become  s,  to  all  intents  and  purposes,  a  complete  lock,  by 
means  of  the  stop-gates  belonging  to  the  two  jurisdic- 
tions at  either  end,  and  it  has  always  been  used  as  such. 

At  the  same  period,  the  citizens  of  Utrecht  had  form- 
ed an  aqueduct  from  the  river  Lech  at  Vreeswyck  ;  and 
in  1371,  as  we  are  informed  by  Hada,  in  the  history  of 
Utrecht,  they  deepened  and  enlarged  this  aqueduct, 
so  as  to  make  it  navigable,  and  placed  at  the  bank  of 
the  river  Lech  double  flood-gates,  or  stop-gates  of  tim- 
ber, by  which  the  waters  might  be  more  easily  kept  out 
or  introduced.  (Hec'se  Hist.  E/iist.  Ullraj.  Arnold,  ii. 
£fiisc.)  This  structure  was  certainly  a  lock,  as  we 
see  by  the  note  upon  the  passage,  describing  an  improve- 
ment which  was  made  within  the  same  century  by  the 
addition  of  a  third  gate,  thereby  converting  it  into  a 
double  lock.  From  this  note,  it  is  evident  that  the 
original  structure  permitted  the  passage  of  vessels, 
which  William  only  rendered  more  secure  during  the 
high  floods  of  the  lock,  by  the  construction  of  the  third 
gate  on  the  side  next  that  river,  thereby  forming  two 
chambers  instead  of  one  ;  and  by  the  care  that  is  taken 
to  mention  the  name  of  this  artist,  it  appears  that  the 
original  or  single  lock  was  not  considered  as  any  new 
invention.  There  is,  therefore,  strong  reason  to  believe 
that  in  Holland  the  lock  was  known,  and  in  use  at  least 
a  century  before  its  application  in  Italy. 

OF   CANALS,  OR  STILL   WATER   NAVIGATION. 

General  Observations. 

The  navigation  of  rivers  is  a  natural  and  obvious  re- 
source, and  occurs  to  a  certain  extent  in  the  rudest  state 
of  society  ;  but  the  formation  of  artificial  canals  requires 
the  well-combined  labour,  and  the  pei  severing  efforts, 
of  many  individuals,  well  instructed  in  various  arts.  It 
theiefore  can  only  be  effected  in  a  comparatively  refined 
age,  wlien  population  has  become  dense,  and  their  poli- 
tical organization  more  complete. 

Though  certain  states  of  Asia,  Egypt,  &c.  appear  to 


have  arisen  on  the  banks  of  the  great  rivers,  and  must 
therefore  have  been  well  acquainted  with  the  benefits 
of  navigable  communications,  it  would  appear  that  drain- 
age, rather  than  navigation,  was  the  original  object  of 
their  hydraulic  works,  and  that  the  latter  only  was  at- 
tended to  as  a  collateral  advantage.  The  same  may  be 
observed  of  the  European  states,  and  all  those  parts  of 
the  Roman  empire,  in  which  hydraulic  works  attracted 
the  attention  of  that  active  and  enterprising  people. 
The  flat  lands,  as  the  mouth  of  the  Fo,  the  Rhone,  the 
Rhine,  on  the  Continent,  and  the  forelands  between  the 
Humber  and  the  Ouse  in  England,  are  the  cradles  of 
hydraulic  science  ;  for  there  necessity  had  stimulated  the 
inhabitants  to  unite  in  defending  themselves  from,  and  at 
length  to  subjugate  and  guide,  the  waters  which  sur- 
rounded them. 

In  such  countries,  the  formation  of  canals  is  compara- 
tively simple.  It  consists  merely  of  excavation  ;  the 
flatness  of  the  country  exhibits  no  oblique  inclinations 
to  the  course  of  the  canal,  and  little  variety  in  the  na- 
ture of  the  soil,  so  that  there  is  seldom  any  reason  for 
departing  from  the  straight  line,  or  overcoming  any 
sudden  depression  ;  accordingly,  here,  canals  chiefly 
consist  of  a  series  of  straight  cuts  from  one  pond  or  jjool 
to  another,  ramifying  through  a  considerable  area  of 
countiy  upon  one  level.  When  there  is  any  opposition 
of  interests  among  the  inhabitants,  they  carefully  dam 
out  the  surrounding  waters,  and  allow  a  communii  aiion 
between  the  neighbouring  navigations  only  by  transport- 
ing the  boats  over  the  land,  as  is  still  not  unusual  in  Hol- 
land and  the  English  fens. 

In  cases  where  the  tide-waters  afford  a  varying  level 
without  the  canal,  an  opportunity  of  communicating  be- 
tween the  navigations  exists  twice  a- day,  and  a  single 
pair  of  gates  is  all  that  is  necessary.  Hence,  in  fen  coun- 
tries, on  the  ocean,  sluices  seem  to  liave  been  known 
long  before  the  more  perfect  invention  ot  the  lock  or  sas 
was  thought  of. 

But  in  the  higher  countries,  the  mode  of  conquering 
the  ascents  and  descents  was  the  chief  object  to  be  ac- 
complished. The  canal  is  laid  out  in  portions  at  differ- 
ent levels,  each  carried  along  the  sloping  ground  as  far 
as  may  be  convenient,  and  the  connection  between  :hem 
is  formed  by  some  of  the  various  modes  which  have 
been  invented  for  that  purpose. 

Of  all  these  modes,  that  by  locks  is  perhaps  the  most 
simple  and  beautiful.  But  before  we  enter  upon  the  liie- 
ory  and  properties  of  the  lock,  it  may  be  belter  to  explain 
the  mode  of  laying  out  the  levels  of  the  canal. 

Theory  of  Canal  Cutting. 

It  is  evident,  that  in  cutting  canals,  no  farther  exca- 
vation is  required  than  that  which  will  hold  the  water, 
at  the  given  depth  and  breadth  ;  and  since,  according 
to  the  modern  practice,  a  bank  on  either  side  is  like- 
wise made  with  the  stuff  excavated,  it  is  evident,  that 
if  we  make  that  bank  of  sufficient  strength  and  close- 
ness to  contain  the  water,  the  level  of  the  surface  of  the 
canal  may  be  thereby  raised  above  the  natural  surface  of 
the  land,  and  great  part  of  the  excavation  saved.  One 
of  the  first  objects,  therefore,  in  canal  cutting,  is  to  know 
at  what  height  above  the  surface  of  the  land  the  canal 
may  be  carried  on  level  ground,  when  the  excavated 
stuff' or  cutting  will  just  make  the  banks.  This  is  call- 
ed level  cutting. 

When  the  ground  along  which  the  canal  is  carried 
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has  a  declivity,  llie  C|uariiiiy  of  stuft"  to  be  applied  to 
one  bank  is  necessarily  i;reatei'  than  that  wanted  for  the 
other.  This  disparity  may  increase  until  the  one  bank 
vanishes,  and  the  canal  is  cm  entirely  along  the  side 
of  the  hill,  and  only  the  lower  bank  is  required  to  be 
jnade. 

This  is  the  simplest  case  of  canal  cutting,  and  the 
work  admits  of  bcinij  laid  out  in  a  much  more  expedi- 
tious way  than  has  commonly  been  employed,  as  will  be 
seen:  this  case  is  called  side  cutting,  or  oblique  cut- 
ting ;  the  slope  of  the  cut  which  is  made  in  the  hill  be- 
ing made  the  same  as  the  exterior  of  the  canal  bank. 
These  two  lines  in  the  section  are  parallel  to  each  other  ; 
and  there  is  a  cerlsin  point  in  the  section,  through  which, 
if  any  line  be  drawn,  representing  tlie  surface  of  the 
grourid  in  any  case,  which  line  we  shall  call  the  line  of 
cutting,  the  portion  of  the  section  thereby  exhibited  as 
excavation  will  always  he  equal  to  that  exhibited  as  em- 
bankment. We  shall  call  tliis  point  the  centre  of  cut- 
ting. 

PKOBI.EM    I. 

Given  the  outline  section  or  profile  of  a  canal  in  side- 
long ground,  with  jjarallel  slopes.  To  find  the  centre 
of  cutting. 

Case  I.  For  one  bank  only. 

GivciiABCD  (Plate  ccccviii.  Fig.  5.)  a  section  of 
the  canal,  CDEGF  a  section  of  the  bank.  To  find  the 
centre  of  cutting, 

1    Graphically. 

Produce  the  lines  BC  and  ED  to  G  and  A.  Draw  the 
perpendiculars  Cm.  Dn,  and  the  diagonals  AG,  m  n  in- 
tersecting in  fi. 

Through  p  draw  the  parallel  s  fi  t,  and  bisect  it  in  o  ; 
0  is  the  centre  of  cutting,  through  which,  if  any  line 
HoF  be  drawn  cutting  the  slopes  AB  and  EG  produced, 
the  seclinn  HBC  to  will  always  be  equal  to  wDEF. 

For  inn  D  =  CD  rz.  therefore,  m  n  GE  =  CDEG. 
Bui  m  n  GE  ^Z  s  BG  l  :zz  CDEG  ;  and  taking  away 
C  V  t  G,  we  i.ave  «  BC  r>  ^  v  DE  t,  and  the  triangle 
H  «  0  and  0  t  ¥  are  equal,  liuving  equal  angles  and  the 
sid''  B  0  :^  0  u.  Wherefore,  the  sum  H  «  o  -j-  sBC  v^ 
0  I  V  -\-  V  DE  i  ;  and  taking  iiv.y  the  conuuon  part 
0  wf,  tlit-re  remains  HBC  w  ~  w  DEI".  Q.E.D. 

Cob.    1.  The  height  o,  of  tlic  centre  of  cutting,  above 
the  bottom  BC,  is  constant ;  and  it  may  be  found  by  say- 
ing, AE  or  BG  :  G  n  or  E  7n  :  :  A  X  or  772  C  :  0  r. 
That  is,  As  total  bieadth  at  top  of  canal  and  bank, 

To  breadth  of  bank  added  to  base  of  one  slope, 
So  the  depth  of  canal  from  surface, 
To  the  depth  below  centre  of  cutting. 

CoE.  2.  The  centre  of  cutting  is  also  the  centre  of 
c.ut  and  lover,  for  H  o  is  always  equal  to  o  F.  Hence, 
if  a  line  be  staked  out  along  the  ground  at  the  level  of 
the  centre  of  cutting,  it  will  exhibit  the  mi<idlc  of  the 
ground  wanted  for  tin.  use  of  the  canal,  whatever  may 
be  the  inclination  of  the  surface,  at  least  if  that  inclina- 
tion be  regular  as  far  as  the  breadth  required  ;  and  the 
distance  o  H  oi  o  F,  on  each  side  of  the  centre,  may  easily 
be  found  by  a  line  drawn  across  the  section  with  the 
given  inclination  of  the  ground. 

Cor.  3.  The  distance  of  the  centre  of  cutting,  from 
the  centre  of  thf  canal  at  surface  water,  is  constant,  and 
is  equal  to  u  g-{-D'E. 

Hci'ce,  if  llic  line  of  the  middle  of  the  cut  and  cover 
be  laid  out,  or  the  centre  of  cutting,  we  may  lay  out  a 


set  of  stakes  at  a  certain  horizontal  distance  therefrom  ; 
and  the  top  of  tiiese  stakes  being  made  even  with  the 
level  of  surface  water,  they  will  exhibit  the  line  of  the 
middle  of  the  canal  when  finished. 

Cou.  4.  At  half  the  general  breadth  AE,  from  the 
centre  of  cutiing,  and  on  that  level,  is  a  point  in  the  ex- 
terior slope  of  the  bank,  and  a  line  of  stakes  may  be  set 
out  at  that  distance  and  level,  which  will  direct  the 
wheeling  of  stufi'  for  the  formation  of  the  bank.  And  at 
these  stakes  a  level  and  plumb  line  may  be  applied,  with 
the  slope  of  the  bank,  by  which  the  point  F,  where  the 
exterior  slope  of  the  bank  meets  the  surface  of  the  land, 
will  be  found,  and  may  be  marked  out,  and  the  edge  of 
excavation  will  be  at  an  equal  distance  on  the  other  side 
of  the  centre  of  cutting. 

CoH.  5.  At  the  same  distance,  viz.  half  the  general 
breadtli  AE,  and  on  the  upper  side  of  the  centre  of  cut- 
ting, at  its  level  is  the  point  s,  in  the  inner  slope  of  the 
excavation. 

Cor.  6.  The  horizontal  distance  o  v,  of  the  inner 
slope  of  the  bank  from  the  centre  o,  is  constant,  and  will 
be  found  by  saying  D77:7jC::2o:ox»;a  line  of  stakes 
may  therefore  be  placed  at  this  distance  and  level,  to  di- 
rect the  wheeling,  as  in  Cor.  4.  and  by  a  level  and  plumb, 
the  commencement  of  the  bank  and  excavation  may  be 
marked  in  the  same  way. 

CoR.  7.  The  quantity  of  excavation  above  the  level  of 
the  centre  of  cutting  is  the  triangle  o  s  H,  and  the 
base  0  s  being  constant,  it  will  always  be  proportional  to 
the  height  H  ?/  of  the  upper  edge  above  the  level  afore- 
said. 

CoR.  8.  The  quantity  of  excavation  below  the  level  of 
the  centre  of  cutting  is  neatly  constant,  differing  from 
s  BC  V  only  by  the  small  triangle  o  iu  v,  of  which  the 
base  0  v  being  constant,  the  area  is  proportional  to  the 
perpendicular  from  to  to  the  level  of  the  centre  of  cut- 
ting. 

Case  H.  When  there  is  a  bench  or  towing  path  on 
the  upper  side,  given  a  .ABCDEG,  (Plate  ccccviii.  Fig. 
6.)  as  before,  the  profile  of  the  path,  canal,  and  bank, 
take  D  d  ;::  a  A,  draw  a  b  and  cd  parallel  to  the  slopes, 
thereby  converting  the  section  a  ABCDE  into  a  b  c  d'E., 
in  which  the  bench  or  towing  path  is  supposed  to  be  add- 
ed to  the  bank  ;  proceed  with  this  exactly  as  in  the  last 
case,  to  draw  the  lines  c  G,  c  d,  and  s  t ;  the  middle  o 
will  be  the  centre  of  cutting. 

CoR.  3.  In  this  case,  the  distance  from  centre  of  ca- 
nal equal  u  g  -J-DE  — a  A. 

Also,  Ejr:Em::^mc:oz 

That  is,  as  a  E  :  El3-f-D  d-{-d  m  : :  m  c  :  o  z. 

Problem  II. 

To  reduce  the  section  ABCDEF,  (Plate  ccccviii.  Fig. 
7.)  with  a  second  bench  or  path  EF,  to  the  equivalent 
section  ABIKF,  with  one  bank  only,  but  wider  and  shal- 
lower, the  bunking  cut  down  and  filled  into  the  bottom. 

Protiucc  BC  and  HF  to  Z,  also  CD  to  G  ;  make 
DN  ^  DG.  Draw  the  parallel  NL  (or,  if  the  slopes 
aie  all  equal,  make  DL  perpendicular  to  GC)  on  FL, 
desc'ibethe  semicircle  LMF,  cutting  the  perpendicular 
GM;  make  ZK  (and  ZI)  equal  to  ZM;  draw  the  pa- 
rallel KI,  and  it  is  done. 

D;  nionstration  :  The  triangle  NGF  z:  DGFE,  and 
Nl.G  and  CZG  are  similar;  GM  i-.  .  mean  between 
FG  und  GL,  n-  ZK'  =  ZG'-f  GMS  wherefore  the 
triangle  IZK  =  CZG-f-DGFE.  Q.E.D. 
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The  height  of  IK  over  CG  is  nearly  found  by  the 
slopes. 

Problem  III. 

Given  the  profile  of  a  canal  with  two  banks,  the  slopes 
being;  all  i.qii;il.     'I'o  find  the  lineii  of  level  cutting;. 

Reduce  the  section  ABCD  (Plate  ccccviii.  Fitr.  8.) 
into  AHKE  by  the  last  problem.  For  this  find  o,  ihe 
centre  ol  cutting.  Produce  each  slope  to  meet  in  V; 
draw  the  perpendiculars  VN,  ON  ;  with  centre  N  and 
radius  N  V  cut  EA  in  /; ,-  make  V  a  —  PQ,  and  through 
a  parallel  to  E.\  draw  ML  the  line  of  levtl  cutting. 

For  through  o  draw  the  liorizontal  line  x  j/,  and  by  the 
property  of  tf.e  centre  of  cutting  we  have  s  KH  vZZ. 
V  AI  X.  It  only  remains  to  be  proved,  therefore,  that 
«L  a  M  JT— LEG.  Now,  the  triangles  «  E  y,  LEG,  x  yV, 
and  MVG,  are  all  similar,  and  therefore  as  the  squares 
of  their  perpendiculars. 

Therefore,  sEi/:xVy::  NQ^  :  NV^,and  the  difference 
of  xXy  and  «  E  y,  that  is  x  VE  s  is  to  MVG  as  NV^ 
—  NQ^  is  to  W.  But  ^  Q^  =  NV^  —  NQ^  and  is 
equal  to  Vo^.  By  construction,  therefore,  x  VE  s  ^: 
MVG,  and  takini;  away  the  common  part  MVEL,  we 
have  s  L  a  M  or  r=  LEG.  Q  E  D. 

By  calculation. 

Take  depth   of  centre  QN  ZZ  d,  b  ■=.  ^  breadth  AQ, 
and  the  proportion  of  the    base  of  slopes  to  the  height 
as  m  :  I .     Then  QV  IZ  "i  X  AQ  ^  mb,  and 
m6  X  (m  6  +  2d)|  i  =  /zQ  =  V  a 
and  V  a  —  VQ  =:  Qa,  the  depth  of  level  cutting  from 
the  top. 

CoR.  It  is  evident  that  the  quantity  of  excavation  and 
embankment  is  a  minimum  in  level  cutting. 

Problem  IV. 

Given  as  in  last  problem.  To  find  any  line  of  oblique 
cutting. 

Find  the  line  of  level  cutting.  Produce  the  slopes  to 
meet  in  V.  (Plate  ccccviii.  Fig.  9.)  Draw  the  perpen- 
dicular VI;  from,L  draw  LN  with  the  given  obliquity 
or  slope  of  the  ground,  cutting  VI  in  N,  making  N  fi 
and  /!  Q  r=  VI,  also  VR  =fi  I.  Through  R  draw  KRH 
for  the  line  of  oblique  cutting  required. 

IR  or  IQ  is  its  height  above  level  cutting,  whence  o  I 
may  be  found,  &c. 

Cor.  0  is  not  the  centre  of  cut  and  cover  in  this  case, 
for  since  L  o  is  less  than  o  M,  G  o  is  less  than  o  K. 

By  calculation. 

Find  VI.  also  NI, 


D/;  =  RS.  Draw  the  parallels  ON  and  PQ  ;  DG  is 
the  additional  width,  or  CG  is  the  mean  bottom. 

Or,  by  calculation,  as  NT  :  TO,  so/jD^:  Rs  :  DC. 

TO  is  tormed  from  LM  by  idding  tne  slope  base  for 
the  !.  ight  Ml"  at  each  end,  and  is  usually  LM  +  3  MT, 
or  3  RS. 

A  similar  problem  to  the  above  may  be  given  for  riar- 
rowinj^  the  canal  in  deep  cutting;  but  this  is  ol  less  use  ; 
and  it  is  evident  that,  when  the  ground  OK  is  at  or  be- 
low the  bottom  CD,  the  problem  is  impossible,  and  the 
case  becomes  one  of  embankment. 

Examples. 

Given  a  canal  of  14  feet  bottom,  26  feet  water  sur- 
face, the  banks  rising  two  feet  over  water,  and  10  feet 
broad  at  top,  slopes  being  1^  to  1,  required  the  centre  of 
cutting  : 

26  6  total  depth 

_6  =  2  X  3  JJ 

32  breadth  at  top      9  inner  slope 

10  10  top  bank 

42  10 

6 

42)"60(=  \\  feet,  the  height  of  the 

42  centre  of  cutting 

Yi  over  the  bottom 

T^ZZ4  "f  'he  canal. 


Then  VI  -f  IN  x  VI  —  lN|^=:/i  I  =  VR, 
Or,  ^Vl'  — IN'  =  VR,and  VI  — VR  =  RL 
Again,  as  NI  :  IL  :  :  RI  :  I  o  for  centre  of  canal. 
If  the  slopes  are  parallel,  then  NR  ~  NI,  and  I  is  the 
centre  of  cutting,  as   in  the  first  problem.     The  centre 
cutting  over  level  cutting,  in  this  case  of  oblique  shallow 
cutting,  is  the  difference  between  o  z  y  and  o  t  u. 

Problem  V. 

Given  the  profile  of  a  canal,  as  in  last  case,  and  the 
line  of  ground  level  too  low  for  level  cutting.  Required 
to  widen  the  canal  so  as  to  have  cutting  for  the  banks. 

It  is  obvious  that  the  trapezoid  OM  (Plate  ccccviii. 
Fig.  10.)  must  be  provided  for  by  the  parallelogram  DQ, 
■wherefore  draw  the  perpendiculars  MN,  D  ft,  and  make 


42 

—  —  21  feet,  is  its  distance  from  the  inner  slope  of  the 
2 
upper,  and  from  the  outer  slope  of  the  lower  side. 

From  6  deduct   1^  and   there   will  remain  4|,  which 
multiplied  by  1|  will  give  6f-,  to  which  add  5,  the  half 
breadth  of  lop  bank,  and  the  sum   1 1|  is  the  distance 
from  the  middle  of  the  canal. 
1|X3=:4| 

14  bottom, 

TsJ  tjreadth  of  canal  at  level  of  centre. 
21  half  total  breadth  ditto. 
24  distance  of  centre  from  outer  slope  of 
the  canal,  and  it  is  evident  that  the  centre  of  cutting  is 
in  the  bank  in  this  case. 


Example. 

The  Caledonian  Canal  has  50  feet  bottom,  and  20  feet 
water;  the  slopes  are  1^  to  1,  to  within  two  feet  of  sur- 
face water,  where  there  is  a  bench  or  retreat  of  five  feet ; 
above  this  the  banks  rise  five  feet  with  a  slope  of  two  to 
one,  and  are  18  feet  wide  at  top.  On  the  upper  side, 
in  side-cutting,  there  is  a  bench  or  towing  path  of  10 
feet. 

The  area  of  the  part  on  each  side  over  the  bench  or 
retreat,  if  the  inner  slope  was  carried  to  the  top,  would 
be, 

^5  +  7j)  X  -z:31^,  and  the  breadth  at  top  is  7{-  feet 

IT  ^  ^  -   23  —  ^*^- 

So  that  the  space  contained  over  these  benches  is 
equivalent  to  widening  the  canal  2|^. 

The  depth  23  X  1J  =  34|,  is  the  base  of  the  inner 
slope  if  produced  to  the  level  of  the  top  of  the  banks  ; 
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•whence  50  +  2  X  343  IT  119,  would  in  that  case  be  the 
width  of  the  canal. 

Also  18  +  7|  :z:  25|  would  be  the  breadth  at  top  of 
the  bank,  and  10  +  7|"~  17 J  would  be  the  breadth  of 
the  upper  bank  ;  their  sum,  4:5  feet,  must  be  diminished 
by  2^|,  and  the  width  of  canal  increased  by  the  same 
quantity,  to  allow  lor  the  recesses  at  top.  Then  say,  as 
total  width  1194-43—  152  canal  and  banks  to  43  — 
23.J-(-34J— 74||  lop  bank  and  one  slope;  so  depth  of 
cun.ii  23.  l"o  depth  below  centre  of  cutting  10^^,  and 
consequently,  the  depth  of  said  centre  from  the  top,  is 
23—  10J2  =  12^f 

Of  the  Form  of  Locks. 

The  most  natural  form  of  the  lock  is  that  which  ap- 
proaches, as  nearly  as  possible,  to  the  figure  of  the  boats 
■which  are  to  use  it.  The  width  must  be  only  a  little 
more  than  that  of  the  boat,  and  it  must  be  the  same 
throughout,  as  the  boat  has  to  pass  along  the  whole  lock  ; 
and  the  length  may  only  exceed  that  of  the  boat  by  a 
space  sufficient  to  admit  of  working  the  gates.  A  long 
rectangle  is  therefore  the  natural  figure.  It  consumes 
the  smallest  quantity  of  water  in  passing  the  boat  ;  is 
filled  and  emptied  in  the  shortest  time ;  and,  on  the 
whole,  is  constructed  at  less  expense  than  any  other  form. 

Palpable  as  this  appears,  however,  it  does  not  seem 
to  have  occurred  to  the  early  builders  of  locks. 

Those  of  Fig.  Land  7.  Plate  CCCCIX.  from  the  Lan- 
guedoc  canal,  are  of  an  oval  and  circular  form  in  the 
chamber.  Those  of  the  canal  of  Brussels,  and  various 
others  in  Holland,  are  of  an  octagonal  shape,  and  some- 
times calculated  to  admit  several  vessels  at  once.  This 
system,  however,  is  attended  with  great  delay  to  the 
navigation,  and  it  is  surprising  that,  in  some  of  the  later 
canals,  such  as  that  from  Louvain  to  Mechlin,  (where 
the  majority  of  the  locks  are  conducted  upon  judicious 
principles,)  there  should  have  been  a  large  basin  lock 
introduced  at  its  middle,  which  requires  half  an  hour  to 
fill  or  empty. 

The  great  Sas  or  Lock  at  Slykens,  near  Ostend,  which 
admits  at  one  time  eight  vessels  of  500  tons,  is,  in  some 
respects,  more  justifiable  ;  because,  this  being  a  tide- 
lock,  permits  several  vessels  to  rendezvous  there  at  a 
proper  time  of  the  tide,  and  therefore  acts  as  an  en- 
trance basin  for  the  canal  above. 

In  the  canal  of  Languedoc,  the  oval  form  of  the  cham- 
ber appears  intended  to  oppose  a  greater  resistance  to 
the  thrust  of  the  earth  when  the  canal  is  empty.  It  is 
certainly  stronger  than  a  straight  wall  of  equal  thick- 
ness would  be.  But  it  has  been  well  shown,  by  Gauthy, 
that  this  advantage  is  in  a  great  measure  ideal;  for, 
granting  that  the  concave  foim  may  be  well  calculated 
to  resist  the  thrust  of  the  earth,  yet  it  may  possibly  hap- 
pen that  the  drying  and  settling'  of  the  earth  may  cause 
it  to  part  from  the  masonry,  in  which  case,  if  the  wall 
be  tight,  the  greatest  pressure  on  the  wall  will  be  that  of 
the  water,  when  the  lock  is  full,  and  tliis  pressure,  of 
course,  acts  in  a  more  disadvantageous  way.  Besides 
the  thickness  which  it  is  necessary  to  give  even  to  the 
curved  walls  to  secure  them  against  filtration,  by  a  par- 
tition of  grout  or  cement  work,  would  be  sufficient  to  en- 
able the  straight  wall  to  resist  the  thrust  on  either  side. 
But  the  true  cause  why  these  curved  walls,  and  all 
enlarged  forms  of  lock-chambers,  should  be  rejectee',  is, 
the  great  loss  of  water  and  time  which  they  produce, 
and  which,  in  the  canal  of  Languedoc,  is  as  much  as  5 
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to  3,  the  area  of  the  oval  lock  being  338  square  metres, 
while  that  of  the  rectangular  lock  for  the  same  situation 
would  only  be  209,  and  also  the  additional  expense  of 
construction,  which,  in  the  floor,  is  also  an  excess  of  two 
fifths,  and  is  considerable  even  in  the  side-walls. 

Having  thus  determined  the  preference  to  be  given  to 
locks  of  a  rectangular  form,  as  in  Plate  CCCCIX,  Fig. 
9.  fiom  Perrontt  for  the  canal  of  Burgundy,  and  Plate 
CCCCX.  Fig.  I.  from  the  Caledonian  canal,  our  next 
object  is  to  consider  their  length  and  breadth.  This 
must  depend  on  the  size  of  the  vessels  for  which  the 
locks  are  intended.  When  the  vessels  are  to  be  navi- 
gated also  on  rivers  or  the  sea,  the  breadth  of  the  locks 
must  be  more  cousiderable  than  where  canal  boats  are 
intended  to  pass;  for,  in  rivers,  the  shallow  water,  fre- 
quently met  with,  obliges  us  to  give  the  vessel  an  excess 
of  breadth,  so  that  her  draft  may  be  diminished  as  much 
as  possible;  whereas,  in  canals,  we  are  masters  of  the 
depth  of  water,  and  find  it  more  economical  to  restrict 
the  breadth  as  much  as  possible,  as  we  thereby  diminish 
the  evaporation,  the  expense  of  cutting,  and  the  pur- 
chase ot  property.  Dr.  Anderson,  and  other  writers  on 
the  subject  of  small  canals,  have  not  attended  sufficiently 
to  this  matter,  when  they  recommend  widening  the  sur- 
face only  of  small  canals,  in  order  to  give  a  greater  fa- 
cility of  trackage. 

In  our  English  canals,  the  usual  size  of  boats  suppos- 
ed fit  for  the  navigation  of  rivers  and  canals  alternately, 
is  one  of  fourteen  feet  beam.  Where  the  canals  are  in- 
tended also  to  be  used  by  coasters,  greater  widths  are 
adopted.  Thus  the  Forth  and  Clyde  Canal  admits  ves- 
sels of  19  feet  beam  ;  and  the  Caledonian  canal,  which 
is  a  canal  of  transit  for  sea  going  ships,  admits  vessels  of 
39  feet  wide  ;  but,  in  the  great  majority  of  canal  naviga- 
tions in  England,  a  much  smaller  width  has  been  adopt- 
ed. Seven  feet  beam  has  been  the  usual  size  in  the  cen- 
tral canals,  and  still  narrower  boats  have  been  propos- 
ed ;  but  they  become  liable  to  many  inconveniences,  and 
can  only  be  employed  in  the  transport  of  very  heavy 
substances,  such  as  ores  or  minerals. 

The  narrow  boat  has  the  advantage  of  being  navigat- 
ed with  more  ease,  and  of  causing  less  expense  in  lock 
gates,  bridges,  kc. 

Length  and  Breadth  of  Locks. 

The  length  and  breadth  of  lock  chambers  ought  fo 
be  necessarily  regulated  by  the  form  of  the  boats  that 
are  to  pass  upon  the  canals.  It  is  common  to  make  this 
kind  of  boats  longer  and  narrower  than  those  of  rivers, 
which,  on  account  of  the  small  depth  of  water  found  in 
some  places,  are  obliged  to  be  made  as  flat  as  poisible. 
In  canals,  on  the  contrary,  we  are  able  to  give  a  consi- 
derable depth  to  the  water,  but  we  do  not  give  them 
gieat  bieadth,  so  that  there  may  be  less  evaporation, 
less  earth  to  be  removed,  and  less  ground  to  be  occupied. 

There  is  commonly  no  more  breadth  given  to  canals 
than  what  is  necessary  for  enabling  two  boats  to  navi- 
gate with  ease  beside  each  other,  and  even  in  the  difficult 
parts,  such  as  those  which  arc  cut  in  rock,  there  is  often 
no  more  breadth  given  than  what  is  necessary  to  pass  a 
single  boat,  only  some  places  are  made  wider,  at  which 
one  boat  may  lay  by,  while  another  passes  in  an  oppo- 
site direction.  Besides,  a  principal  object  in  making  use 
of  narrow  boats  on  navigable  canals,  is  to  diminish  the 
breadth  of  the  lock-gates,  which  wear  longer,  and  are 
more  easily  worked,  than  when  they  are  broad.  Narrow 
4  C 
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boats  are  also  more  easily  drawn  than  those  which  are 
wider  and  shorter.  But  what  ought  principally  to  regu- 
late the  width  and  breadth  of  locks,  are  the  dimensions 
of  those  in  the  canals  already  executed,  and  through 
which  the  boats  of  the  new  canal  may  have  to  pass. 

Of  the  Profile  of  Lock  IValts. 

This  is  one  of  the  most  important  cases  of  the  gene- 
ral subject  of  retaining  walls,  and  has  attracted  a  good 
deal  of  attention  from  various  writers.  In  general,  it 
has  been  customary,  especially  among  the  French  en- 
gineers, to  adopt  a  profile  similar  to  that  used  by  Vau- 
ban,  in  the  revetements  or  retaining  walls  of  fortifica- 
tions ;  and  although  the  higher  part  of  the  walls  used  by 
that  celebrated  engineer  to  face  his  parapets  of  18  feet 
thick  had  only  a  thickness  of  three  feet,  and  stood  well ; 
yet,  from  some  imagined  necessity  in  the  case  of  locks, 
this  thickness  at  top  was,  by  Belidor  and  others,  consi- 
derably increased.  One  reason  for  this  was  probably  the 
upright  face  of  the  lock- wall ;  for  the  profile  of  Vauban 
batters  in  front  one-fifih  of  the  height,  and  thereby  in- 
creases the  base,  and  consequently  the  stability  of  the 
wall ;  whereas  the  face  of  a  quay  or  lock-wall  was  sel- 
dom made  to  batter  more  than  one  twelfth,  and  fre- 
quently was  made  nearly  perpendicular. 

The  backs  of  these  walls  were  either  made  perpen- 
dicular to  the  top,  or  diminishing  by  steps,  and,  in  some 
cases,  assisted  by  wooden  land  ties.  It  was  observed  by 
one  of  our  ablest  engineers,  the  late  Mr.  Jessop,  that 
this  form  caused  the  walls  frequently  to  settle  forward 
at  the  top,  from  the  front  of  the  foundation  having  com- 
paratively a  great  weight  upon  it,  and  the  back  but  liitle. 
To  obviate  this  defect,  he  made  the  walls  of  equal  thick- 
ness from  the  base  upward,  leaning  them  backward,  so 
as  by  retiring  the  centre  of  gravity  to  enable  the  wall  to 
resist  better  the  lateral  pressure. 

The  use  of  inverted  arches  for  the  bottom  of  the  locks 
was  not,  he  said,  much  known  at  that  time ;  but,  after 
iheir  introduction,  our  engineers  have  adopted,  especially 
on  good  foundations,  a  profile,  which,  commencing  at 
the  bottom  with  a  considerable  inclination  or  batter, 
vises  gradually  in  a  curved  form,  until  at  the  summit 
the  face  be  perpendicular  to  the  horizon.  This  wall 
has,  in  some  degree  at  least,  in  the  lower  part,  the  pro- 
perties of  an  arch,  and  the  joints  and  beds  of  the  stones 
being  carefully  formed  perpendicular  to  the  face,  each 
course  is  prevented  from  sliding  on  that  below.  The 
French,  on  the  other  hand,  use  horizontal  beds  even  in 
the  battering  face  of  the  walls,  and  are  thereby  deprived 
in  a  great  degree  of  the  advantages  of  the  leaning  wall. 
Though  we  cannot  in  this  place  be  expected  to  enter 
much  into  the  theory  of  retaining  walls;  yet  we  may  ob- 
serve, that,  in  general,  by  writers  on  this  subject,  the  real 
principles  of  action  have  been  much  misunderstood,  and 
false  maxims  of  practice  have  been  adopted  even  by  ex- 
perienced practitioners. 

Though  the  problem  has  been  treated  of  in  a  variety 
of  different  hypotheses,  yet  it  is  usually  supposed  that 
the  earth,  if  unsupported  by  the  wall,  would  tend  to  slide 
down  the  inclined  plane,  which  is  called  its  natural  slope, 
and  which  may  be  greater  or  less  according  to  the  con- 
sistency of  the  earth  or  stuff  to  be  supported. 

The  tiiangle  of  earth,  tliereforc,  between  this  inclined 
plane  and  the  back  of  the  upright  retaining  wall,  may 
be  looked  upon  as  a  sort  of  wedge,  of  which  its  own 
gravity  is  the  acting  power,  and  it  is  supported  by  the 


reaction  of  the  inclined  plane  of  earth  and  of  the  back  ot 
the  wall,  each  of  course  acting  perpendicularly  to  its 
plane. 

If  ABCD,  Plate  CCCCVIII.  Fig.  11.  be  the  section 
of  the  wall,  and  DCE  of  the  moveable  part  of  the  earth 
supported  thereby  ;  then  taking  G  the  centre  of  gravity 
of  the  earth,  and  F  that  of  the  wall,  and  drawing  the  per- 
pendiculars GH,  GI,  GK,  and  FL,  GH  represents  the 
direction  of  the  gravity  of  the  earth,  GI  the  direction  of 
the  support  given  by  the  firm  inclined  plane  CE,  and 
GK  of  the  horizontal  thrust  against  the  wall  ABCD. 
The  back  of  the  wall  is  supposed  to  be  smooth,  and  of 
course  only  to  be  acted  upon  perpendicularly  ;  and  the 
wall  itself  to  be  a  solid  mass,  which  can  only  be  turned 
over  the  front  angle  of  its  base  or  toe  of  the  wall  D.  It 
resists  this  by  its  own  weight,  which  of  course  may  be 
supposed  to  be  concentrated  in  the  centre  of  gravity,  and 
to  act  in  the  verticle  line  FLW.  If  W,  therefore,  re- 
present the  weight  of  the  wall,  and  P  the  horizontal 
thrust  of  the  earth,  MD  and  DL  will  be  the  two  arms  of 
a  lever,  by  which  these  forces  are  kept  in  equilibrio. 

Now  we  know,  that  MD,  or  KC:^|  BC  ;  that  the 
weight  of  earth  is  proportional  to  the  area  BCE,  i  e.  to 
iBCxBE  ;  and  that  tliis  weight  in  GH  is  to  the  thrust 
in  GKas  EB:  BC.  The  thrust  is  therefore  ^JBC; 
and  multiplying  by  its  distance  MD  from  the  fulcrum 
D,  that  is  by  §BC,  we  have  its  oversetting  force  — 
.JBC3.  Therefore  the  oversetting  force  of  earth  sup- 
ported by  walls  of  equal  thickness  is  as  the  cube  of  the 
height. 

Now  for  the  counter  resistance  of  the  wall  it  is  evi- 
dent that  its  weight  will  be  as  the  area  ABCD,  which, 
in  a  rectanguh'r  wall  is  BCxCD;  and  in  that  case 
also  we  will  have  the  distance  LD  from  the  fulcrum 
— }DC,  so  that  the  resistance  is  i-BCxCD',  making 
this  f(."-e  equf\l  to  the  former,  or  -^BC',  we  find  CD — 
BC^f=8165  BC. 

Tlic.  biiMfitii  of  an  upright  retaining  wall  must  be 
therefore  proportional  to  the  height,  and  to  be  of  equal 
specific  gravity  with  the  stuff,  must  be  upwards  of  four- 
fifths  the  height.  The  specific  gravity  of  stone  and 
brick  walls  is  indeed  a  little  greater  than  that  of  the 
earth  to  be  supported,  and  of  course  the  above  thickness 
may  be  somewhat  diminished  ;  but  still  it  is  so  totally 
different  from  what  is  found  sufficient  in  practice,  that 
it  might  have  suggested  to  the  mathematician  that  there 
was  some  radical  defect  in  his  hypothesis. 

Accordingly  it  has  been  endeavoured  to  amend  this, 
by  supposing  the  earth  to  act,  not  parallel  to  the  horizon, 
but  in  lines  parallel  to  the  slope  EC  ;  so  that  the  line  of 
action  from  the  centre  of  gravity  of  the  earth  meets  the 
upright  face  of  the  wall  at  one  half  of  the  height  of  the 
said  centre,  and  therefore  the  rivetting  force  is  supposed 
to  be  diminished  one  half,  on  account  of  the  shorter  dis- 
tance from  the  fulcrum,  (Hutton's  Math.  ii.  196.)  and  in 
this  way  the  thickness  of  an  upright  brick  wall,  to  support 
esrth,  is  calculated  to  be  ^  of  the  height,  of  a  stone  wall 
^t.  or  above  half  the  height. 

Now  this  is  still  not  only  very  different  from  practice, 
but  is  evidently  erroneous  in  principle  ;  for,  in  the  first 
place,  we  cannot  suppose  a  force  to  act  against  a  plane, 
and  be  resisted  thereby  in  any  other  way  than  perpen- 
dicular to  it.  And  if  we  introduce  the  principle  of  fric- 
tion to  explain  it,  then  it  is  evident  that  we  ought  not 
only  to  reduce  the  supposed  pressure  in  the  ratio  of 
its  obliquity  to  obtain  the  horizontal  thrust,  which  is  not 
done,  but  also  that  the  part  of  the  force  which  is  thus 
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resisted  by  friction  becomes  an  addition  to  the  weight 
and  consequent  stability  of  the  wall.  Nay  further,  if  the 
line  of  action  of  the  earth  can  be  thus  taken  oblique  to 
the  surface  of  the  plane  of  the  earth,  then,  as  there  is  no 
reason  why  it  may  not  be  supposed  to  proceed  through 
the  wall  in  the  same  direction,  if  on  being  produced  it 
fall  within  the  base,  there  will  in  fact  be  no  resisting  force, 
and  the  wall  will  stand  and  support  the  earth  indepen- 
dent of  its  own  iveight,  and  may  therefore  be  made  of  any 
open  structure  that  will  be  firm;  a  proposition  that  is 
true  in  fact,  and  of  great  and  well-known  importance  ; 
for  curved  walls,  ancl  arches  to  resist  earth,  are  of  daily 
occurrence  in  civil  engineering,  though  it  is  evidently 
not  that  which  the  investigation  professes  to  inquire 
after,  which  was  the  thickness  requisite  for  a  wall  to 
resist  by  its  weight  alone.  The  oblique  action  necessa- 
rily involves  a  corresponding  modification  of  the  back 
surfice  of  the  wall. 

Several  practical  maxims  may,  however,  be  deduced 
from  the  foregoing  mode  of  investigation.  It  is  evident 
the  wall  cannot  fall  on  the  side  next  the  earth,  therefore, 
by  making  it  lean  backward,  not  only  is  the  triangle  of 
earth  or  acting  power  diminished,  but  also  the  wall 
itself,  by  having  its  centre  of  gravity  removed  further 
from  the  point  of  conversion  at  the  toe,  is  the  better  ena- 
bled to  resist  the  thrust.  According  as  the  wall  is  made 
to  batter  or  lean  backwards,  therefore,  its  thickness  may 
be  diminished  until  it  becomes  a  mere  pavement  over 
the  natural  slope  of  the  earth  ;  all  that  is  necessary 
being  to  secure  the  foot  of  it  from  sinking  or  sliding  for- 
wards, and  the  beds  from  sliding  on  each  other.  But 
we  must  take  care  that  the  earth  behind  be  well  ram- 
med or  puddled  as  the  work  proceeds,  to  prevent  any 
settlement  from  taking  place  in  the  masonry. 

Nevertheless,  builders  have  very  slowly  and  unwill- 
ingly agreed  to  this  form  of  wall,  wishing  the  security 
of  their  work  to  depend  on  itself  alone  They  readily 
agree  to  the  batter  in  front,  but  dislike  the  leaning 
behind,  and  inclined  beds  of  masonry.  Such  walls,  there- 
fore, have  been  usually  built  plumb  or  upi  ight  at  the 
back,  and  with  a  slope  or  baiter  in  front,  of  one-fifth  or 
one-eighth  of  the  height;  and  this  is  the  form  in  which 
the  thickness  of  walls  has  usually  been  calculated.  The 
celebrated  profile  of  Vauban,  so  much  employed  by 
military  engineers,  differing  from  this  only  in  having  at 
times  an  upright  parapet  wall  at  the  top  of  five  feet  high 
and  three  feet  thick,  and  there  being  square  counter 
forts  behind  the  main  part  of  the  wall. 

Muller,  among  others,  has  given  a  variety  of  tables  for 
the  thickness  of  retaining  walls.  According  to  his  prin- 
ciples, the  general  result  of  the  simple  profile  above 
mentioned  is,  that  with  upright  walls  the  thickness  is 
.385  of  the  height,  and  with  a  batter  of  one-fifth,  tlie 
average  thickness  is  -j^ths  of  the  height,  or  the  thick- 
ness of  the  wall  at  top,  and,  exclusive  of  the  battter,  is 
^th  of  the  height. 

In  calculating  these  tables,  he  has  supposed  the  wall 
to  be  strengthened  by  counter  forts  behind  of  the  same 
height  as  the  wall,  their  length  is  ith  of  their  height,  and 
breadth  ith  of  their  distance  from  centre  to  centre. 
With  this  addition,  the  thickness  of  the  wall  at  top  be- 
comes |th  of  the  height  when  the  batter  is  .}-;i ;  and  the 
aveargc  thickness  of  the  whole  is  7V+i+TV^^i'f+ 
Jj~|.|,  or  between  .Jd  and  iih  of  the  neigiu.  And 
though  this  author  supposes  that  the  action  or  thrust  of 
the  earth  is  diminished  one  third  by  the  resistance  of 
motion  along  the  inclined  plane  or  natural  slope  of  the 


bank,  a  supposition  which,  whether  true  or  not,  we  do 
not  think  can  be  admitted  in  his  view  of  the  subject; 
yet  this  is  the  thickness  of  the  wall  which  forms  merely 
an  equilibrium  to  the  thrust,  and  consequently  is  the 
smallest  poiisible. 

Now  nothing  is  more  certain  than  that  this  thickness 
of  wall  very  far  exceeds  what  is  ever  found  necessary 
in  practice,  and  some  important  element  must  have  been 
lost  sight  of  in  the  calculation.  A  late  writer  thinks  this 
may  be  corrected,  by  introducing  the  cohesion  of  the 
mortar  and  cement.  But  surely  no  practical  builder 
would  ever  think  of  trusting  to  the  cohesion  of  green 
walls.  Besides,  what  cohesion  is  there  at  the  founda- 
tion, which  is  supposed  to  be  the  place  of  fracture;  and 
though  we  should  admit  that  to  be  rock,  and  that  the  co- 
hesion will  increaie  in  time,  yet  so  does  the  thrust  of  the 
earth;  for  it  is  only  after  settling  a  little  that  its  pressure 
becomes  dangerous. 

It  is  to  the  form  or  construction  of  the  wall  that  the 
builder  must  look  for  the  means  of  resisting  this  pres- 
sure at  the  least  expense.  As  far  as  depends  on  the 
mass  only  the  theory  is  true  ;  but  there  are  other  means 
of  adding  to  the  resistance,  which  we  now  proceed 
briefly  to  consider. 

In  the  first  place  it  is  evident,  if  any  account  is  to  be 
taken  of  the  friction  or  resistance  which  the  earth  meets 
in  tending  to  slide  down  the  inclined  plane,  that  the  same 
reasoning  may  be  applied  to  its  friction  on  the  back  of 
the  wall.  Now  this  is  a  quantity  which  the  architect 
can  regulate  at  his  pleasure  ;  for,  to  make  the  back  of 
the  wall  smooth  as  the  mathemation  supposes,  although 
often  done  by  the  workmen,  is  absurd.  Projecting  stone 
setoffs,  scorbels,  &c.  not  only  bind  the  wall  much  bet- 
ter to  the  earth  behind,  but  have  this  much  more  impor- 
tant consequence,  that  a  considerable  portion  of  the 
weight  of  earth"  being  supported  by  them,  we  derive 
from  the  very  oversetting  cause  a  supply  of  strength  to 
the  wall,  and  applied  in  the  situation  where  it  acts  to  the 
greatest  advantage. 

Nevertheless,  the  writers  on  the  subject  have  hardly 
ever  taken  notice  of  this  circumstance.  The  Frencli 
have  continued  implicitly  to  follow  the  profile  of  Vau- 
ban for  retaining  walls,  which  has  given  their  discus- 
sions, considering  the  little  practical  utility  of  them,  a:i 
unnecessary  degree  of  complication.  For  lock-walls, 
Belidor  makes  the  thickness  equal  to  the  depth  of  water, 
without  any  sufficient  reason,  but  to  be  secure,  as  he 
says,  against  all  accidents  ;  and  he  strengthens  this  still 
farther  by  counterforts;  but  this  construction  is  only  a 
useless  waste  of  masonry. 

Some  practical  engineers  have  treated  this  matter 
diflerently.  Coehorn,  in  his  fortification,  has  given  a 
very  ingenious  construction  for  a  retaining  wall.  His 
designs  were  intended  for  the  soil  of  Holland,  where 
stone  is  not  to  be  found,  and  it  behoved  him  to  be  as  spar- 
ing of  masonry  as  possible.  His  wall  is  only  three  feet 
thick,  battering  considerably  in  front,  and  leaning  nearly 
as  much  behind,  supported  by  long  and  thin  counterforts, 
which  are  coinitcted  together  by  two  ro>vs  of  arches, 
one  over  the  other;  and  also  by  two  walls  arched  hori- 
zontally against  the  earth.  Tiie  intervening  spaces  arc 
filled  with  gravel  and  splinters,  for  the  purposes  of  de- 
fence, which  is  also  the  leason  of  his  counterforts  being 
made  so  long,  and  connected  by  double  walis.  Coehorn 
does  not  give  this  as  bis  own  invention,  though  he  de- 
scribes it  very  carefully,  but  as  having  been  adopted  by 
him  from  some  older  German  authors. 
4  C  2 
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GaiUhey,  a  civil  engineer  in  the  French  service,  who 
conslructed  the  canal  of  Charolois,  or  of  the  Centre, 
about  thirty  years  ago,  has  published  a  very  sensible  pa- 
per on  the  subject  of  walls,  in  the  Memoirs  of  the  Aca- 
demy of  Dijon.  Alter  criticising  the  theories  of  Couplet 
and  others,  given  in  the  Transactions  of  the  Ac;ideniy  of 
Paris,  and  the  profiles  of  15elidor  and  Vuuban,  he  pro- 
ceeds to  show,  by  experiments  made  with  sand  and  shot 
against  a  smooth  plane,  tiiat  the  pressure  acts  at  the 
centre  of  gravity,  or  one-third  of  the  height  of  the  wall, 
and  is  the  same,  whatever  be  the  slope;  that  in  a  plumb 
wall,  if  the  weight  of  the  wall  be  three  times  the  acting 
power  of  the  earth,  and  base  |-ths  of  the  height,  there 
is  an  equilibrium  against  oversetting.  The  acting  power 
in  practice  is  one-fourth  of  the  weight  of  the  triangle  of 
the  earth,  with  a  slope  of  45°,  or  one-half  of  the  square 
of  the  wall. 

He  then  shows,  that  retreats  on  the  back  of  the  wall 
may  be  made,  so  as  to  take  off  all  acting  power,  and  that 
a  wall  of  2  feet  thick  and  30  high,  battering  -j'-j,  with 
counter  forts  of  3  by  4,  and  18  asunder,  joined  by  two 
arches  of  2  feet  thick,  is  abundantly  strong.  Such  a 
wall  he  employed  with  success  for  one  of  the  quays  of 
the  Saone  ;  and  it  is  evident,  that  the  saving  of  ma- 
sonry, compared  with  the  common  construction,  is  im- 
mense. 

The  writer  of  this  article  had  occasion,  a  good  many 
years  ago,  to  turn  his  attention  to  this  triatiti',  and  made 
various  experiments  on  the  subject  ;  these  led  to,  and 
confirmed,  a  very  simple  and  general  theorem  for  the 
resistance  of  walls,  whether  against  earth,  lunning  sand, 
or  water,  but  with  which  we  shall  not  trouble  the  reader 
in  this  place.  We  shall  only  observe,  with  respect  to 
the  advantage  of  the  friction  on  the  back  of  the  wall, 
that  in  one  experiment,  by  the  aid  of  properly  managed 
corbels  behind,  a  perpendicular  wall  ot  brick  on  bed  was 
built  20  courses  high  against  loose  sand  without  de- 
rangement. The  wall  being  only  half  brick  thick,  the 
corbels  were  made  by  laying  one  brick  endways  in  the 
wall,  so  that  half  of  it  projected  behind.  It  was  also 
remarkable,  that  when,  by  heaping  on  more  sand,  or  by 
ramming,  the  wall  was  pushed  outward  at  the  top,  it 
continued  steady,  and  did  not  fall  until  it  overhung  the 
base  considerably  more  than  its  own  thickness. 

Lieut.  Col.  Pasley,  of  the  Royal  Engineers,  has,  with 
his  usual  talent  and  originality,  investigated  this  subject 
in  his  instructions  to  sappers  and  miners.  He  minutely 
details  a  nuinerous  set  of  experiments,  which  afforded 
results  similar  to  what  have  been  hei-e  described.  From 
what  has  been  already  established,  we  are  justified  in 
recommending  it  to  the  practical  engineer,  to  turn  his 
attention  to  the  advantages  to  be  derived  from  construct- 
ing the  back  of  retaining  walls  with  a  baiter,  and  creating 
friction  by  projections  and  offsets. 

But  in  the  walls  of  locks,  more  must  be  attended  to 
than  the  pressure  of  the  earth  alone..;  A  film  of  water 
inseitcd  between  the  back  of  the  |iFail  and  the  earth, 
will  act  hydrostalically  against  each  of  them,  will  coun- 
teract the  aid  which  might  be  derived  from  friction,  and 
if  the  lock  be  emptied  in  that  state,  may  overset  the  wall 
inwards.  But  the  hydrostatic  pressure  of  the  water 
within  the  lock  can  hardly  do  any  harm,  seeing  the  mo- 
tion of  the  wall  must  be  prevented  by  the  resistance  of 
the  earth  behind  :  hence  the  utility  of  counterforts  be- 
hind the  wall,  is  mainly  that  of  cutting  off  the  commu- 
nication between  one  portion  of  such  a  film  of  water 
and  another,  so  that  the  action  beixig  confined  to  a  smaller 


space  is  the  less  dangerous,  as  the  wall  also  derives  a 
kind  of  abutment  from  the  counlerfoi  ts.  The  upper 
pait  of  the  lock  wall,  so  far  as  the  water  rises  and  falls 
thereon,  is  (unless  water  be  very  abundant.)  usually 
made  perpendicular,  its  thickness,  therefoie,  must  be  so 
calculutecl  as  to  resist  the  pressure  of  water  of  equal 
depth,  and  taking  the  specific  gravity  of  stone  as  2l 
limes  that  of  water,  this  thickness  will  be  the  depth  mul- 
tiplied into  0.365,  or  a  little  more  than  ^,  and  one  half 
the  depth  will  be  sufhcienlly  ample  in  any  case. 

The  lower  portion  of  the  lock  may  be  suited  to  the 
shape  of  the  vessels  which  navigate  through  it,  and 
therefore  it  will  permit  the  wall  to  be  made  with  a  con- 
siderable batter,  or  slope,  to  the  front,  by  which  means 
the  point  of  conversion  being  farther  removed  from  ihe 
centre  of  gravity  of  the  wall,  the  stability  will  be  consi- 
derably increased  without  an  increase  of  materials;  but 
it  must  be  observed,  that  the  point  of  conversion  itself 
must  be  sufficiently  secured.  To  prevent  sliding,  it 
ought  to  be  inserted  someway  into  the  ground  of  the 
foundation.  If  built  upon  a  timber  platform,  it  ought 
to  be  provided  with  an  abutment;  and  if  upon 
piles,  they  ought  to  be  driven  in  the  direction  of  the 
thrust,  which  will  be  nearly  that  of  the  face  of  tlie  wall. 
Now,  as  the  opposite  wall  of  the  lock  requires  the  same 
precautions,  and  its  action  is  directly  in  face  of  the  other, 
by  joining  the  bottom  of  the  walls  by  an  inverted  arch, 
we  not  only  destroy  the  horizontal  thrust,  but  also  extend 
the  foundation,  which,  in  the  case  of  soft  ground,  be- 
comes of  great  importance.  The  inverted  arch  has 
been  much  employed  in  this  situation  by  our  late  British 
engineers.  On  the  Continent,  we  believe,  it  is  still  the 
practice  to  rely  on  a  platform  of  timber,  or  even  a  sim- 
ple flat  pavement,  especially  where  the  ground  is  firm. 
See  the  figures  of  the  locks  for  the  Canal  of  Burgundy, 
Plate  CCCCIX.  Fig.  9. 

In  the  timber  countries,  as  Russia,  America,  and  even 
Holland,  where  stone  is  scarce,  we  have  locks,  of  which 
not  only  the  floor,  but  even  the  sides,  are  constructed  of 
wood  ;  as  shown  in  Plate  CCCCXI.  Fig.  1,  2,  3,  4.  In 
such  cases  the  thrust  of  the  opposite  sides  are  sometimes 
made  to  balance  each  other  by  cross  pieces  over  the  lock, 
placed  between  tlie  upright  posts  which  support  the 
planking  of  the  sides.  Instances  of  this  may  be  seen 
on  the  River  Lea. 

But  there  is  yet  another  principle  by  which  the  pro- 
file of  the  lock-wall  must  be  regulated  :  The  transpira- 
tion of  the  waters  from  the  upper  pond  to  the  lower,  be- 
neath, or  by  the  side  of  the  lock,  must  be  prevented. 
This  is  effected  by  rows  of  sheet,  or  plank  piles  carried 
across  the  site  of  the  lock,  and  diiven  a  considerable 
way  under  its  foundation.  Let  us  suppose  the  farthest 
downward  of  these  rows  to  be  water-tight,  while  the  up- 
per are  not  so,  a  film  of  water  will  introduce  itself  un- 
der the  floor  of  the  lock,  and,  being  connected  with  the 
upper  pond,  will  act  upward  against  the  floor  with  a 
pressure  equivalent  to  the  head  of  water,  or  difference 
of  level  between  the  waters  above  and  within  the  lock. 
This  will  tend  to  float  the  lock  upwards  like  a  ship,  and 
unless  the  weight  of  the  side-walls  be  sufficient  to  coun- 
teract this,  the  bottom  or  floor  will  give  way,  or  be  blown 
up,  as  is  the  technical  phrase.  The  floatation  of  a  tim- 
ber floor  will  aid  this  operation,  while  the  weight  of  an 
inverted  arch  will,  to  a  certain  extent,  resist  it.  This 
forms  one  of  the  greatest  objections  to  timber  locks, 
and  in  them  it  is  perhaps  advisable  that  the  dams  of 
sheet  piles  should  not  be  brought  below  the  uppe."  gatesj 
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but  as  all  locks  roust  at  times  be  emptied  for  the  pur- 
pose of  repairs,  &c.  we  have  still  the  head  of  water  of 
the  lower  pond,  or  ordinary  deptli  of  navigable  water  to 
be  resisted.  The  floor,  llierefore,  must  be  carried  a  con- 
siderable way  into  the  land,  and  thereby  loaded  by  the 
adjoining  earth;  or,  if  built  within  a  river,  it  must  be 
kept  down  with  stones,  &c.  laid  over  the  cross-beams, 
projecting  on  each  side.  See  Fig.  1.  Plate  CCCCXI. 
which  represents  a  lock  on  the  Witiyra.  Or  the  floor 
and  sides  may  be  bolted  <o  piles  driven  as  firm  as  possi- 
ble into  the  bottom,  thereby  as  it  were  nailing  the  lock 
to  the  ground. 

The  floatation  of  the  lock  and  weiglu  of  the  side- 
walls  will  counterbalance  each  olher,  when  the  section 
of  the  masonry  in  the  walls  and  bottom  is  two-thirds  the 
area  of  the  open  space  of  the  lock.  Plate  CCCCVIII. 
Fig.  12.  For  we  may  assume  the  specific  gravity  of  the 
building  as  2^-  limes  that  of  water  ;  it  will  therefore  com- 
pensate for  an  opening  of  lA  times  its  bulk,  when  the 
whole  is  immersed.  The  average  thickness  of  the  walls, 
therefore,  where  there  is  no  invert,  would  require  to  be 
one-third  of  the  width  of  the  lock.  Where  there  is  an 
invert,  the  thickness  will  be  much  less,  but  may  be  rea- 
dily found  from  the  above.  Br  ick  walls  would  of  course 
require  a  greater  thickness  than  those  of  stone  ;  and 
here  we  may  perceive  the  importance  of  those  means 
by  which  the  weight  of  the  adjacent  earth  is  made  to 
rest  upon  the  back  of  the  wall,  fur  we  thereby  obtain  an 
additional  counterpoise  against  the  floatation  without  ex- 
pence.  Puddling  behind  the  walls  is  therefore  resorted 
to  with  great  propriety. 

It  is  needless  in  this  place  to  be  more  minute  in  the 
calculation  for  the  thickness  of  the  walls;  the  principle 
may  be  easily  understood  and  applied  when  wanted. 
Besides,  with  respect  to  locks,  it  is  rather  an  extreme 
case,  as  they  are  rarely  exposed  to  greater  differences 
of  pressure  than  the  ordinary  rise  of  the  navigation.  For 
tide-locks  and  graving-docks,  however,  it  is  of  high  im- 
portance to  guard  against  the  hydrostatic  pressure  on 
the  bottom:  and  serious  accidents  have  taken  place 
where  it  has  not  been  sufficiently  attended  to. 

We  proceed,  therefore,  with  the  practical  construction 
of  the  lock  itself. 

The  site  and  dimensions  of  the  lock  being  determin- 
ed, the  first  object  is  the  excavation  of  the  lock-pit,  or 
place  for  the  foundation.  In  small  canals,  and  naviga- 
tions carried  above  the  level  of  the  neighbouring  val- 
lies,  this  is  seldom  attended  with  any  difficulty,  the  ex- 
cavation being,  in  most  cases,  level  free  for  drainage; 
but  in  great  locks  connected  with  rivers,  lakes,  or  the 
sea,  it  is  often  necessary  to  go  to  a  considerable  expense; 
and,  in  many  cases,  all  the  resources  of  hydraulic  engi- 
neering are  required  to  keep  the  excavation  clear  of 
water,  or,  when  that  is  impracticable,  to  make  a  founda- 
tion independent  of  it. 

The  varieties  of  soil  and  situation  render  it  impossi- 
ble, in  such  a  work  as  this,  to  give  general  rules  for 
proceeding  in  all  cases.  W'e  have  already  given  some 
general  principles  under  the  article  Bridge,  and  it  will, 
we  believe,  be  most  useful  for  the  young  engineer  to  re- 
late a  few  cases  of  noted  difficulty  and  magnitude.  Seve- 
ral good  examples  of  that  kind  occurred  in  the  construc- 
tion of  the  Caledonian  Canal. 

Caledonian  Canal. 

ioci-*.— The  Caledonian  Canal  is  not  only  construct- 


ed on  an  unusually  large  scale,  but,  in  consequence  of 
various  localities  in  the  situation  of  its  works,  it  affords 
much  useful  practical  information  to  the  civil  engineer. 
Some  of  the  most  imponanl  instances  are  in  regard  to 
the  sea-lock  at  each  extremity  of  the  navigation  ;  also  that 
which  is  placed  at  the  upper  or  south-western  end  of 
Loch  Ness  at  I'ort  Augustus. 

With  regard  to  the  lock  at  the  north-east  extremity. 

The  shore  of  Loch  Beauly,  where  the  canal  w^s  to  be 
connected  wi'.h  the  tideway  at  Clachnacarry,  near  Inver- 
ness, being  very  flat,  it  was  necessary  to  carry  the  canal, 
by  artificial  embankments,  above  400  yards  from  high 
Water  mark  into  the  sea,  in  order  to  obtain  20  feet  of 
water  upon,  and  without  th.e  lock  sills,  at  high  water  of 
neap  tides.  But  this  shore,  consisting  of  soft  mud,  into 
which  an  iron  rod  was  easily  pressed  to  the  depth  of  55 
feet,  it  became  doubtful  whether  a  sufficiently  substan- 
tial cofferdam  could  be  constructed  of  timber,  and  also 
if  any  platform  could  be  made  equal  to  support  the 
weight  of  masonry  unavoidable  in  a  lock  of  180  feet  in 
length,  40  feet  in  clear  width,  having  20  feet  of  water, 
besides  a  rise  of  8  feet.  Upon  duly  considering  all  the 
circumstances,  a  new  mode  occurred  to  the  conductors 
of  that  work,  and  that  was,  by  uniting  the  two  earthen 
banks  which  were  projected  from  the  shore,  at  the  place 
where  the  site  of  the  lock  was  fixed,  so  as  to  form  a  so- 
lid mound  over  all  the  space  which  the  lock  would  oc- 
cupy; and  this  was  done  fur  the  purpose  of  squeezing 
out  the  water,  and  consolidating  the  mud,  by  laying  on 
a  greater  weight  than  the  masonry  of  the  lock  :  This 
was  accordingly  carried  into  effect.  By  the  latter  end  of 
the  year  1809,  the  mound  was  carried  out  to  the  neces- 
sary length,  breadth,  and  height,  and  during  its  construc- 
tion had  sunk  about  1 1  feet.  A  great  quantity  of  stone 
was  then  laid  upon  the  space  the  lock  was  to  occupy, 
and  levels  taken  to  ascertain  the  precise  heiglu  of  the 
banks  ;  in  this  state,  matters  were  suffered  to  remain  for 
about  six  months,  until  August  1810,  when,  having 
found  that  no  farther  sinking  had  taken  place,  the  exca- 
vation for  the  lock-pit  was  commenced  in  the  before 
mentioned  artificial  mound,  a  chain-pump,  worked  by 
six  horses,  kept  the  pit  dry  when  sunk  to  Is  feet  in 
depth.  At  that  time  a  steam-engine,  of  nine-horse  power, 
was  erected,  by  which  the  water  was  commanded,  and 
the  excavation  of  the  lock-pit  was  completed  in  June 
1811.  Before  getting  down,  to  about  30  feet  below  the 
level  of  high  water  ordinary  springs,  it  was  necessary  to 
penetrate  into  the  compressed  mud  about  8  feet,  and  the 
small  portions  of  water  which  filtrated  through  the  sur- 
rounding mounds  of  earth  (in  which  puddle  walls 
had  been  carried  up,)  was  conducted  in  small  gutters 
along  the  top  of  the  compressed  mud  to  the  pump-well. 
As  soon  as  the  lock-pit  had  been  excavated,  rubble  ma- 
sonry, with  lime  mortar,  was  laid  about  two  feet  in 
thickness  in  the  middle  of  the  lock-chamber,  and  in- 
creasing to  about  5  feet  at  each  side  ;  upon  this  the  side- 
walls  were  founded,  and  brought  up  to  the  level  of  the 
top  of  the  compressed  mud,  and  then  the  inverted  arch 
of  squared  masonry  was  put  in,  and  the  side-walls,  coun- 
terforts, recesses,  and  wings,  carried  regularly  up;  the 
masonry  of  the  bottom  part  was  carried  on  by  short 
lengths  of  about  6  yards  at  one  time,  in  order  to  prevent 
the  compressed  mud  again  softening  and  being  squeez- 
ed together  in  the  open  space.  The  above  mentioned 
mud  was  found  to  be  readily  penetrated  by  piles,  but 
when  these  were  suffered  to  remain  a  few  hours,  no 
power  could  move  them.    The  masonry  ol  the  lock  was 
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very  successfully  coiiipk-ictl  in  August,  1812  ;  the  gates 
were  af'.erxvarcis  put  up,  and  the  lock  has  been  worked 
for  several  years.  The  whole  is  now  in  a  very  perfect 
state. 

Corpach  jLocj(-.— Tlie  circumstances  under  which  the 
lock  at  the  south-western  end  of  this  navigation  was 
constructed,  dift'er  j^really  from  what  we  have  jusi  de- 
scribed. I*,  was  found  necessary  to  connect  the  canal 
with  the  tide-way  in  Lock  Eil,  at  Corpach,  on  the  north- 
west side  of  a  rock,  situated  about  100  yards  from  high 
water;  this  rock  was  covered  at  three  fourths  Hood  ;  and 
the  lock  was  to  be  advanced  so  far  into  the  sea,  as  to  ad- 
mit of  the  sill  being  laid  upon  the  rock,  wliere  there 
should  be  30  feet  of  water  upon  it  at  high  water  neap 
tides.  For  uus  purpose,  watcr-tiglit  mounds,  faced  with 
stone,  were  carried  from  tne  short,  to  beyond  the  exlre- 
mity  of  the  lock  site.  Between  the  extremity  of  these 
mounds,  a  wooden  cofferdam  was  constructed.  The 
clearmg  away  the  gravel,  sand,  and  mud,  the  fixing  the 
main  piles  firmly  in  the  rock,  and  placing  the  wooden 
frames  correctly  in  their  proper  places,  were  operations 
of  considerable  difficulty ;  but  the  success  which  at- 
tended a  work  of  this  magnitude  and  exposure,  renders 
this  mode  deserving  the  attention  of  persons  engaged  in 
similar,  or  even  inferior  undertakings.  As  under  the 
■  article  BiuDGE  foundations,  we  have  minutely  detailed 
every  step  of  the  process,  it  would  be  an  unnecessary 
repetition  to  introduce  the  description  here;  we,  there- 
fore, presume  it  will  be  sufficiently  satisfactory  to  refer 
to  that  article.  Only,  it  may  be  further  observed,  that 
when  the  water  had  been  excluded,  and  the  rock  exca- 
vated, no  inverted  arch  wss  necessary. 

Fort  Augustus  Lock. — The  ground  upon  which  the 
five  connected  locks  at  Fort  Augustus  were  to  be  placed, 
consisting  of  coarse  open  gravel,  and  the  lowermost  of 
these  requiring  to  be  constructed  so  as  to  admit  20  feet 
of  water  upon  the  lower  gate-sills  at  tlie  lowest  stdte  of 
the  water  in  Loch  Ness;  and  the  large  river  Oich,  tun- 
ning upon  the  same  sort  of  gravel,  and  close  along  the 
site  of  the  lock,  rendered  it  an  arduous  task  to  keep 
very  large  lock-pits  clear  of  water  ;  for  the  rise  of  these 
locks  being  only  8  feet,  the  foundations  of  the  second 
and  third  locks  were  also  considerably  incommoded  by 
water.  This  site  for  these  locks,  being  by  much  the 
most  eligible  for  the  navigation,  it  was  absolutely  ne- 
cessary to  endeavour  to  surmount  these  natural  obsta- 
cles. The  first  step  was,  in  1814,  to  turn  the  whole  of 
the  river  Oich  to  the  northernmost  side  of  a  small 
island,  and  occupy  part  of  the  south  channel  by  the 
locks.  A  trial-pit  was  next  to  be  sunk  ;  and,  by  means 
of  a  small  steam  engine,  of  about  six  horse-power,  it 
was  carried  to  the  depth  of  18  feel ;  but  here  the  water 
overpowered  it.  A  pump-well  was  then  begun,  and  an 
engine  of  36  horse  power,  which  had  previously  been 
provided,  was  erected.  It  commenced  working  in  Au- 
gust, 1816,  and  the  excavation  of  the  lock-pit  was  car- 
ried on  with  all  possible  energy.  It  was  continued  as 
long  as  the  Hood- waters  of  the  Oich  would  permit — was 
again  commenced  as  soon  as  the  state  of  the  river  would 
admit,  in  1817,  and  during  that  summer  and  autumn  the 
whole  masonry  of  the  lock,  bottom,  and  wings,  and  the 
iorebay,  were  got  in  ;  but,  in  order  to  command  the  wa- 
icr  effectually,  the  engineer  had,  during  that  time, 
caused  to  be  erected  a  third  engine,  of  about  nine  horse 
power,  which  happened  also  to  be  in  readiness ;  and 
when  the  excavation  was  upwards  of  25  feet  below  the 
surface  of  Loch  Ness,  and  the  whole  of  the  gravel  still 


co.irse  and  open,  the  power  of  all  the  three  engines  was 
required.  Tliese  lock-pits  btii'g  sunk  directly  into  a 
mass  of  gravel,  no  cofferdam  could  be  of  any  seivice. 
Under  the  inverted  arch  and  side  walls  of  the  lock, 
chamber,  8cc.  rubble  masonry  (as  has  been  described  in 
the  Clachnu-.  irry  lock)  was  constructed  ;  but  it  was  here 
laid  upon,  and  mixed  with,  abundance  of  moss,  and  this 
was  done  in  order  to  prevent  any  sand  from  percolating. 
At  the  latter  end  of  the  worknig  season  of  1818,  the 
whole  masonry  of  the  lowermost  lock  had  been  built, 
also  the  inverted  arch,  and  14  feet  in  height  of  the  side 
wjUs  of  the  second  loc  k  ;  and  likewise  the  inverted  arch, 
and  six  feet  of  the  walls  of  the  third  lock  ;  so  that,  ex- 
cept for  the  purpose  of  putting  up  the  gates,  there  could 
be  no  farther  occasion  for  employing  the  steam-engines 
at  Fort  Augustus,  and  every  risk  was  at  an  end. 

In  these  three  locks  there  has,  tlierefore,  been  afforded, 
cases  of  soft  mud,  hard  rock,  and  very  loose  gravel,  as 
fo'indaiions  for  very  large  locks.  For  their  form  and  di- 
mensions, see  Plate  CCCCX.  Fig.  I. 

Tlie  sheet  piles,  or  plank  piles  heretofore  alluded  to, 
being  of  frequent  use  in  hydraulic  architecture,  may  be 
as  well  described  in  this  place. 

They  are  sawn  out  of  a  thickness  proportional 
to  the  strain  they  are  intended  to  bear.  The  points 
are  (Plate  CCCCVIII.  Fig.  13)  sharpened  so  as  lo 
have  a  bevel  or  cliamfer  to  one  side  only,  so  that  in 
driving,  each  may  be  forced  close  against  the  preceding 
one;  still  farther  to  secure  the  seam  or  joint  against  the 
transpiration  ol  water,  it  is  not  uncommon  to  groove  the 
piles  as  iti  Fig.  14.  on  one  edge,  and  make  a  ridge  or 
feather  on  the  other  to  fit  such  grooves,  so  that  the  piles 
are,  in  driving,  preserved  in  the  same  plane.  Lastly,  lo 
save  timber,  the  pile  is  frequently  grooved  on  each  side, 
and  a  slip  or  feather,  which  may  be  of  harder  wood, 
driven  in  between,  so  as  to  enter  both  grooves.  The 
plank  piles  are  preserved  in  position,  by  being  spiked  to 
sills,  or  horizontal  beams  of  timber,  extending  in  the 
line  of  the  proposed  sheet  plank  piling,  and  fastened  to 
stout  upright  piles  of  baulk,  placed  at  certain  distances 
in  the  same  line,  called  guage  piles. 

In  the  construction  of  a  lock,  one  of  the  earliest  ob- 
jects of  attention  is  the  platform  on  which  the  gales  are 
lo  traverse.  It  is  usually  formed  of  timber.  A  stout 
floor  of  plank  is  spiked  or  tree-nailed  down  upon  sills, 
or  transverse  beams,  which  are  laid  across  the  lock,  and 
their  extremities  built  into  the  walls.  The  scantling 
of  the  sills  and  plank  are  proportioned  to  the  fatigue 
they  have  to  undergo.  In  great  locks,  there  are  usually 
two  rows  of  whole  baulk  in  thickness,  laid  close  together 
over  the  whole  floor,  carefully  bedded  in  a  mass  of  wa- 
ter-tight rubble  niasonry  ;  and,  when  the  foundation  is 
doubtful,  longitudinal  ground  sills  are  laid  below,  then 
resting,  if  need  be,  on  piles  drove  to  a  proper  depth. 
A  row  of  grooved  sheet  piles  is  driven  across  the  lock 
at  the  upper  and  lower  end  of  this  platform,  and  the 
floor  is  carefully  caulked  to  prevent  any  transpiration  of 
water. 

On  this  platform  the  sill  of  the  lower  gates  is  placed, 
its  construction  is  that  of  tie  beam  and  two  rafters, 
having  the  angle  or  curve  of  the  lock-gates;  and  as  it 
has  the  thrust  of  the  water  to  witlistand,  care  must  be 
taken  to  give  it  sufficient  abutment.  The  platform  of 
tiic  upper  gates  is  constructed  in  all  respects  similar  to 
the  lower.  The  sheet  piling  at  the  lower  side  is  unne- 
cessary ;  but  care  must  be  taken  that  the  breast-wall  or 
step  of  the  lock  be  made  water-light,  and  carefjily  pud- 
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died  upon  the  upper  side.  To  prevent  also  its  receiving 
any  derangement  from  the  blows  of  boats,  &c.  it  is  ne- 
cessary to  lay  a  wooden  curb  along  the  coping  of  this 
breast-wall. 

In  Ireland  timber  has  been  sparingly  used  in  the  con- 
struction of  locks;  good  stone  and  mortar  are,  in  ge- 
neral, easily  procured  there.  The  platform  for  the  gates 
is  made  of  hewn  stone.  The  sill  is  of  hewn  stone,  set 
on  edge,  and  usually  two  feet  deep,  supported  on  the 
lower  side  by  a  horizontal  arch,  which,  at  the  upper 
gates,  forms  the  coping  of  the  breast  ol  the  lock;  and, 
to  resist  blows  from  vessels,  the  key-stone  of  this  arch 
is  supported  by  two  struts  of  horizontal  flagging  passing 
to  the  sides  of  the  lock,  or  by  a  counter  arch  in  the  hewn 
pavement  of  the  platform. 

In  constructing  the  side  walls,  a  recess  is  made  on 
each  side,  to  permit  the  gates  to  fall  back  out  of  the 
•way  of  vessels ;  and  it  is  not  uncommon  to  make  those 
for  the  upper  gates  act  as  waste-weirs  or  overfalls,  to 
discharge  the  superfluous  water  of  the  canal  into  the 
paddle  holes.  These  paddle  holes  are  conduits  of  stone 
or  brick,  usually  of  a  circular  form,  and  about  18  inches 
diameter,  by  which  the  water  of  the  upper  level  is  con- 
veyed into  the  lock-chamber.  From  the  lock  it  is 
usually  conveyed  into  the  lower  level  through  sluices  or 
paddles  formed  in  the  gates,  below  the  level  of  the  lower 
water  ;  bu',  in  the  upper  gaies,  this  is  seldom  practica- 
ble, for  the  breast  of  the  lock  being  commonly  higher 
than  the  lower  level,  a  cascade  would  thereby  be  formed 
in  the  lock,  which  would  be  troublesome  or  dangerous 
to  the  vessels. 

The  conduits  or  paddle  holes  from  each  side  are 
sometimes  uiiited  at  the  back  of  the  breast-wall,  and 
discharge  themselves  through  that  into  the  lock.  At 
other  times  they  enter  the  lock  separately  in  each  side. 
In  either  case,  the  low  level  is  preserved  back  to  the 
place  ol  entry,  and  the  water  is  then  permitted  to  fall 
down  on  a  flat  surface  in  the  conduit,  so  as  to  break  its 
progressive  force  as  much  as  possible.  The  paddle  it- 
sell  is  usually  a  square  of  cross  planked  wood,  slidmg 
up  and  down  in  a  rabbeted  frame  of  timber,  fixed  in  the 
stone  mouth  of  the  conduit  or  paddle  hole.  The  lateral 
pressure  of  the  water  makes  it  adhere  closely  to  the 
frame,  so  that  it  is  necessary  not  only  to  make  it  run 
with  the  grain  of  the  wood,  but  aiso  to  have  a  consi- 
derable power  to  move  it.  This  is  done  by  a  crank  and 
pinion,  vol  king  into  a  toothed  rack,  which  is  fixed  on  a 
bar  or  handle,  rising  from  the  paddle  up  to  the  top  of 
the  bank  or  gate.  Sometimes  screws  are  used  instead 
of  rack  and  pinion,  and  various  other  ingenious  contriv- 
ances have  been  proposed,  so  as  to  make  the  paddle  turn 
on  an  axis,  either  in  its  own  plane,  or  at  right  angles 
thereto,  like  scouring  gates,  he.  One  of  the  simplest 
moues  we  have  seen  of  getlnig  rid  of  the  hydrostatic 
pressure  and  Iriciion  was  proposed  by  Mr.  John  Dun- 
combe,  v:z.  to  make  the  entrance  or  mouth  ol  the  paddle 
hole  a  horizontal  circular  opening,  and  stop  it  by  an  open 
cylinder  gicund  to  fit  it,  and  rising  of  the  same  diameter 
to  the  surface,  where  it  could  be  lifted  by  a  lever  or 
other  means,  like  the  waste  pipes  employed  in  some 
cisterns.  The  waste  water  of  the  canal  would  of  course 
escape  over  the  u|>ptr  lip  of  the  cylinder,  and  pass 
along  the  paddle  holts  as  usujI.  Such  a  cylinder  may 
be  made  of  wood  or  iron 

The  hollow  quoins  are  upright  circular  grooves 
wrought  in  the  s'u'-i  walls  at  the  extremities  of  the  sills ; 
they  serve  as  a   hinge-place  for  the  gate,  the  upright 


post  of  which  that  turns  in  them  is  iiameci  the  heel  of 
the  gate;  the  opposite  posts  which  abut  against  each 
other  are  called  the  head-posts.  The  heel- posts  are  re- 
tained in  their  places  by  a  pivot  or  gudgeon  at  bottom, 
turning  in  a  cup  set  in  the  stone,  and'  sometimes  the 
reverse,  the  cup  being  set  in  the  heel-post.  The  up- 
per part  of  the  post  is  embraced  by  an  iron  snap  or 
collar,  which  is  caiiied  back  some  way  into  the  side-wall, 
and  firmly  secured.  The  hollow  quoins  are  commonly 
cut  out  of  large  scantlings  of  stone,  or  brick  is  moulded 
for  the  purpose,  and  cast-iron  has  also  been  employed  on 
the  Caledonian  canal.  The  exterior  portion  of  the  lock, 
above  the  upper  and  below  the  lower  gates,  are  named 
the  forebay  and  tailbay  of  the  lock.  The  side-walls 
are  then  made  to  splay  away  outwards  to  the  usual 
breadth  of  the  canal,  so  as  to  facilitate  the  entrance  of 
vessels,  and  still  fanher  to  guide  them  ;  there  are  not 
unlrcquently  fender-beams,  supported  on  piles,  continued 
to  some  distance  above  and  below  the  lock,  and  running 
into  the  bank  on  either  side. 

Strapping-posts  are  also  used  to  check  the  way  of  the 
boats  in  entering  the  lock  ;  and,  in  the  passage-boats  on 
the  canals  in  Ireland,  a  broad  shield  of  iron  is  placed  on 
each  side  of  the  stem,  and  dropped  under  the  quarter 
when  the  boat  approaches  a  lock.  It  is  readily  hauled 
up  again  when  the  boat  gets  under  way.  It  is  the  in- 
vention of  Mr.  Sisson  Darling,  late  secretary  to  the  Grand 
canal. 

Lock-gates  are  framed  usually  of  timber,  though  iron 
IS  also  used  in  some  ol  the  small  canals  in  England,  and 
has  lately  been  introduced  in  framing  the  large  gates 
lor  the  Caledonian  canal.  The  head  and  heel-posts  are 
connected  by  cross-beams  or  rails  turned  therein  ;  the 
upper  and  lower  bars  are  firmly  attached  by  straps  and 
bolts,  and  the  whole  planked  over,  usually  in  an  oblique 
direction,  by  way  of  giving  an  additional  stay  to  the 
framing.  The  head-posts  must  be  brought  truly  to  the 
angle  ol  abutment.  If  of  iron,  they  have  a  ribband  of 
tiiiibtr  Dolted  thereon,  to  soften  the  blows  they  receive. 
The  heels  must  be  wrought  to  a  circular  form  to  fit  the 
hollow  quoin,  into  which  the  pressure  of  the  water  will 
force  them  home.  The  upper  bar  of  the  gate  in  small 
canals,  is  usually  continued  a  considerable  way  beyond 
the  heel-post,  and  left  as  heavy  as  possible,  or  is  loaded 
so  as  to  lorm  a  counterpoise  to  the  weight  of  the  gate, 
and  a  lever  for  opening  it.  In  great  locks,  capstans  are 
employed  to  work  chains,  leading  to  the  middle  of  the 
head-post  on  either  side.  Various  other  contrivances 
have  been  adopted  for  opening  and  shutting  the  gates  of 
large  locks.  In  Holland,  a  boom  or  spar  is  commonly 
attached  to  the  head  post,  and  brought  over  a  windlass 
on  the  lock-wall,  almle  above  the  gate  ;  a  rope  is  made 
fast  to  the  end  of  the  spar,  and  taking  two  or  three  turns 
on  the  windlass,  the  spar  end  is  carried  to  the  other  end 
ot  the  spar,  which  thus,  by  means  of  the  windlass,  is 
made  either  to  open  or  shut  the  gate.  At  Antweip,  the 
French  have  employed  a  rack-bar  of  wrought  iron  nearly 
in  the  same  way.  These  heavy  gates  have  usually  a 
roller  or  truck  wheel  placed  under'the  foot  of  the  head- 
post,  and  running  on  a  quadiaiital  railway  of  iron,  to  faci- 
litate their  motion.  With  the  same  view,  also,  attempts 
have  been  made  to  give  floatation  to  heavy  gates.  In 
Sweden,  some  gates  were  made  for  the  dock  of  Carls- 
crona,  which  were  to  sii;k  into  a  deep  recess,  and  rise 
when  wanted  by  the  admission  of,  and  again  pumping 
out  of,  a  quantity  of  water,  on  the  principle  of  the  ma- 
chine called  the  camel.     At  the  dock  of  Monnikendam 
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is  the  best,  and  we  believe  the  oldest  boat-gate  we  have 
seen.  It  huslhrcc  parallel  keels,  which  fn  into  grooves 
in  the  side-walls,  and,  by  admitting  water,  and  extracting 
it  again,  it  is  made  to  sit  clown  in  its  place,  or  iloat  up 
so  as  to  be  removed  when  necessary;  but  though  such 
vessels  are  peculiarly  usciut  as  stop-gales,  or  for  docks, 
they  are  not  well  adapted  to  a  constant  navigation,  where 
they  must  be  liequently  and  readily  opened. 

The  best  angle  for  the  sally  of  double  lock-gates,  is 
a  subject  which  has  occupied  a  good  deal  of  the  atten- 
tion of  scientific  engineers.  IJelidor  has  given  a  solu- 
tion of  this  in  a  sort  of  popular  way,  which  by  no 
means  leads  to  the  true  one;  but  an  abstract  of  his 
mode  of  reasoning  may  not  be  misplaced  here.  He 
supposes,  or  takes  for  granted,  that  of  all  the  positions 
which  may  be  adopted,  the  most  direct  and  effectual 
support  is  given  by  one  door  to  the  other,  when  they 
are  at  right  angles,  and  of  course  there  can  be  no  use 
lor  employing  an  acute  angle,  as  that  will  only  increase 
the  breadth  and  expence  of  the  gate,  while  also  the 
pressure  thereon  will  be  proportionably  increased.  2(1, 
As  the  sally  diminishes,  so  does  the  breadth  of  each 
gate,  and  consequently  the  hydrostatiral  pressure  there 
on;  and  the  minimum  is  when  the  gates  come  into  the 
same  line,  in  which  case  the  one  does  not  at  all  sup- 
port the  other.  Between  these  two  limits,  therefore, 
where  in  the  one  case  the  angle  at  the  base  is  45°,  and 
the  other  0°,  Belidor  concludes,  that  the  best  is  the 
arithmetical  mean,  or  where  the  angle  at  the  base  is 
22^° ;  and,  by  a  calculation,  he  shows  this  will  be  very 
nearly  when  the  sally  of  the  gates  is  one-fifth  of  the 
breadth  of  the  lock.  Though  this  solution  appears 
ivith  figures  and  calculations,  it  is  evidently  any  thing 
but  mathematical  investigation  ;  subsequent  writers  have 
entered,  some  more  loosely,  others  more  carefully,  into 
this  inquiry  ;  and,  in  particular,  we  would  recommend 
a  short  treatise  l)y  Mr.  Brunnings  of  Leyden,  published 
at  Haerlem  in  1797. 

The  more  usual  way  of  considering  this  matter  is  as 
follows:  The  pressure  of  the  water  on  the  gate  BC  is 
in  proportion  to  its  breadth  BC,  the  strength  of  the  gate 
is  inversely  as  its  l.rcudlh  BC,  the  effect  of  the  pres- 
sure is  therefore  as  tlie  square  of  BC.  The  supports 
afforded  to  the  gate  BC  by  the  other  gate  CA,  is  as  the 
perpendicular  AE,  on  its  direction  from  the  fixed  point 
A.  The  strength  of  the  gate  is  therefore  as  AE  directly 
and  inveiscly  as  BC^;  but  AE  is  the  sine  of  ABC,  the 
radius  AB — BC  is  the  secant  of  the  same  angle  to  half 
that  radius  BD     The  strength  of  the  gate  is  therefore  as 

AE        2  sin  ABC  .  ,  .      .      , 

■;,  or  since  the  cosine  is  the  reciprocal 


BC* 


sec  .2  ABC 


of  the  secant,  as  sin.  x  cos-l^  of  ABC,  the  angle  at  the 
base.  The  maximum  value  of  this  expression  is,  when 
the  tangent  of  ABCzT-v/^t  or~  0.707  1,  or  when  the  an- 
gle at  the  base  is  35°  16"  nearly,  and  the  sally  of  the 
gate  is  5%,  or  somewhat  more  than  one  third  of  the 
breadth  ot  the  lock. 

This  is  the  same  determination  as  that  for  the  best 
position  of  rafters  in  a  roof,  &c.  but  it  still  lakes  but  a 
very  confined  view  of  the  subject.  The  pressure  on 
the  hollow  quoins  at  AB  is  unnoticed  ;  in  general,  these 
are  so  steady,  that  the  abutments  of  the  gates  may  be 
considered  as  immoveable.  The  strength  of  limber 
pressed  in  the  direction  of  its  length,  is  so  much  greater 
than  against  a  cross-strain,  that  it  cannot  be  valued 
in  the  same  way.     Much  more  reliance  may  therefore 


be  placed  on  the  support  given  by  the  opposite  gate, 
especially  when  we  consider  the  support  given  by  the 
still,  and  a  :nuch  more  obtuse  angle  may  be,  and  com- 
monly is,  given  in  practice  to  the  lock-gates  than  the 
above,  or  even  the  ari'hmelical  mean  between  35°  16" 
and  0°.  which  Brunnings  has  proposed,  after  the  exam- 
ple of  Belidor. 

Silberschlag  and  Perronct  recommend  the  sally  to 
be  one-sisih  of  the  width  as  the  common  custom.  In 
Holland,  considerable  variety  however  in  this  particu- 
lar is  to  be  found  in  that  country.  The  celebrated  sca- 
lock  of  Muyden  has  from  one-sixth  to  one-seventh,  the 
angle  being  145°;  and  the  ancient  lock  of  Sparendam 
has  in  the  sea-doors  a  sally  of  about  one-sixteenth.  It 
was  built  in  1568,  and  has  stood  many  storms  without 
injury.  In  this  country  it  has  been  common  of  late 
to  give  a  camber  or  arched  form  to  great  lock-gates,  by 
which  their  strength  is  undoubtedly  considerably  in- 
creased. 

In  regard  to  the  materials  used  in  constructing  lock- 
gates  :  before  the  Caledonian  canal,  they  have  been 
made  of  timber:  but  here,  on  account  of  the  difficulty 
of  procuring  timber  of  suitable  dimensions  and  quali- 
ty, it  was  found  necessary  to  have  recourse  to  cast-iron  ; 
which,  having  answered  the  purpose,  an  example  on  so 
large  a  scale  has  led  to  llie  adoption  of  this  material  in 
many  other  instances,  as  in  the  New  Graving  Dock  at 
Dundee,  &c.  £cc. 

Tlie  importance  of  this  subject  has  led  us  to  enter 
pretty  fully  into  description  and  discussion  respecting 
canal  looks,  but  the  necessary  limits  of  this  article  pre- 
vent us  from  proceeding  in  the  same  manner  with  re- 
spect to  the  numerous  substitutes  for  common  lockage, 
which  have,  chiefly  with  the  view  of  economizing  wa- 
ter, been  proposed  and  attempted  in  England;  that  is 
to  say,  by  means  of  solid  plungers  in  parallel  cham- 
bers, raising  and  depressing  boats  in  caissons,  or  frames, 
by  chains  passing  over  large  wheels,  and  by  means  of 
working  air-vessals. 

These  have  severally  been  projected  and  experi- 
mented upon  by  Dr.  Anderson,  James  Fussel,  Robert 
Weldon,  James  WoodhoUie,  Sir  William  Congreve,  and 
others. 

There  is  in  each  of  these  schemes  much  ingenuity, 
and  we  believe  that  each  of  them  was  successfully 
worked  in  model  ;  a  separate  treatise  would  be  usefully 
appropriated  to  their  nieiits;  but  as  none  of  them  have 
hitheno  been  found  to  answer  in  general  practice,  they 
arc  inadmissible  in  a  work,  where  there  is  scarcely  suffi- 
cient room  for  an  account  of  the  modes  usually  practised 
in  this  busy  count)  y. 

Inclined  planes,  connecting  different  canal  levels, 
which  have  long  been  usefully  employed  in  this  coun- 
try, have  a  just  claim  to  aliention  ;  but  as  they  in  truth 
are  a  porlion  of  railways,  which  will  be  treated  separately, 
wc  must  refer  the  reader  to  that  head. 


Reservoirs. 

The  mode  of  supplying  a  canal  plentifully  with  wa- 
ter being  essential  to  its  prospeiity,  it  generally  em- 
ploys the  attention  of  the  engineer,  previous  to  deter- 
mining the  most  advisable  line.  When  it  is  necessary 
to  establish  a  navigable  communication  between  separate 
valleys  or  basins  of  country,  and  where  a  double  lock- 
age is  unavoidable,  the  summit  which  divides  them  is 
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generally  too  iiigh  to  permit  a  regular  supply  of  water 
being  drawn  directly  from  the  streams  on  cither  side; 
or  these  streams  arc  not  unfrequently  appropriated  to 
the  service  of  mills  and  manufactories,  as  in  tlie  cases 
of  the  Languedoc  canal  in  France,  the  Grand  Junction 
and  many  others  in  England,  and  the  Torth  and  Clyde 
canal  in  Scotland.  Under  these  circumstances,  it  be- 
comes necessary  to  collect  the  flood-waters  of  the  ad- 
jacent higher  grounds  into  proper  reservoirs,  to  be  drawn 
off  as  occasion  may  require. 

The  choosing  a  proper  situation  for  a  irreat  reservoir, 
icquires  all  the  skill  of  the  engineer.  Much  must  al- 
ways depend  upon  local  circumstances,  but  some  of  the 
principal  objects  to  be  had  in  view,  are,  1st,  That  the 
reservoir  should  be  sufficiently  low  to  collect  the  flood- 
waters  from  an  ample  surface  of  country.  2d,  It  should 
be  so  high  as  to  enable  all  the  water  it  contains  to  be 
drawn  into  the  summit  of  the  canal.  3d,  It  is  desir- 
able that  the  basin  to  be  laid  under  water,  should  con- 
tract towards  its  lower  extremity, so  as  to  require  a  com- 
paratively short  embankment  cr  head  ;  and  this  head 
should  be  placed  upon  a  substantial  foundation.  4ih, 
It  is  very  important  that  the  bottom  and  sides  of  the 
reservoir  should  be  naturally  impervious  to  water,  other- 
wise much  trouble  and  ex  pence  will  be  required  to  ren- 
der them  so,  by  artificial  means.  5th,  The  dimensions 
of  the  embankment  will  be  regulated  by  its  height, 
and  the  nature  of  the  materials  with  which  it  is  to  be 
constructed.  It  is,  however,  usual  to  assume  the  height 
of  the  top  bank  to  be  from  three  to  four  yards  above  top 
water  when  the  reservoir  is  full;  the  breadth  of  the 
top  to  be  five  yards;  the  outside  to  slope  at  the  rate  of 
three  horizontal  to  one  perpendicular,  and  the  inside 
slope  at  the  rate  of  two  horizontal  for  oilfe  perpendicu- 
lar. But  both  dimensions  and  form  have  been  subject 
10  very  considerable  variations ;  for  instance,  at  St. 
Terriol,  upon  the  Languedoc  canal  in  France,  (Plate 
CCCCXII.)  the  embankment,  or,  as  there  denominat- 
ed, Digue  de  Barrage,  consists  chiefly  of  masonry,  of 
which  tnere  is  uuoul  57,500  cubic  yards.  There  is  one 
main  wall,  about  110  feet  in  height,  and  for  37  feet  it 
is  about  37  feet  in  thickness,  above  that  it  is  about  17 
feet,  and  near  the  top  is  about  five  or  six  feet.  At  the 
distance  of  about  200  feet  from  the  great  wall,  in  the 
outer  side,  there  is  another  wall  upwards  of  60  feet  in 
height  from  the  bottom  of  the  brook  channel  at  that 
place;  the  space  between  these  walls  is  filled  with  earth, 
and  faced  with  clay.  At  an  equal  distance  from  the 
middle  walls,  on  the  inner  side,  there  is  also  a  low 
vail,  at  the  extremity  of  the  arched  masonry  vault,  for 
drawing  off  the  water,  named  Voute  d'enfer.  The  con- 
struction of  this  vault,  and  its  access,  are  complicated 
and  expensive.  The  pipes  and  cocks  for  drawing  off 
the  water,  are  fixed  in  the  great  wall,  about  lo  feet 
above  the  Voute  de  Vulange,  or  vault  by  which  the  wa- 
ters are  conveyed  from  the  locks  to  the  channel  of  tiie 
brook  Laudot  below  the  reservoir.  The  access  to  the 
locks  is  by  a  separate  arched  passage  upon  a  higher  le- 
vel, and  the  descent  is  by  steps.  Over  tlie  interior  en- 
trance of  the  voute  D'enfer,  which  is,  of  course,  about 
200  feet  within  the  reservoir,  there  is  a  pyramid  of  ma- 
sonry which  indicates  the  level  at  which  the  water 
stands.  Besides  these  bottom  vaults,  or  arched  pas- 
sages, there  are  two  others  at  difl'erent  heights,  by 
which  the  upper  portions  of  the  water  are  drawn  off. 
The  length  of  this  reservoir  is  about  one  n:iie,  and  its 
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breadth  near  the  embankment  about  half  a  mile.  Along 
one  side  of  the  reservoir,  there  is  an  artificial  channel 
by  which  the  waters  of  the  brook  Laudot,  and  also 
those  of  other  rivulets  can  be  conveyed  past  the  reser- 
voir. The  supplies  of  water  are,  as  has  already  been 
described,  derived  from  the  Black  Mountain,  collected 
and  conducted  by  feeders  33}  miles  in  length.  The 
works  of  this  great  reservoir  were  commenced  in  No- 
vember 1667. 

In  another  large  reservoir  for  the  Languedoc  Canal, 
(that  of  Lampy,)  the  Digue  de  Barrage,  consists  of  only 
one  immense  masonry  wall,  which  is  about  40  feet  in 
thickness  at  the  foundation,  and,  exclusive  of  strong 
buttresses,  33  feet  at  the  surface  of  the  ground,  and  18 
at  the  top,  which  is  54  feet  above  the  surface  of  the 
ground,  comprising,  in  all,  about  17,000  cubic  yards  of 
masonry.  The  water  is  here  also  taken  off  at  three  dif- 
ferent heights. 

In  these  reservoirs,  it  will  be  seen,  that,  as  in  the 
case  of  locks,  the  chief  dependence  is  placed  upon  ma- 
sonry walls;  but  they  are  admitted  as  being  imperfect 
in  regard  to  retaining  water,  and  that  they  are  in  fre- 
quent need  of  repairs.  Further  experience  has  therefore 
led  to  the  employment  of  much  simpler,and,  at  the  same 
time,  much  more  effectual  means;  accordingly,  in  tliis 
country,  puddle-walls,  constructed  in  the  middle  of  the 
embankment,  or  head,  are  only  employed;  and  similar 
means  prove  also  sufficient  to  secure  the  bottom  and 
sides,  even  when  the  substratum  is  gravel,  sand,  or  rock, 
intersected  by  open  fissures. 

As  a  specimen  of  British  reservoirs,  we  have  selected 
that  now  constructing  about  seven  miles  west  of  Edin- 
burgh, upon  Glencorse  Burn,  in  a  gorge  upon  the  east- 
ern side  of  the  Pentland  Hills.  This,  although  not  for 
a  navigable  canal,  has  been  planned  upon  the  model  of 
the  most  approved  canal  reservoirs,  by  that  intelligent 
engineer  James  Jardine,  who  also  plans  and  conducts 
all  the  operations  of  the  extensive  water-works  of  this 
city,  and  who  has,  very  kindly,  furnished  the  drawing 
of  his  great  reservoir  for  this  work. 

By  inspecsing  Plate  CCCCXIII.  it  will  be  seen  that 
the  shape  of  the  valley  is  so  lavourable,  that  with  the 
very  short  embankment,  or  head,  of  130  yards,  a  sur- 
face (when  full)  of  40  English  acres,  and  60  feet  of 
depth  at  the  deepest  part,  will  be  obtained.  The  foun- 
dations of  the  embankment,  and  tunnels  for  drawing 
off  the  water,  are  upon  rock  ;  and  there  is  every  pros- 
pect of  the  bottom  and  sides  of  the  reservoir  being  also 
on  rock  impervious  to  water. 

The  dimensions  of  all  the  principal  parts  being  mark- 
ed on  the  Plate,  it  is  unnecessary  to  enumerate  them 
here.  It  will  be  seen,  that,  instead  of  enormously  thick 
walls,  tliere  is  here  one  made  of  puddle,  about  15 
feet  thick  at  the  foundation,  and  9  at  the  top  ;  and  in- 
stead of  a  horizontal  gallery,  as  at  St.  Ferriol,  there  is  a 
circular  vertical  staircase,  8  feet  diameter,  down  to  the 
apparatus  for  drawing  off  the  water.  At  the  upper 
end  of  the  reservoir  there  is  to  be  a  waste  weir  to  ena- 
ble (when  found  necessary)  the  stream  of  Glencorse 
Burn  to  be  carried  in  an  artificial  channel  along  the 
northern  side  of  the  reservoir  to  the  reservoir  waste, 
which  last  is  to  be  placed  at  the  northern  extremity  of 
the  embankment,  and  where  the  united  waters  of  this 
waste  and  the  Burn  will  be  carried  to  a  considerable  dis- 
tance from  the  embankment,  and  discharged  over  a 
rocky  bank  into  the  Burn  channel. 
4  D 
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The  water  will  be  drawn  from  this  great  reservoir 
at  two  different  levels,  viz.  one  at  the  bottom  and  the 
other  at  the  middle  of  the  height. 

Of  Waste  Weirs. 

The  wiers  connected  with  canals  are  of  two  sorts. 
1.  Tliose  cotjbuucted  across  rivers  to  force  the  water 
from  them  into  the  conilucting  feeders,  or  immediately 
into  the  canal  itself;  and  2.  Waste  weirs,  to  permit  the 
surplus  water  to  pass  off  the  canal. 

The  first  beinjj  equally  applicable  to  other  purposes, 
such  as  mills,  &c.  the  description  of  them  belongs  to 
anoiher  subject. 

The  second  sort,  or  waste  weiis,  are  varied  in  their 
form  and  materials  according  to  circumstances ;  their 
site  is  chosen  as  nearly  as  practicable  to  the  place  where 
there  is  a  great  influx  of  flood  water,  in  order  that  it 
may  be  discharged  before  there  is  loo  great  an  accumu- 
lation, or  becomes  injurious  to  the  canal  b>inks ;  it  is 
also  necessary  to  have  wastes  adjacent  to  locks,  to  con- 
vey water  from  upper  to  lower  levels,  without  passing 
through  the  locks.  Tlie  place  of  discharge  should, 
when  practicaljle,  be  where  the  ground  has  a  gentle 
descent  from  top  water  of  the  canal,  and  where  the 
surplus  water  may  fall  into  a  natural  channel  on  the 
lower  side  of  the  canal.  It  is  desirable  that  the  bed  of 
the  waste  weir  should  be  upon  rock  or  firm  clay  ;  if  on 
clay,  the  simplest  mode  is  to  drive  a  row  of  plank  piles 
in  the  canal  banks  along  the  inner  side  of  a  wooden  sill, 
whose  top  should  be  level  with  the  top  water  of  the  ca- 
nal, and  from  that  sill  to  form  a  paved  channel  for  the 
water  to  flow  down  ;  sometimes,  instead  of  driving  piles, 
a  wall  is  built  in  the  canal  bank,  and  coped  with  squar- 
ed ifreestone  laid  in  water  lime  mortar,  and  the  coping 
stones  secured  by  cast-iton  dowels  ;  it  is  necessary  to 
secure  the  sides  of  the  sloping  channel  by  walls;  and 
the  lower  extremities  must  vary  according  to  circum- 
stances, as  must  the  discharging  channel.  If  the  waste 
is  on  the  towing-path  side,  the  water  must  pass  under 
small  arches  or  flat  covered  drains. 

Of  Aqueducts. 

When  the  course  of  a  canal  crosses  that  of  a  river, 
it  becomes  necessary  to  build  a  bridge,  and  upon  it,  in 
place  of  a  common  road,  to  construct  a  channel  and 
towing-path  for  a  canal ;  the  heights  of  the  aqueduct  is 
regulated  by  the  relative  levels  of  the  river  and  canal, 
and  its  breadth  by  that  of  the  canal.  Until  of  late 
years,  it  was  usual  -to  make  the  aqueduct  of  such  a 
breadth  as  to  admit  the  canal  channel,  and  its  towing 
path,  to  be  constructed  either  wholly  of  masonry,  as  in 
the  case  of  some  of  the  French  aqueducts,  or  partly  of 
masonry  and  partly  of  puddle,  as  in  those  built  on  the 
English  canals;  botli  these  modes  are  exhibited  in  Plate 
CCCCXIV.  where  Fig.  1.  and  2.  represent  the  aqueduct 
de  Cesse  upon  the  Languedoc  canal,  designed  by  Vau- 
ban;  Fig.  3.  and  4.  the  Kelvin  aqueduct  upon  the  Forth 
and  Clyde  Canal,  designed  by  R.  Whitworth  ;  and  Fig. 
5.  the  aqueduct  over  the  river  Lune  upon  the  Lancaster 
Canal,  designed  by  J.  Rennie,  all  works  of  great  merit, 
on  a  large  scale,  and  having  considerable  variety  of  con- 
struction. In  these  aqueducts,  excepting  what  relates 
to  making  a  water-tight  basin  for  the  canal,  there  is  little 
different  from  a  road-bridge  of  similar  dimensions;  it  is 


therefore  only  necessary  to  refer  to  the  article  Bkidgk 
for  instructions  respecting  them. 

But  about  the  year  1795,  Thomas  Telford  having  been 
entrusted  with  the  management  of  the  Shrewsbury  and 
Elksmerc  Canals,  had  his  attention  drawn  to  the  con- 
struction of  some  large  aqueducts,  and  having  observed, 
in  several  instances,  the  niasonry  of  aqueducts  where 
puddle  was  employed,  to  be  cracked,  and  very  subject 
to  leakage,  and  some  parts  not  unliequently  obliged  to 
be  taken  down  and  rebuilt,  or  lied  across  by  strong  iron 
bars  ;  these  circumstances  led  hini  to  consider  of  intro- 
ducing casl-iron  woi  k.  This  he  did,  in  the  first  ihstance, 
upon  the  EUcsmcre  Canal  at  Chirk,  where  the  aqueduct 
was  600 teet  long, and  65  feet  high  above  the  river;  here 
he  rejected  puddle,  built  tlie  spandrels  over  the  arches 
with  longitudinal  walls  only  ;  across  these  walls  cast- 
iron  flaunclied  plates  were  laid,  as  a  bottom  to  the  canal, 
and  also  on  purpose  to  bind  the  walls  horizontally  ;  these 
were  well  jomted,  screwed,  and  caulked  ;  t!ie  sides  ol* 
the  water  channel  were  built  with  stone  facings,  and 
brick  heaiiiiig  laid  in  water  lime  mortar.  By  this  mode 
the  quantity  of  masonry  was  much  reduced,  yet  the 
whole  remains  water-tight  and  substantial,  after  being 
worked  20  years.    (Sec  Plate  CCCCXV.  Fig.  Land  8.) 

About  the  same  time,  and  on  the  same  canal,  it  was 
found  necessary  to  cross  the  River  Dee,  at  the  bottom 
of  the  celebrated  valley  of  Llangollen,  at  Pontcysylte, 
at  the  height  of  126  feet  8  inches  above  the  surface  of 
the  river,  and  for  1000  feet  in  length,  it  was  cheaper  to 
aqueduct  than  embank.  Here  Mr.  Telford  introduced 
a  still  more  decided  deviation  from  the  usual  form,  by 
building  upright  piers  only,  and,  instead  of  masonry 
arches,  putting  cast-iron  ribs  between  them,  construct- 
ing the  canal  part  by  cast-iron  flaunched  plates  for  the 
sides  as  well  as  the  bottom,  and  m  order  to  preserve  as 
much  as  possible  of  water-way,  projecting  the  lowing 
path  over  the  water  in  the  canal.  The  canal  part  is  12 
feet  in  width,  which  admits  boats  of  7  feet  beam,  and  a 
towing-path  ;  by  referring  to  Plate  CCCCXV.  Fig.  2,  3, 
4,  5,  6,  7,  the  general  form  and  particular  mode  of  con- 
struction will  be  seen.  This  aqueduct  has  now  been 
worked  about  15  years,  and  has  answered  the  purpose  for 
which  it  was  designed;  where  tlie  embankment  com- 
mences the  height  is  75  feet,  but  gravelly  material  being 
very  convenient,  rendered  embanking  cheaper  than  car- 
rying the  masonry  and  iron-works  any  farther. 

In  the  three  magnificent  aqueducts  recently  construct- 
ed upon  the  Edinburgh  and  Glasgow  Union  Canal,  the 
modes  of  the  two  last  mentioned  aqueducts  are  combined, 
that  is  to  say,  the  niasonry  of  the  arches  and  spandrels  are 
preserved,  as  in  Chii  k,  and  cast-iron  plates  for  the  bottom 
and  sides,  as  in  Pontcysylte,  are  introduced  within  the 
masonry  ;  how  far  it  was  judicious  to  incur  the  expense 
of  providing  two  modes  of  security  in  the  same  struc- 
ture appears  rather  questionable.  In  Pontcysylte  the 
upper  parts  of  the  piers  only  are  hollow,  with  one  cross 
wall  in  each  ;  in  the  Union  Canal,  the  piers  are  brought 
up  hollow  with  cross-walls  from  the  foundation;  this 
mode,  with  an  equal  quantity  of  masonry,  embraces  a 
greater  extent  of  base,  and  having  more  external  and 
internal  surface,  ensures  better  materials  and  workman- 
ship. 

In  some  cases,  where  the  level  of  the  river  and  canal 
are  nearly  equal,  the  river  water  is  made  to  descend  on 
the  upper  side  of  an  aqueduct,  and  after  passing  under 
il,  to  rise  again  on  the  lower  side.  In  this  case,  it  is  evi- 
dent that  there  is  a  risk  of  the  aqueduct  being  lifted  up 
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by  the  viver  water  during  floods,  more  especially  if  the 
water  happens  to  be  taken  out  of  the  canal  at  the  same 
time ;  a  case  by  no  means  uncommon.  It  is  necessary 
to  provide  against  this  risk,  by  laying  a  platform  under 
the  masonry  of  the  aqueduct,  bringing  strong  iron  bars 
up  through  the  piers  and  abutments,  and  connecting 
them  with  ribs,  and  some  sort  of  covering  over  the 
arches  and  spandrils,  so  as  to  unite  the  whole  mass  to- 
gether. 

Of  Bridges. 

It  is  evident,  that  over  canals  bridges  must  be  con- 
structed lor  the  accommodation  of  public  and  private 
loads,  and  for  occupying  fields  intersected  by  the  canal. 
Where  the  canal  is  navigated  by  sea  vessels  with  stand- 
ing masts,  the  bridges  are  moveable;  where  the  vessels 
are  without  masts,  the  bridges  are  fixed. 

Of  moveable  bridges  there  are  various  sorts.  The 
earliest  were  lifted  vertically  like  fortification  draw- 
bridges, which  have  no  doubt  been  their  model.  Of  late 
years,  they  have  more  usually  been  made  to  turn  hori- 
zontally. Formerly  they  were  constructed  chiefly  of 
timber'  and  are,  we  believe,  so  still  in  foreign  countries  ; 
but  in  Britain  they  are  now  frequently  made  of  cast  iron. 
We  have  given  a  drawing  of  each  in  Plate  CCCCXVI. 

Of  fixed  bridges  some  are  made  of  wood,  and  others 
of  stone  or  brick,  and  some  with  stone  or  brick  abut- 
ments, and  limber  or  iron  framing,  roadway,  and  railing.. 
There  is  little  connected  with  these  last  mentioned  fix- 
ed bridges,  but  what  is  common  to  some  of  those  which 
artfully  described  under  the  article  Bridge.  We  shall, 
theretore,  here  confine  ourselves  to  giving  ihe  outlines 
of  their  general  form  with  the  towing  or  hauling  path. 

Besides  bridges  for  the  before  mentioned  purposes, 
there  are  places  where  it  is  necessary  to  change  llie  haul- 
ing path  from  one  side  of  the  canal  to  the  other.  Here 
horse  bridges  only  are  frequently  constructed,  and  which 
are  of  course  made  narrower  and  of  more  steep  access 
than  those  which  are  intended  for  carriages. 

On  Skewed  Bridges. 

It  often  happens  in  situations  where  bridges  are  pro- 
posed to  be  buil',  that  the  course  of  the  river,  and  the 
direction  of  the  road  over  the  bridge,  cross  each  other 
at  very  oblique  angles.  This  proves  particularly  ofien 
the  case  on  canals,  or  inland  navigations ;  to  remedy 
which,  it  has  been  the  custom,  until  of  late  years,  and 
is  so  still  in  many  instances,  to  direct  the  course  of  the 
river,  or  line  of  the  road,  and  sometimes  both  of  them, 
so  as  to  make  them  cross  each  other  at  right  angles,  or 
nearly  so,  by  which  means  the  abutments  of  the  bridge 
are  made  to  stand  square  opposite  to  one  another.  But, 
to  accomplish  this,  it  is  in  many  instances  attended  with 
a  very  great  expense  and  labour,  and  in  some  cases  is 
found  impracticable;  hence  some  desirable  situations 
have  been  abandoned  for  others  less  convenient  in  other 
respects. 

William  Chapman,  engineer,  in  an  article  on  Oblique 
arches,  (Rees'  Cyclufiadia.)  states  that  he  never  heard  of 
any  alteration  in  the  construction  of  the  arch  of  the  skew- 
ed bridge  prior  to  the  year  \787.  At  that  "  time  he  had 
the  direction  of  the  county  of  Kildare  canal,  a  branch 
from  the  Grand  Canal  of  Ireland  to  the  town  of  Naas." 

"  In  the  course  of  conducting  the  work,  several  of 
the  directors  of  that  canal  were  anxious  to  have  the  line 


of  the  roads  unvaried;  therefore  our  author  was  led  to 
consider  whether  the  usual  imperfect  method  could  not 
be  set  aside,  by  the  substitution  of  one  on  sound  prin- 
ciples ;  and  it  then  occurred  that  its  leading  feature 
must  be,  that  the  joints  of  the  voussoirs,  whether  of  brick 
or  stone,  should  be  rectangular  with  the  face  of  the 
oblique  arch,  in  place  of  parallel  with  its  abutment ; 
and  consequently  Mr.  Chapman  made  the  bridges  over 
the  county  of  Kildare  canal  to  suit  the  line  of  the  road, 
although  the  obliquity  of  one  of  them  was  carried  to  an 
extent  beyond  what  he  deemed  eligible  in  practice,  as 
will  appear  from  the  observations  made  on  Finlay 
bridge  near  the  town  of  Naas,  which  deviated  51°  from 
a  rectangle  with  the  canal,  and  consequently  formed 
the  acute  angle  of  39°  with  its  abutments.  Its  span  in 
that  oblique  direction  is  25  feet,  and  its  pitch  5  feet  6 
inches,  or  nearly  fihs  of  its  span.  Mr.  Chapman  like- 
wise introduced  his  improved  method  of  constructing 
the  arch  of  skewed  bridges  over  large  drains  in  the  East 
Riding  of  Yorkshire. 

Within  these  few  years,  in  some  situations  similar  to 
the  above,  a  certain  description  of  bridges  very  different 
from  the  common  form,  particularly  in  the  arches,  have 
been  introduced,  and  found  to  answer  the  purpose  ex- 
tremely well,  by  which  means  neither  the  direction  of 
the  road,  nor  the  course  of  the  river  or  canal  is  altered. 
They  have  been  built  chiefly  on  inland  navigations  ; 
and  some  of  the  more  recently  executed  canals  in  Eng- 
land, offer  several  specimens  both  in  brick  and  stone; 
as  well  as  the  Glasgow,  Paisley,  and  Ardrcssan  Canal 
in  Scotland.  The  difference  between  these  (which  we 
shall  call  for  the  sake  of  distinction,  Skewed  Bridges) 
and  the  common  sort,  consists  chiefly  in  the  construction 
of  the  arch,  and  particularly  the  top  part  of  it.  In 
common  bridges,  the  courses  of  the  arch  lie  all  level  be- 
tween the  two  ends,  and  are  parallel  to  the  faces  of  the 
abutments  ;  but,  in  the  skewed  bridge,  the  greater  part 
of  them  run  oblique  to  the  abutments,  and  deviate 
from  the  level  between  the  two  ends,  in  proportion  to 
the  obliquity  of  the  angle  formed  by  the  outsides  of  the 
bridge  and  face  of  the  abutments,  which  angle  in  com- 
mon bridges  is  a  right  one. 

Since  the  face  of  the  abutments  stands  at  an  oblique 
angle  to  the  sides  of  the  bridge,  it  is  necessary  that  all 
the  courses  of  the  arch,  except  a  few  at  the  springing, 
stand  nearly  square  with  the  outsides  of  the  brid-e, 
and  consequently  oblique  to  the  abutments,  in  order 
that  the  two  sides  of  the  arch  may  have  their  pressures 
directly  against  each  other,  which  is  the  essential  pro- 
perty of  the  skewed  bridge,  and  which  makes  it  so 
much  superior  in  strength  to  the  common  one:  Be- 
cause, if  the  courses  of  the  arch  run  parallel  to  the  abut- 
ments, when  they  stand  oblique  to  the  sides  of  the 
bridge,  it  is  evident  that  ihe  pressures  of  the  two  sides 
of  the  arch  will  not  be  opposite,  but  one  side  will  press 
in  a  direction  past  the  other;  and  if  the  obliquity  be 
great,  and  the  bridge  narrow,  it  must  of  course  fall,  be- 
cause in  that  case  the  pressures  would  miss  each  other 
altogether.  This  will  appear  still  more  clearly  from  the 
drawings. 

Plate  CCCCXVIII.  Fig.  1,  is  the  elevation  of  a  skew- 
ed bridge  which  is  built  on  the  GlasROW,  Paisley,  and 
Ardrossan  Canal,  at  Black  HjII,  near  Paisley,  where  the 
abutments  stand  no  Itss  than  24  feet  6  inches  off  the 
square,  on  no  more  than  16  feet  span  of  an  arch,  as  ap- 
pears from  the  plan  and  superstructure.  In  Fig.  2,  AA 
represents  the  water  in  the  canal,  or  the  direction  of  the 
4  D  2 
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abutments ;  BB  tlie  road  over  the  biidge  ;  CC  and  DD,  over  tliec  entre  of  the  arch  ;  Or,  ii'  liie  side  ol  the  bridi!;c 

the  parapets  of  the  bridge;  asid  EE,  a  tangent  to  the  side  was  straight,  it  would  be  represented  by  the  line  AP. 

of  rlie  bridge  over  t'.ie  centre  of  the  avcli ;  a  b,  and  c  d,  With  a  radius  of  len  feot  from  N,  as  a  centre,  describe 

are  two  parallel  lines  in  the  direction  of  the  courses  of  the  small  arc  a  a,  \vhich  make  equal  to  one  foot,  and 

the  arcli  stones,  diverging  from  llic  line  6  c,  which  is  draw  N  a,   whicli  produce  to  O  and  D,  so  shall   N  a 

perpendicular  to  the  langcni  EE,  so  as  to  be  one  foot  OD  be  a  line  at  tight  angles  to  the  courses  of  the  arch, 

asunder  at  ten  feet  distance  from  the  point  b  ;  that  is,  being  one  foot  ofl'  the  square  in  ten.     From  d,  E,  and  c, 

the  courses  of  the  arch  arc  brought  within  one  foot  in  draw  the  indefinite  right  lines  d  d,  ER,  and  c  c  perpen- 

ten  of  the  right  angle,  which  makes  the  arcii  stronger  dicular  to  NO,  observing  that  N  f/ is  equal  to  c  O ;  make 


at  the  acute  angles  of  the  abutmcnis,  than  if  they  were 
brought  quite  to  a  right  angle  to  the  tangent.  The 
faint  lines  in  Fig.  1,  drawn  in  the  opening  of  the  arch 
in  a  slanting  direction,  represent  the  oblique  courses  of 


d  d,  and  c  r,  eacli  equal  to  b  b,  and  ER  equal  to  FX  ; 
through  N  f/  K  c  O  trace  the  curve  by  means  of  the  cen- 
tre S,  which  will  represent  the  figure  of  the  skewed  part 
of  the  arch  ;  at  right  angles  to  the  courses,  produce  ER 


the  arch,  which  are  all  in  that  direction,  except  the  lii-r.t  to  S,  and  to  v,  and  from  E  to  T  in  the  lines  ES,  set  olTany 
or  springing  course,  which  is  horizontal,  and  corre-  convenient  length  fiom  two  to  four  feet,  according  to 
spends  with  the  courses  of  the  abutment.  A  is  a  cross  the  length  of  the  stones.  Suppose  in  the  present  case 
section  of  the  water  in  the  canal  at  the  ends  of  the  wing  two  feet,  draw  T  e,  and  e  e,  parallel  to  E  c,  and  ET,  so 
walls,  F  and  F  ;  and  B  is  a  section  of  the  side  wall  of  the  shall  ET  e  e  represent  part  of  the  course  of  the  arch  ; 
bridge,  shewing  the  curved  batter.  Every  thing  else  on  from  T  draw  T  j,  parallel  to  EF,  and  from  i,  draw  i  m, 
this  plate  is  obvious  fram  inspection.  parallel  to  ER,  draw  the  right  line  m  R ;  and  on  its  mid- 
It  will  be  proper  to  observe  here,  that  what  follows  die  point  the  ordinate  r  s,  draw  also  the  line  m  S,  and 
applies  more  particularly  to  arches  built  of  lighter  with  a  radius  of  four  feet,  or  some  such  length  at  pica- 
stones,  there  being  no  other  materials  which  require  sure  from  s,  as  a  centre,  describe  the  small  arc  n  o,  and 
such   particular    preparation,  previous    to    their    being  the  figure  is  constructed. 

set  in  their  places  ;   what  we  have  hitherto  said  will  ap-  Fig.  4.   ConsirucCion.—Dvaw  the  indefinite  right  line 

ply  to  arched  bridges  in  general,  of  whatever  materials.  A  c,  and  from  A  as  a  centre,  with  the  radius  SR  or  S  c, 

But  as  the  preparing  of  the  stones,  for  an  arch  of  this  Fig.  3.  describe  the  arc  a  b,  so  shall  the  angle  b  a  c, 

sou,  hi.s  always  been  considered  by  the  practical  builder  equal  v  R  s,  Fig.  3,  make  n  6  of  any  convenient  length, 

as  a  considerable  difficulty,  the  following  directions  are  say  fourteen  inches,  and  a  c  eighteen  or  twenty  inches, 

offered  for  his  assistance,  which  we  hope  will  be  found  draw  e  d,  and  e  n,  parallel  to  «  c  and  a  b,  at  about  two 

useful  and  acceptable  to  him.  inches  and  a  half  asunder,  which  completes  the  tem- 

The  principal  requisites,  besides  what  are  in  common  platc  for  working  the  soffit  of  the  stones  ;  the  leg  a  c 

use  amongst   masons,  are,  first,  a  narrow-ended   rule,  being  applied  on  the  bed,  and  the  leg  a6  across  the  soffit. 

Fig.  5.  for  giving  a  proper  twist  to  the  bed  of  the  stones  ;  Fig.  5.  Construction. — Make  it  in  all  respects  simi- 

second,  a  template*  for  working  the  soffit  crossways,  lar  and  equal  to  S  o  n.  Fig.  3,  and  it  will  be  a  rule, 

Fig.  4. ;   and,  thirdly,  a  circular  rule  for  working  the  which,  being  applied  on  the  beds,  at  two  feet  distance, 

soffit  lengthways  of  the  stone,  Fig.  6.     These  will  pre-  or  that  of  ET,  Fig.   3,   from   a  straight  rule  of  equal 

pare  all  the  stones  except  quoin-heads,  which  we  shall  breadth   at   both    ends,    both  being  square  across,  and 

speak  of  afterwards.  parallel  fo  each  other,  and  made  out  of  winding  wit.'i 

Fit.;.  3.  Construction. — Draw  the  indefinite  right  lines  the  upper  edges,  will  give  the  beds  of  the  stones  their 

AB  a'nd  CD,   parallel  to  each  other,  and  the  same  dis-  proper  twist  when  worked  between  \yith  a  straight  rule, 

tance   asunder   as  the   width  between  the  abutments  at  Fig.  6.   Construction.— Br^vi  the  right  line  a  a,  equal 

the  springing  of  the  arch ;  and  at  right  angles  to  them,  to  ET,  Fig.  3,  or  two  feet  long ;  on  its  middle  point  at 

draw  the'linc  BC,  through  its  middle  point  at  G,  draw  r,  set  oft"  the  ordinate  r  s,  making  it  equal  to  r  s  in  Fig. 

the  indefinite  right  line  FGE,  parallel  to  AB  ;  from  G  3.  trace  the  curve  through  a  s  a,  and  produce  it  to  a 
to  F  se 
draw  th 

mcnls,  frandVbeing'its  two  foci,  and  K  the  centre  for  being  applied  lengthways  on  the  stone,  will  form  the 

drawing  the  top  part  LF'M  ;  draw  the  lines  KH  and  KI,  soffit  thereof. 


efinite  right  line  FGE,  parallel  to  AB  ;  from  G  3.  trace  the  curve  tnrougn  a  s  a,  ana  proauce  it  to  a 

et  off  the  height  of  the  arch  in  the  centre,  and  convenient  length  ;  at  a  proper  breadth,  say  three  inches 

lie  semicUipsc  BFC,  which  is  the  true  figure  of  from  s,  draw  the  other  side  of  the  rule,  which  may  be 

;h  on  the  square,  or  at  right  angles  to  the  abut-  straight,  and  it  is  finished.     The  curved  side  of  which. 


and  produce  them  to  L  and  M,  which  points  show  what 
part  of  the  arch  is  to  be  drawn  from  the  centre  K,  and 
what  from  the  centre  II  and  I,  namely,  BL  and  CM  ; 
draw  the  line  LM,  which  is  the  height  to  which  the  le- 
vel courses  in  the  present  case  rise,  all  above  this  be- 
ing built  on  the  skew  principle. 

Near  to  H  or  I,  on  tlie    sides  towards  B  or  C,  draw 


We  have  now  proceeded  so  far  as  to  enable  the 
builder  to  form  all  the  stones  except  the  outer  faces,  or 
quoin-heads  of  the  arch,  which,  in  the  present  case, 
where  the  side-walls  of  the  bridge  are  curved,  both  hori- 
zontally and  vertically,  is  the  most  difficult  part  to  ac- 
complish; but  in  order  tliereto,  proceed  as  follows: 

Fig.  7.  Construction. — Draw  AB,  AP,  and  BQ,  which 


ihe  ordinate  or  line  b  b  parallel   to  the  centre  line  EF,  must  correspond  with  NV,   and  part  of  NL  and  VM, 

which   produce  indefinitely  to  c,  as  also  the  lines  LN  Fig.  3.  respectively;  bisect   AB  m  C,  and   draw  CD 

and  MO.     From  any  convenient  point  in  CD,  accord-  perpendicular,  producing  it  both  ways  from  C  ;  make 

intr  to  the  size  of  your  paper,  as  at  P,  draw  the  line  P?  CI  equal  to  the  height  of  the  arch  in  the  centre,  that  is 

parallel  to  BC,  and  from  <j  to  A  set  off  the  quantity  that  equal  to  FX  or  ER,  Fig.  3.     Draw  the  curve  AIB,  so 

the  bridge  is  off  the  square,  namely,  twenty-four  feet  as  to  be  a  true  representation  of  the  skewed  part  of  the 

six   inches  in  the  present  case,  and  draw  the  line  AP,  arch  on  a  tangent  to  the  side  of  the  bridge,  over  the  cen- 

which  represents  a  tangent  to  the  sides  of  the  bridge  tie  of  the  arch  which  ACB  represents  ;  the  method  to 

•  Template,  a  term  much  used  amongst  meebanics,  and  signifying  a  mould  or  pattern. 
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do  which,  is  tiiC  same  as  was  used  for  drawing  the  curve 
N  c/  R  c  O,  Fig.  3.  Perpeiidiciilar  to  AB,  set  off  H  o, 
equal  to  two  feet,  or  some  such  length  at  pleasure,  so 
as  to  touch  the  line  AP  in  o;  do  the  same  witli  L  d, 
making  it  equal  to  four  feet,  or  any  other  convenient 
length ;  from  H  and  L,  describe  the  curves  HEK  and 
LMN,  each  equal  and  similar  to  the  curve  AIB;  from 
I  to  D,  set  off  the  height  of  your  quoin-heads,  and  draw 
the  curve  FDG,  so  as  to  represent  the  top  of  them  ; 
with  the  radius  of  ten  feet,  and  centre  D,  describe  the 
small  arc  3  y,  equal  to  one  foot,  and  draw  D  3  ;  parallel 
to  which  fiom  o,  draw  o  b,  which  is  the  direction  for  tlie 
courses  of  the  arch;  make  A  m  equal  A  b,  and  draw 
m  H,  which  is  the  direction  of  the  courses  on  the  soffit 
of  the  arch  ;  mark  off  on  AIB  the  courses  of  the  arch, 
which  may  be  either  equal  or  unequal,  through  which, 
in  a  direction  to  the  centre  of  the  curve,  draw  the  lines 
m  T,  VU,  Sec.  as  in  the  figure,  to  represent  the  joints 
of  the  courses  round  the  arch  ;  mark  also  off  the  courses 
on  HEK,  and  LMN,  exactly  the  same  as  on  AIB,  and 
through  the  corresponding  marks  draw  the  slanting 
lines  \V,W,W,  &c.  as  in  the  figure,  which  will  show 
the  joints  of  the  courses  on  the  soffit,  observing  that 
they  all  meet  the  base  line  ACB,  at  the  same  angle, 
namely  that  of  AHm;  draw  the  curved  lines  RCS,  to 
represent  the  front  of  the  wall,  or  side  of  the  bridge,  as 
also  D  7  x"  2  to  represent  the  curve  and  batter  vertically, 
and  the  figure  is  constructed. 

Now,  to  make  templates  for  any  of  the  quoin-heads, 
suppose  that  of  u  iu.  From  «,  ii,  and  w,  draw  t  8,  u,  9, 
and  7t)  /i,  parallel  to  DC,  and  t  6,  u  7,  and  w  5,  parallel 
to  AB;  draw  also  from  5  the  dotted  line  to — ,  at  6,  and 
from  6  the  black  line  to  — ,  at  7,  both  parallel  to  DC, 
and  8  x,  parallel  to  AB  ;  also  from  s,  where  the  joint 
cuts  the  curve  HEK,  draw  r  s,  perpendicular  to  w  t 
produced. 

Fig.  8.  Construction.  Draw  m  n,  and  make  it  equal 
to  H  0,  Fig.  7.  equal  to  two  feet;  at  right  angles  there- 
to draw  7?!  0,  and  make  it  equal  the  height  of  the  quoin- 
head  t  w;  draw  n  r  parallel  to  vi  o,  and  o  c  parallel  to 
m  n,  set  s  t,  Fig.  7.  downwards  from  7i  to  r,  and  draw 
m  r,  so  should  r  m  o,  be  the  template  of  the  side,  if  the 
bridge  was  straight  and  plumb.  Set  also  — ,  at  6.  Fig. 
7.  inward  from  o  to  c,  and  draw  m  c,  then  would  r  ?«  c 
be  the  template  of  the  side,  if  the  bridge  was  straight 
lengthways,  and  had  the  same  curved  baiter  vertically, 
but  as  the  bridge  is  also  curved  on  the  side  lengthways, 
set  4/1,  Fig.  1.  back  again  from  c  to  s,  and  draw  m  s, 
so  shall  r  m  s  he  the  true  template,  and  is  to  be  applied 
at.  s  C  7y,  Fig.  7. 

Fig.  9.  Construction.  Draw  the  lines  m  n,  and  m  o, 
at  right  angles  as  formerly,  making  always  the  line  m  ?i, 
equal  to  H  o,  Fig.  7.  and  m  o  equal  to  t  w,  the  thickness 
of  the  course  ;  from  w  to  r,  set  off  at  right  angles  down- 
ward, the  short  line  r  s,  Fig.  7.  and  draw  m  r,  which, 
with  m  0,  would  form  a  template  if  the  side  of  the 
bridge  was  straight  lengthways  and  plumb  ;  from  o,  set 
off  outward  to  c,  the  small  space  — .,  between  the  short 
black  line  and  curve  at  7.  Fig.  7.  and  draw  m  c,  which 
with  ?ti  r,  would  be  the  template  suited  to  the  curved 
batter;  but,  to  make  one  to  answer  the  curve  length- 
ways also,  from  c,  still  outward  to  s,  set  off  x  9,  Fig.  7. 
and  draw  ms,  so  shall  r  m  s  be  a  proper  template  in  the 
present  case,  and  is  to  be  applied  at  s  «  w.  Fig  7. 

Fig.  10.  and  11.  are  templates  to  be  applied  at  Y  Fig. 
7,  hut  as  letters  of  reference  cannot  be  inserted  without 
confusing  the  figure ;  and  as  the  lines  arc  drawn  from 


which  ti^ey  are  formed,  it  is  hoped  they  will  be  under- 
stood, after  F'ig.  12.  and  13.  have  been  described,  as  the 
methods  to  be  used,  are  much  the  same  in  all  of  them. 

To  make  templates  for  the  quoin  c  n.  From  a,  c,  n, 
and  b,  Fig.  7.  as  formerly,  draw  the  right  lines  a  y,  c  z, 
n  V,  and  h  I  i;  parallel  to  AB,  and  a  I,  n  g,  c  /t,  z  2,  and 
V  1,  all  parallel  to  CD;  the  centre  lines  also  from  /, 
where  the  joint  cuts  the  curve  HEK,  draw  as  above, /"f, 
perpendicular  lo  a  n  produced. 

Fig.  12.  Construction. — Draw  ?«  n,  and  m  o,  at  right 
angles  to  each  other,  making  m  n,  as  formerly,  equal  to 
H  0,  Fig.  7.  and  m  o  equal  a  n,  the  height  of  the  quoin- 
head,  draw  m  r,  and  s  c,  parallel  to  m  o  and  m  n,  set  a  y, 
Fig.  7.  upward  from  n  to  r,  and  draw  7n  r,  which,  with 
7«  0,  is  a  proper  template,  providing  the  side  of  the 
bridge  was  straight  and  plumb  ;  but  for  the  sake  of  the 
baiter,  set  1  y,  Fig.  7.  inward  from  o  to  c,  and  draw  m  c, 
also  on  account  of  the  curve  lengthways.  Set  k  g,  Fig.  7. 
outward  again  from  c  to  s,  and  draw  w  s,  so  shall  r  m  s 
form  a  proper  template  to  be  applied  at/a  n,  Fig.  7. 

Fig.  13.  Construction.  Draw  m  n  and  vi  o  at  right 
angles  as  before,  making  m  n  equal  to  H  o,  and  tti  o  to 
a  c,  Fig.  7.  to  which  draw  o  s  and  n  r,  parallel  respec- 
tively; set/c.  Fig.  7,  upward  from  n  to  r,  and  draw 
m  r,  which,  with  m  o,  would  form  a  template  suited  to 
the  case  of  the  bridge,  being  straight  lengthways,  and 
plumb  on  the  sides:  but,  to  make  one  agree  with  the 
baiter,  set  2  y,  Fig.  7.  inward  from  o  to  c,  and  draw  m  c. 
Again,  to  adopt  it  also  to  the  curve  lengthways,  set  h  i, 
Fig.  1.  still  farther  in  from  c  to  s  ;  draw  m  s,  and  r  m  s  h 
a  proper  template  to  be  applied  at/a  c,  Fig.  7. 

As  above  directed,  proceed  to  find  templates  or  moulds 
to  every  joint,  and  across  every  quoin-head,  observing 
that  one  template  will  suit  both  quoins  up  the  sides  of 
the  same  joint. 

It  must  also  be  observed,  that  the  legs  of  the  template 
will  not  be  quite  straight,  the  leg  m  r,  in  all  of  them, 
must  have  the  same  curve  as  the  rule.  Fig.  6.  and  in  the 
whole  length  of  the  leg  m  s,  Fig.  6.  the  curve  will  be 
equal  to  both  the  curves  between  v  and  y,  and  between 
b  and  g,  Fig.  7.  ;  that  is,  if  the  curve  between  v  and  y 
was  half  an  inch  from  a  straight  line,  and  between  /  and 
g  a  quarter  of  an  inch,  then  would  the  curvature  in  the 
whole  lengtli  of  m  s  be  three  quarters  of  an  inch,  and  so 
of  others. 

The  first  quoin  stone  at  A,  as  well  as  at  the  other 
three  angles,  must  be  formed  quite  different  to  the  other 
quoins,  their  soffit  must  be  of  a  triangular  form,  of  any 
convenient  size,  but  exactly  similar  to  A  o  Qi  Fig-  7. ; 
because  upon  this  depends  the  proper  pitch,  or  direp- 
lion  of  the  courses;  the  angle  at  o  will  be  at  the  outside 
of  the  bridge  on  the  aculc,  and  the  side  A  Q  on  the  ob- 
tuse corners,  A  o  being  the  laying  bed.  They  are  con- 
structed thus:  From  tn  draw  m  /,  perp.  to  AB,  and 
from  /  draw  /  Ai  perp.  to  A  o,  produce  o  b,  to  cut 
A/f  produced  at  Q,  and  draw  A  Q  ;  so  shall  A  o  Q 
be  similar  to  the  solfit  when  the  side  of  the  bridge  is 
straight  lengthways,  and  also  plumb.  But,  to  give  the 
outer  heads  the  proper  curves  and  batter,  they  must  be 
worked  to  templates  made  as  for  the  other  quoins, 
which  will  shift  the  point  O  considerably  nearer  lo  b, 
in  ihe  present  case;  but  the  angle  at  o  must  not  be  al- 
tered. The  top  bed  must  be  worked  to  the  template, 
Fig.  4.  and  the  bottom  one  to  the  template  made  to  fit 
the  arch  at  L  or  M,  Fig.  3.  It  should  be  observed,  that 
all  drawings  made  for  obtaining  the  actual  dimensions  of 
rules,  moulds,  or  templates,  should  be  drawn  to  the  real 
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size  of  tlic  part,  upon  a  large  floor  or  plaiform  ;  or,  if  no 
such  place  can  be  found  large  enough,  Uie  drawing  may 
be  rridde  lo  lialf,  or  even  quarter  of  the  full  size,  that  is 
to  a  scale  of  three  inches  to  a  foot,  but  never  to  a  less, 
if  any  deijiee  of  accuracy  is  required. 

The  above  directions  being  well  understood  and  di- 
gested, will  not  only  enable  the  builder  to  construct  any 
arch  on  the  skew  principle  with  ease  and  accuracy,  but 
may  also  be  of  great  use  lo  nim  in  forming  the  quoin- 
heads  of  other  sorts  of  arches,  which  has  been  consi- 
dered difficult,  such  lis  common  aichcs  on  a  circular 
plan,  with  either  a  plumb  or  battering  front,  or  upon  a 
straight  plan  and  battering  front,  as  well  as  several 
other  vai  ieties,  which  arc  all  comprehended  in  the  above, 
and  their  requisites  found  nearly  in  the  same  manner, 
enough  with  much  less  difficulty  ;  as  they  are  more  sim- 
ple of  themselves,  it  is  easy  to  perceive  that  by  bringing 
the  courses  of  the  arch  nearly  square  with  the  sides  of 
the  bridge,  the  span  of  the  arch  is  increased,  in  the  pro- 
portion of  the  line  BC  to  NO,  Fig.  3.  ;  and  the  height 
continuing  the  same,  the  arch  in  effect  becomes  much 
flatter,  and  consequently  the  horizontal  pressure  on  the 
abutments  must  be  greater  But  as  the  pressure  comes 
on  the  abutments  in  a  direction  that  increases  the  thick- 
ness of  them  in  the  same  proportion,  the  strength  of  the 
bridge  is  not  affected  thereby  :  Hence  the  same  thick- 
ness of  abutments  as  would  be  necessary  for  a  square 
bridge,  will  be  sufficient  for  one  of  the  skewed  sort. 

This  part  of  the  article  which  relates  to  skewed 
bridges,  is  more  valuable,  from  having  been  furnished 
by  Mr.  Henry,  who  constructed  several  with  perlect 
success  on  the  Glasgow,  Paisley,  and  Ardrossan  Canal, 
he  being  the  resident  engineer  for  that  undertaking. 

Stofi-Gates  and  Let-Offs. 

In  order  to  limit  the  injury  arising  from  accidental 
breaches  in  canal  banks,  occasional  gates  are  constructed 
upon  the  canal,  which,  when  shut,  serve  to  interrupt  the 
course  of  the  water.  They  are  usually  placed  at  each 
end  of  an  embankment  or  aqueduct,  or  where  there  is  an 
opportunity  of  drawing  off  the  water,  and  discharging  it 
into  a  natural  course  or  channel,  in  order  to  empty,  re- 
pair, or  cleanse  the  canal. 

Of  stop-i^ates  there  are  various  sorts.  1 .  Those  which 
are  placed  in  the  canal  bottom,  lying  partially  afloat,  so 
that  any  motion  in  the  canal  water  shall  make  them  rise 
and  shut  against  the  vertical  frames  in  the  masonry  of 
the  abutments  on  each  side.  These,  in  theory,  are  per- 
fect, because  they  require  no  personal  attendance;  but 
m  practice  they  are  either  so  easily  moved  by  the  boat's 
motion,  as  to  expose  them  to  be  struck,  and  rendered 
useless,  or  they  are  so  heavy,  as  not  to  be  moved  by  the 
motion  of  the  water,  and  are  besides  very  liable  to  be 
,  covered  with  mud  or  other  matters  in  the  canal  bottom. 
On  these  accounts  they  are  now  seldom  constructed. 
2.  Some  stop-gates  are  made  to  be  drawn  across  the 
canal  from  a  recess  on  one  side.  They  run  or  slide  upon 
a  sill  in  the  bottom,  and  shut  into  a  shallow  vertical 
groove  in  the  opposite  abutment.  They  are  drawn  across 
by  a  chain  or  pole  with  a  hook,  which  woiks  in  a  ring 
or  staple  fixed  upon  the  moveable  gate,  being  thus  drawn 
across  the  canal  current  to  operate  as  a  double  stop-gate. 
In  a  narrow  canal  they  answer  veiy  well,  but  when  the 
canal  is  broad  the  current  acts  too  powerfully  upon  them 
while  shutting.  3.  The  simplest,  and  perhaps  the  safest 
stop-gate,  is  the  common  lock  upper-gate.     As  these 


are  usually  only  opened  in  one  direction,  they  are  called 
single  stop-gates;  and  two  pair  are  required  to  enable 
different  currents  to  be  onstructed,  and  to  constitute  a 
double  stop-gate.  But,  4.  By  contriving  a  moveable  post 
for  the  lieud  to  shut  agains  ,  one  gale  is  made  to  open 
either  way,  and  so  act  as  a  double  stop-gate.  In  Plate 
CCCCXIX.  specimens  of  each  of  these  gates  will  be 
seen,  aad  their  construction  and  mode  of  working  will 
be  evident  on  inspection.  In  the  district  of  canal  be- 
tween Siop-gates,  there  must  be  an  opportunity  for  tl raw- 
ing off  ihe  water.  This  is  done  by  means  of  siuices 
upon  openings  in  the  canal  sides  or  bottom,  connected 
with  drains  or  aqueducts,  where  the  water  can  be  con- 
veniently discharged  into  a  natural  channel.  These  are 
denominated  let-offs. 

Conclusion. 

To  this  article,  the  subject  of  which  has  of  late  years 
become  of  so  much  importance  in  this  country,  it  wil5 
be  evident  we  have  allotted  an  extent  rather  dispropor- 
tioned  to  a  work  of  ihia  nature,  and  yet  have  been  obliged 
to  pass  over  many  matters  more  briefly  than  could  have 
been  wished,  and  even  omit  others  entirely  ;  but  we  trust 
that  the  most  essential  points  have  been  satisfactorily 
discussed,  and  a  considerable  portion  of  original  matter 
introuuced.  For  instance,  what  regards  Egypt,  Holland, 
and  die  Low  Countries,  Sweden,  America,  Ireland,  and 
Scotland,  must  be  admitted  as  entirely  original;  also 
much  that  regards  many  of  the  most  important  naviga- 
tions in  England,  the  Fen  drainage,  and  also  much  that 
relates  to  foreign  countries.  The  scientific  discussions 
and  practical  illustrations  are  chiefly  original,  and  we 
only  regret  that  our  limits  do  not  allow  of  more  ample 
details;  but  these  can  only  be  expected  in  a  separate 
work,  for  which  this  country  would  afford  abundance  of 
materials.  But,  in  publications  of  this  sort,  we  are  so 
far  behind  our  neighbours  on  the  Continent,  that  the 
Archduke  John  of  Austria,  when  in  England,  expressed 
astonishment  that  nothing  had  been  published  respect- 
ing the  aqueduct  of  Ponlcysylte,  (which  he  had  been  to 
see,)  and  said  that  in  France  it  would  have  produced 
three  folio  volumes. 

We  must  acknowledge  much  neglect  in  omitting  to 
register  the  operations  of  difficult  works,  so  that  suc- 
cessful efforts,  or  even  pernicious  failures,  might  prove 
useful  to  others.  But,  on  the  other  hand,  in  this  coun- 
try, from  these  circumstances,  there  are  few  merely 
book-learned  engineers,  who,  without  practical  expe- 
rience or  skill,  and  with  very  superficial  knowledge, 
abound  in  troublesome  self-sufficiency,  and  are  fertile  in 
useless  projects.  In  a  busy  country,  the  numerous  great 
works  prove  a  great  practical  academy  ;  and  as  the  ge- 
neral principles  of  science  are  abundantly  discussed  in 
other  publications,  the  natural  ardour  of  British  work- 
men for  attaining  excellence,  and  the  competition  of 
their  masters  in  the  general  market  have,  without  the 
aid  of  particular  publications,  risen  to  a  degree  of  per- 
fection which  excites  the  admiration  of  our  learned 
neighbours. 

In  this  country  we  find  that  the  most  valuable  inven- 
tions and  improvements  originate  not  from  the  depths 
of  science,  but  from  ingenious  practical  skill,  engrafted 
upon  a  few  general  principles,  and  proceeding  from  ob- 
servation and  experiments.  It  has  therefore  been  our 
otjject  not  so  much  to  perplex  with  elaborate  diffuse 
discussion,  as  to  touch  upon  the  most  generally  useful 
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points  and  render  these  plain  to  the  workman,  to  give 
him  a  general  view  of  the  progress  of  his  an  in  diHer- 
cnt  countries,  rouse  his  attention  as  to  its  importance, 
show  him  specimens  of  dificrent  works,  and  stimulate 
his  oesire  to  imitate  and  excel  them. 
NAVAL  ARCHITECTURE,  See  Ship-Building. 
NAVIGATORS'  ISLANDS  is  the  name  given  by 
Bougainville  to  a  cluster  of  10  islands  in  the  South  Pa- 
cific Ocean,  in  consequence  of  the  inhabitants  perform- 
ing all  their  journeys  in  canoes,  and  never  walking  from 
one  villai;e  to  another.  They  are  situated  between  169° 
and  172'°  of  west  longitude,  and  to  the  souih  of  latitude 
13°  25'  S.  These  islands,  which  appear  to  be  volcanic, 
form  a  fine  archipelago,  and  possess  considerable  inte- 
rest on  account  of  iheirans,  their  productions,  and  their 
population.  The  villages  are  very  agreeably  situated 
on  the  sides  of  brooks  descending  from  the  mountains, 
and  their  huts,  which  are  very  elegant,  are  built  under 
fruit  trees.  Pigs,  dogs,  fowls,  birds,  and  fisli  abound  ; 
and  the  islands  are  covered  with  cocoa,  goyava,  and  ba- 
nana trees.  The  sugar-cane  grows  spontaneously  on 
the  banks  of  the  rivers.  The  inhabitants,  who  are  very 
numerous,  are  tall  and  well-formed.  They  manufaciure 
cloth  composed  of  real  thread,  obtained  from  some  fila- 
mentous plants,  and  also  mats  of  paper  stuffs.  See  La 
Perouse's  Voyage,  vol,  ii.  p.  191. 

NAXIA,  or  Naxos,  the  Strongyle  of  the  ancients,  is 
an  ishmd  of  European  Turkey,  and  forming  the  largest 
of  those  called  the  Cyclades,  in  the  Grecian  archipelago. 
This  island  is  covered  with  high  mountains,  whose  base 
is  schistose  or  granitic.  White  marble,  and  a  hard  cal- 
careous stone,  are  superincumbent  on  the  schistus.  In 
the  highest  of  these  mountains,  called  Dia,  or  Zia,  is  a 
grotto  of  beautiful  white  marble,  which  is  regarded  as 
a  sacred  spot.  In  the  east  part  of  the  island  there  is  a 
mine  of  emery.  The  hills  and  eminences  are  covered 
with  myrtles,  arbutuses,  leniisks,  hypericums,  savories, 
thorny  brooms,  leguminous  shrubs,  and  the  rock  rose 
which  yields  the  labdanum ;  oleanders,  agnus  castuses, 
and  plane-trees  abound  on  the  banks  of  the  rivulets. 

The  productions  of  the  island  are  wheat,  barley,  kidney 
beans,  garden  beans,  and  other  legumes  for  home  con- 
sumption ;  oranges,  lemons,  bergamot  citrons,  peaches, 
apricots,  pomegranates,  pines,  plums,  almonds,  walnuts, 
and  figs,  are  abundant.  Cheese  is  exported  to  Constan- 
tinople, Smyrna,  and  Salonica,  to  the  amount  of  9000 
francs  annually;  cotton,  silk,  and  flax,  are  cultivated  to 
a  small  extent.  Oil  is  made  to  the  extent  of  35,000 
francs  annually.  The  island  contains  sheep  and  goats, 
small-sized  oxen  for  husbandry,  and  mules  and  asses  for 
draught. 

Naxia,  the  capital  of  the  island,  is  beautifully  situated 
on  an  eminence  by  the  sea  side,  on  the  west  coast  of  the 
island.  The  walls,  with  -which  the  Venetian  princes 
defended  it,  have  to  a  considerable  degree  escaped  the 
ravages  of  the  Turks.  The  Latins,  who  were  once  mas- 
ters of  the  country,  are  all  lodged  within  their  enclosure, 
and  the  Greeks  occupy  the  new  town,  which  stretches 
to  the  east  of  the  castle.  "  The  old  town,"  says  Oliver, 
"stretclied  to  the  north,  towards  the  fountain  which 
bears  the  name  of  Ariadne.  Tliere  arc  still  below  the 
castle  some  remains  of  a  subterranean  aqueduct,  which 
probably  conveyed  to  the  city  the  water  of  a  copious 
spring  which  is  seen  four  or  five  miles  to  the  east,  and 
which  at  present  waters  a  part  of  the  plains  of  Naxia." 
The  fountain  of  Ariadne  is  only  a  simple  rill  of  water, 
and  but  for  its  classical  associations,  would  not  attract 


the  notice  of  the  traveller.  Bacchus  had  a  temple  at 
Niixos,  the  gate  and  foundations  of  which  arc  still  visi- 
ble on  a  small  rocky  island  near  Ariadne's  fountain.  A 
bridge,  buik  on  a  chain  of  rocks,  is  said  to  have  united 
this  island  to  the  large  one,  and  to  liave  supported  an 
aqueduct  for  bringing  water  to  the  priests  who  inhabited 
the  enclosure  of  tiie  temple. 

In  lately  excavating  some  foundations,  a  statue  of  a 
woman  of  a  fine  form  was  discovered  ;  and  to  the  north 
of  the  island,  near  the  quarry  where  the  block  had  been 
obtained,  was  found  an  unfinished  colossal  statue  of 
Apollo.  The  population  of  the  town  is  nearly  2000; 
that  of  the  island  is  about  10,000,  8000  being  scattered 
up  and  down  in  41  villages.  The  annual  taxes,  which 
the  island  pays  lor  the  land,  the  koratch,  and  the  cus- 
toms, is  about  1670/.  The  catholic  inhabitants,  who  are 
constantly  diminishing,  amount  only  to  about  600,  and 
arc  established  in  the  town.  They  have  an  archbishop, 
a  co-adjutor,  six  canons,  a  rector,  and  several  curates. 
The  Greeks  are  rapidly  increasing,  and  their  clergy  are 
less  numerous,  but  more  lich  than  those  of  the  catho- 
lics. 

From  the  peculiar   situation    and    advantages  of  the 
island  of  Naxia,  M.  Sonnini  proposed  to  the  French  go- 
verr,ment  to  make  it  the  seat  of  a  particular  commerce, 
which  he  wished  to  see  established  in  the  islands  of  the 
Levant.     Ships  of  burden  may  anchor  in  summer  under 
shelter  of  a  rock  off  the  harbour.     East  longitude  25° 
26',  and  north  latitude  37°  7'.     See  Tournefort's  Voyage 
au  Levant,  vol.  i.  Olivier's  Voyage  dans  I' Empire  Olho- 
w.an,\om.\.  \).  207 — 318;   Sonnini's   Travels  in   Grecct 
and    Turkey,  chap.  xxxv.  p,  456,  462. 
NEAGH  LOUGH,  See  Irela.nd. 
NEALING,  See  Anne.vh.sg. 
NEBULAE,  See  Astkonomy. 

NECKER,  Jacques  Baron  de,   a  distinguished  fi- 
nancier and  statesman,  was  born  at  Geneva,  in  the  year 
1732.     His  father,   Charles  Frederic,  was  professor  of 
civil  law  there,  and  became  known  to  his  contemporaries 
as  the  author  of  some  treatises  relating  to  jurisprudence. 
Intending  to  bring  up  his  son  for  the  mercantile  life,  he 
gave  him  a  suitable  education,  which  was  har.Uy  com- 
pleted, when  the  situation  of  clerk  in  a  banking  house 
at  Paris  having  offered  itself,  Jacques  was  sent  away  to 
occupy  it,  at  the  age  of  fifteen.     The  allurements  of  a 
capital  could   not  divert  the  young  man  from  steatlily 
discharging  his  humble  duties,  and  sedulously  conse- 
crating all  his  unoccupied  time  to  increase  his  general 
knowledge,  and  remedy  the  defects  of  his  scanty  edu- 
cation.    Thcllusson,  his  master,  had  observed  this  re- 
gular conduct;  but  it  did  not  strike  him  that,  under  an" 
exterior  somewhat  shy  and  repulsive,  Necker  concealed 
any  talents  beyond  the  ordinary,  though  valuable  quali- 
ties of  punctuality  and  discretion.     An  accident  first  re- 
vealed   tlie   existence   of  higher   powers,   and  laid  llie 
foundation  of  Necker's  future  greatness.     It  happened, 
one  day,  that  the  head  clerk,  who  had  to  transact  some 
important  business  at    the  Exchequer,   was  prevented 
from  attending  to  it  at  the  appointed  hour,  and  the  busi- 
ness,   in    consequence,   devolved   upon    Necker;    who, 
guiding  himself  by  the  aspect  of  the  case,  managed  the 
affair  in  a  way  contrary  to  his  master's  directions,  but 
so  as  to  secure  lor  him  a  profit  of  500,000  livres,  beyond 
what  could  have  been  acquired  otherwise.     This  occur- 
rence naturally  attracted  notice  ;  and  being  followed  on 
the  part  of  Necker   by  the   same   prudent  carefulness 
which  had  marked  his  previous  conduct,  it  introduced 
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him  to  the  confidence,  lo  the  chief  employment,  and, 
finally,  lo  the  partnership,  of  his  principal. 

Neckcr  was  now  on  the  high  road  to  wealth.  Thcl- 
lusson  having  died  shortly  alter,  he  established  a  bank 
of  his  own,  in  which  a  brother,  and  some  other  mer- 
chants, had  shares  :  he  speculated  with  the  East  India 
Company,  with  the  English  funds;  was  cautious,  enter- 
prising, successful;  and  in  the  course  of  fifteen  years 
had  amassed  a  princely  fortune.  But  the  possession  of 
a  capital  beyond  that  of  the  most  opulent  house  in  France 
(it  amounted  to  six  millions  of  livres),  could  not  render 
the  career  he  was  prosecuting  so  successfully,  and  the 
kind  of  distinction  which  he  might  acquire  from  it,  in- 
teresting enough  to  engage  all  his  ardour,  and  limit  all 
his  views.  He  aspired  to  reputation  of  a  more  exalted 
species;  and  his  previous  acquisitions  in  literature  and 
science  enabled  him  to  take  an  honourable  mode  of  ob- 
taining it.  Political  economy,  begun  under  the  auspices 
of  Colbert,  systematized  and  new-modelled  by  Dr.  Ques- 
nay,  expounded  by  Turgot  and  a  multitude  of  inferior 
men,  was  at  that  time  eagerly  studied  in  France;  and 
Keeker's  profession  co-operated  with  the  bent  of  his  ge- 
nius to  inspire  him  with  a  taste  for  the  fashionable  sub- 
ject. He  had  examined  it  maturely,  not  without  dis- 
senting in  many  essential  points  from  the  sect  then  pre- 
valent, and  since  named  Economists  ;  and  in  1769,  when 
the  propriety  of  the  East  India  Company's  monopoly 
was  keenly  disputed,  he  published  a  book  on  the  ques- 
tion, wherein  he  endeavoured  to  defend  that  establish- 
ment against  the  objections  of  Lacratelle  and  Morellct. 
It  is  a  strong  proof  of  the  author's  ingenuity,  that  his 
work  was  popular,  though  it  maintained  so  unpopular 
a  side  of  the  argument,  and  respected  among  men  of 
letters,  though  it  went  counter  to  the  fundamental  prin- 
ciple of  Dr.  Quesnay's  system,  which  they  almost  uni- 
versally patronised.  The  itcge  of  Colbert  (lead  at  the 
.4cadeinie  Francaise  in  1773),  and  a  tract  on  the  Corn 
Trade  which  followed  it,  tended  greatly  to  establish 
Necker's  reputation  as  a  political  economist:  and  the 
consideration  resulting  from  his  immense  fortune,  toge- 
ther with  the  esteem  he  enjoyed  in  the  literary  world, 
paved  the  way  for  his  advancenient  to  a  station  in  the 
government,  where  such  talents  might  be  immediately 
applied  to  practice,  and  were  now,  more  than  ever,  im- 
periously called  for. 

It  lias  been  said  that  Xecker  did  not  entirely  rest  his 
claims  to  office  on  the  strength  of  public  opinion  which 
backed  him,  but  employed  the  intervention  of  the  Mar- 
quis de  Pezay,  by  means  of  whom  he  maintained  a 
concealed  correspondence  with  the  young  king,  and 
transmitted  him  memorials,  insisting  on  the  resources  of 
the  state,  and  p;'.inting,  in  bright  colours,  the  immense 
improvement  wliich  might  result  from  properly  using 
them.      Prompted    by    liiose   glowing   representations. 


or  impelled  by  the  national  voice,  Louis  at  last  coiistftil- 
cd  to  admit  Neckerinto  his  finance  dtpartment.  It  was 
at  first  attempted  to  make  the  new  Coinptroller-gencral 
divide  his  powers  and  his  duties  with  the  old  ;  but  eight 
months  of  experiment  showed  clearly  enough  that  the 
two  could  not  act  in  concert ;  and  Taborcau  being  dis- 
missed, Neckcr  obtained  the  sole  management  of  his 
post,  on  the  10th  July,  1777.  His  conduct  in  it  gave 
general  s.ilisfaciion.  lie  retrenched  and  boi  rowed;  and 
by  many  judicious  arrangements  mateiijily  bettered  the 
condition  of  the  treasury.  The  middle  ranks,  who  felt 
the  practical  benefit  of  this  procedure,  approved  his 
character,  and  extolled  the  disinterestedness  (which  his 
enemies  called  the  ostentation)  of  serving  without  a 
salary.  Excepting  Turgot,  wiiom  his  doctrines  on  the 
corn  trade  had  alienated,  the  literary  class  regarded  him 
with  favour,  and  exulted  at  the  triumph  of  liberal 
opinions  in  this  first  instance,  since  the  edict  of  Nantes 
was  repealed,  of  a  Protestant  being  advanced  lo  any  im- 
portant situation  in  the  government.  With  the  court 
parly  he  was  less  successful ;  his  measures  thwarted 
their  prejudices  and  their  interests:  but  ihe  rectitude 
and  calmness  of  his  demeanour,  and  the  powerful  sup- 
port he  receivetl  from  without,  were  sufficient  to  impress 
Ihem  with  respect,  and  to  frustrate  their  cabals. 

Necker  was  now  in  the  place  he  desired  :  his  admi> 
nistration  of  it  was  applauded;  and  the  five  subsequent 
years,  though  always  lull  of  toil,  and  seldom  iree  from 
anxiety,  were  perhaps  among  the  happiest  of  his  life. 
He  was  fortunate  in  the  possession  of  an  amiable  and 
highly-gifted  wife,*  whose  attentive  management  relieved 
him  from  domestic  cares,  while  herafii-ction  and  accom- 
plishments made  his  home  at  all  limes  a  scene  of  com- 
fort and  peace.  He  was  employed  in  labouring  for  the 
welfare  of  a  great  nation.  Buffon,  Marmontcl,  Thomas, 
and  all  the  most  celebrated  men  of  the  age,  embellished 
his  leisure;  and  he  might  flatter  himself  as  being  the 
architect  of  his  own  fortune,  and  think,  with  more  than 
usual  plausibility,  that  his  own  powers  and  his  own  merit 
had  earned  liiin  all  this  exaltnlion. 

So  splendid  a  condition  was  not,  however,  deslintd  to 
be  permanent.  Necker,  it  is  true,  continued  to  enjoy 
the  unabated,  or  even  increasing  confidence  of  the  pub- 
lic ;  the  Cotiiftte  Rendu  (1781,)  in  which  he  developed 
his  ])lans  of  finance,  was  cnculated  to  an  unparallclled 
extent;  and  among  tl.s  200  000  copies  of  it  that  were 
sold,  few  were  perused  wiih  other  f^telings  than  appro- 
bjlion.  But  his  enemies  at  court  were  still  active. 
The  expedients  he  recommended  for  all.viating  the  na- 
tional burdens,  or  allaying  the  popular  discontent, 
were  viewed  with  suspicion  and  repugnance ;  and  a 
claim  which  he  put  forward,  soon  after  the  publication 
of  his  Coiii/itc  Rendu,  lo  a  right  of  being  received  into 
the   Council,  and  which  he  supported  with  more  spirit 


•  This  lady  is  in  some  sort  connected  with  the  literary  history  of  England.  She  was  the  Siisanne  Curchod,  the  object  of  Gibbon's 
early  passion,  the  rise  as  well  as  the  "  decline  and  fall"  of  which  is  told  with  so  much  staleliness  in  his  autobiogr.iphical  fragment. 
Her  father,  M.  de  Naas,  a  Protestant  clergyman  of  the  Piiys  de  Vaud,  had  improved  her  promising  faculties  by  every  species  of  cul- 
uire.  She  was  intimately  versed  in  literature,  ancient  and  modern,  and  united  a  keen  relish  and  a  great  capacity  for  such  pursuits, 
with  all  the  grace  and  sotlne.'is  which  adorn  the  female  character  M.  de  Naas  died  |)reniatiirely,  and  left  his  family  in  straitened  cir- 
cumstances; which  induced  Susanne  and  her  mother  to  settle  in  Geneva,  and  undert.ike  the  establishment  and  superintendance  of 
a  boarding  school  Necker  found  her  in  this  capacity,  and  had  the  sense  to  appreciate  her  worth  :  a  Madame  de  Verminoux,  having 
a  son  to  instruct  in  Latin,  took  the  young  laily  with  her  to  Paris  for  that  purpose  ;  the  acquaintance  begun  at  Geneva,  was  here  re- 
newed, and  in  due  time  ripened  into  marriage.  Among  the  refined  and  intelligent  circle.*  of  Paris,  Madame  Necker  maintained  her 
early  distinction.  At  one  time  conversmg  with  philosophers,  at  another  watching  over  the  necessities  of  the  poor,  she  was  eminent 
Ihro'ughout  all  her  life  for  the  extent  and  force  of  her  intellectual  powers,  no  le^s  than  for  the  ardour  and  benevolence  of  her  heart. 
To  G'ibbon,  notwithstanding  his  highly  pruileni  desertion  of  her,  and  the  wide  difference  in  their  religious  opinions,  she  displayed 
not  the  slightest  resentment ;  but  treated  him  always  as  a  brother,  and  often  corresponded  with  him  in  the  kindest  and  frankest 
manner.    She  wrote  several  works  of  considerable  repute,  which  will  be  enumerated  afterwards. 


NECKER. 


449 


than  prudence,  was  eagerly  seized  on  ;  and  being  tiex- 
trously  improved,  it  led  to  discussions  which  forced 
him  to  give  up  his  appointment.  He  resigned  on  the 
28lh  of  May,  and  withdrew  to  Copet,  a  chateau  which 
he  had  purchased  lately  on  the  banks  of  the  lake  of 
Geneva. 

It  was  natural  to  feel  keenly  the  immense  change  in 
his  circumstances  ;  and  to  a  mind  so  active  and  as- 
piring, particularly  when  it  had  already  drunk  so  deeply 
of  the  sweets  of  power,  this  change  must  have  been 
more  than  usually  galling.  But  Necker  had  not  aban- 
doned the  hope  of  resuming  his  station ;  and  the  warm 
reception  bestowed  on  his  treatise  De  I'jlUmhiUlration 
dea  Finances,  published  during  his  retirement,  wus  well 
calculated  to  strengthen  such  anticipations.  Courtiers 
might  stigmatize  him  as  a  demagogue,  whom  his  posi- 
tion in  society  rendered  a  natural  enemy  of  the  privi- 
leged orders,  and  whose  ideas  of  a  representative  go- 
vernment, like  that  of  England,  were  fraught  with  dan- 
ger;  but  the  ineptness  and  prodigality  of  Calonne,  his 
successor ;  the  increasing  agitation  of  the  kingdom  ; 
the  increasing  embarassmenls  of  the  ministry,  all  point- 
ed to  a  thorough  alteration  of  system,  and  to  Necker 
as  the  man  for  effecting  it.  Animated  by  those  pros- 
pects, he  returned  to  Paris  in  1787;  and  as  Calonne 
had  accused  him,  before  the  Notables  (then  assembled 
to  provide  against  the  growing  dangers,)  of  malversa- 
tion in  his  office,  and  unfairness  in  his  accounts,  Necker 
instantly  prepared  a  memorial  to  rebut  this  charge,  of 
which  it  was  easy  to  demonstrate  the  falsehood.  He 
submitted  his  defence  to  the  king,  but  refused,  at  his 
request,  to  suppress  it ;  and  was  in  consequence  order- 
ed to  retire  to  St.  Ouen,  a  country  seat  many  miles  dis- 
tant from  the  capital.  This  banishment,  however,  was 
not  of  long  continuance.  Calonne's  dismissal,  which  the 
publication  in  question  contributed  to  hasten,  and 
Bienne's  appointment  to  succeed  him,  were  found  inade- 
quate to  the  emergency  ;  the  financial  difficulties,  the 
popular  discontent,  went  on  increasing  ;  and  Necker  was 
recalled,  in  the  month  of  August,  1788. 

Such  a  reinstatement  might  well  be  gratifying  to  his 
vanity  ;  but  the  task  he  liad  to  perform  was  appaiing. 
On  one  hand  were  a  dilapidated  treasury,  and  a  ruinous, 
though  insufficient  taxation  :  on  the  other  was  an  impo- 
verished and  tumultuous  people,  from  whose  scanty  re- 
sources he  behoved  to  make  good  this  defficiency,  while 
he  felt  that  in  their  favour  consisted  his  only  security 
against  the  intrigues  of  a  court  which  viewed  himself 
and  his  principles  at  once  with  fear  and  aversion.  His 
first  step,  after  devising  means  to  relieve  the  pressing 
scarcity  of  corn,  was  to  insist  on  the  removal  of  Maure- 
pas,  the  prime  minister;  and  having  now  the  chief  di- 
rection of  affairs  in  his  own  hand,  he  urged  the  King  to 
fulfil  his  former  promise  of  assembling  the  Slates  Gene- 
ral,— as  the  only  means  of  calming  the  popular  ferment, 
and  effectually  remedying  the  grievances  of  the  nation. 
The  States  General  were  convoked  accordingly  ;  they 
met  on  the  5th  of  May,  1789  ;  but  their  meeting  pro- 
duced none  of  the  enticipated  effects.  To  Necker,  far 
from  realizing  his  favourite  project  of  a  limited  mo- 
narchy, it  aflbrded  nothing  but  a  series  of  disappoint- 
ments and  vexations, — placing  him  in  a  situation  where 
it  was  impossible  to  reconcile  the  wishes  of  his  master 
(or  his  master's  advisers)  with  the  wishes  of  the  people, 
and  thus  forcing  him  to  vacillate  between  co-operaiion 
and  resistance  with  regard  to  both.  In  his  dread  of  the 
noblesse  he  had  settled,  that  the  deputies  of  the  Hers  6lat 
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should  be  equal  in  number  to  the  two  remaining  orders 
united  ;  an  arrangement  which  soon  brought  about  the 
junction  of  all  into  one  National  Assembly,  where  tiie 
democratic  influence  decidedly  prevailed  :  and  the  plan 
of  a  constitution,  by  which  he  still  hoped  to  quiet  the 
rising  demands  of  that  party,  was  so  altered  and  curtail- 
ed by  the  King,  that  Necker  refused  to  be  present  when 
it  was  read.  Vehement  contentions  ensued,  in  wiiich  the 
voice  of  moderation  could  no  more  be  heard  ;  violent, 
yet  feeble  efforts  on  the  part  of  Government,  but  served 
to  irritate  the  deputies  ;  and  as  Necker  refused,  not- 
withstanding their  intemperance,  to  concur  in  the  at- 
tempt to  overawe  them  by  a  military  force,  and  was  be- 
sides regarded  as  a  lukewarm  friend,  if  not  a  concealed 
enemy  to  the  royal  interest,  he  received  a  secret  order, 
on  the  al'ttinoon  of  the  1 1th  July,  1789,  to  leave  Ver- 
sailles privately  within  twenty-four  hours.  He  com- 
plied without  hesitation,  and  iustantly  set  out  for  Brus- 
sels. But  his  departure  produced  a  result  very  dif- 
ferent from  the  proposed  one.  Coupled  with  the  gra- 
dual approach  of  a  great  army  to  Paris  and  Versailles,  it 
inspired  the  populace  with  vague  terrors,  and  enabled 
designing  men  to  exasperate  them  into  frenzy.  On  the 
memorable  14th  of  July,  the  mob  rose  and  levelled  the 
Bastile  to  the  ground,  massacred  every  obnoxious  per- 
son, and  delivered  themselves  up  to  all  manner  of  ex- 
cesses. To  appease  them,  Louis  was  glad  to  despatch 
a  courier  in  pursuit  of  Necker,  requesting  his  immediate 
return.  He  returned  accordingly  ;  and  his  journey  from 
Basle,  where  the  messenger  found  him,  to  the  capital, 
resembled  a  long  triumphal  procession. 

It  was  a  proud  thing  for  Necker  to  be  received  at  the 
gates  of  Paris  by  the  acclamations  of  assembled  thou- 
sands ;  to  have  his  bust  paraded  through  the  streets; 
and  his  house  emblazoned  by  the  inscription,  Au  Minis- 
ire  adore  ;  but  this  brilliancy  was  not  more  lasting  than 
the  proverbially  unstable  nature  of  popular  applause 
might  have  led  him  to  expect.  With  the  most  earnest 
desire  to  act  uprightly  and  honourably,  he  soon  found  it 
impossible  to  unite  an  attention  to  the  real  interests  of 
the  state  with  the  favour  of  an  excited  and  ignorant 
mob, — perpetually  misled  by  wicked  agitators, — yet 
drunk  with  its  new-found  power,  and  indulging  the  most 
chimeiical  expectations  from  the  actual  posture  of  af- 
fairs. Necker's  mature  judgment  rendered  him  hostile 
to  the  extravagant  and  precipitate  innovations  which 
were  sanctioned  by  the  Assembly,  and  tumultuously 
hailed  by  the  populace,  who  tiow  overruled  and  intimi- 
dated all  parlies.  With  equal  ingenuity,  keener  ardour, 
and  superior  eloquence,  Mirabeau  confronted  him  like 
his  evil  genius  ;  and,  being  totally  without  scruple  in  the 
employment  of  any  expedient,  honest  or  the  contrary, 
was  but  too  successful  in  overturning  all  reasonable  pro- 
posals, and  conducting  the  people  to  that  state  of  an- 
archy, out  of  which  his  own  ambition  was  to  be  gratified 
and  his  own  exertions  rewarded.  When,  to  meet  the 
immediate  necessities  of  Government,  Necker  submit- 
ted the  project  of  a  loan,  and  offered  to  contribute  a 
large  sum  from  his  private  fortune  towards  it,  Mirabeau 
insidiously  seconded  this  measure,  and  made  it  a  handle 
for  the  production  of  various  accounts,  before  a  select 
committee, — who,  being  at  once  devoted  to  his  views, 
and  ignorant  of  finance,  brought  out  a  report  equally  in- 
jurious and  irritating  to  Necker,  and  thereby  complete- 
ly overset  his  declining  popularity.  His  previous  de- 
claration in  favour  of  the  royal  veto,  though  strictly 
conformable  to  those  opinions  which  he  had  fornied,  and 
4  E 
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often  expressed  loug  before,  liad  prepared  the  misguid- 
ed people  for  listening  to  any  accusation  against  him  ; 
and  his  opposition  to  the  destruction  of  tlie  nohlesse,  at- 
tributed to  anxiety  for  his  own  acquired  baronship,  ex- 
asperated this  distrust  into  open  detestation.  He  was 
branded  as  an  aristocrat  ;  his  personal  safety  was  endan- 
gered ;  and  he  felt  that  it  had  now  become  high  time  to 
retire.  Leaving  his  share  of  the  loan,  (above  80,000/. 
sterling,)  together  with  a  large  portion  of  his  pioperty 
behind  him,  he  accordingly  quilted  Paris,  and  returned 
to  Switzerland,  travelling  by  the  same  road,  on  which,  a 
few  months  before,  his  presence  had  excited  such  en- 
thusiastic bursts  of  joy.  The  feeling  was  again  as  en- 
thusiastic, but  its  character  was  altered.  Necker  se- 
cured himself  with  difficulty  from  the  execrations  of 
those  who  had  so  lately  blessed  him.  At  Arvis-sur- 
Aube,  he  was  arcsted  in  his  journey,  and  a  decree  of  the 
National  Assembly  became  necessary  for  allowing  him 
to  proceed.  At  Vesoul,  notwithstanding  of  this,  his  car- 
riage was  stopped  anew  :  a  short  time  ago,  they  had  un- 
yoked this  same  carriage,  and  drawn  it  in  triumph 
through  their  streets  ;  they  now  loaded  with  curses  the 
object  of  their  former  idolatry,  and  threatened,  or  even 
attempted,  to  murder  his  attendants. 

Arrived  at  Copet,  far  from  the  turmoils,  tlie  hazard, 
and  the  splendour  of  his  late  situation,  Necker  had 
leisure  to  reflect  on  the  great  scenes  he  had  witnessed 
or  shared  in,  to  view  the  obscurity  into  which  he  jwas 
fallen,  and  to  collect  the  scattered  elements  which  yet 
remained  to  him  of  happiness  or  contentment.  It  is 
rare  that  a  degraded  minister  enjoys  much  peace  of 
mind,  or  can  extract  pleasure  from  those  sources  on 
which  human  life  must  generally  depend  for  its  com- 
forts. Whoever  has  participated  largely  in  the  spirit- 
stirring  strife  of  power,  who  has  struggled  with  its 
difficulties,  and  triumphed  in  subduing  them,  will  find  a 
void  in  his  heart  when  such  excitements  are  withdrawn, 
a  languor  and  disquietude,  which  objects  less  vast  and 
imposmg  are  altogetlicr  incompetent  to  remove.  In 
Necker's  political  history,  every  thing  was  grand  and 
surprising;  the  game  he  had  played  was  deep  as  well 
as  fluctuating;  and  when  he  lost  it,  his  feelings  did  not 
belie  the  common  maxim.  "I  could  have  wished,"  says 
Gibbon,  after  a  visit  at  Copet  about  this  period,  "  to  have 
exhibited  him  as  a  warning  to  any  aspiring  youth  pos- 
sessed with  the  demon  of  Ambition.  With  all  the  means 
of  private  happiness  in  his  power,  he  is  the  most  mise- 
rable of  human  beings;  the  past,  the  present,  and  the 
future,  are  equally  odious  to  him.  When  I  suggested 
some  domestic  amusements,  he  answered  with  a  deep 
tone  of  despair,  '  In  the  stale  in  which  I  am,  I  can  feel 
nothing  but  the  blast  that  has  overthrown  me.'  " 

Time,  however,  which  extends  its  quiet  influence  to 
every  sensation  of  sorrow  or  of  joy,  did  not  fail  to  miti- 
gate this  despondency.  Necker,  indeed,  still  felt  that 
he  was  banished  from  the  country  where  his  highest 
hopes  had  been  ceiiued;  but  the  esteem  of  impartial 
men  over  all  Europe,  the  secret  appioval  of  conscience, 
^¥ere  not  denied  him:  three-fourths  of  his  fortune  might 
be  engulphed  in  the  confusions  of  France  ;  but  enough 
still  remained  for  the  gratification  of  his  charitable  dis- 
positions, and  the  support  of  his  family  in  dignity  and 
independence.  By  degrees  his  ambition  directed  itself 
to  the  more  peaceful  arena  of  literature  and  political 
philosophy,  he  composed  various  treatises  in  support  of 
the  doctrines  formerly  professed  by  him,  and  the  line  of 
conduct  by  which  he  had  endeavoured  to  put  them  in  ef- 


fect. Among  his  enemies,  too,  as  faction  succeeded 
faction,  the  misrepresentations  which  had  tarnished  his 
name,  began  to  clear  away;  the  French  government, 
which  had  at  first  proscribed  him  as  an  emigrant,  eras- 
ed this  mark  of  reprobation,  and  charged  their  army, 
when  it  entered  Switzerland,  to  treat  him  with  every 
kind  of  respect.  His  parsuits  were  soothing,  and  shar- 
ed by  those  whom  he  loved  ;  and  though  his  domestic 
comfort  was  rudely  assailed  by  the  death  of  Madame 
Necker  in  1794,  there  still  remained  an  illustrious 
daughter,  who  viewed  him  with  a  reverence  and  affec- 
tion truly  filial,  and  whose  brilliant  powers  it  was  a  de- 
lightful task  to  unfold.  His  care,  in  this  particular,  was 
amply  recompensed:  Madame  de  Stael,  even  before 
her  father's  death,  had  gained  a  literary  reputation  above 
that  of  any  female  in  Europe;  and  the  writings  which 
subsequently  marked  her  splendid,  though  too  short  ca- 
reer, will  preserve  her  name  to  a  distant  posterity.  Her 
own  affectionate  and  impassioned  character,  her  lonely 
situation,  the  unwearied  and  condescending  kindness  of 
her  father,  made  it  a  pleasure  and  a  duty  for  Madame 
de  Stael  to  watch  over  his  declining  age  with  the  tcn- 
derest  solicitude.  She  seldom  quitted  him,  and  had  re- 
luctantly obeyed  his  injunction  to  recreate  and  instruct 
herself  by  a  visit  to  Germany,  when  Necker  was  seized 
with  his  last  illness.  He  died,  in  her  absence,  on  the  9ili 
of  April,  1804. 

With  a  fate  common  to  all  who  have  lived  in  times  of 
political  agitation,  and  thus  blended  the  memory  of  their 
actions  with  that  of  events,  which  give  force  and  ex- 
pression to  every  fierce  quality  of  human  nature,  Necker 
has  been  painted  in  the  brightest  and  the  blackest  of 
colours,  as  the  varying  prejudices  of  historians  have 
chanced  to  sway  them.  By  one  party  he  is  reproached 
as  the  author  of  the  French  Revolution,  and  charged 
with  all  its  horrors  ;  by  another  he  is  eulogized  as  the 
virtuous  and  enlightened  statesman,  by  whose  guidance, 
too  little  appreciated  and  lost  in  factious  clamour  at  the 
lime,  all  the  advantages  of  a  reform  might  have  been 
secured  without  any  of  its  evils.  His  character,  we  may 
safely  assert,  has  been  greatly  exaggerated  in  both  cases. 
The  French  revolution  might  be  accelerated  or  retard- 
ed, it  could  not  be  prevented  or  produced,  by  any  such 
circumstance  as  the  conduct  of  Necker.  And  if  his 
measures  gave  form  and  occasion  to  the  troubles  which 
followed  ;  who  can  yet  say  under  what  different  manage- 
ment the  issue  would  have  been  milder  or  more  salutary  ? 
By  the  candid  of  foreign  nations,  Necker  is  now  consi- 
dered as  a  minister  possessed  of  talents  entitling  him  to 
an  elevated  place  among  politicians,  and  of  integrity  de- 
serving perhaps  to  set  him  at  their  head.  His  talents, 
doubtless,  were  exercised,  where  their  exercise  was  too 
powerless  to  be  of  any  benefit :  but  the  high  moral  rec- 
titude of  his  deportment,  preceded,  followed,  surround 
ed,  as  it  is,  by  perfidy,  and  cruelty,  and  baseness,  forms 
a  bright  spot,  on  which  the  mind  gladly  reposes  amid 
the  general  gloom. 

It  was  unfortunate  for  Necker,  but  the  natural  conse- 
quence of  his  situation,  that  his  political  views,  being 
formed  in  the  closet,  had  too  much  of  a  speculative  cast, 
too  little  fulness  of  detail,  for  comprehending  all  the 
multifarious  elements  which  influenced  the  result,  when 
tried  in  practice.  He  had  visited  England,  and  admired 
our  constitution;  but  he  knew  only  its  outlines,  and  ap- 
plied them  too  hastily  to  France,  where  so  much  was  at 
variance  with  their  application.  In  another  point  of 
VieW)  it  vyas  also  unfQrtunale  that  his  ambition  was  at 
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once  so  high,  and  so  urgent  for  immeiliate  grafificalion. 
Yet  it  ought  to  be  remembered,  that  if  this  love  of  po- 
pularity, too  undistinguishing  and  too  eager  for  perpetual 
nourishment,  betrayed  a  want  of  the  firmness  essential 
to  a  great  man,  it  had  a  close  kindred  with  many  of  the 
qualities  which  constitute  an  amiable  one.  It  appeared 
in  the  shape  of  vanity  at  times,  but  of  vanity  nearly  alli- 
ed to  those  benevolent  affections  which  rendered  Nccker's 
conduct  no  less  simple  and  exemplary  on  the  theatre  of 
politics,  than  it  was  endearing  in  his  domestic  circle.  In 
the  latter  respect,  whatever  may  be  the  thought  of  the 
former,  few  indeed  can  lay  claim  to  an  cquLil  tribute  of 
praise.  By  his  family  he  was  viewed  with  a  sentiment 
approaching  to  idolatry,  and  his  daughter  never  consol- 
ed herself  for  his  loss. 

As  an  author,  Necker  displays  much  irregular  force 
of  imagination,  united  with  considerable  perspicuity  and 
compass  of  thought  ;  thcugh  his  speculations  are  de- 
formed by  an  undue  attachment  to  certain  leading  ideas, 
which,  harmonizing  with  his  habits  of  mind,  had  acquir- 
ed an  excessive  preponderance  in  the  course  of  his  long 
and  uncontroverted  meditations.  He  possessed  exten- 
sive knowledge,  and  his  works  bespeak  a  philosophical 
spirit;  but  their  great  and  characteristic  excellence  pro- 
ceeds from  that  glow  of  fresh  and  youthful  admiration 
for  every  thing  that  is  amiable  or  august  in  the  charac- 
ter of  man,  which,  in  Nccker's  heart,  survived  all  the 
blighting  vicissitudes  it  had  passed  through,  combining, 
in  a  singular  union,  the  fervour  of  the  stripling  with  the 
experience  of  the  sage. 

We  subjoin  a  list  of  his  writings,  and  those  of  Ma- 
dame Necker.  JRe/ionse  a  Morcllet  (on  the  India  Trade, 
1769)  Eloge  de  Colbert,  1773.  Sur  te  Commerce  dea 
Grains.  Memoires  sur  les  Administrations  Provinciales, 
1781.  Refionse.  (to  Galon's  accusation  before  the  Nota- 
bles, 1787.)  Le  Comfite  Rendu.  .A'ouveaux  Eclaircis- 
temens  sur  le  Comfite  Rendu,  1788.  De  I'lmjiortance 
Hes  Ot'.inio7is  Religieuses,  1788.  Observations  sur  I'jlvant 
JPro/ios  du  Ltvre  Rouge,  1790.  Sur  Pjidtninistration  de 
M.  Necker,  fiar  lui-meme,  1791.  De  la  Revolution  Fran- 
^aise,  1797. — By  Madame  Necker.  Des  Inhumations 
frecifiil^es,  1790.  Alemoire  sur  I' Etablissemcnt  des 
Hos/iices,  \79i.  Reflexions  sur  le  Divorce,  1795.  And 
eight  volumes  of  Melanges,  selected  from  her  various 
unpublished  writings. 

NEDSJED.  See  Arabia. 

NELSON,  Horatio  Viscount,  was  born  29lh  Sep- 
tember, 1758,  at  Burnham  Thorpe,  a  village  in  Norfolk- 
shire,  of  which  his  father  was  rector.  Catharine  Suck- 
ling, the  mother,  was  grand-daughter  to  an  elder  sistei  of 
Sir  Robert  Walpole  ;  and  to  this  connection  Nelson  owed 
the  name  Horatio,  bestowed  in  honour  of  his  god-father, 
the  first  Lord  Walpole.  To  his  mother  it  was  farther 
owing,  indirectly,  that  he  adopted  the  profession  of  a 
seaman.  From  his  earliest  years,  the  boy  had  evinced  a 
quickness  of  understanding,  and  a  generous  energy  of 
spirit,  which  promised  to  raise  him  high  in  almost  any 
department  of  human  activity;  it  was  the  circumstance 
of  Maurice  Suckling,  his  uncle,  being  a  captain  in  the 
British  navy,  which  concentrated  all  those  powers  to- 
wards that  single  object,  in  prosecuting  which  Nelson 
acquired  so  lasting  and  hard-earned  a  reputation.  He 
was  only  about  twelve  years  old,  when,  being  at  home 
during  the  Chrisinias  holidays,  and  happening  to  read, 
in  a  country  newspaper,  that  Captain  Suckling  was  ap- 
pointtci  to  command  the  Raisonnable  of  64  guns,  at  that 
little  put  under  commission  in  the  prospect  of  a  quarrel 


with  Spain  about  the  Falkland  Islands,  he  instantly  made 
known  to  his  father,  then  at  Bath,  a  strong  wish  "to  go 
to  sea  with  uncle  Maurice."  In  consequence  of  a  pro- 
mise to  provide  for  one  of  his  biolher-in-law's  children, 
rather  tlian  from  any  choice  in  the  proposed  individual. 
Captain  Suckling  acceded  to  this  request ;  and  shortly 
after,  Horatio  took  leave  of  North  Walshain  school,  of 
William,  his  play-mate  and  brother,  and  set  out  for 
Chatham,  where  the  ship  was  stationed. 

It  was  early  in  the  spring  of  1771,  that  Nelson  first 
set  his  foot  on  board  of  a  king's  ship.  The  reception 
was  sufficiently  disheartening.  His  uncle  was  not  pre- 
sent at  the  time;  no  one  had  been  apprised  of  the  boy's 
coming;  and  he  paced  the  deck  for  many  hours  with- 
out finding  any  person  to  receive  or  notice  him.  Nur 
did  his  subsequent  experience  soon  belie  the  forebodings 
of  so  hard  a  commencement.  A  frame  naturally  deli- 
cate, and  still  more  weakened  by  agues,  was  ill  calcu- 
lated to  endure  the  physical  hardships  of  a  sailor's  life, 
— the  rough  tumult  of  which  was,  moreover,  sickening 
to  a  young  and  tender  heart.  Nelson  felt  wretched  dur- 
ing the  first  years  of  his  continuance  at  sea  ;  and  ever 
after  retained  a  strong  recollection  of  those  early  suf- 
ferings. 

His  situation  was  indeed  uncomfortable ;  and  the 
hopes  of  bettering  it  were  distant  and  feeble.  He  did 
not  sail  in  the  Raisonnable,  which  was  paid  off,  the  dis- 
pute with  Spain  being  settled  ;  but  he  had  already  learn- 
ed practical  seamanship  during  a  voyage  to  the  West 
Indies  in  a  merchant  vessel  ;  and  undergone  the  fatigues 
and  dangers  of  Captain  Pbipps'  celebrated  northern  ex- 
pedition, as  cockswain  in  the  Carcass  ;  and  gone  out  to 
India  in  the  Seahorse  of  20  guns,  part  of  Sir  Edward 
Hughes'  squadron, — before  his  good  conduct  procured 
him  even  the  rank  of  a  midshipman  :  and  about  eighteen 
months  after  his  arrival  in  India,  a  disorder  attacked  him, 
which  resisted  all  the  pov.'ers  of  medicine,  and  left  no 
hope,  except  in  an  immediate  return  to  Europe.  His 
voyage  home,  it  may  well  be  supposed,  was  gloomy  and 
desponding.  Under  the  kind  attentions  of  Captain  Pigot, 
health  was  indeed  slowly  returning;  but  the  anxiety  and 
depression  which  frequently  attend  an  affectionate  me- 
lancholy character  on  entering  upon  active  life,  had 
ample  means  to  prey  upon  him.  '•  I  felt  impressed," 
he  said,  long  afterwards,  "  with  a  feeling  that  I  should 
neve  rise  in  my  profession.  My  mind  was  staggered 
with  a  view  of  the  difficulties  I  had  to  surmount,  and 
the  little  interest  I  possessed.  I  could  discover  no  means 
of  reaching  the  object  of  my  ambition.  After  a  long 
gloomy  reverie,  in  which  I  almost  wished  myself  over- 
board, a  sudden  glow  of  patriotism  was  kindled  within 
me,  and  presented  my  king  and  c  ..unlry  as  my  patron. 
Well,  then  1  I  exclaimed,  I  will  be  a  hero  I  and,  confid- 
ing in  Providence,  I  will  brave  every  danger." 

From  that  time,  a  radiant  orb,  as  Nelson  expressed 
it,  was  suspended  in  his  mind's  eye,  which  urged  him 
onwards  to  renown.  Fortunate  circumstances  occurred 
to  second  this  determination.  His  uncle  had,  in  the  in- 
terim, been  made  comptroller  of  the  navy  ;  on  the  8th  of 
April,  1777,  Nelson  passed  his  examination  with  credit 
for  a  lieutenancy  ;  and  next  day,  received  a  commission 
in  the  Lowestoffe  frigate,  then  fitting  out  for  Jamaica. 
His  merits,  and  the  interest  he  had  now  acquired,  soon 
advanced  him  to  |a  similar  post  in  the  Bristol  flag  ship, 
under  Sir  P.  Parker  ;  from  this  to  be  commander  of  the 
Badger  brig;  and  next,  on  the  11th  of  June,  1779,  to  the 
rank  of  post-captain  in  the  Hinchinbrook  ot  88  guns. 
4  £  2 
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Ilis  services  here,  duiinj*  General  Dalling's  expediiion 
to  Fort  San  Juan,  in  the  istlimus  of  Paiaina,  were  such 
as  to  attract  universal  aiteniion ;  but  ih  climate,  which 
had  ruined  the  whole  undcrtakini^,  well  nigh  proved 
fatal  to  him  likewise  ;  so  that  his  appoinmicnt  to  the 
Janus  of  44  guns,  turned  out  a  fruitless  remuneration  ; 
nnd,  to  save  his  life.  Nelson  was  obliged  once  more  to 
return  to  England  without  delay. 

Nelson's  promotion,  though  hitherto  comparatively 
speaking  rapid,  was  far  from  keeping  pace  with  the 
ardour  of  his  character.  Succeeding  events  were  little 
calculated  to  sooth  that  impatience.  His  appointment 
to  command  the  Albemarle,  as,  in  the  North  Seas,  im- 
mediately after  partial  recovery  from  a  tropical  disease, 
accorded  with  his  wants  rather  than  his  wishes;  and 
when  the  ship  was  paid  ofl',  soon  after  the  conclusion 
of  the  American  war,  he  had  still  to  seek  consolation  in 
the  hope  that  "  true  honour  predominated  in  his  mind 
far  above  riches."  A  short  visit  to  France  quickly  tired 
him  of  idleness;  and  (March,  1799,)  he  was  glad  to  ac- 
cept (he  Boreas,  28,  ordered  to  the  Leeward  Islands  as 
a  cruizer  on  the  peace  eslablisliment.  His  conduct  on 
this  station  exiiibited  the  same  firmness  and  activity 
which  had  always  distinguished  him.  By  repressing 
the  abuses  and  evasions  of  law,  prevalent  among  the 
traders  of  that  quarter,  he  acquired  the  esteem  of  all 
such  as  were  fitted  to  appreciate  the  strong  rectitude 
and  bold  decision  of  his  character  ;  but  he  acquired  also 
the  persevering  hatred  of  numerous  individuals  whose 
peculations  he  had  detected  and  exposed.  Government 
thanked  the  commander-in-chief  for  what  Nelson  had 
done  in  direct  opposition  to  his  orders  ;  the  calumnies  of 
his  enemies  preceded  his  return  to  England ;  and  the 
Boreas,  on  arriving,  was  kept  four  months  at  the  Nore, 
serving  as  a  slop-ship.  Nelson  never  stirred  from  on 
board;  he  performed  the  duty  with  strict  and  sullen 
faithfulness  ;  and,  on  the  30th  of  November,  1787,  when 
orders  were  received  to  pay  off  the  ship,  he  said  it  was 
a  joyful  order,  because  it  would  release  him  for  ever 
from  an  ungrateful  service,  with  which  he  was  unaltera- 
bly determined  never  to  engage  any  more.  He  would 
resign  his  commission  instantly  on  reaching  London. 

The  friend,  to  whom  he  spoke,  wrote  privately  to 
Lord  Home  of  the  Admiralty,  and  prevented  this  pas- 
sionate resolution  from  coming  to  effect.  Nelson  con- 
tinued in  the  navy ;  and  during  tiie  period  of  inactivity 
endeavoured  to  occupy  his  mind  with  rural  pursuits 
at  his  father's  parsonage  of  Burnam  Thorpe.  A  few 
months  before  he  had  married  Mrs.  Niabet,  a  young 
lady,  the  widow  of  Dr.  Nisbct,  and  niece  of  the  Presi- 
dent of  Nevis,  which  latter  had  stood  his  warm  friend 
in  his  disputes  with  the  planters  of  tlie  Leeward  Islands. 
This  connexion,  long  a  source  of  deep  cnjoyinent  to 
him,  helped  to  dispel  the  tedium  of  seclusion  ;  the  father 
was  satisfied  with  the  preferment,  and  delighted  with 
the  presence  of  his  son;  but  the  restless  inquietude  of 
Nelson's  mind  could  not  brook  continued  indolence, 
and  this  impatience  was  aggravated  by  the  inattention 
of  Government  to  his  demands,  and  by  menaced  prose- 
cutions on  the  part  of  his  enemies  in  the  West  Indies, 
which  on  one  occasion  nearly  induced  him  to  forsake 
ilis  country  for  ever. 

After  many  fruitless,  though  earnest  applications,  he 
was  at  length  gratified  by  an  appointment  to  command 
ihe  Agamemnon  of  64  guns.  This  appointment,  which 
.ook  place  immediately  after  the  commencement  of  our 
'.ate  war  with  France,  was  procured  by  the  interest  of 


Lord  Hood  and  the  Duke  of  Clarence.  The  latter  had 
known  liim  and  admired  his  talents,  for  a  number  of 
years;  the  former,  whom  he  accompanied  to  the 
blockade  of  Toulon,  had  an  early  opportunity  of  esti- 
mating his  worth,  witli  which  he  was  yet  only  ac- 
quainted by  hearsay.  The  occupation  of  Toulon  was 
soon  discontinued;  but  in  the  reduction  of  Corsica, 
Nelson  obtained,  what  he  so  greatly  longed  for,  an  oc- 
casion of  showing  his  powers.  He  partly  commanded 
the  seamen  employed  in  taking  Basiia  and  Calvi,  at 
the  latter  of  which  he  lost  his  right  eye;  and,  during 
the  whole  of  those  operations,  his  ardour  and  skill  ex- 
cited universal  attention.  His  subsequent  proceedings 
on  the  coast  of  Genoa  were  not  less  creditable  to  him ; 
and  the  Austrian  general,  with  whom  he  was  appointed 
to  co-operate,  vainly  attempted  to  impute,  in  the  re- 
motest degree,  the  results  of  his  own  misconduct,  to 
misconduct  on  the  part  of  his  allies.  Nelson  was  made 
a  Commodore;  obtained  the  entire  confidence  of  Sir 
John  Jervis,  the  new  admiral ;  and  contributed  essen- 
tially to  the  great  victory,  which  that  officer  gained 
over  the  Spaniards  at  Cape  St.  Vincent,  on  the  14th 
February,  1787.  Naval  men  unanimouly  assert,  that 
a  manoeuvre  which  the  Commodore  executed  at  his 
own  risk,  with  eminent  peril  and  dexterity,  was  the  main 
cause  of  our  success  on  that  occasion.  Before  the  news 
reached  England,  he  had  been  advanced  to  the  rank  of 
rear  admiral ;  and  his  gallant  conduct  in  the  engagement 
was  farther  rewarded  by  the  Order  of  the  Bath. 

Nelson's  fame  had  long  been  high  in  the  Mediterra- 
nean ;  it  was  now  fast  rising  in  his  own  country.  The 
failure  of  an  enterprise  against  Teneriffe,  in  which  he 
lost  the  right  arm,  could  not,  when  all  things  were  con- 
sidered, sensibly  diminish  this  feeling ;  and  his  next 
achievement  raised  the  admiration  of  his  countrymen 
to  enthusiasm,  and  gave  him  the  character  of  a  hero 
over  all  Europe.  Early  in  1798,  Nelson  (now  Rear-ad- 
miral), his  wound  being  cured  after  a  short  stay  in  Eng- 
land, proceeded  in  the  Vanguard  to  Join  Sir  J.  Jervis, 
now  Earl  St.  Vincent,  in  the  Tagus.  He  was  soon  dis- 
patched, with  a  small  squadron,  to  learn  the  object  in- 
tended by  the  French  expedition  from  Toulon.  Being 
reinforced  in  the  Gulph  of  Lyons  by  ten  sail  of  the  line, 
Sir  Horatio  proceeded  towards  Egypt  in  search  of  the 
enemy.  His  masts  were  seen  from  the  French  fleet 
near  Malta,  during  a  haze;  and  had  Nelson  been  pro- 
perly supplied  with  frigates,  cyea  of  the  fleet  as  he 
called  them,  while  bitterly  regretting  tlteir  absence,— 
Buonaparte  would  probably  have  been  captured  in  the 
beginning  of  his  career,  and  Europe  might  have  es- 
caped its  succeeding  convulsions.  As  it  was.  Sir  Ho- 
ratio managed  the  pursuit  with  an  eager  sagacity,  ana- 
logous to  the  boldness  displayed  in  battle.  The  French 
had  followed  a  devious  track  to  Egypt,  and  he  found  them 
at  last,  on  his  second  inspection  of  the  Alexandrian  coast, 
strongly  moored  across  the  entrance  of  Aboukir  Bay. 

About  7  o'clock  in  the  evening  of  August  I,  1798, 
the  English  fleet  moved  forward  to  the  attack.  Ad- 
miral Brueys  Isad  previously  expressed  a  private  opinion, 
that  the  English  missed  him,  because,  not  being  supe- 
rior in  force,  they  did  not  think  it  prudent  to  hazard  an 
engagement.  The  event  fatally  proved  his  mistake.  In 
spile  of  his  greater  numbers,  and  his  excellent  position, 
the  piercing  intellect  of  his  antagonist  had  already  con- 
ceived its  plan;  before  ten  o'clock  Brueys  was  dead;  his 
ship  rOrient  was  blown  into  the  air ;  the  fleet  which 
he  lately  commanded  was  totally  ruined  and  dispersed- 
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On  first  beholding  the  French,  Nelson  had  exclaim- 
ed, "  a  peerage  or  Westminster  Al)bey  !"  The  better 
part  of  his  anticipations  was  now  fulfilled  ;  lie  i-eceived 
the  titlf  of  Baron  Nelson  of  the  Nile,  with  an  annuity 
of  ^2000  per  annum,  and  the  general  voice  more  than 
sanctioned  this  reward.  From  the  scene  of  his  victory, 
where  crowds  of  Ari-bs  and  Egyptians  filled  the  coast 
with  rejoicings,  to  the  remotest  extremities  of  tlie  ci- 
vilized world,  all  who  had  been  injured,  or  who  feared 
injury  at  the  hands  of  the  French,  blessed  him  as  their 
saviour.  The  Neapolitan  court  received  him  with 
open  arms ;  for  a  considerable  period  he  took  an  ac- 
tive share  in  all  their  proceedings— in  resisting  the 
French  invasion  of  their  territory — in  transporting  the 
royal  family  to  Palermo,  and  back  again  to  Naples. 
They  made  him  Duke  and  Feudatory  of  Bronte  ;  his 
admirers  would  wish  that  such  decorations  had  been 
all  he  acquired  in  their  service.  It  is  unnecessary  to 
dilate  upon  the  only  stain  that  deforms  the  history  of 
Nelson— his  execution  of  Carraccioli,  and  his  fervid, 
though  pure  attachment  to  Lady  Hamilton.  The  for- 
mer had  the  shew,  not  tlie  substance,  of  justice  ;  and 
the  latter  made  his  subsequent  domestic  life  alternately 
a  scene  of  bitterness  and  of  rapture,  in  wliich  the  bit- 
terness greatly  prevailed. 

We  see  him  with  more  pleasure  once  again  upon  the 
ocean  adding  fresh  laurels  to  his  already  glorious 
wreath.  In  the  month  of  March  1801,  Nelson,  now 
promoted  to  be  Vice-admiral  of  the  blue,  sailed  towards 
the  Baltic,  for  the  purpose  of  checking  the  armed  con- 
federation entered  into  by  Denmark,  Sweden,  and  Rus- 
sia, against  the  naval  rights  of  Britain.  For  reasons 
which  the  public  did  not  understand  or  relisli,  the  first 
command  was  given  to  Sir  Hyde  Parker,  and  Nelson 
acted  only  in  a  secondary  capacity.  His  advice  was 
consulted,  however,  in  all  emergencies,  and  never  devi- 
ated from  without  disadvantage.  The  time  spent  in 
negociation  and  other  vacillating  transactions,  allowed 
the  enemy  to  prepare  their  defensive  works;  this  was 
galling  to  the  mind  of  Nelson;  but,  on  the  second  of 
April,  he  nobly  redeemed  all  those  errors  of  his  coad- 
jutors, before  the  batteries  of  Copenhagen.  The  battle 
was  long  and  bloody,  and  several  of  our  ships  ran 
aground,  and  deranged  the  Vice-admiral's  measures  ; 
Sir  Hyde,  who  with  a  part  of  the  fleet  lay  at  a  distance 
from  the  scene  of  action,  even  made  the  signal  to  re- 
treat. The  signal  was  indignantly  neglected ;  Nelson 
gained  the  victory,  and  used  it  with  a  clemency  suit- 
able to  the  valour  with  which  he  won  it.  In  order  to 
stop  the  effusion  of  blood,  he  dispatched  a  letter  to  the 
Prince  Royal  of  Denmark,  for  whom  the  contest  was 
now  become  hopeless ;  and  next  day  he  went  ashore, 
amid  the  murmurs  and  admiration  of  the  Danish  peo- 
ple, to  settle  the  terms  of  an  armistice,  securing  all 
the  objects  for  which  England  had  taken  up  the  quarrel. 
He  was  soon  appointed  commander  in  chief  in  the  Bal- 
tic, and  his  subsequent  proceedings  were  equally  spirit- 
ed and  decisive.  Having,  thuse  effectually  defeated  the 
purposes  of  the  northern  confederacy,  he  returned 
home  to  enjoy  the  fresii  renown  with  which  those  ser- 
vices had  illustrated  his  name.  Government  exalted 
him  to  the  rank  of  viscount ;  and  the  public  followed 
him  with  an  affectionate  veneration,  which  few  indivi- 
dnals  have  ever  enjoyed  in  a  nearly  equal  degree. 

The  next  duty  in  which  Nelson  engaged  was  grali- 
lying,  rather  as  it  proved  the  confidence  which  his 
countrymen  reposed  in  him,  than  as  it  afforded  room 


for  the  display  of  naval  abilities.  Immediately  after 
his  arrival,  (July  1801)  he  was  commissioned  to  guard 
the  southern  coast  against  the  threatened  French  inva- 
sion. His  attempt  to  cut  out  the  shipping  at  Boulogne 
failed  of  success,  not  from  want  of  skill  in  planning 
or  of  bravery  in  executing  it,  but  from  the  untoward- 
ness  of  circumstances,  which  render  boat-warfare  at  all 
times  precarious.  Two  months  after  this  event,  the 
peace  of  Amiens  delivered  him  from  an  employment 
to  which  his  mind  never  felt  any  inclination. 

But  the  greatest  of  his  victories  was  yet  behind. 
During  the  short  continuance  of  peace,  he  had  occupied 
himself  chiefly  in  rural  improvements  at  Merton,  giving 
occasional  attendance  at  the  house  of  Lords,  where  his 
few  speeches  were  no  less  remarkable  for  the  correct 
information,  than  for  the  uprightness  and  integrity  dis- 
played in  them.  On  the  renewal  of  hostilities  in  1803, 
he  was  instantly  appointed  commander  in  the  Mediter- 
ranean. The  principal  duty  of  this  post  was  to  watch 
the  movements  of  the  large  fleet  lying  in  Toulon  har- 
bour. Nelson  waited  long  and  anxiously,  till  at  length 
his  tedious  and  strict  watch  was  suspended  by  intelli- 
gence that  Vjce-Admiral  Villeneuve  had  put  to  sea  on 
the  loth  January,  1805.  Nelson  steered  for  Egypt; 
but  the  enemy  had  returned  to  port.  They  again  sailed 
on  the  31st  March  :  and  the  sagacity  with  which  he  di- 
vined their  intentions,  the  rapidity  with  which  he  pur- 
sued them  from  Europe  to  the  West  Indies,  and  from 
the  West  Indies  back  again  to  Europe,  are  unrivalled 
in  the  records  of  naval  history.  The  terror  of  his  name 
had  saved  our  colonies;  and  Villeneuve's  fleet  returned 
home,  with  all  possible  speed.  Nelson  too  reiurned 
home,  but  it  was  only  to  enjoy  a  brief  respite  from  fa- 
tigue. In  August,  news  arrived  that  Villeneuve  was  at 
Cadiz,  and  Nelson  immediately  volunteered  to  go  and 
meet  him.  The  English  fleet  kept  out  at  sea  to  hide 
their  force,  and  Nelson's  arrival  was  not  known  to  the 
combined  armament, — when,  on  the  morning  of  Octo- 
ber 19ih,  the  signal  was  given  that  the  enemy  were 
coming  out  of  port.  After  a  variety  of  movements,  the 
contending  fleets  came  in  sight  of  each  other  near  cape 
Trafalgar,  at  day-break  on  the  21st.  The  details  of  a  sea- 
fight  are  not  often  interesting  to  general  readers  ;  but 
the  victory  which  terminated  the  illustrious  career  of 
Nelson  was  so  striking  in  its  acquisition,  so  important  in 
its  consequences,  that  a  few  particulars  respecting  it 
seem  worthy  of  remembrance. 

"  Soon  after  day-light.  Nelson  came  upon  deck.  The 
21st  of  October  was  a  festival  in  his  family,  because  on 
that  day  his  uncle.  Captain  Suckling,  in  the  Dread- 
nought, with  two  other  line  of  battle  ships,  had  beaten 
oft"  a  French  squadron  of  four  sail  of  the  line,  and  three 
frigates.  Nelson,  with  tliat  sort  of  superstition  from  which 
few  persons  are  entirely  exempt,  had  more  than  once 
expressed  his  persuasion  that  this  was  to  be  his  day  of 
battle  also;  and  he  was  well  pleased  at  seeing  his  pre- 
diction about  to  be  verified.  The  wind  was  now  from 
the  west, — light  breezes  with  a  long  heavy  swell.  Sig- 
nal was  made  to  bear  down  upon  the  enemy  in  two  lines, 
and  the  fleet  set  all  sail.  Collingwood  in  the  Royal  So- 
vereign, led  the  lee  line  of  thirteen  ships ;  the  Victory 
led  the  wcatiier  line  of  fourteen. 

"  Blackwood  went  aboard  the  V'ictory  about  six.  He 
found  Nelson  in  good  spirits,  but  very  calm  ;  not  in  that 
exhilaration  which  he  had  felt  on  entering  into  battle  at 
Aboukir  and  Copenhagen :  he  knew  that  his  own  life 
would  be  particularly  aimed  at,  and  seems  to  have  look- 
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ed  for  death  wiih  almost  as  sure  an  expectation  as  for 
victory.  His  whole  attention  was  fixed  upon  the  enemy. 
They  tacked  to  the  noilhward,  and  iormcd  their  line  on 
the  larboard  tack,  thus  brin(j;ing  the  slioals  of  Tial'algar 
and  St.  Pedro  under  the  lee  of  the  Hiitish,  and  keep- 
ing; the  port  of  Cadiz  open  for  themselves.  This  was 
judiciously  done  ;  and  Nelson,  aware  of  all  the  ad- 
vantat^es  which  it  gave  them,  made  signal  to  prepare 
to  anchor. 

"  V'illeneuve  was  a  skilful  seaman,  worthy  of  serving 
a  better  master  and  a  belter  cause.  His  plan  of  defence 
was  as  well  conceived  and  as  oriijinal  as  the  plan  of  at- 
tack. He  formed  the  llect  in  a  double  line,  every  al- 
ternate ship  beint;  about  a  cable's  lenijth  to  windward 
of  her  second,  a-head  and  a  stern.  Nelson,  certain  of  a 
triumphant  issue  to  the  day,  asked  Blackwood  what  he 
should  consider  as  a  victory.  That  officer  answered, 
that  considering  the  handsome  way  in  which  battle  was 
offered  by  the  enemy,  their  apparent  determination  for  a 
fair  trial  of  strength,  and  the  situation  of  the  land,  he 
thought  it  would  be  a  glorious  result  if  fourteen  ships 
were  captured.  He  replied,  "  I  shall  never  be  satisfied 
with  less  than  twenty."  Soon  afterwards,  he  asked  him 
if  he  did  not  think  there  was  a  signal  wanting.  Cap- 
tain Blackwood  made  answer,  that  he  thought  the  whole 
fleet  seemed  very  clearly  to  understand  what  they  were 
about.  These  words  were  scarcely  spoken  before  the 
signal  was  made,  which  will  be  remembered  as  long  as 
the  language,  or  even  the  memory  of  England  shall  en- 
dure;— Nelson's  last  signal  : — "  England  expects  every 
man  to  do  his  duty."  It  was  received  throughout  the 
fleet  with  a  shout  of  answering  acclamation,  made  sub- 
lime by  the  spirit  which  it  breathed,  and  the  feeling 
which  it  expressed."  "  Now,"  said  Lord  Nelson,  "  I 
can  do  no  more :  we  must  trust  to  the  great  Disposer  of 
all  events,  and  the  justice  of  our  cause.  I  thank  God 
for  this  great  opportunity  of  doing  my  duty." 

"  He  wore  that  day,  as  usual,  his  Admiral's  frock-coat, 
bearing  on  the  left  breast  four  stars  of  the  different  or- 
ders with  which  he  was  invested.  Ornaments  which 
rendered  him  so  conspicuous  a  mark  for  the  enemy, 
were  beheld  with  ominous  apprehension  by  his  officers. 
It  was  known  that  there  were  riflemen  on  board  the 
French  ships;  and  it  could  not  be  doubted  but  that  his 
life  would  be  particularly  aimed  at.  They  communi- 
cated their  fears  to  each  other;  and  the  surgeon,  Mr. 
Beattie,  spoke  to  the  chaplain,  Dr.  Scott,  and  to  Mr. 
Scott  the  public  secretary,  desiring  that  some  person 
would  entreat  him  to  change  his  dress,  or  cover  the 
the  stars  ;  but  they  knew  that  such  a  request  would 
highly  displease  him.  "  In  honour  I  gained  them,''  he 
said,  when  such  a  thing  had  been  hinted  to  him  formerly, 
*'  and  in  honour  I  will  die  with  them."  Mr.  Beattie, 
however,  could  not  have  been  deterred  by  any  fear  of  ex- 
citing his  displeasure  from  speaking  to  himself  upon  a 
subject  in  which  the  weal  of  England,  as  well  as  the  life 
of  Nelson  was  concerned,  but  he  was  ordered  from  the 
deck  before  he  could  find  an  opportunity.  This  was  a 
point  upon  which  Nelson's  officers  knew  that  it  was 
hopeless  to  remonstrate  or  reason  with  him  ;  but  both 
Blackwood,  and  his  own  captain,  Hardy,  represented  to 
him  how  advantageous  to  the  fleet  it  would  be  for  him 
to  keep  out  of  action  as  long  as  possible  ;  and  he  con- 
sented at  last  to  let  the  Leviathan  and  the  Temeraire, 
which  were  sailing  a-breast  of  the  Victory,  be  ordered 


to  pass  a-hcad.  Vet  even  here,  the  last  infirmiiy  of  this 
noble  mind  was  indulged  ;  for  these  ships  could  not  pass 
ahead  if  the  Victory  continued  to  carry  all  her  sail  ;  and 
so  far  was  Nelson  from  shortening  sail,  that  it  was  evi- 
dent he  took  pleasure  in  pressing  on,  and  rendering  it 
impossible  for  them  to  obey  his  own  orders.  A  long- 
swell  was  setting  into  the  bay  of  Cadiz  :  our  shi[)s,  crowd- 
ing all  sail,  moved  majestically  before  it,  with  light  winds 
from  the  south-west.  The  sun  shone  on  the  sails  of  the 
enemy  ;  and  their  well  formed  line,  with  their  numerous 
three-deckers,  made  an  appearance  which  any  other  as- 
sailants would  have  thought  formidable  ;  but  the  British 
sailors  only  admired  the  beauty  and  the  splendour  of  the 
spectacle  ;  and,  in  full  confidence  of  winning  whut  they 
saw,  remarked  to  each  other,  what  a  fine  siff/it  yonder 
ships  would  make  at  S/iilhead  .'"* 

A  few  minutes  before  twelve  o'clock,  several  French 
ships  a-head  of  the  Victory  began  to  fire  single  guns  at 
her,  to  ascertain  the  distance.  VViien  Nelson  saw  the 
shots  pass  beyond  him,  he  desired  Blackwood  and  cap- 
tain Prowse,  of  the  Sirius,  to  repair  to  their  respective 
fiigates;  and  as  the  former  took  leave,  expressing  a 
hope  that  he  would  soon  return,  and  find  the  commander 
in  possession  of  twenty  ships.  Nelson  squeezed  his  hand, 
and  said  "  God  bless  you,  Blackwood  I  I  shall  never  see 
you  more." 

Collingwood's  line  was  first  engaged :  Nelson,  steer- 
ing about  two  points  nearer  the  north,  soon  after  receiv- 
ed a  single  shot  through  his  main-top-gallant  sail ;  on  ob- 
serving which,  the  enemy  immediately  opened  their 
broadsides,  aiming  chiefly  at  the  rigging,  in  order  to  dis- 
able the  Victory,  before  she  could  close  with  them. 
They  had  also  planted  riflemen  in  the  shrouds  ;  and  by 
those  means,  considerable  havoc  was  made  among  Nel- 
son's men,  before  he  could  run  on  board  the  Redoutable  ; 
in  his  way  to  which  he  passed  near  the  bows  of  an  "  old 
acquaintance,"  the  Santissima  Trinidad,  memorable  for 
the  attack  he  had  made  on  her  long  ago  at  Cape  St. 
Vincent's.  The  Redoutable  received  him  with  a  broad- 
side, and  then  instantly  let  down  her  lower  deck-ports, 
in  fear  of  being  boarded  through  them.  She  used  her 
great  guns  no  more,  though  the  Victory  kept  up  a  tre- 
mendous fire  on  all  sides,  her  larboard  shot  striking  the 
Santissima  Trinidad,  and  Villeneuve's  sliip,  the  Bucen- 
taure  ;  while  Captain  Harvey,  in  the  Temeraire,  had  also, 
on  the  opposite  quarter,  come  alongside  the  Redoutable, 
— which  was  thus  placed  between  him  and  Nelson,  the 
Temeraire  herself  having,  in  like  manner,  another  ene- 
my close  to  leeward.  Of  the  four  ships  thus  fearfully 
commingled,  the  two  British  alone  made  use  of  their  can- 
non ;  they  fired  with  a  diminished  charge  in  the  lower 
guns,  lest  one  might  transmit  her  shot  to  the  other;  and 
the  fireman  of  each  gun  stood  ready  with  a  bucket  of 
water,  to  dash  into  the  hole  where  a  ball  entered,  to  pre- 
vent the  timber  from  inflaming.  The  French,  again, 
trusted  to  their  riflemen,  by  whose  eflbrts,  though  the 
battle  could  not  be  gained,  it  might  be  rendered  bloodier 
to  their  opponents.  Nelson  had  always  despised  this 
mode  of  warfare,  which  he  looked  upon  as  dastardly  and 
indecisive  ;  yet  the  destruction  it  occasioned  could  not 
make  him  forget  the  dictates  of  humanity,  and  he  twice 
ordered  his  filing  to  cease,  supposing  the  Redoutable, 
which  carried  no  flag,  to  have  struck,  as  her  great  guns 
were  silent.  It  was  to  this  ship  that  he  owed  his  death.  In 
the  heat  of  the  action,  about  a  quarter  past  one,  a  mus» 
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ket  ball*  from  her  mizen-top,  which  was  not  then  above 
fifteen  yards  from  him,  struck  the  epaulette  of  his  left 
shoulder;  and  he  fell  prostrate,  on  the  spot  still  wet  with 
the  blood  of  Mr.  Scott,  his  secretary,  who  had  been 
struck  down  at  his  hand  before  the  Victory's  firing  com- 
menced. Nelson  felt  that  he  was  mortally  wounded, 
and  said  so  to  Hardy;  yet  such  was  his  composure,  that, 
having  observed  the  tiller-ropes  to  be  shot  away,  he 
stopped  the  men  who  were  carrying  him  down  to  the 
cock-pit,  and  gave  orders  to  repair  the  damage;  and 
then  took  out  a  handkerchief  to  cover  his  face  and  stars, 
that  he  might  not  be  noticed  by  the  crew. 

On  reaching  the  cockpit,  which  was  crowded  with 
•wounded  and  dying  men,  Nelson  desired  the  surgeon 
to  leave  him,  and  attend  to  others  for  whom  his  services 
might  be  useful.  He  was  laid  on  a  pallet,  and  all  that 
could  be  done  for  him  was  to  fan  his  face,  and  give  him 
frequent  draughts  of  lemonade  to  allay  the  death-thirst. 
He  lay  in  great  pain,  but  this  bodily  pain  extended  not  to 
his  mind.  The  Victory's  crew  cheered  loudly  as  often 
as  an  enemy  struck  :  and  at  each  cheer  a  gleam  of  plea- 
sure was  observed  to  illuminate  his  countenance.  It  was 
about  an  hour,  before  Hardy,  for  whose  appearance  he 
had  now  got  very  impatient,  could  come  down  to  him. 
They  shook  hands  in  silence  ;  Nelson  inquired  how  the 
day  went;  to  which  Hardy  answered,  that  ten  ships  had 
already  struck,  and  more  were  likely  to  follow  them. 
Nelson  again  sliook  hands  with  him,  and  sent  him  upon 
deck,  from  which  in  about  fifty  minutes  he  once  more 
returned  to  sooth  the  dying  moments  of  his  commander, 
with  intelligence  of  a  complete  and  signal  victory  :  fif- 
teen ships  at  least  had  struck.  "  It  is  well,"  said  Nelson, 
"  but  you  know  I  bargained  for  twenty."!  With  a  great- 
er emphasis  he  bade  Hardy  anchor  :  then  said  in  a  lower 
tone,  that  he  wished  to  be  buried  near  his  parents  ;  and  so- 
lemnly charging  this  afiectionate  and  agitated  friend  with 
the  care  of  Lady  Hamilton, |  he  took  farewell  of  him  for 
ever.  Soon  afterwards  his  articulation  became  difficult ; 
lie  was,  however,  distinctly  heard  to  whisper,  "  Thank 
God,  I  have  done  my  duty  !"  He  repeated  the  words 
oftener  than  once,  and  never  uttered  more.  The  last 
s»un  was  fired  at  the  enemy  about  two  minutes  before  he 
departed — with  great  calmness,  three  hours  and  a  quar- 
ter after  being  wounded. 

The  victory  of  Trafalgar,  the  greatest  ever  gained, 
completed  the  fabric  which  a  succession  of  brave  men, 
since  the  time  of  Queen  Elizabeth,  had  been  slowly  rear- 
ing with  their  toils  and  their  blood.  It  stamped  with 
increased  importance  and  durability,  as  it  were,  the  deeds 
of  our  Drakes,  and  Frobishers,  our  Blakes  and  lien- 
bows;  and  rendered  the  English  flag  indisputably  tii- 
■umphant  in  every  sea.  The  man  at  whose  expense  it 
was   purchased,  and  as  we  thought  dearly  purchased, 


had  merited  to  stand  at  the  head  of  such  a  list.  His 
life  was  a  series  of  triumphs  nobly  earned  by  the  unre- 
mitting exertion  of  a  mind,  _gifted  with  the  most  acute 
penetration,  the  loftiest  aruour,  the  most  inflexible  de- 
termination ;  and  the  last  scene  of  it  was  filly,  though 
mournfully  adapted  to  its  general  tenor. 

But  in  estimating  the  character  of  Nelson,  a  defective 
judgment  would  be  formed,  weie  he  viewed  only  as  a 
great  captain.  Whoever  inspects  his  history  minutely, 
will  find  in  it  traces  of  a  spirit  possessing  a  higher  and 
more  general  species  of  excellence.  His  mind,  it  is  true, 
was  not  unfolded  by  personal  education,  or  by  intercourse 
with  cultivated  men;  his  understanding  turned  almost, 
exclusively  on  naval  tactics;  his  enthusiasm  was  bent 
towards  the  attainment  of  naval  honour  ;  his  sense  of 
rectitude  embodied  itself  in  a  feeling  of  loyalty  to  the 
King  of  England,  and  of  hatred  to  all  Frenchmen.  Yet 
the  high  powers  of  genius  existed  in  him,  less  palpably 
indeed,  but  not  less  certainly,  for  being  obscured  and 
distorted  by  his  professional  habits.  The  quick  intellect 
was  there,  the  fervid  imagination,  the  keen  susceptibility 
nourished  by  it— and  contributing  to  impart  that  force 
of  will,  which  nothing  could  oppose.  As  a  necessaiy 
consequence,  there  was  also  the  restless  inquietude 
which  great  objects  alone,  and  those  but  for  a  time,  could 
satisfy  or  assuage.  Now  and  then  this  latter  peculiarity 
might  be  unpleasantly  manifested:  in  vulgar  natures  it 
would  have  been  named  discontent ;  but  with  him  it  was 
the  impulse  to  generous  feeling  and  daring  enterprise. 

Melancholy  experience  has  never  ceased  to  shew  that 
great  warlike  talents,  like  great  talents  of  any  kind,  may 
be  united  with  a  coarse  and  ignoble  heart.  But  in  Nel- 
son, the  sterner  qualities  of  a  conqueror  were  embel- 
lished by  all  that  is  elevated  in  a  sense  of  honour,  and 
tempered  by  all  that  is  soft  and  romantic  in  human  afTec- 
lions.  Time  has  abated  the  first  glow  of  our  admiration 
for  his  exploits;  exploits  of  a  more  exciting  character 
have  occupied  men's  thoughts,  and  cast  his  glories  par- 
tially into  the  shade;  the  period  is  advancing,  when  the 
naval  superiority  which  he  completed  will  pass  away : 
but  Nelson's  name  will  always  occupy  a  section  in  the 
history  of  the  world,  and  be  pronounced,  wherever  it  is 
understood,  as  that  of  a  Heuo. 

NEOT'S,  St.  a  market  lown  of  England  in  the  coun- 
ty ol'  lluijuuijilon,  is  pleasantly  situated  on  the  north 
bank  of  the  river  Ouse,  which  is  crossed  by  a  stone 
bridge,  which  connects  the  town  with  the  village  of 
E)nesbury.  The  town,  which  is  large  and  well  built, 
consists  of  three  principal  streets.  The  church,  which 
is  a  handsome  btiilding,  in  the  pointed  style  of  Henry 
Vllth's  reign,  has  an  elegant  tower  150  feet  high.  The 
windows  are  large,  and  contain  panes  of  painted  glass. 
By  the  river  Ouse  St.  Neoi's  enjoys  a  communication 


•  The  man  wlio  fired  it  did  not  live  to  boast  of  his  success.  Being  observed  by  an  old  quarter-master,  he  was  again  easily  recog- 
nised from  liis  glazed  cocked  liat  and  wliite  frock,  when  but  liimself  and  another  remained  alive  in  the  Kedoutable's  slirouds.  The 
quart  er-masier,  standing  beside  two  midshipmen,  was  also  killed  by  him,  whilst  crjing  out  eagerly,  "that's  he  !  that's  he!"  and  next 
moment  the  rifleman  was,  inliis  turn,  shot  tlirough  the  head  and  heart  at  once  by  those  two  officers. 

■f  It  is  somew  liat  remarkable  that  twenty  w  as  the  actual  number  that  surrendered,  though,  owing  to  unfavourable  circumstances, 
only  four  of  them  could  be  saved. 

4  Lady  Hamilton's  name  was  again  mentioned  to  the  chaplain,  with  a  memento  lliat  he  left  her,  and  Horatia  Thomson  Nelson,  (a 
fhild  whom  he  now  acknow  ledged  for  his  daughter),  as  a  legacy  to  England.  While  in  sight  of  the  enemy,  he  had  that  morning 
written  a  memorial  earnestly  recommending  both  to  the  gratitude  of  his  couritiy ;  and  it  was  a  singular  proof  of  his  devotcdness  to 
Lady  Hamilton,  that  her  image  was  ever  present  with  him  throughout  the  whole  tf  a  day  so  awful.  She  repaid  this  aflection  unwor- 
thily— detestably,  as  it  seemed — by  publishing  his  correspondence  w  ith  her,  some  years  afterwards.  But  her  friends  allege  that  she 
was  driven  to  tliis  base  step,  as  government  gave  no  ear  to  Nelson's  last  request,  and  she  became  involved  in  pecuniary  difficulties. 
Her  straights  m;iy  perhaps  extenuate,  but  cannot  justify  this  pioceedin^,  svhich,  on  any  supposition,  bears  too  indubitable  marks  of  that 
intriguing  mercenary  spirit,  which  this  large-minded  woman  had  acquired  in  her  progress  from  the  low  station  of  an  opera  girl,  tc 
that  of  an  English  gentleman's  widow,  and  an  English  hero's  "  Guardian  Angel." 
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with  most  parts  of  ilic  kingdom.  Its  trade  consists 
chiefly  in  the  importation  of  coals  and  groceries.  Popu- 
lation 370  liouscs,  and  1,752  inhabitants.  See  the  Beau- 
ties of  England  and  Jf'aleirixn],  vii.  p.  567. 

NEPAUL,  an  extensive  independent  sovereignly  in 
India,  comprehends  nearly  the  whole  of  Northern  Hin- 
dostan.  Its  territories,  including  the  tributary  pro- 
vinces, are  situated  principally  between  the  27tli  and 
32d  degrees  of  north  latitude,  stretching  in  length  from 
north-east  to  south-west,  about  700  miles,  and  1 00  at  the 
average  breadth.  On  the  cast  they  are  bounded  by  the 
possessions  of  the  Deb  Rajah  of  lihootan,  from  which 
they  are  separated  by  the  river  Teesta;  on  the  south- 
east by  the  Morung  hills,  which  divide  them  from  the 
Bengal  districts  of  Betwee,  Maaary,  See. ;  and,  on  the 
north-east  by  the  alpine  ridge  of  Kuchar,  which  forms 
the  frontier  of  Thibet.  On  the  south,  they  ai'e  bounded 
by  the  British  districts  in  Bengal,  Bahar,  Oude,  and 
Delhi.  On  the  west,  since  the  conquest  of  Serinagur 
in  1803,  by  the  Nepaulcsc,  the  river  Sutelege  separates 
these  territories  from  those  of  Lahore.  Along  the  whole 
of  the  northern  frontier,  the  great  chain  of  the  Hima- 
laya mountains  divides  them  from  tiie  table-land  of  Ti- 
bet. But  it  is  only  a  small  part  of  this  extent  which  is 
properly  denominated  Nepaul.  This  appellation  is  li- 
mited to  a  valley  of  an  oval  figure,  above  50  miles  in 
circumfei'ence,  bounded  by  stupendous  mountains  on 
the  north  and  south,  and  on  the  east  and  west  by  less 
elevated  ridges.  The  bottom  of  the  valley  is  calculated 
to  be  at  least  4000  feet  above  the  level  of  the  sea,  and 
the  highest  of  its  nearest  mountains  on  the  north  at 
4000  more.  The  most  elevated  of  these,  named  Sheo- 
puri,  gives  rise  to  the  rivers  Bhagmatty  and  Vishnu- 
matty,  which,  with  many  other  streams,  traverse  the 
valley,  and  fertilize  its  fields.  The  surface  of  this  in- 
closed spot  is  very  uneven,  intersected  with  deep  ravines 
and  studded  with  little  iiills.  In  the  ancient  Hindoo 
books  it  is  called  Deccani  Tapoo,  or  the  southern  isle, 
in  reference  to  its  situation  with  respect  to  the  Hima- 
laya) mountains,  and  is  described  as  originally  an  im- 
mense lake,  which,  within  the  progress  of  ages,  had  re- 
tired within  the  banks  of  the  Bhagmatty,  or,  according 
to  other  accounts,  was  evacuated  by  the  present  channel 
of  that  river,  which  one  of  Us  former  sovereigns  caused 
to  be  opened  through  the  southern  rid.ijc  of  mouniains. 
The  ancient  history  of  Nepaul  is  involved  in  mytho- 
logical fables,  and  represents  this  secluded  valley  as  one 
of  the  favourite  haunts  of  the  Hindoo  deities.  The  first 
of  its  princes  of  whom  a  chronological  list  is  preserved, 
was  Nymuni,  who  communicated  his  name  to  the  val- 
ley, and  whose  dynasty  continued  to  reign  about  500 
years.  Various  succeeding  dynasties  are  detailed  in  the 
national  traditions,  but  the  periods  assigned  to  the  re- 
spective reigns  are  obviously  extended  far  beyond  the 
ordinary  course  of  human  life,  and  utterly  unworthy  of 
credit.  Amidst  these  revolutions  and  changes  of  mas- 
ters, however,  it  does  not  appear  to  have  ever  fallen  under 
any  of  the  great  Asiatic  powers,  but  to  have  been  sub- 
jected by  internal  usurpers,  or  adjacent  invaders.  In 
A.  D.  1323,  Kurr  Sing  Deo,  Rajah  of  Semroun  Ghur, 
being  driven  from  his  own  possessions  in  Oude  by  the 
Patans,  completely  subdued  Nepaul,  and  retained  the 
crown  in  his  family  till  the  year  1768,  when  Purthi  Na- 
rayon,  Rajah  of  Ghoorka,  who  had  been  invited  into  the 
country  as  an  ally,  made  himself  master  of  the  kingdonr. 
In  1769  an  attempt  was  made  by  the  British  governrne'ht 
to  re-instate  Runjeet  Mull,  the   dethroned  sovereign, 


who  had  taken  refuge  in  Benara,  and  a  military  force 
was  sent,  under  Captain  Kinloch,  into  Nepaul,  which 
penetrated  as  far  as  Sedowly  ;  but  the  sickliness  of  the 
troops  occasioned  the  enterprise  to  be  abandoned,  and 
the  usurper  in  the  end  made  new  additions  to  his  domi- 
nions. He  was  succeeded  in  1771  by  his  son  Singh  Per- 
taub,  who  extended  the  empire  considei-ably  towards  the 
south-west,  and  died  in  177i.  His  brother,  Bahadur 
Shah,  acting  as  regent,  subdued,  in  like  manner,  all  the 
state  towards  the  west,  as  far  as  Serinagur.  About  the 
year  1790,  the  Nepaulese,  having  repeatedly  invaded 
and  plundered  the  Lamas  of  Tibet,  were  attacked  l>y  a 
numerous  Chinese  army,  and  compelled  to  become  tri- 
butaries to  the  Emperor  of  China.  The  court  of  Ne- 
paul, in  the  first  alarm  occasioned  by  this  invasion,  had 
retjuestcd  the  aid  of  the  British  government  in  India, 
and  Captain  Kirkpatrick  was  dispatched  by  Lord  Corn- 
waHis,in  1793,  to  mediate  between  the  two  powers;  but 
the  Nepaulese  having  submitted  before  his  arrival,  his 
endeavours  were  directed  to  the  establishment  of  a  com- 
mercial treaty  between  the  Ghoorkali  and  the  East  India 
Company,  which  had  already  been  commenced  by  Mr. 
Duncan,  when  resident  at  Benara.  The  extreme  jea- 
lousy of  the  Nepaulese,  however,  frustrated  all  his  en- 
deavours, and  it  was  not  till  the  year  1801  that  a  friendly 
alliance  was  formed  between  the  two  governments.  In 
order  to  carry  into  effect  the  provisions  of  this  treaty, 
and  to  promote  other  negociations  between  the  Gover- 
nor-General and  the  Nepaul  Rajah,  each  agreed  to  de- 
pute a  confidential  person  to  reside  as  envoy  with  the 
other. 

The  country  between  Catmandoo  and  the  eastern  fron- 
tiers is  almost  entirely  mountains,  and  gives  rise  to  a 
number  of  rivers.  On  the  western  side,  south  of  Ket- 
towi-a,  and  around  that  place,  the  country  is  composed 
of  hills  confusedly  heaped  together,  and  separated  in 
various  directions  by  narrow  glens.  This  is  the  general 
appearance  of  the  mountainous  districts  in  Nepaul,  as 
no  uninterrupted  range  occurs,  after  passing  tlie  Che- 
riaghauti  ridge  on  the  south-east  quai-ter  of  the  empire. 
The  sides  of  the  hills  are  every  where  covered  witli 
lofty  trees,  chiefly  of  the  saul  or  sessoo,  or  partially  cul- 
livaieil  with  tne  different  sorts  ol  grain.  Along  the 
whole  of  the  southern  boundary,  stretching  from  the 
Teesta  to  Serinagur,  is  the  great  forest,  about  ten  miles 
deep,  which  contains  a  great  quantity  of  excellent  tim- 
ber, which  forms  a  considerable  article  of  traffic,  even 
to  the  distance  of  Calcutta.  This  tract  is  a  low  marshy 
district,  called  Teony  or  Turryaii,  a  name  which  is 
sometimes  also  applied  to  the  fiats  below  the  hills  in  the 
interior  parts  of  Nepaul,  where  the  heat  and  moisture 
are  apt  to  pi-oducc  an  infectious  fever  called  the  Owl. 
The  seasons  of  Nepaul  are  much  the  same  as  in  the 
upper  parts  of  Hindostan;  but  the  rains  commence  a 
little  earlier,  setting  in  from  the  south-cast,  and  arc 
usually  very  copious  till  towards  the  middle  of  October. 
During  this  period  the  torrents  are  often  exti-emely 
violent,  and  sometimes  occasion  injurious  inundations. 
Though  the  northernmost  of  the  valley  of  Nepaui 
scarcely  reaches  a  higher  latitude  than  27 i  degrees, 
yet  the  climate  is  equally  temperate  with  some  of  the 
southern  countries  of  Europe.  Durine;  winter,  the  tops 
of  the  mountains  arc  sprinkled  with  snow  for  several 
days  together;  and  the  cold  is  occasionally  sufficiently 
intense,  during  the  space  of  three  or  four  months,  to 
freeze  the  pools  of  standing  water.  From  the  7th  to  the 
25th  of  March,  the  thermometer  was  usually  between 
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50°  and  54°  a  little  after  sun-rise,  between  81°  and  81° 
about  noon,  and  between  62°  and  66°  in  the  evening. 
But  the  inhabitants  of  the  valley,  by  ascending  the  sides 
of  the  surrounding  mountains,  may  pass  at  pleasure,  in 
the  space  of  a  lew  hours,  through  a  variety  of  tempera- 
tures; and,  in  a  few  days,  may  exchange  a  heat  equal 
to  that  of  Bengal  for  the  cold  of  Russia.  On  this  ac- 
count, it  is  considered  that  a  short  residence  in  the 
country  of  Nepaul,  which  affords  so  many  varieties  of 
temperature,  might  supply  to  invalids  in  India  all  the 
benefits  of  a  voyage  to  Europe.  The  more  elevated 
valleys  are  highly  salubrious,  as  fur  as  can  be  judged 
from  the  healthy  appearance  of  the  inhabitants.  The 
lower  valleys  only  are  subject  to  fever;  but,  in  several 
places,  guttural  tumours,  resembling  the  goitres  of  Eu- 
rope, prevail  among  the  natives,  which  they  ascribe  to 
an  insect  in  the  water,  or  to  some  mineral  impregna- 
tion. 

Nepaul  contains  excellent  copper  and  iron  mines;  and 
some  veins  of  silyer  are  said  to  have  been  discovered  ; 
but  these  are  supposed  to  have  been  nothing  more  than 
specimens  of  galena  or  lead  ore,  some  ot  which  are  very 
rich,  and  well  worth  the  working.  In  the  western  dis- 
tricts, arsenic  and  pyrites  are  abundant;  but  the  govern- 
ment has  desisted  from  working  the  sulphureous  ores, 
on  account  of  the  deleterious  effects  of  the  operation. 
Except  a  few  grains  procured  from  the  sand  of  the  ri- 
vulets flowing  through  the  territory,  the  country  of  Ne- 
paul does  not  yield  any  gold;  and  the  quantities  of  the 
metal  imported  into  Bengal  by  the  inhabitants,  were 
procured  by  them  from  Thibet  in  exchange  for  goods. 
No  volcanoes  have  been  observed  in  the  country  by  Eu- 
ropean travellers  ;  but  some  eruptions  are  said  to  have 
taken  place  in  the  western  districts.  There  is  a  great 
variety  of  stones,  adapted  for  the  purposes  of  building, 
and  several  kinds  both  of  marble  and  jasper.  Lime- 
stone and  slate  abound  every  where;  but  instead  of  the 
former  the  natives  employ  a  kind  of  mud,  as  cement. 
Many  curious  natural  grottos,  full  of  crystals  and  calca- 
reous incrustations,  are  scattered  over  this  romantic 
country ;  and  a  considerable  mass  of  rock-crystal  is  said 
to  exist  in  the  vicinity  of  Goorkha.  But  the  mineralogy 
of  Nepaul  is  only  so  far  known  as  to  prove,  that  many 
interesting  objects  remain  to  be  discovered  in  that  de- 
partment of  knowledge. 

The  native  vegetable  productions  of  Nepaul  are  very 
numerous  and  valuable.  The  northern  mountains  are 
covered  with  the  different  kinds  of  Alpine  plants;  and 
the  country  is  in  a  manner  overrun  with  flowering 
shrubs,  aromatic  herbs,  medicinal  plants,  and  dyeing 
stuffs.  Among  its  spontaneous  productions  are  several 
edible  roots  and  herbs,  particularly  a  species  of  yam 
called  tooral,  and  a  kind  of  wild  asparagus  named  kur- 
raila,  besides  many  others,  which  form  the  principal 
subsistence  of  the  poorer  inhabitants.  The  peach,  the 
raspl)erry,  the  walnut,  the  mulberry,  grow  freely  with- 
out culture  ;  and  it  is  supposed  that,  with  proper  atten- 
tioii  all  the  fruits  and  esculent  vegetables  of  England 
might  be  successfully  raised  in  the  country. 

The  soil  under  cultivation  generally  produces  from 
twenty  to  thirty  fold,  and  yields  two  or  three  crops  in 
the  season.  Many  spots  produce  one  of  ric^,  one  of 
wheat  or  pulse,  and  one,  or  even  two,  of  a  useful  ve- 
getable called  tori.  Some  grounds  yield  two  crops  of 
rice  in  succession,  (one  fine  and  the  other  coarse)  be- 
sides affording,  in  the  same  year,  a  crop  of  wheat.  Se- 
veral kinds  of  dry  rice,  called  ghya,  are  raised  in  situ- 
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ations  exposed  to  falls  of  snow  ;  and  others  flourish  in 
the  loftiest  and  driest  spots,  without  being  flooded  at 
all.  It  is  conjectured  that  some  of  these  kinds  might 
succeed  in  England.  The  sugar-cane  is  cultivated  pro- 
fitably in  some  districts,  but  only  for  the  consumption  of 
the  giovver.  The  ground  undergoes  repeated  plough- 
ings,  and  the  expeii.-e  of  agricultural  operations  appears 
to  be  considerable.  In  Nepaul  Proper,  where  the  inha- 
bitants have  too  much  reverence  for  the  bullocks  to  em- 
ploy them  in  labour,  the  plough  is  little  used;  au'l  the 
fields  arc  prepared  for  the  rice  by  digging  witn  a  sort 
ot  spade.  The  sovereign  is  considered  as  tl>c  absolute 
proprietor  of  all  the  lands  ;  and  even  the  highest  suuject 
lias  a  very  precarious  hold  of  his  possession,  which  may 
be  exchanged  for  others,  or  laken  from  iiim  entirely,  at 
any  meeting  of  tne  grand  council,  which  consists  of  the 
principal  ofiicers  of  government,  and  such  other  per- 
sons as  the  sovereign  may  think  proper  to  invite.  The 
prince  has  extensive  crown  lands  in  almost  every  dis- 
trict, which  he  farms  out  to  others,  or  which  are  culti- 
vated by  husbandmen,  with  whom  he  equally  divides  the 
produce,  or  which  he  puts  under  the  care  of  agents, 
who  require  the  neighbouring  husbandmen  to  dedicate 
so  many  days  of  every  year  to  their  tillage.  Other 
lands  are  given  in  grants,  and  are  rent-free,  saleable, 
and  hereditary;  but  a  considerable  sum  is  paid  at  the 
original  investiture  of  tlie  proprietors,  which  must  be 
renewed  under  every  succeeding  prince,  and  occasional 
presents  are  at  the  same  lime  expected.  To  the  pro- 
prietors, or  jaghieredars,  the  husbandmen  usually  pay, 
as  rent,  a  part  of  the  produce,  or  a  certain  cess,  accord- 
ing to  the  number  of  his  ploughs  or  spades.  Usually 
one  half  of  the  produce,  or  one  quarter,  and  so  many 
maunds  of  oil  of  sissoo,  is  paid  as  rent,  while  the  culti- 
vator bears  all  the  expense  of  tillage. 

Wild  beasts  are  not  very  numerous  in  the  country, 
except  in  the  extensive  forests   towards  the  south  and 
south-west  frontiers,  where  numbers  of  elephants,  rhi- 
noceros, and  tygers  are  lound.     The  former  s,3metimes 
issue  from  the  forests  in  droves,  and  overrun  the  culti- 
vated tracts  to  a  considerable  distance.     The  musk-deer 
is    common   in   the   northern  districts,   and   is   usually 
caught  by  means  of  a  snare.     Monkeys  are  abundant  in 
many  places,  particularly  in  some  of  the  sacred  groves, 
where  they  are  regarded  as  emblems  of  the  deity,  and 
arc  protected  with  the  utmost  reverence      The  chowri, 
a  species  of  cow,  whose  beautiful  tail  is  an  article  of  ex- 
port; and  the  changra  or  shawl  goat,   though  both  are 
properly  natives  of  Thibet,  are  frequently  met  with  in 
the  Kuchar  mountains      The  animal  known  by  the  name 
of  the  Nepaul  dog,  (properly  also  a  native  of  Thibet)  is 
a  fierce  surly  creature,  about   the  size   of  an  English 
bull-dog,  and  covered  with   long  thick    hair;  but  they 
are  so  celebrated  as  watch-dogs,  that  the  Chinese  army, 
in  their  progress  through  the  country,  are  said  to  have 
employed  them  as  sentinels  on  the  picquets  around  their 
camp.     The  feathered  tribe  are  not  supposed  to  be  nu- 
merous among  the  mountains:  the  most  remarkable  are 
the  pheasant  species,  some  of  which  are  extremely  beau- 
tiful     The  ortolan,  wild  goose,  wild  duck,  and  several 
other  birds,  common  to  the  countries  south  of  Nepaul, 
are  occasionally  seen  in  the  valleys  ;  but  they  are  consi- 
dered as  only  visitors  on    their  passage   between   Hin- 
dostan  and  Thibet.    Many  of  the  rivers  swarm  with  fish  ; 
but  the  water  is  so  transparent,  and  the  streams  so  ra- 
pid, that  angling  is  impracticable  ;  and   they  are  taken 
chiefly  by  means  of  nets  stretched  across  to  intercept 
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the  shoals,  when  the  fishermen  dive  among  them  even 
in  shallow  water,  and  seize  them  with  their  hands  or 
teeth.  Tlie  catUc  of  Nepaul  are  not  much  superior  to 
those  usually  met  with  in  liengal,  and  the  upper  pro- 
vinces ;  but  the  herds,  which  arc  fed  in  some  of  the  less 
cultivated  valleys,  are  very  sleek  and  plump,  and  yield 
the  richest  and  sweetest  milk  in  the  woiUl.  The  horses 
chiefly  ustd  for  riding,  are  the  Tangun  or  Tangustan 
breed,  from  a  mountainous  district  in  Thibet,  a  small  but 
strong  and  spirited  animal,  most  indcfutigable  in  climb- 
ing, and  almost  infallible  in  descending  the  steepest  and 
roughest  roads. 

The  government  of  Nepaul,  like  that  of  most  Asiatic 
countries,  is  essentially  despotic,  but  modified  by  cer- 
tain observances  enjoined  by  immemorial  usage,  and 
which  the  most  powerful  monarch  cannot  safely  disre- 
gard. The  sovereign  is  partly  controlled  by  a  kind  of 
aristocratic  body  of  chiefs,  but  not  upon  any  principles 
favourable  to  the  great  mass  of  the  subjects.  The  prin- 
cipal officers  of  state  are  the  Choutra,  or  the  prime  mi- 
nister, who  is  invariably  a  relative  of  the  rajah,  whose 
office  is  that  of  a  kind  of  comptroller-general  over  all 
the  inferior  departments  of  administration  ;  the  Kajees, 
four  in  number,  but  one  of  whom  only  acts,  whose  busi- 
ness it  is  to  superintend  the  revenue,  and  discharge  the 
duties  of  public  treasurer;  the  Sirdars,  who  generally 
command  the  armies,  and  direct  the  military  arrange- 
ments ;  the  Khurdars,  who  arc  two  in  number,  and  act  as 
secretaries,  preparing  all  the  dispatches  of  the  sove- 
reign, and  attending  the  deliberations  of  the  council ;  the 
Khupperdar,  who  has  the  charge  of  the  Rajah's  private 
wardrobe,  jewels,  and  kitchen  ;  the  Khuzanchee,  who 
issues  all  public  disbursements,  and  directs  the  public 
wardrobe.  Besides  these  six  officers,  who  are  consider- 
ed as  the  principal  administrators  of  government,  and 
therefore  named  Bhardars,  or  "bearers  of  burdens," 
there  are  the  Ticksali,  or  superintendant  of  the  mint, 
who  also  levies  all  duties  or  imports  from  Thibet;  the 
Dhurma  Udhikar,  or  chief  criminal  judge,  whose  sen- 
tences, however,  must  be  approved  by  the  Rajah,  as 
those  of  the  inferior  judges  must  be  by  the  chief  judge  ; 
the  Bicharies,  four  in  number,  and  usually  Brahmins, 
who  are  judges  of  all  civil  questions,  but  still  with  a  re- 
servation of  the  Rajah's  approbation  ;  the  Dittha,  or  su- 
perintendant of  police  ;  the  Jaitha  Boora,  or  senior,  wiio 
is  employed  on  temporary  or  complimentary  embassies  ; 
the  Soobahs,  or  governors  of  districts  and  government 
collectors  ;  the  Omrahs,  or  commanders  of  military 
posts,  who  are  generally  of  the  Rajepoot  tribe,  indepen- 
dent of  the  civil  governors,  and  whose  troops  are  raised 
by  themselves  among  their  own  kinsmen.  The  basis  of 
the  civil  and  criminal  jurisprudence  of  Nepaul,  as  of 
most  other  Hindoo  states,  is  the  Dhurma  Shasta,  the 
criminal  branch  of  which  is  said  to  be  administered  with 
considerable  integrity ;  but  the  civil  department  is  so 
defective,  that  the  late  regent,  Bahadur  Shah,  is  said  to 
have  once  intended  to  apply  to  the  East  India  govern- 
ment for  a  code  of  laws. 

The  Nepaul  territories  being  for  the  most  part  par- 
celled out  in  Jaghires,  or  grants,  the  proportion  of  their 
produce  received  into  the  treasury  is  by  no  means  con- 
siderable ;  and  the  amount  of  the  whole  revenue  of  go- 
vernment is  not  supposed  to  exceed  30  lacks  of  rupees 
per  annum.  It  arises  chiefly  from,  profits  on  the  sale  of 
elephants;  duties  on  exports,  and  the  imports  of  gold 
and  silver  from  Thibet ;  the  mint ;  profits  on  salt-petre, 
ropper  and  iron  mines ;  duties  on  salt,  and  the  land-tax. 


But,  as  the  heaviest  charges  of  government,  both  civil 
and  military ,|are  defrayed  by  jaghires,  or  assignments  of 
land,  and  as  the  court  does  not  on  any  occasion  afifect 
great  splendour;  the  receipts  are  considered  as  fully 
adequate  for  the  cxpi  nditurt  ;  which  consists  chiefly  in 
the  purchase  of  jewels,  silks,  and  cottons,  fire-arms,  mi- 
litary stores,  and  clothing  for  the  regular  troops. 

The  regular  troops  consisted,  in  1793,  of  50  or  60  com- 
panies of  unequal  strength,  but  containing  on  an  aver- 
age 140  fire-locks,  each  commanded  by  a  jubadan,  with 
an  undtierminatc  number  of  jemadans  and  otiier  officers 
under  him.  They  are  clothed  and  disciplined  in  a  very 
s'.ovcniy  manner ;  but  arc  brave,  tractable,  and  capiblc 
ofeiiduring  great  hardships.  Tlie  rajah's  guards  are 
distinguished  from  the  other  companies  only  by  having 
more  officers,  and  carrying  the  war-standaid,  which  ex- 
hibits, on  a  yellow  ground, an  embioidered  figure  of  the 
monkey  god  Hunniman.  The  artillery,  for  v.hich  the 
face  of  the  country  is  not  at  all  adapted,  is  very  ineffi- 
cient. The  irregular  militia,  enrolled  under  the  omrahs, 
are  pretty  numerous  ;  and,  besides  match-locks,  are 
armed  with  bows  and  arrows  and  hatchet  swords. 

The  religion  of  Nc  paul  in  general  resembles  the  Hin- 
doo tenets  established  in  other  parts  of  India  ;  and,  from 
the  secluded  nature  of  the  country,  has  been  preserved 
in  a  state  of  superior  purity.  The  valley  of  Nepaul  par- 
ticularly abounds  with  temples  of  great  sanctity  ;  and 
almost  every  fountain,  river,  or  hill,  is  consecrated  to 
some  one  or  other  of  the  Hindoo  divinities,  of  whom 
nearly  3000  are  worshipped  within  its  limits. 

The  commerce  of  Nepaul  is  neither  so  extensive  nor 
beneficial  as  it  might  be  rendered  by  proper  regulations. 
The  ignorance  and  jealousy  of  the  government,  together 
with  certain  monopolies,  prevent  a  free  prosecution  of 
trade  betweenThibet  and  the  East  India  Company  through 
the  channel  of  Nepaul,  which  might  prove  highly  bene- 
ficial to  all  parties.  At  the  same  time  considerable  pro- 
tection is  afforded  to  foreign  merchants  resident  in  the 
country.  The  principal  exports  to  British  India  are, 
elephants,  elepl.ants'  teeth,  rice,  timber,  hides,  ginger, 
terra  japonica,  turmeric,  wax,  honey,  resin,  walnuts, 
oranges,  long-pepper,  ghee,  bark  of  the  root  of  bastard 
cinnamon,  dried  leaves  of  ditto,  large  cardamums,  dam- 
ma,  lamp-oil,  and  cotton  of  the  simul  tree.  Besides  these 
articles,  which  are  the  produce  of  the  country,  various 
commodities  from  Thibet  are  transferred  in  the  trade  with 
India,  particularly  small  horses,  sheep,  goats,  and  other 
domestic  animals,  gold  dust  and  grains,  salt,  sulp.hur, 
antimony,  arsenic,  musk,  and  several  medicinal  drugs. 
The  imports  from  the  Company's  dominions  into  Ne- 
paul, either  for  the  consumption  of  that  country,  or  for 
the  Thibet  market,  are  Bengal  cloths,  muslins,  silks  of 
various  sorts,  raw  silk,  gold  and  silver  laces,  carpets, 
British  cutlery,  saff"ron,  spices,  sandal-wood,  quicksil- 
ver, cotton,  tin,  lead,  zinc,  soap,  camphor,  tobacco,  and 
coral. 

The  inhabitants  of  the  valley  fabricate  a  coarse  cotton 
cloth,  for  home  consumption;  and  make  paper  from  the 
bark  of  certain  trees.  They  work  well  in  copper,  iron, 
brass,  &c. ;  and  export  to  the  south  some  of  their  brazen 
utensils.  Their  cutlery,  such  as  swords,  daggers,  &c. 
is  good  ;  but  they  have  not  succeeded  in  an  attempt  to 
manufacture  fire-arms.  They  gild  exceedingly  well ; 
and  construct  bells  of  so  large  a  size  as  five  feet  in  di- 
ameter. They  are  very  ingenious  in  carpentry,  though 
they  never  use  a  saw,  but  divide  their  wood,  of  what- 
ever size,  by  the  chissel  and  mallet.  They  make  a  little 
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salt  and  salt-petre,  but  not  equal  to  that  of  Thibet.  They 
also  distil  spirits  from  rue  and  other  grains,  and  prepare 
a  strong  fermented  liquor  from  wheat,  Etc.  The  cur- 
rency consists  chiefly  of  silver  pieces  of  eight  annas, 
called  a  mohr,  or  of  sixteen  annas,  called  a  sirca.  They 
have  a  coin  of  so  low  a  value  as  the  288th  part  of  a 
sicca.  There  are  rupees,  ana  some  very  small  coins  of 
gold  struck  at  the  mint ;  but  these  are  employed  rather 
as  medals  and  presents  than  as  current  coin.  There 
are  likewise  copper  coins,  36  of  which  are  equal  to  one 
mohr. 

The  principal  towns  of  Nepaul  are,  Catamandoo,  or 
Khatmandu,  Patn,  Bhatgoug,  Kirthipoor,  within  the  val- 
ley ;  and  Gorcah,  Jeralah,  Aimora,  and  Serinagur,  in 
the  other  districts.  The  first  of  these,  though  surpass- 
ed by  some  of  the  others  in  size  and  appearance,  is  count- 
ed the  capital,  as  being  the  residence  of  the  Rajah.  It 
stretches  along  the  east  bank  of  the  Bishnmutiy  river 
about  a  mile  in  length,  and  seldom  extending  above  half 
a  mile  in  breadth  ;  and  is  chiefly  remaikab!e  for  the  mul- 
titude of  its  wooden  temples.  The  houses  are  built  of 
brick  and  liles,  (which  are  of  excellent  quality,)  and  are 
three  or  four  stories  in  height,  but  generally  of  a  mean 
appearance.  The  streets  are  narrow  and  filthy  ;  and  the 
number  of  inhabitants,  including  those  of  the  dependent 
villages,  is  estimated  at  50,000.  The  town  of  Kirthipoor 
made  so  obstinate  a  resistance  to  the  Goorkhali  in  his 
reduction  of  the  country,  that  he  commanded  all  the 
men's  noses  to  be  cut  off;  and,  in  derision  of  the  unhap- 
py sufferers,  ordered  the  name  of  the  place  to  be  chang- 
ed into  Nascatapoor,  "the  town  of  men  without  noses." 
The  population  of  the  valley  alone  is  reckoned  at  no  less 
than  half  a  million,  but  the  rest  of  the  country  is  by  no 
means  so  closely  peopled. 

The  inhabitants  of  this  country  consist  chiefly  of  the 
superior  classes  of  Hindoos,  (Brahmins,  and  Khetrees, 
with  their  various  subdivisions,)  and  of  Newar^.  Dhen- 
wars,  Mhanjees,  Bhootias.  and  Bhanras.  The  former 
of  these,  (who  compose  the  army  of  the  state,  and  en- 
gross all  situations  of  trust, whether  civil  or  military,)  are 
found  dispersed  promiscuously  throughout  the  country. 
The  Newars  are  confined  almost  entirely  to  the  valley 
of  Niipaul  Proper.  The  Dhenw^ars  and  Mhanjees  are 
the  husbandmen  and  fishers  of  the  western  districts. 
The  Bhootias,  generally  speaking,  occupy  such  parts  of 
the  Kuchar  ridge  as  arc  in  the  dominions  of  Nepaul. 
The  Bhanras  arc  a  sort  of  separatists  from  the  Newars, 
and  have  conformed  to  the  Bhootias  in  the  custom  of 
shaving  their  heads,  and  many  other  idolatrous  rites.  To 
the  eastw;rd,  some  districts  are  inhabited  by  various  un- 
civilized tribes  of  the  lowest  HiYidoo  castes,  but  of  whom 
little  more  is  known  except  the  names.  The  principal 
arc  the  Kerrauts,the  Hawoos,  the  Limbooas,  and  Mig- 
gerkootees. 

As  Nepaul  hasbeenruledformany  centuries  by  princes 
of  the  Rajcpoot  tribe  ;  and  as  the  various  classes  of  Hin- 
doos appear  to  have,  at  all  periods,  composed  a  great 
part  of  its  population,  there  is  a  very  general  resem- 
blance in  manners  and  customs  between  this  part  of  the 
inhabitants  and  their  kindred  sects  in  the  adjacent  pro- 
vinces of  Hindostan.  They  are,  probably,  the  only  Hin- 
doo people  who  have  never  been  disturbed  by  any  Mus- 
sulman power.  They  are  distinguished  by  a  striking 
and  universal  simplicity  of  character,  which  appears  in 
all  classes,  and  in  all  their  modes  of  life.  T  ey  are  free 
from  all  ostentation  or  p.ir.\de  in  public  or  private  life, 
and    discover   great  suavity   of  deportment,  ease,  and 


frankness,  and,  apparently  also,  a  superior  integrity  of 
conduct  to  the  more  polished  and  wealthy  inhabitants  ot 
southern  India.  Even  among  themselves,  the  lower  or- 
ders are  permitted  to  use  considerable  freedom  in  their 
carriage  and  conversation,  in  the  presence  of  the  supe- 
rior orders  ;  and  a  private  soldier,  addressing  the  high- 
est officer,  or  a  poor  fisherman,  approaching  a  governor, 
delivers  his  sentiments  without  any  backwardness  or 
embarrassment ;  but,  at  the  same  time,  without  any  de- 
gree of  rudeness  or  disrespect.  The  Newars  differ  con- 
siderably from  the  other  Hindoo  natives  in  character, 
customs,  language,  and  religious  rites,  particularly  in 
feeding  on  the  flesh  of  buffaloes  ;  and  appear  to  be  an  in- 
sulated race  of  people,  whose  origin  cannot  be  traced  to 
any  of  the  nations  immediately  surrounding,  but  who 
are  conjectured  to  have  sprung  from  a  Tartar  or  Chi- 
nese stock.  They  are  not  supposed  to  have  been  at  any 
period  of  a  warlike  disposition,  and  are  rarely  employ- 
ed in  the  army  ;  but  are  almost  exclusively  engaged  in 
the  agriculture,  arts,  and  manufactures  of  the  country. 
They  are,  in  general,  of  a  middle  size,  with  broad  shoul- 
ders and  chest,  stout  limbs,  round  flat  faces,  small  eyes, 
low,  and  somewhat  spreading  noses,  open  and  cheerful 
countenances.  They  possess  great  corporeal  strengthi 
and  are  capable  of  severe  labour,  particularly  in  travel- 
ling as  hill  porters  under  heavy  burdens.  Their  com- 
plexion is  between  a  copper  and  sallow  colour.  The 
women  have  sometimes  a  little  florid  tint  on  the  cheek  ; 
and  it  is  remarkable  that,  like  the  females  among  the 
Nairs  of  Malabar,  they  may  have  as  many  husbands  as 
they  please,  with  the  power  of  divorcing  them  on  the 
slightest  pretences. 

The  pundits  of  the  country  are  not  inferior  to  those 
of  any  other  Hindoo  district,  in  the  branches  of  science 
usually  cultivated  among  them.  Their  favourite  study 
is  astronomy,  or  rather  judicial  astrology,  to  which,  in- 
deed, all  ranks  are  strongly  attached,  and  by  which  al- 
most all  their  proceedings,  both  in  public  and  private 
life,  are  chiefly  directed.  It  is  supposed  that  ancient  and 
valuable  Sanscrit  manuscripts,  in  every  department  of 
Brahminical  learning,  are  more  likely  to  be  found  in  the 
valley  of  Nepaul,  particularly  at  Bhatgong,  than  in  any 
other  place  in  India.  Besides  the  Sanscrit,  which  is  cul- 
tivated by  the  Brahmins,  several  vernacular  languages 
are  spoken  by  the  different  tribes  which  have  been  men- 
tioned. See  Asiatic  Researches,  vol.  ii. — Turner's  Em- 
bassy to  Thibet. — Kirkpatrick's  Account  of  the  Kingdom 
of  JVefiaul — And  Dr.  Francis  Buchanan's  Account  of 
A'efiaul.      (y) 

NEPTUNE,  the  son  of  Saturn  and  Ops,  and  the  bro- 
ther of  Jupiter,  Pluto,  and  Juno.  He  was  devoured  by 
Saturn  on  the  day  of  his  birth,  but  was  restored  by  means 
of  a  potion  administered  by  Metis.  Along  with  his  bro- 
ther Neptune  he  shared  the  empire  of  Saturn,  and  re- 
ceived the  kingdom  of  the  sea  as  his  portion.  A  full 
account  of  his  fabulous  history  and  attributes  will  be 
found  in  Spence's  Po/ymetis,'p.  65,215,  Sec  and  in  Lem- 
priere's  Classical  Dictionary,  Voc.  Neptune. 

NEUO.     See  Rome. 

NERVA.     See  Rome. 

NESS,  Lotn.  Se.  Inverness-shire,  and  Naviga- 
tion Inland,  in  this  volume. 

NET.  An  account  of  a  new  machine  for  weaving 
fibhing-nets  will  be  found  in  our  article  Chaiswork. 

NETHERLANDS,    The,  or  Low   Cov.vtries,  so 
called  from  tlieir  position  with  regard  to   s"vcial  great 
livers,  and  the  general   aspect  of  their  surface,  consist 
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of  seventeen  |)iovinccs,  which,  togctlier  with  the  Grand 
Du.liy  of  Ldxcmlnirg,  now  form  a  kin.^^dom  on  the 
western  coast  of  Europe.  For  nearly  the  last  two  cen- 
turies, the  name  Netherlands  has  been  somewhat  vas;uc- 
ly  applied.  Occasionally  it  has  been  restricted  to  the 
ten  southein  provinces,  which  it  is  usual  at  present  (o 
disiinivuish  hy  the  title  Bclgic  ;  the  seven  northern  pro- 
vinces haviny;  at  the  same  tim<  been  known  hy  the  appel- 
lation of  Dutch  RcfiubliCi  or  United  Provinces.  Uiider 
the  article  Holland  will  be  found  an  aLCuuiii  of  what- 
ever is  most  remarkable  in  the  present  condiiion  of  tlic 
Dutch  provinces  :  it  now  remains  to  j^ive  a  similar  ac- 
count of  those  denominated  Heltfic, — with  a  slight  sketch 
of  the  histoiy  of  both  divisions. 

Btlj^ium,  extending'  from  49°  30'  to  51°  40'  of  north 
latitude,  and  from  2"  30'  to  6°  58'  of  east  lonijitude,  is 
bovinded  on  the  souih  and  west  by  France  ;  on  the  north 
by  Holland  and  the  German  Ocean  ;  on  the  east  by  the 
Prussian  ducliy  of  the  Lower  R  iiuf.  From  Osiend  on 
the  north-wcs',  to  the  extreme  point  of  Luxemburj;  on 
the  south-cast,  is  about  180  British  miles,  the  greatest 
leuRth  of  Delpiium  ;  and  a  line  drawn  at  ris^ht  angles  to 
this,  through  South  Brabant  and  Hainaut,  would  mea- 
sure 120  miles,  wliich  may  be  regarded  as  the  merlium 
breadth  ;  the  superficial  extent  beini;;  estimated  at  13,400 
square  milts,  ancl  the  inhabitants  at  5,226,000  souls, — 
on  an  averas^e,  240  to  the  square  mile. 

The  s;eneral  appearance  presented  by  this  tract  of 
country  is  sufTicieiitly  unvaried.  Except  some  diminu- 
live  hills  in  the  counties  of  Namur  and  Luxemburg, 
r.othing  occurs  to  break  the  level  uniformity  of  its  sur- 
face :  no  lake  of  any  extent,  no  river  of  any  majesty, 
no  scene  of  nature,  to  arrest  the  traveller  of  taste.  Some 
forests  in  Flanders,  indeed, — that  of  Soignies  in  Bra- 
bant, and  the  venerable  one  of  Ardennes,  still  extending 
almost  from  Valenciennes  to  Treves  on  the  s()Ulh-i:ast, 
give  an  air  of  picturcsqueness  to  some  of  those  dis- 
trlcis  ;  yet  Belgium,  in  comparison  with  other  regions 
of  Europe,  has  little  to  diversify  its  aspect,  and  less  to 
adorn  it.  It  is  not,  however,  destitute  of  a  certain  grace, 
which,  if  not  strictly  beautiful,  is  still  calculated  to  yield 
pleasure  to  the  observer.  Ascending  the  church-tower 
of  any  of  its  towns — the  only  position  from  which  an  ex- 
tensive view  can  be  commanded, — the  eye  ranges  over  a 
vast  space  of  fertile  and  highly  cultivated  land,  inter- 
sected with  numerous  canals,  and  studded  with  towns 
and  villages  in  every  direction,  the  smoke  and  the  spires 
of  which  give  a  character  of  diligence  and  life  to  the 
prospect;  while  the  multitudes  of  antique  monastic 
buildings,  generally  embosomed  among  woods,  or  here 
and  there  a  feudal  castle,  with  its  high  peaked  roofs,  its 
quaint  architecture  and  obsolete  defences,  reflect  back 
upon  the  mind  a  touching  shadow  of  the  romantic  ages. 
Nor  is  the  scene  without  interest,  borrowed  from  times 
of  a  more  recent  date.  For  the  last  three  hundred  years, 
Belgium  has  been  the  great  arena  of  the  political  con- 
tests of  Europe:  from  the  age  of  William  of  Orange  to 
that  of  Buonaparte,  the  destinies  of  the  world  have  been 
fought  for  and  decided  here;  and  no  country  contains 
as  many  spots  rendered  famous  by  the  memory  of  sieges, 
and  treaties,  and  victories. 

A  transient  visitor  longs  for  the  sublime  in  natural 
scenery  ;  the  useful  is  more  valuable  to  a  resident  :  and 
if  Belgium  ranks  low  in  the  estimation  of  the  former, 
it  should  rank  proportionably  high  in  the  estimation  of 
Ihe  latter.  No  part  of  the  Continent  is  better  adapted 
for  the  purposes  of   life,  or  yields  a   more    ready  and 


abundant  reward  to  the  labours  of  the  husbandman.  Fur 
six  centuries  it  has  vied  with  Lombardy,  for  a  shorter 
period  with  England,  in  meriting  to  be  entitled  the  gul- 
den of  Europe  ;  a  distinction  which  it  owes  no  less  to  the 
fertility  and  conveniences  of  its  soil,  than  to  the  experi- 
ence and  activity  of  those  who  till  it.  A  rich  sandy  luuni, 
witli  but  a  few  inferior  patches  of  clay, — dressed  vvuh 
neatness,  and  cojiiously  manured,  without  the  use  of  fal- 
lows, gives  a  constant  return  ot  twelve  or  ten  to  one  iti 
the  best  districts,  and  of  seven  or  six  to  one  even  in  the 
worst.  The  artific  ial  products  of  its  agriculture  diifcr 
not  materially  from  loose  of  our  own  country  :  il5  corn, 
fruit,  hemp,  flax,  have  long  been  known  ;  its  wool,  though 
not  equal  to  that  of  England,  is  of  good  quality,  li.ivmg 
been  improved  by  ine  mixture  of  a  breed  imported 
by  the  Dutch  from  India  ;  and  iis  horses  and  caiilc  arc 
greatly  esteemed  for  their  strength  and  size.  In  regard  to 
native  vegetables,  the  same  siinilarity  is  to  be  obsci  vod  ; 
the  relative  quantity  alone  being  sometimes  difTi  rent  from 
what  is  found  with  us,  very  rarely  the  kind.  Tiie  hop- 
plant  once  formed  an  excepuon  :  it  was  introduced  by 
Heniy  VIII  ,  from  Belgium,  where  it  grows  sponta- 
neously. In  Lu)temburg,  also,  a  lit'.le  wine  is  prodm.ed  ; 
though  otherwise  that  province  is  the  most  barren  ol  tiic 
whole. 

Tnis  similarity  in  the  vegetable  productions  of  Eng- 
land and  Bclgiutn  might  lead  us  to  expect  a  correspond- 
ing similarity  in  their  cliiiKUes  :  and  observation  contir:ns 
this  supposition.  The  clinnte  of  Belgium  dostiy  re- 
sembles that  ol  the  south  of  Einvl^nd  :  the  air,  though 
cold,  is  healthy;  frequent  sea-breezes  keep  it  in  a  state 
of  purity  ;  and  as  (he  soil,  owing  to  its  sandy  nature,  is 
far  drier  than  that  of  Holland,  as  it  is  also  tar  more  ele- 
vated with  regard  to  the  level  of  the  waters, — the  misls 
and  tempests,  the  wet  and  cloudy  winters  of  Ine  normerii 
provinces,  are  much  IcbS  common  here. 

The  comparison  which  Belgium  may  sustain  with 
England,  in  regard  to  its  climate,  and  the  productions  of 
its  soil,  will  fail,  if  extended  to  the  interior  of  its  rocks. 
Belgium  has  lew  minerals;  ^nd  those  few  not  valuable 
or  extensively  distributed.  Some  copper  and  lead  at 
Namur,  some  iron  in  Luxemburg  and  Hainaut,  some 
calamine  and  zinc  near  Limburg,one  or  two  coal-mines 
in  the  tract  between  Maestriclit  and  Ciiarleroi  are  all  it 
has  to  boast  of  in  this  respect  ;  and  the  scantiness  of  na- 
ture has  been  slightly  compensated  by  the  diligence  or 
skill  of  the  iniiabitants.  Their  mines  have  never  been 
judiciously  managed;  their  coalmines,  in  particular,  till 
the  late  war,  by  excluding  all  regular  intercourse  with 
Britain,  forced  ihe  people  to  depend  on  their  own  re- 
sources, were  almost  entirely  neglected:  they  are  now 
increasing  in  iinpoi  tance  and  productiveness,  though  still 
far  within  the  limits  of  their  capability. 

The  levelness  of  surface,  which  is  unfavourable  to 
the  discovery  and  working  of  mines,  is  highly  advanta- 
geous, in  another  respect,  by  the  facility  it  affords  for 
constructing  canals.  In  Belgium,  as  in  Holland,  canals 
perf(n'm  the  services  which  roads  perform  elsewhere  : 
they  intersect  the  country  in  every  direction,  and  form  the 
usual  mode  of  communication  from  one  town  to  another. 
Some  of  them  are  as  old  as  the  tenth  century;  they 
abound  in  all  quarters  at  present  ;  and  the  existing  go- 
vernment, avoiding  the  niggardly  policy  of  its  predeces- 
sor, is  anxious  to  keep  them  in  repair.  The  rivers  of 
Belgium  are  not  unlike  canals  in  their  appearance,  and 
equally  useful  to  commerce.  None  of  them  are  of  great 
length  ;  but  the  slowness  of  their  descent  accumulates 
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ilieir  waters,  anti  allows  them  to  be  navigated  far  above 
their  mouth.  The  Maese,  or  Mmise,  i-,  the  most  iiiie- 
rcslms;  ill  its  scenery.  It  lises  in  France,  froiri  the  ele- 
vation that  gives  birth  also  to  the  Aube,  the  M. rue,  and 
the  Saone;  and  after  rtceiviiii;  the  Sambre  at  Namur  on 
iis  left  side,  hikI  the  Alwaller  on  the  nj^ht  at  Lieire,  it 
joins  the  Waal  by  several  outlets  in  Northern,  or  Dutch 
Br.:bant.  Bi  iwccn  the  towns  just  mtnlioned,  its  shores 
exhibit,  on  a  smaller  scale,  much  of  the  romantic  scene- 
ry which  adori;s  those  of  the  Rhine.  The  Scheldt,  as 
far  inferior  in  beauty  to  the  Maese,  as  it  is  superior  in  uti- 
lity for  tiade,  rises  also  in  France,  near  Bohain  in  the 
Aisi.e  Department ;  is  aui;rncnted  by  the  Lys  on  its  left 
siiic  at  Ghent,  by  the  Dtnder  and  Rupel  orv  its  right  ; 
and  dischaiKcS  itself  by  two  lari^e  cir..nncls,  (lie  eastern 
Scheldt,  which  passes  by  Bergen-op-Zooin,  and  the  wes- 
tern Scheldt,  which  passes  towards  Fiiishin.^,  as  well  as 
by  a  multiplicity  of  smaller  ones,  the  inicrlacemunls  of 
which  i;ive  rise  to  the  islands  ol  Zealand.  The  Scheldt 
is  not  so  Ions;  as  the  Thames,  but  like  that  stream  it 
deepens  and  widens  to  a  great  extent  by  the  resistance  of 
the  sea.      4 

By  means  of  those  rivers,  their  sul)sidiary  streams,  and 
the  canals  wiiich  connect  them  with  each  other  and  with 
the  Rhine,  Beli^ium  has  an  expeditious  and  safe  com- 
munication with  all  places  in  the  north  of  France,  with 
the  west  of  Germany,  and  even  wixh  Switnerland.  Such 
advantages  for  commercial  intercourse  were  soon  bid 
bold  of  by  the  inhabitants.  The  fenility  of  their  soil, 
their  fortunate  position  in  regard  to  neiKhbourin;^  nations, 
cotnbir.ed  with  those  advantages  to  introduce  an  e.iten- 
sive  and  flourishing  trade  during  the  early  ages.  Tlic 
wealth  which  this  generated  and  diffused  over  the  towns 
of  Belgium,  secured  their  political  freedom  at  a  period 
when,  excepting  Italy,  nothing  like  freedom,  or  even 
•.veil  organized  despotism,  existed  in  the  world  :  and 
this  new  stimulus  rc-acted  powerfully  on  the  causfi  which 
had  produced  it.  The  first  enterprises  of  the  Belgians 
were  directed  to  the  neighbouring  coasts  of  Bntain  and 
Denmark.  The  wool  brought  back  from  the  former 
ctniiloyed  thousands  of  worknien  in  Brugts,  Ghent,  and 
Aiitwerp:  and  before  the  middle  of  the  twelfth  century, 
Flemish  cloths  were  widely  sold  over  France  and  Ger- 
many. Alieady,  in  the  preceding  ceRluiy,  the  ships  of 
Fiiesland  were  to  be  found  in  the  Belt;  some  of  them 
even  ventured  to  visit  the  Levant.  Without  a  compass, 
these  enterprising  mariners  had  the  courage  and  skill  to 
apjiroach  the  Pole,  and  coast  round  the  northern  capes 
of  Russia.  From  the  towns  of  the  Baltic,  Belgium  ac- 
quired a  portion  of  the  Oriental  tr.ide,  the  course  of 
which  was  at  that  time  by  the  Black  Sea  through  Russia 
to  those  regions.  In  the  thirteenth  century,  it  is  true, 
this  trade  began  to  fail  ;  the  crusades  had  opened  a  new 
path  for  the  commodities  of  India  by  the  Mediterranean; 
ihe  states  of  Italy  seized  upon  the  lucrative  employment 
of  transporting  them  ;  and  the  Hanseatic  League  was 
formed  in  Germany.  But  those  changes,  while  thev 
alteitd  the  direction  of  the  Flemish  trade,  greatly  in- 
creased its  cpianlity.  Belgium  soon  became  the  empo- 
rium of  Europe,  the  point  of  communication  between 
the  north  and  the  south.  Seamen  had  not  yet  univer- 
sally adopted  the  use  of  the  magnet;  and  even  such  as 
had,  were  accustomed,  accoiding  to  their  former  prac- 
tice, to  creep  slowly  along  the  coasts,  doubling  every 
promontory,  aiul  scarcely  on  any  account  venturing  into 
the  open  sea.  The  tiiru  consumed  in  such  voyages  may 
easily  be  conceived.     But  the  harbours  of  the  Baltic  are 


often  fiozen  during  winter,  and  inaccessible  to  any  ship. 
Vessels,  therefore,  which  could  not  easily  traverse  the 
wide  distance  from  the  Mediterranean  to  the  Belt,  in  a 
single  season,  wcic  slad  to  find  a  place  of  union  mid- 
way between  both.  Belgium,  with  an  immense  extent 
of  country  behind  it,  and  connected  with  it  by  canals  and 
navigable  stieams,  open  also  by  safe  harbours  to  the 
ocean  on  the  west,  seemed  expressly  suited  for  such  a 
purpose.  It  was  not  slow  to  profit  by  its  circumstances. 
Staples  were  erected  in  all  the  principal  towns.  Portu- 
guese, Spaniards,  Italians,  French,  English,  Germans, 
Danes,  Swedes,  travelled  thither  with  merchandize  from 
all  quarters  of  the  globe.  The  competition  of  sellers 
lowered  the  price  ;  domestic  industry  was  quickened  by 
the  existence  of  a  near  and  abundant  market  ;  and  the 
Punces  of  the  country,  awakening  at  length  to  their  true 
interests,  encouraged  the  merchant  by  important  privi- 
leges, and  protected  his  foreign  speculations  by  special 
treaties  with  external  powers.  United  among  them- 
selves, the  Flemish  towns  at  last  ventured  to  renounce 
the  Hanseatic  Confederation,  and  even  to  defv  that  pow- 
erful enemy  wherever  it  opposed  them.  The  Hanse 
merchants,  when  the  harbours  of  Spain  were  shut  against 
them,  felt  constrained  reluctantly  at  length  to  visit  the 
markets  of  their  rivals,  and  purchase  Spanish  goods  in 
the  staples  of  Belgium. 

During  the  fourteenth  and  fifteenth  centuries,  Bruges 
in  Flanders  was  the  heart  of  commercial  Europe  ;  the 
great  fair  of  all  nations.  In  the  year  1468,  a  hundred 
and  fifty  merchant  ships  might  be  seen  at  once  all  en- 
tering its  harbour  of  Sluys.  Besides  the  rich  magazine 
of  the  Hanse  Confederation,  the  warehouses  of  fifteen 
mercantile  bodies  were  to  be  found  here  ;  with  factories 
and  families  of  merchants  from  every  country  of  the  ci- 
vilized world.  It  was  the  emporium  of  all  northern 
products  for  the  south;  of  all  southern  and  oriental  pro- 
ducts for  the  north.  The  latter  proceeded  in  Hanse 
bottoms  through  the  Sound,  and  along  the  Rhine  to  Up- 
per Germany,  or  were  carried  by  land  eastward  to  Bruns- 
wick and  Luneburg. 

The  prosperity  of  Bruges,  Ghent,  and  the  neighbour- 
ing towns,  was  accompanied  with  unbridled  luxury,  and 
with  a  turbulent  spirit  of  insubordination,  which,  at  last, 
brought  on  their  downfal.  They  quarrelled  with  their 
rulers  ;  and  the  issue  was  unfortunate.  Maximilian  of 
Austria,  whom  the  people  of  Bruges  had  even  the  bold- 
ness to  lay  hold  of  (1497,)  and  confine  with  his  suite  till 
their  grievances  were  redressed,  was  obliged  for  a  time 
to  give  way;  but  Frederick  III.  Maximilian's  father, 
used  every  effort  to  revenge  this  insult.  He  seized  the 
harbour  of  Sluys  ;  and  thereby  during  ten  years  greatly 
impeded  their  trade.  The  Flemish  weavers,  too,  who 
had  now  settled  in  England,  began  to  produce  cloths  of 
their  own  ;  the  Italian  merchants  began  to  frequent  other 
fairs ;  the  Hanse  Confederation,  exasperated  by  the 
haughtiness  of  the  ciiy,  carried  away  their  factories ; 
and  the  commerce  of  Bruges  gradually  sunk, — but  slow- 
ly, as  it  had  arisen  slowly. 

The  decline  of  Bruges  produced  a  change,  but  no 
diminution  in  the  general  trade  of  Belgium.  Antwerp 
now  stood  forth  to  fill  up  its  place;  and  each  source  of 
wealth,  as  it  ceased  to  flow  in  the  channels  of  Bruges, 
was  sedulously  diverted  into  those  of  its  rival.  If  the 
Italian  merchants,  the  H.inse  Confederation,  the  cloth- 
dealers  of  England,  turned  away  from  the  port  of  Sluys, 
it  wiis  only  to  enter  that  of  the  Scheldt  :  and  Antwerp, 
under  the  government  of  Charles  V.  had  become  the 
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liveliest  and  most  splendid  city  in  Christendom.  Its  ex- 
cellent haven  invited  ships  ;  its  privileged  lairs  allmcd 
traders  from  ail  quarters.  The  iiidiistiy  of  Bcli;iiim 
had  mounted  to  its  summit  at  the  commencement  ol  the 
sixteenth  century.  The  produce  of  grain  and  ilax,  ihe 
rearing  of  cattle,  the  curing  of  fish,  enriched  ilie  pea- 
sant ;  art?,  manufactures,  and  commerce,  tlie  townsman. 
Ere  long  the  productions  of  1-lcmish  industry  were  to 
be  met  vvilh  in  Arabia,  Pei  si.i,  and  India  ;  Flemish  ships 
covered  the  ocean;  we  find  lliein  even  on  the  Black  Sea 
contending  with  the  Genoese  :  and  their  mariners  were 
distinguished  from  all  others,  by  hoisting  sail  at  every 
season,  even  the  rudest  of  the  year. 

When  the  new  route  by  the  Cape  was  discovered,  and 
the  Portuguese  trade  undermined  tliat  of  the  Levant, 
Belgium  did  not  feel  the  blow  wl-.ich  laid  prostrate  the 
Italian  republics.  Portugal  erected  its  staples  in  Bra- 
bant; and  the  spices  ot  Calicut  were  displayed  in  the 
markets  of  Antwerp.  Hither  also  (lowed  the  Wcsi- 
India  produce,  with  which  the  proud  indolence  of  Spain 
rewarded  the  diligence  of  the  Low  Countries.  The 
East-India  sales  of  Antwerp  attracted  the  Fuggers  and 
Welsers  from  Augsburg,  and  the  richest  companies  of 
Florence,  Lucca,  and  Genoa.  The  Hanstatic  Confe- 
deration exposed  their  northern  productions  here  ;  and 
our  English  company  of  merchant  adventurers  are  said 
to  have  employed  above  3o,oC0  of  its  people.  The  re- 
nown of  Antwerp  extended  itself  over  all  the  earth. 
Towards  the  conclusion  of  this  century,  a  society  ot 
Turkish  traders  begged  permission  to  settle  there,  and 
circulate  from  that  centre  the  products  of  the  east  over 
Gi-tece.  With  the  exchange  of  goods,  that  of  money 
also  increased  Flemish  bills  were  current  in  all  quar- 
ters of  the  globe.  Antwerp,  it  is  maintained,  transacted 
more  business  at  that  period  wiihin  a  month,  than  Ve- 
nice had  done  within  two  years,  during  the  most  bril- 
liant epoch  of  its  history. 

In  1492,  the  Hanseatic  Confederation  held  its  general 
congress  in  Antwerp,  not  in  Lubec,  as  formerly.  In 
1531,  the  Exchange  was  built,  the  most  magnificent  in 
Europe  at  the  time,  and  afterwards  the  model  of  that  of 
London.  The  city  contained  200,000  inhabitants ;  but 
the  floating  multitude,  the  world  which  pressed  towards 
it  on  every  side,  exceeds  all  belief.  Above  500  ships 
entered  and  left  its  harbour  daily  ;  above  200  coaches 
daily  passed  through  its  gates  ;  upwards  of  2000  wag- 
gons arrived  weekly  from  Germany,  France,  and  Lor- 
raine, not  reckoning  farm-wains  and  provision-carts, 
which  commonly  exceeded  10,000.  The  exports  and 
imports  seemed  infinite  in  variety  and  immense  in  quan- 
tity. The  spicerics  and  drugs  alone,  which  Lisbon  sent 
into  it,  were  valued  at  a  million  of  crowns  in  the  year. 
But  the  splendour  of  Antwerp  was  not  destined  to  be 
lasting.  It  departed  like  that  of  Bruges  ;  and  not  slowly, 
as  that  of  Bruges  had  done  ;  it  was  extinguished  at  once 
in  the  zenith  of  its  glory,  and  has  never  more  returned. 
The  stern  oppression  of  tyrannical  governors,  the  sterner 
persecution  of  inquisitors,  the  devastations  of  a  savage 
and  fanatical  soldiery,  all  that  is  cruelest  iti  the  scourge 
of  war,  when  despotism  and  bigotry  unite  to  make  it 
cruel,  descended  upon  Antwerp,  like  a  thunderbolt,  and 
destroyed  it  irrevocably.  The  peaceful  merchant  fled 
in  terror  from  a  Granvella  and  an  Alva,  and  all  the 
riches  and  power  of  Belgium  fled  along  with  him.  Since 
the  end  of  the  sixteenth  century,  a  succession  of  unfa- 
vourable circumstances, — the  change  of  masters,  the  in- 
vasion of  enemies,  the  preferable  condition,  and  hence 


the  successful  rivalry  of  Holland  or  of  England,  have 
perpetuated  the  depression  brought  on  by  the  blind  and 
execrable  policy  ot  Philip  IL,,  and  nothing  can  be 
stronger  than  the  contrast  of  what  Belgium  is  with 
what  it  was.  For  the  last  200  years  iis  external  trade 
has  been  trifling,  and  up  to  the  present  date,  it  has  not 
sensibly  increased.  Few  of  its  vessels  visit  foreign 
countries,  and  the  scanty  remnant  of  its  trade  is  mostly 
inland  to  Germany.  The  western  districts,  however, 
export  some  llax  and  hemp;  the  other  districts,  corn 
and  various  kinds  of  seed.  The  manufactures  have  ex- 
perienced an  enormous,  though  not  a  proportional  de- 
cline also.  Some  remains  of  the  woollen  trade  are  still 
found  at  Biuges;  manufactures  of  lace  and  linen  at 
Brussels,  Antwerp,  Luuvaiii,  Gliont, and  Mechlin  ;  Ant- 
werp is  larllier  noticed  for  its  silk,  Ghent  for  its  cotton, 
and  Liege  prepares  hardwarv;  and  leather. 

The  ancient  opulence  ol  Belgium  is,  however,  still 
discernible  in   the  multitude  of  its  towns  and  villages. 
N(j  portion  of  Europe  excites  the  attention  of  a  stranger 
so  forcibly  in   this   respect.     Many  of  these  places  arc 
foitified  :  except   on  the  borders  of  the  Maese,  where 
the   ground    contains  marble  and  stone,   they  are  uni- 
formly built  ol  brick,  with  steep  roofb,  the  ends  of  which 
are  directed  to  the  street ;  and  their  general  appearance 
is,  on  the  whole,   quiet  and  agreeable.     Brussels,  the 
chief  city  of  Brabant,  indeed  ol  Belgium,  is  alternately, 
with  the  Hague,  the  seat  of  the  Parliament  of  the  New 
Kingdom.     It  stands  on  the  Senne,  beside  a  fine  canal, 
which  has  lately  been  repaired.     The  city  is  beautilul 
and  well  built ;  has  a  college,  an  academy,  and  a  public 
library,   whicli  contains    120  000  volumes.     The  Hotel- 
de-Ville  is  a  large  gothic  edifice,  with  a  tower  364  leet 
high.     The  Palace  of  Lacken  is  in  the  neighbourhood. 
Brussels    stands   among    meadows,    which,    being  fre- 
quently inundated  by  the  Senne  in  winter,  render  its  si- 
tuation disagreeable,  though  their  growth,  so  nmch  the 
more  luxuriant  in  summer,  increases  its  beauty  and  con- 
venience.   The  population  is  estimated  at  75,000.    Tiiey 
manufacture  lace,  hats,  gloves,  cotton,  silk,  and  woollen 
cloths;  their  fabric  of  camlet  was  long  the  first  in  Eu- 
rope.   Antwerp,  situated  on  the  Scheldt,  though  fallen, 
as  we  have  seen,  from  its  former  magnificence,  is  still 
the  second  city  of  Belgium.     Its  streets  are  broad  and 
regular,  and  many  of  its  public  buildings  arc  beautiful. 
The  citailel,  built  by  the  Duke  of  Alva,  was  the  scene 
of  some  bold  enterprises  in  the  wars  of  Philip  II.     The 
Exchange  has  already  been  mentioned,  and  the  C-.ilhe- 
dral  is  admired  as  the  finest  piece  of  Gothic  architec- 
ture existing  in  Europe.     The  harbour  has  lately  un- 
dergone  some   improvement;  it  was  greatly  damaged 
by  our  armies  in  1814.     Antwerp  manufactures  most  of 
the  laces  known   by  the  name  of  Mechlins  ;   it  is  noted 
for  its  thread;  it  trades  in  diamonds,  and  prepares  sonic 
cloths  and  chemical  products.   The  populdtion  is  63,OjO. 
Ghent  or  Gand,  the  capital  of  Flanders,  is  placed  at 
the  junction  of  the  Scheldt  with  the  Lys  and  the  small 
rivers  Mo.  re  and  Lierre,  by  which  means  it  is  divided 
into  no  fewer  than  26  islands,   most  of  which  are  bor- 
dered with  quays.     Ghent,  like  Antwerp,  is  greatly  de- 
cayed.    From   one  gate  to  the  other  is  a  distance  of  a 
league,  but  much  of  the  intervening  space  is  laid  out  in 
gardens,  or  even  ploughed  fields,  and  the  city  does  not 
now  contain  above  57,'jOO  inhabitants.     It  is  remarki'ble 
as  the  birth  place  ol  Charles  V^,  whose  punning  boast, 
that  he  could  put  all  Paris  in  his  Gand  (..love),  has  often 
been  recorded.    The  principal  manufactures  are  cotton- 
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cioih  and  lace.  Liege  is  the  capital  of  the  province 
which  bears  its  name.  It  has  an  academy  and  alyceum, 
but  its  churches  and  public  buildings  have  suffeicd 
greatly  during  the  late  wars.  The  population  is  50,000. 
As  we  have  stated  above,  they  work  in  various  metallic 
fabrics,  and  prepare  leather.  Bruges  is  now  reduced 
trom  its  ancient  grandeur  to  a  population  of  33,000.  It 
stands  on  a  beautiful  plain,  and  its  260  streets  are 
spacious  and  elegant,  though  consisting  of  old  and  thinly 
inhabited  houses.  Among  its  principal  deficiencies  is 
the  want  of  springs  or  running  streams  ;  the  water  used 
in  culinary  operations  has  to  be  transported  from  the 
Lys  and  Scheldt  by  the  canals.  Of  its  public  buildings, 
the  steeple  at  the  end  of  the  great  market-place  is  reck- 
oned one  of  liie  finest  in  Europe;  the  ascent  to  it  is  by 
133  steps.  Bruges  manuTictures  sonic  woollen  cloth, 
with  a  little  cotton  and  lace.  Of  the  other  towns  in 
Belgium,  Mons,  the  capital  of  Hainaut,  is  the  only  one 
whose  papulation  reaches  30,000.  Ostend  and  Sluys 
are  the  sea-ports  ;  their  extent  is  not  remarkable.  The 
former  has  11,000  inhabitants;  the  latter,  a  somewhat 
greater  nun^ber. 

The  government  o[  Belgium,  its  establisments  for  re- 
ligion and  for  education^  aie  now  merged  with  the  cor- 
responding peculiarities  of  Holland,  and  belong  to  the 
characteristics  ol  that  new  kingdom,  into  which  both 
countries  have  lately  been  combined.  Before  proceed- 
ing to  discuss  those  topics,  therefore,  it  will  be  proper 
to  cast  our  eye  over  the  history  of  the  provinces  which 
are  now  united.  The  circumstances  under  which  that 
union  has  taken  place,  will  then  naturally  fall  to  be  de- 
scribed, and  must  of  course  comprehend  the  government, 
with  its  revenue  and  forces,  the  religion,  and  the  state 
of  education,  which  are  now  alike  for  all. 

History. — The  early  history  of  the  Netherlands  has 
nothing  in  it  very  interesting  or  peculiar.  Like  that  of 
most  European  states,  it  commences  with  an  account  of 
their  subjugation.  The  Romans  had  penetrated  into 
those  countries,  and  conquered  them  all  before  the  be- 
ginning of  the  Christian  era.  The  people  had  not  yielded 
tamely.  The  BeK;se,  inhabiting  the  left  bank  of  the 
Rhine,  are  described  by  Caesar  as  the  only  Gallic  tribe 
brave  enough  to  withstand  the  irruptions  of  the  Teu- 
tones  and  Cimbri ;  the  Frisians,  occupying  the  right 
bank  of  the  same  river,  made  a  stubborn  opposition  in 
the  middle  of  tlieir  swamps  ;  and  the  Batavians,  who 
dwelt  upon  the  islands  of  Zealand,  were  honoured  as 
the  boldest  of  all  the  neighbouring  clans.  Tlicir  oppo- 
sition was  vain,  however;  and  their  gallant  attempt  to 
cast  off  the  yoke  in  Vespasian's  time  was  equally  vain. 
They  submitted  to  the  Romans,  and  participated  in  the 
improvements  which  that  people  usually  communicated 
to  the  nations  it  conquered.  The  canal  of  Drusus.  from 
the  Rhine  to  the  Flevo  or  Zuyder  Zee,  still  exists, 
though  its  character  is  altered;  and  the  first  dykes, 
which  protected  Holland  from  the  ocean,  are  ascribed 
to  the  enterprising  industry  of  those  governors.  The 
stout  spirit  of  resistance  sliown  by  the  Batavijns  had 
procured  them  respect  in  the  eyes  of  their  conquerors. 
The  tribute  of  the  province  wns  paid  in  soldiers  :  Bata- 
vians formed  the  body-guard  of  the  Emperor,  as  Swiss 
have  done  in  later  times;  and  the  valour  which  had  been 
displayed  on  the  banks  of  tlic  Rhine  was  equally  conspi- 
cuous in  other  quarters  of  the  empire.  Agricola  w.is 
accompanied  and  powerfully  aided  by  them  in  his  pro- 
gress through  our  island  ;  and  the  Dacian  hosts  re- 


coiled when  Batavians,  in  full  armour,  swam  across  the 
Danube  to  attack  them. 

During  four  centuries  we  find  Batavians  enumerated 
among  the  Roman  armies  ;  but  after  the  time  of  Hono- 
rius,  'heir  name  vanishes  from  history.  The  eruption 
of  the  northern  nations  swept  over  tiicir  country  in  its 
course,  and  destroyed  all  the  monuments  of  Roman 
power  and  ingenuity.  The  monarchy  of  the  Franks, 
which  arose  on  the  ruins  of  Gaul,  had,  in  the  sixth  and 
seventh  centuries,  embraced  all  the  provinces  of  the 
Netherlands,  and  planted  the  Chiistian  faith  in  them. 
After  an  obstinate  struggle,  Charles  Martel  overcame 
Fricsland  the  last  of  all;  and  Charlemagne  united  the 
whole  of  those  countries  with  the  wide  empire,  which 
he  had  formed  for  himself  out  of  Germ.ny,  France,  and 
Lombardy.  When  Charlemagne's  possessions  were 
again  divided  among  his  successors,  the  Netherlands 
became  at  one  time  provinces  ol  Germany,  at  another 
of  France  ;  and  we  find  them  at  last  designated  by  the 
names  ol  F'riesland  and  Lower  Lorraine. 

With  the  Franks  arrived  also  the  constitution  of  the 
north  ;  and  here,  as  elsewhere,  it  gradually  degenerated. 
The  stronger  vassals  separated  in  process  of  time  from 
the  crown;  and  the  royal  officers  laid  hold  of  the  dis- 
tricts over  which  they  were  sent  to  preside,  and  ren- 
dered them  hereditary  in  their  families.  But  those  re- 
volted vassals  could  not  hope  to  resist  their  king,  ex- 
cept by  the  help  of  their  inferior  retainers;  and  the 
support  thus  required  was  repaid  by  fre^h  infeudations. 
The  priesthood,  in  the  mean  lime,  also,  growing  wealthy 
and  powerful,  had  extorted  for  itself  an  independent  ex- 
istence in  its  abbeys  and  episcopal  sees.  And  thus,  in 
the  tenth,  eleventh,  twelfth,  and  thirteenth  centuries, 
the  Netherlands  were  split  down  into  a  number  of  petty 
sovereignties,  the  heads  of  which  held  partly  of  the  em- 
pire, partly  of  France.  By  purchase,  marri.ige,  inhe- 
ritance, or  conquest,  several  of  these  lordships  were  fre- 
quently united  under  one  master;  and  in  the  fifteenth 
century  we  find  the  house  of  Burgundy  in  possession  of 
almost  the  whole.  Philip  the  Good,  by  prosecuting  va- 
rious claims,  just  and  the  contrary,  had  at  last  succeeded 
in  uniting  eleven  of  the  provinces  under  his  authority; 
and  Charles  the  Bold,  his  son,  increased  them  by  the 
conquest  of  other  two.  And  thus  a  new  slate  had  si- 
lently arisen  in  Europe,  to  which  nothing  but  the  name 
was  wanting  to  make  it  the  most  flourishing  kingdom 
in  that  quarter  of  the  world.  Such  extensive  possessions 
made  the  duke  of  Burgundy  a  suspicious  neighbour  to 
the  king  of  France  ;  and  inspired  the  restless  spirit  of 
Charles  the  Bold  with  the  plan  of  a  conquest,  destined 
to  include  the  whole  tract  of  country  extending  between 
Alsace  and  the  mouths  of  the  Rhine.  The  duke's  in- 
exhaustible resources  justified,  in  some  measure,  this 
proud  chimera:  a  powerlul  army  tlireatened  to  realize 
it;  and  Switzerland  aln-ady  trembled  for  its  freedom. 
But  fortune  forsook  Charles  at  the  battles  ol  Granson, 
of  Moral,  of  Nancy:  he  fell  by  an  unknown  hand;  and 
his  very  corpse  was  all  but  lost  among  the  carnage  of 
his  followers. 

The  future  husband  of  his  sole  daughter  and  heiress, 
Maria,  would  now  become  the  richest  prince  of  the 
time.  Miximilian,  duke,  afterwards  emperor  of  Aus- 
tria, and  Louis  XI  of  France,  were  rivals  for  this  ho- 
nour, and  excluded  the  claims  of  humbler  competitors. 
The  States  of  the  Netherlands  dreaded  the  power  and 
the    tyranny   of  Louis:    Maximilian    was  weaker  and 
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more  distant;  they  decided  for  liiin.  Their  political 
forcsipjht  corresponded  ill  with  the  event.  Philip  the 
Fair,  Maximilian's  and  Maria's  son,  acquired  with  his 
Spanish  bride,  the  extensive  monarchy  which  Ferdi- 
nand and  Isabella  had  lately  founded;  Charles  V.  the 
next  heir,  augmenlcd  this  inheritance  by  his  grandfa- 
ther's imperial  crown;  and  the  Nclherlands,  thus  be- 
come the  province  of  an  overwhelming  empire,  had  soon 
cause  to  experience  and  repent  the  change  in  their  si- 
tuation. During  the  succeeding  age,  this  connexion 
with  Spain  gave  rise  lo  the  most  terrible,  as  well  as  the 
most  glorious  event  of  their  history. 

Prior  lo  the  Burgundian  dynnsty,  and  under  it,  the 
Netherlands,  profiluig  by  their  natural  advantages  for 
commerce,  had  acquired  considerable  wealth  ;  their 
wealth  secured  to  them  a  free  though  complicated  con- 
stitution ;  and  they  gradually  rose  to  be  the  first  trading- 
nation  in  the  world.  The  fulness  of  prosperity,  which 
we  have  described  as  existing  al  Bruges  and  Antwerp, 
was  but  the  concentrated  result  of  an  adventurous  in- 
dustry, abundant  riches,  and  a  generous  spirit  of  inde- 
pendence, disseminated  over  all  ihe  country.  At  the  ac- 
cession of  Charles  V.  the  Netherlands  abounded  in  re- 
sources beyond  any  other  portion  of  his  great  dominions. 
The  complex  politics  of  this  prince,  his  far-extended 
undertakings,  gave  him  ample  use  for  all  their  contribu- 
tions ;  and  his  irresistible  power  allowed  him  to  make 
various  inroads  on  their  freedom.  The  taxes  he  levied 
on  them  were  immense,  and  granted  unwillingly.  He 
more  than  once  introduced  foreign  troops  into  their 
towns,  foreign  officers  into  their  government ;  the  tri- 
bunals of  the  country  were  subjected  to  the  revision  of  a 
supreme  court  established  by  the  emperor  at  Brussels, 
and  entirely  devoted  lo  his  will.  A  still  more  glaring 
instance  of  his  arbitrary  procedure  was  the  conduct  he 
pursued  with  regard  to  religion.  The  new  light  of  the 
Rt formation,  which  in  his  reign  was  dazzling  or  illumi- 
nating every  corner  of  Europe,  had  early  found  its  way 
into  the  Nclherlands,  and  excited  instant  notice  there. 
Foreign  merchants,  assuming  the  liberty  of  speech  and 
action  natural  lo  persons  in  Uieir  situation,  had  already 
professed  the  doctrines  of  Luther.  The  Swiss  and  Ger- 
man soldiers  of  Charles  were  often  Protestants  :  the 
nobles  of  the  country  were  accustomed  to  study  in  the 
academies  of  Geneva  :  refugees  from  France  and  I'lng- 
land  were  allured  by  the  freedom  of  the  Low  Countries 
lo  escape  from  the  pressure  of  domestic  persecution  ; 
their  mechanical  skill  or  commercial  capital  was  wel- 
comed as  a  benefit  ;  and  their  opinions  were  listened  lo 
with  toleration  or  approval,  by  a  people  in  whom  an  in- 
tercourse with  remote  and  dissimilar  nations  had  soften- 
ed the  asperities  of  bigotry, — in  whom  the  long  possession 
of  wealth  and  social  comforts  had  developed  a  spirit  of 
inquiry  and  comparison,  while  their  trading  prejudices, 
their  exclusive  respect  for  diligence,  and  their  love  of 
gain,  were  shocked  at  the  expensive,  unproductive  estab- 
lishment— the  lazy  monks  and  hauglity  prelates — of  a 
hierarchy,  whose  gorgeous  splendours  suggested  no  idea 
but  that  of  useless  cost  to  their  calculating  and  unima- 
ginative minds.  The  an  of  printing  circulated  those 
speculations  among  the  higher  classes.  Bands  of  ad- 
venturers, animated  by  the  love  of  truth  or  the  love  of 
change,  moved  over  the  country  from  place  to  place,  to 
circulate  ihem  among  the  lower.  To  the  serious,  those 
sfieakcrs,  as  they  were  named,  could  preach  with  all 
the   fervid  zeal  of  missionaries  and  apostates :  for  the 


careless  and  light  of  heart,  they  had  songs,  and  farces, 
and  bulfooneries  in  every  possible  style  of  connivance. 
Such  multifarious  causes  did  not  work  in  vain.  The 
Romish  church  in  the  Neihcrlands,  allackcd  al  once  by 
argument  and  ridicule,  by  enthusiasm  and  self-interest, 
was  nodding  lo  its  fall  before  the  danger  had  been  met 
or  even  noliccd.  Its  guardians  at  length  awoke,  and 
Ihe  usual  expedients  were  put  in  motion.  Charles  V, 
had  agreed  lo  tolerate  ihe  Evangelical  creed  in  Ger- 
many, because  its  professors  were  foimidable  in  their 
united  strength;  but  he  seemed  anxious  to  make 
amends  for  this  compelled  forbearance,  by  a  double 
severity  in  treating  the  heretics  of  the  Netherlands. 
Contrary  to  the  fundamtnlal  laws  of  the  state — contrary 
to  the  universal  wish,  no  less  than  to  the  voice  of  jus- 
lice  and  humanity,  he  introduced  religious  tribunals  into 
the  counliy,  to  superintend  the  execution  of  his  edicts, 
in  which  the  most  stern  and  relentless  vengeance  had 
been  tienounccd  against  any  variation,  however  slight, 
Irom  Ihe  Komish  creed.  The  guilt  of  having  advanced 
heretical  doctrines,  of  having  even  assisted  at  a  secret 
meeting  of  llie  Reformed,  was  punished  with  death— by 
the  axe,  if  the  culprit  was  a  man  ;  women  svere  butied 
alive.  A  relapsed  heretic  was  committed  to  the  tiames, 
and  no  recantation  availed  him.  The  ministers  of 
Charles  were  diligent  enough  in  their  obedience.  Fifty 
thousand  persons  perished  on  the  scaH'old  here,  "  suf- 
fering for  conscience  sake,"  during  his  reign.  No  pri- 
vacy, however  sacred,  was  secure  ;  no  age,  or  sex,  or 
rank,  was  spared ;  and  this  once  cheerful  land  was 
overshadowed  with  grief,  and  terror,  and  silence. 
Posterity  have  learned,  with  a  kind  of  salisfaclion,  that, 
in  his  old  age  and  retirement,  Charles  himself  began 
lo  doubt  ;  that  the  spirit  which  had  never  felt  for  the 
fate  of  another,  was  doomed  in  its  feebleness  to  expe- 
rience the  blackest  terrors  for  iis  own  fate,  and  to  leave 
the  world  it  had  wasted  and  deformed,  under  a  weig/iC 
of  blood  which  superstition  itself  could  no  longer  alle- 
viate. 

Charles,  however,  was  less  a  bigot  than  a  despot :  he 
relaxed  his  cruelties  when  he  found  they  would  inter- 
fere with  the  prosperity  of  a  country  whose  revenues 
he  needed  so  much  ;  and  he  preferred  allowing  the  con- 
tinuance of  erroneous  doctrines  at  Antwerp,  to  the  ha- 
zard of  destroying  the  commerce  of  the  city  in  extir- 
paling  Ihem  by  an  Inquisition  similar  lo  that  of  Spain. 
The  people,  loo,  were  inclined  to  suffer  much  at  his 
hands.  He  was  their  countryman  ;  spoke  their  lan- 
guage, adopted  their  manners,  and  visited  them  often. 
The  fame  of  his  victories,  his  talents,  and  his  power, 
laid  hold  of  their  admiration  ;  and  the  promotions 
which  he  lavished  on  their  chief  men,  secured  him  a 
permanent  interest  among  the  inferior.  And  if  all 
those  persuasives  could  not  lead  to  obedience,  the  ex- 
tent of  his  other  dominions  was  sufficient  \.o  force  it.  The 
prompt  and  hard  punishment  to  which  he  had  condemn- 
ed the  mutinous  inhabitants  of  Ghent,  was  a  lesson  of  hu- 
mility and  submission  lo  all. 

Bui  in  the  case  of  Phlip  H.  his  son,  every  thing  was 
different.  With  a  heart  as  stony  as  his  father's,  Philip 
united  an  inlclk-ct  vastly  inferior  by  nature  ;  and  ihe 
gloomy  tutelage  of  monks  had  narrowed  aiid  obscured 
it  still  fartlier.  He  was  born  in  Spain ;  and  the  harsh 
sadness  of  his  temper  was  best  filled  lo  relish  the  so- 
lemn and  monotonous  style  of  society  prevalent  there. 
In  his  youth  he  had  been  sent  to  visit  the  Netherlands, 
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that  his  presence  might  conciliate  ihe  afTections  of  the 
people;  but  his  haughty  deportment,  his  unaccommo- 
dating character,  produced  quite  an  opposite  effect.  Phi- 
lip loved  not  the  Netherlands;  and  the  feeling  was  mu- 
tual. At  the  abdication  of  his  father  (1556,)  thu  States 
evinced  their  distrust  of  Philip's  intentions  by  the  vain 
attempt  which  they  made  to  guard  against  them.  The 
splendour  of  a  spectacle  so  extraordinary  could  not  lull 
their  vigilance  ;  and  an  additional  oath  was  imposed  on 
Philip,  forbidding  every  shadow  of  innovation  in  the  es- 
tablished laws  of  the  country. 

The  suspicions  which  arose  so  early  were  soon  abun- 
dantly confirmed.  By  the  treaty  of  Chaleau-Cambresis, 
Philip  was  delivered  from  all  foreign  enemies  ;  yet  he 
obtinately  continued,  under  the  siiallowest  pretences,  to 
retain  a  body  of  Spanish  troops,  occupying  the  gtuiisons 
and  consuming  the  resources  of  the  country.  The  edicts 
of  his  father  were  brought  forward  anew,  and  the  more 
strict  and  impressive  execution  of  them  was  intrusted  to 
Cardinal  Granvella,  a  man  whose  inflexible  disposition 
and  consummate  political  skill  were  well  gtted  for  the 
purposes  of  Philip  ;  but  whose  proud  contemptuous  be- 
haviour disgusted  the  nobles,  while  his  rigid  severity  ex- 
asperated the  people.  Under  the  advice  or  superinten- 
dence of  this  man,  Philip  appointed  Margaret  of  Parma, 
a  natural  daughter  of  Charles  V.  to  be  regent  of  the  Ne- 
therlands, and  returned  to  Spain,  where  corhplaints  and 
representations  were  not  slow  to  follow  him.  The  fo- 
reign troops  had  remained  till  long  after  the  promised 
period  ;  the  spiritual  tribunals  were  active  ;  and  the  car- 
dinal, who  had  never  been  popular,  was  fast  acquiring 
universal  execration.  The  appointment  of  fourteen  new 
bishoprics,  showed  Philip's  zeal  to  exterminate  heretical 
doctrine,  but  was  highly  disagreeable  to  every  class  of 
the  community.  It  dissatisfied  the  nobles,  because  it 
abridged  their  political  importance  by  the  addition  of  so 
many  votes  entirely  at  the  royal  disposal  in  their  deli- 
berative assemblies;  the  existing  clergy,  because  it  di- 
vided and  extenuated  their  revenue  ;  the  people,  because 
it  was  meant  to  cramp  their  freedom.  The  national  dis- 
content had  begun  to  exhibit  itself  in  actual  commotions, 
before  Philip,  having  vainly  tried  every  subterfuge, 
could  be  prevailed  on  to  recal  his  minister  (1564,)  and 
give  promises  to  remit  the  execution  of  his  father's 
edicts,  and  redress  the  many  grievances  of  the  state. 
Nor  was  the  calm,  which  these  occurrences  diffused,  of 
long  continuance.  Philip  intended  nothing  so  little  as  al- 
lowing the  growth  of  heresy,  and  he  saw  no  method  but 
that  of  persecution  for  preventing  it.  In  place,  there- 
fore, of  removing  the  inquisitorial  court,  which  differed 
only  in  name  from  the  Spanish  Inquisition,  and  which 
all  men,  Catholics  as  well  as  Reformed,  agreed  in  ab- 
horring, he  transmitted  express  orders  to  his  represen- 
tative, the  Duchess  of  Parma,  to  quicken  the  movements 
of  that  tribunal,  and  protect  its  decrees  with  all  the  force 
of  the  civil  power.  The  Inquisition  needed  no  such  sti- 
mulus. It  had  already  done  its  work  effectually  enough 
to  frighten  100,000  families  from  their  native  country; 
and  now,  when  no  hope  appeared  of  deliverance  from  it, 
the  people  rose  in  many  towns  of  Flanders(1566f)  forced 
the  prisons  of  the  Inquisition,  and  set  free  all  wlio  were 
confined  there  on  religious  accusations ;  delivering  them- 
selves up,  at  the  same  time,  as  might  have  been  expect- 
ed, to  many  other  measures  of  a  less  excusable  nature. 
This  uproar  would  have  been  appeased,  or  would  soon 
have  sunk  away  of  itself;  but  in  the  meanwhile  most  of 
the  nobles,  participating  in  the  discontents  of  the  popu- 
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lace,  to  which  peculiar  discontents  were  added  in  their 
own  case,  seconded,  though  they  affected  not  to  counte- 
nance, the  popular  proceedings  ;  and  formed  themselves 
into  a  combination,  which  has  become  known  to  history 
by  the  epithet  Gueux  (beggars,)  applied  to  the  members 
of  it  in  contempt,  by  a  minion  of  the  court,  when  they 
appeared  in  Brussels  to  lay  their  petition  and  remon- 
strance before  the  regent.  The  name  Gueux  was 
adopted  with  an  indignant  smile,  by  the  confederacy  it- 
self; and  the  symbols  of  beggary,  the  wallet  and  staff  in 
miniature,  became  the  rallying  emblems  of  the  dissa'is- 
fied,  and  were  to  be  seen  on  the  persons  of  men  and  wo- 
men over  all  the  country. 

Alarmed  by  these  unequivocal  symptoms  of  general 
revolt,  Philip  dispatched  the  Duke  of  Alva  from  Spain, 
at  the  head  of  10,000  men,  to  enforce  obedience,  and 
avenge  the  opposition  already  shov/n  to  his  mandates. 
The  Duchess  of  Parma  was  glad  to  retire  from  the 
storm,  which,  in  contrasting  Alva's  character  with  the 
circumstances  of  the  stale,  she  saw  clearly  to  be  ap- 
proaching ;  and  Alva  was  appointed  governor  in  her 
stead.  His  entrance  upon  office  was  the  signal  for  uni- 
versal despair.  Bigotted  in  his  creed,  immoveable  in 
his  determinations,  savage  in  his  temper,  he  hated  the 
Flemings  for  the  favour  shown  them  in  the  former  reign ; 
and  the  country  soon  groaned  under  the  weight  of  his 
resentment.  With  his  council  of  twelve,  nominated  by 
himself,  and  entirely  at  his  discretion,  he  proceeded 
strongly  in  the  work  of  destruction  ;  and  the  scaffolds 
soon  reeked  with  the  blood  of  thousands,  guilty  or  inno- 
cent, as  they  happened  to  incur  his  displeasure.  The 
people  were  driven  to  madness;  they  wanted  but  a 
leader  to  rise  in  open  rebellion,  and  brave  the  very  ut- 
most of  their  tyrant's  fury.  A  leader  was  soon  present- 
ed to  them ;  and  one  fitted  for  the  crisis  beyond  any 
other  person  of  his  time. 

William,  Prince  of  Orange,  was  the  representative  of 
the  noble  family  of  Nassau,  which  had  once  given  an 
emperor  to  Germany,  and  for  many  ages  had  occupied 
an  honourable  rank  among  the  chiefs  of  that  country. 
Early  taken  under  the  protection  of  Charles  V.,  he  had 
lived  constantly  at  court,  enjoying  the  intimate  fami- 
liarity of  that  monarch,  and  participating  in  all  his  se- 
crets. William's  circumspect  demeanour  procured  him 
the  surname  of  silent ;  but  under  this  cold  exterior,  he 
'  concealed  a  busy,  far-sighted  intellect,  and  a  generous, 
upright,  daring  heart.  He  had  extensive  possessions 
in  the  Netherlands ;  and  had  been  employed  there  by 
Charles  in  various  important  duties,  in  the  discharge 
of  which,  his  talents,  his  integrity,  his  manners,  had 
procured  him  universal  confidence  and  respect.  Dis- 
appointed in  his  expectation  of  the  regency  under  Phi- 
lip, who  hated  and  feared  him,  he  had  continued  to  act 
with  the  same  calm  stedfastness,  equally  resisting  the 
arbitrary  measures  of  government,  and  repressing  the 
rash  attempts  of  the  harassed  people.  On  Alva's  ap- 
proach he  retired  to  Germany  ;  and  the  fate  of  Count 
Egmont,  who  shared  the  national  favour  with  him,  and 
had  perished  on  the  scaffold  at  Antwerp  for  no  other 
crime  but  shaiing  it,  soon  showed  how  prudent  this  step 
had  been.  The  tribunal  which  had  condemned  his  friend, 
now  summoned  William  to  appear  likewise  ;  and  as  he 
naturally  refused  to  comply,  they  proceeded  to  confis- 
cate his  property,  and  brand  him  as  a  traitor.  William 
was  not  of  a  humour  to  brook  such  treatment  lamely : 
and  patriotism  combined  with  ambition  to  strengthen  his 
purpose  of  finding  redress.  Having  formed  an  alliance 
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with  several  princes  of  Germany,  and  collected  a  body 
ol'  Iroops,  which  iriultiiudcs  of  Flemisli  exiles  were 
rapidly  augnicnlint;,  he  formally  renounced  his  alle- 
giance lo  Uic  governor,  and  entered  Friesland  at  the 
head  of  an  army  (1569.) 

His  beginning  was  unsuccessful.  Alva  hastened  to 
meet  liim  ;  the  raw  soldier  could  not  stand  against  the 
veteran ;  William  retired  into  Germany  once  more ; 
and  the  Spaniard  returned  in  triumph  to  Brussels. 
But  his  triumph  was  not  long  undisturbed.  He  had 
erected  a  statue  of  himself  in  the  citadel  of  Antwerp ; 
he  had  represented  it  as  treading  under  foot  two  smaller 
statues  einblematic  of  the  States  of  the  Netherlands  ; 
and  was  proceeding  quickly  to  demonstrate  the  cor- 
rectness of  this  allegorical  device,  by  levying  the  most 
oppressive  taxes,  of  his  own  authority,  and  massacring, 
with  every  circumstance  of  ignominy  and  savageness,  all 
such  as  refused  to  comply  with  his  requisitions, — when 
his  bloody  career  was  interrupted  by  intelligence  thut 
the  town  of  Brille  was  taken,  and  the  whole  island  ready 
to  revolt.  He  hastened  thither  to  (jnell  the  tumult,  and 
crtjsh  the  Gueux  patriots,  or  pirates  as  he  called  them, 
who  had  caused  it.  But  the  infamy  of  his  conduct  pre- 
ceded him  ;  William  of  Orange,  under  whose  instruc- 
tions the  conquerors  of  Biille  had  acted,  was  advancing 
from  the  east  with  a  fresh  army  ;  and  the  entire  pro- 
vinces of  Zealand  and  Holland  simultaneously  threw  off 
the  Spanish  yoke.  Alva  made  vast  efforts ;  but  they 
were  fruitless.  He  took  Naerdcn  and  Haarlem,  and 
butchered  their  inhabitants;  but  he  failed  before  Alc- 
maar  ;  a  fleet  which  he  put  lo  sea  with  great  exertion 
was  defeated  and  destroyed  by  the  Zealanders  ;  and  on 
Philip's  order  he  returned  lo  Spain,  to  boast  that  in  five 
years  he  had  delivered  18,000  lieretics  into  the  haiids  of 
the  executioner,  and  lo  meet  the  reward  which  such  a 
servant  of  such  a  prince  unloitunalely  does  not  always 
meet — the  suspicion  and  hatred  of  a  master  for  whom  he 
had  sacrificed  honour  and  hunianity,  and  condemned 
hiiiisclf  to  permanent  and  univers d  detestation. 

Requesens  succeeded  Alva.  He  was  a  milder  and  a 
better  man  ;  but  the  time  for  mildness  was  gone  by. 
Some  years  before,  a  governor  like  Requesens  might 
have  retained  the  Netherlands  under  Philip;  but  the 
horrors  of  Alva's  regency,  the  massacre  of  St.  Bartho- 
lomew in  France,  had  put  to  flight  "  respective  lenity," 
and  ''fire-eyed  fury"  was  their  conduct  now.  It  is  dan- 
gerous to  drive  even  the  feeblest  of  creatures  to  despair; 
and  Philip  found  he  had  calculated  too  far  on  the  phleg- 
matic patience  of  his  northern  subjects.  The  dull  per- 
severance of  their  ordinary  character  was  now  changed 
into  a  grim  and  adamantine  fixedness  of  purpose  to  suf- 
fer all,  to  dare  all,  but  never  to  submit.  "  Talk  not  of 
surrender,"  replied  they  to  Valdez,  the  general  of  Re- 
quesens, at  the  siege  of  Leyden,  when  famine  was  alrea- 
dy carrying  them  in  hundreds  to  the  grave  :  "  Our  pro- 
visions are  not  exhausted,  and  if  they  were,  if  all  else 
should  fail,  we  would  eat  our  left  arras  and  fight  with 
our  right,  that  we  might  die  fighting  against  our  ty- 
rants." Their  firmness,  on  this  occasion,  was  rewarded. 
The  sluices  were  opened,  the  country  was  laid  under 
water  ;  a  strong  south-west  wind  rendered  fruitless  eve- 
ry attempt  to  drain  it ;  and  the  Spaniard  made  a  fright- 
ful retreat,  leaving  the  flower  of  his  army  buried  in  the 
marshes,  or  hewn  to  pieces  by  the  Flushing  boatmen, 
who  hung  upon  his  skirts,  with  fury  and  revenge  in  their 
hearts — their  harsh  countenances  rendered  harsher  by 
scars  sustained  from  the  same  enemy  in  former  broils, 


and  their  caps  surmounted  each  by  a  crescent,  having 
the  inscription,  'Jurka  before  Pafiists. 

This  ineffeclual  siege  of  Leyden  is  the  most  remark- 
able transaction  of  Requesens  in  the  Low  Countries.  It 
was  followed  (1575)  by  some  abortive  attempts  at  nego- 
ciation,  the  Emperor  Rodolph,  and  our  Queen  Elizabeth, 
acting  as  mediators.  Neither  party  was  in  a  mood  for 
negotiating  ;  and  Philip  instructed  Requesens  to  prose- 
cute the  war  with  fresh  vigour.  The  latter  endeavoured 
lo  comply  ;  he  was  beaten  back  at  Woerden  ;  but  he  re- 
duced Ziriczee,  had  entered  Zealand,  and  was  medi- 
tating an  attack  on  Holland,  when  death  overtook  him 
suddenly,  and  the  Netherlands  were  left  without  a  go- 
vernor. 

The  death  of  Requesens,  at  this  juncture,  was  a  keen 
blow  to  the  Spanish  interests.  The  troops  had  receiv- 
ed no  pay  for  many  months  ;  the  absence  of  a  general 
made  them  clamorous  in  their  demand  ;  and  as  no  funds 
existed  to  satisfy  it,  they  renounced  the  conlroul  of  their 
officers,  spread  over  the  country  in  search  of  plunder, 
sacked  the  city  of  Antwerp  with  the  most  horrible  out- 
rages, and  seized  upon  the  fortress  of  Alost,  from  which 
they  threatened  other  towns  with  a  similar  violence. 
The  southern  provinces  had  hitherto  participated  ra- 
ther in  the  feelings  than  the  actions  of  their  revolted 
countrymen  ;  and  the  seat  of  war  had  been  chiefly  in 
Holland  and  Zealand.  But  this  fearful  visitation  roused 
even  the  most  timorous:  In  1576  all  the  states  united 
themselves  by  a  treaty, named  the  Pacification  of  Ghent, 
having  for  its  object  to  expel  the  foreign  soldiery,  and 
restore  the  ancient  liberties  of  the  country  ;  and  Don 
John,  the  new  governor,  found  all  the  Netherlands,  ex- 
cept Luxemburg,  shut  against  his  approach.  Don  John's 
ambitious  views  induced  him  to  temporise  :  he  affected 
to  sanction  the  Pacification  of  Ghent;  was  received 
peacefully  into  his  government  ;  and  the  country  had 
liberty  to  breathe  for  a  moment.  It  was  but  for  a  mo- 
ment. Don  John  watched  his  opportunity  to  seize  the 
castle  of  Namur  :  he  recalled  the  Spanish  troops,  and 
the  fire  of  war  was  kindled  again.  His  opponents  were 
little  able  to  resist,  and  their  strength  v/as  still  farther 
weakened  by  intestine  division.  The  Prince  of  Orange's 
guarded  and  patriotic  behaviour  could  not  appease  the 
jealousy  of  the  Catholic  confederates,  or  quench  the  en- 
vy of  his  ancient  rival,  the  Duke  of  Arshoi,  who  affect- 
ed to  lead  them,  as  William  did  the  Protestant  parly. 
While  the  latter,  therefore,  made  application  to  Queen 
Elizabeth  for  assistance,  the  other  privately  invited  the 
Archduke  Matthias,  brother,  and  afterwards  successor 
of  the  emperor  Rodolph  II.  to  come  and  take  upon  him- 
self the  office  of  governor.  The  Prince  of  Orange  was 
too  quick-sighted,  and  loo  public-spirited  to  let  slip  so 
fair  an  opportunity  of  at  once  acquiring  strength  by  fo- 
reign connexions,  and  sowing  discord  between  the  Ger- 
man and  Spanish  members  of  the  Austrian  family.  He 
accordingly  welcomed  Matthias  on  his  unexpected  ar- 
rival at  Antwerp,  and  i>ersuaded  the  States  to  set  hinn 
at  their  head.  The  Prince  himself  was  appointed  his 
lieutenant ;  and  Arshot's  plan  was  doubly  unsuccessful. 
But  neither  did  William's  turn  out  according  to  his 
hope.  Matthias  received  no  support  from  Germany,  and 
soon  fell  into  contempt ;  while  Don  John,  reinforced  by 
the  celebrated  Alessandro  Farnese,  Prince  of  Parma, 
with  18,000  veterans,  had  beaten  the  army  of  the  States 
at  Gemblours,  and  was  making  rapid  progress  in  the 
subjugation  of  the  provinces.  Don  John  died  soon  after» 
— of  poison,  by  Philip,  it  was  suspected,  or  of  chagrin 
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it  the  failure  of  his  sciiemes  on  ihc  English  crown, 
which  he  had  dreamed  of  obtaining  with  the  hand  of 
Mary  Queen  of  Scots  ;  but  liis  death  brought  no  relief 
to  the  confederacy.  Matlhias  returned  without  honour 
to  Prague  ;  the  Duke  ol  Anji.u,  who  was  next  called  in, 
could  be  of  little  service  ;  and,  while  Parma  was  ad- 
vancing in  his  conquests,  the  Duke  of  Arshot  was 
smoothing  ihc  way  for  him,  by  fostering  divisions  and 
cabals  among  llie  provinces  to  be  attacked. 

To  obviate  the  evils  of  dissension,  William  assembled 
the  Northern  or  Protestant  Slates,  among  whom  his  in- 
fluence was  the  most  extensive,  and  who  hilherto  had 
stood  the  brunt  of  the  war  alone.  He  was  fortunate 
enough  at  last,  to  combine  them  into  a  permanent  whole. 
On  the  23d  of  January,  1379,  was  signed  the  famous 
Uxio.v  OF  Utrecht,  at  the  city  whose  name  it  bears, 
by  deputies  Irom  the  provinces  of  Holland,  Zealand, 
Utrecht,  Friesland.  Groningen,  Ovtryssel,  and  Gclder- 
land.  It  was  the  fundamental  article  of  the  Dutch  Re- 
public, destined  after  to  become  so  conspicuous  an  agent 
in  the  political  transactions  of  Europe.  The  main  sti- 
pulations, for  the  present,  were,  that  the  Seven  Pro- 
vinces should  join  themselves  in  interest  as  one,  each 
individual  still  retaining  its  own  private  customs  ;  that 
in  disputes  between  two,  the  rest  should  interfere  only 
as  metiiaiors,  and  that  all  should  assist  each  with  life 
and  toitune  against  every  foreign  enemy.  Separately, 
the  provinces  were  weak  ;  and  though  united  as  firmly 
as  the  bundle  of  arrows,  the  badge  and  emblem  of  their 
alliance,  it  might  still  seem  doubtful  it  this  new  repub- 
lic would  survive  its  infancy.  Its  members  had  not 
faltered  in  the  contest,  but  they  doubted  of  the  issue 
themselves.  Their  first  coin  was  stamped  with  the  im- 
age of  a  ship  ^tru^gling  amid  the  waves  without  oars 
or  sails  ;  and  the  motto  was,  Incerlum  quo  fata  ferant. 

It  was  indeed  a  perilous  enterprise  in  which  they 
were  engaged.  A  small  community  of  fishers  and  herds- 
ineii,  hilherto  unknown  among  nations,  had  come  down 
into  the  lists  agai  st  a  monarch,  before  whom  the  most 
powerful  kingdoms  of  the  wor  d  had  lately  trembled  for 
their  liberties.  With  no  resources  but  their  own  acti- 
vity, no  tactics  but  their  own  despair,  the  Dutch  had 
ventured  to  defy  the  commander  of  the  veterans  of 
Charles  V.  and  the  possessor  of  the  American  mines. 
The  contest  at  first  view  might  appear  hopeless,  and 
preferable  to  submission,  only,  as  dying  nobly  on  the 
field  of  battle  is  preferable  to  dying  unjustly  on  the  scaf- 
fold. A  closer  inspection,  however,  showed  the  pros- 
pect in  less  gloomy  colours.  The  Hollanders  were  poor  ; 
but  the  enemy's  wealth  lay  widely  scattered,  and  bold 
adventure  might  snatch  a  pa  i  of  it.  The  Flemish  ex- 
iles, driven  from  the  peaceful  occupations  of  the  land, 
had  betaken  themselves  in  great  numbers  to  another 
element  ;  and  the  rich  fleets  of  Spain  were  often  cap- 
tured by  them.  By  degrees,  too,  the  trade  which  was 
thus  obstructed,  sought  out  other  channels  ;  and  Hol- 
land, the  asylum  of  the  persecuted  from  every  nation 
-{who  were  naturally  the  most  inquisitive  and  enterpris- 
ing of  each  nation),  soon  abounded  in  persons  fitted  for 
all  kinds  of  commerce,  and  ready  to  grasp  at  every 
branch  of  it  within  their  reach.  As  their  maritime  spe- 
culations prospered,  greater  numbers,  and  more  capital, 
became  engaged  in  them  :  they  at  length  acquired  a 
navy,  which  could  venture  to  the  Indies,  and  strike  at 
the  root  of  their  oppressor's  prosperity  Philip  had 
impoverished  and  ruined  tnat  part  of  the  Netherlands 
which  still  adhered  to  him  ;  the  Indian  trade  of  his  Por- 


tuguese subjects  was  snatched  away  before  it  could  re- 
ward the  labour  of  conquering  Portugal,  and  keeping  it 
conquered  ;  and  Spain,  at  no  time  distinguished  for  com- 
merce, had  already  begun  to  sink  into  that  state  of  lan- 
guor from  which  it  has  never  since  awoke.  The  gold 
of  Potosi,  in  spite  of  all  his  efforts,  found  its  way  to  the 
markets  of  Amsterdam  :  his  own  subjects  did  not  manu- 
lacture  ;  and  the  very  equipment  of  i.is  armies  gave  vi- 
gour and  riches  to  ihe  people  they  were  sent  to  subdue. 
His  forces  seemed  numerous,  but  his  plans  were  still 
more  so.  The  jealousy  entertained  against  his  father 
continued  to  subsist,  though  the  power  which  had  given 
rise  to  it  was  last  ceasing.  A  kind  of  Catholic  knight 
errantry  made  Philip  take  part  in  every  religious  quar- 
rel which  agitated  Europe  during  that  period  :  his  ar- 
mies and  his  treasures  were  repeatedly  called  from  their 
most  necessary  functions,  to  lend  assistance  to  the  par- 
lizans  of  the  League  in  France.  Ambition  made  him 
seize  the  crown  of  Portugal ;  ambition  combined  with, 
resentment  and  fanaticism  to  make  him  grasp  at  that  of 
England.  And  each  new  undertaking,  each  new  ac- 
quirement, while  it  weakened  his  own  strength,  by  ex- 
tending it  over  a  wider  surface,  procured  for  the  Hol- 
landers, openly  or  secretly,  a  new  ally. 

With  William  of  Orange  at  its  head,  therefore,  the 
new  confederacy  did  not  despair.  Philip,  wh.  knew  the 
Prince's  imporiance,  attempted  to  detach  him  by  pro- 
mises and  gifts  :  when  this  was  found  to  be  impossible, 
he  set  a  price  upon  his  head.  Superstitious  fervour,  so 
justified  and  rewarded,  was  likely  in  time  to  find  some 
wicked  maniac  whom  it  could  convert  into  an  assassin. 
A  first  attempt  failed  ;  a  second  was  successful.  Bal- 
thazar Gerard  murdered  the  Prince  of  Orange  at  Delft, 
(1584),  being  impelled,  as  he  stated  at  first,  by  the  Di- 
vinity ;  but  allured  also,  as  he  afterwards  confessed,  by 
the  less  elevated  hope  of  Philip's  earthly  recompence  to 
do  the  deed.  Philip's  memory  can  suffer  little  by  this 
imputation  :  the  murderer  of  his  own  son  could  blacken 
his  character  no  farther  in  the  way  of  murder. 

William's  death  was  a  heavy  stroke  to  his  fellow-ci- 
tizens ;  but  in  proportion  as  it  excited  grief  for  the  fate 
and  for  the  loss  of  their  leader,  it  rendered  more  impla- 
cable their  hatred  of  his  destroyer  Nor  was  their  situa- 
tion yet  so  low  as  Spain  believed.  The  Duke  of  Anjou, 
their  late  governor,  had  left  them,  indeed,  with  feelings 
of  irritation  and  disgust,  which  were  repaid  him  with 
usury  :  but  William's  exertions  had  kept  the  Prince  of 
Parma  busied  in  the  southern  provinces,  where  much 
work  still  remained  for  him.  By  William's  negocia- 
tions,  seconded  by  the  suspicious  measures  of  Philip, 
Elizabeth  of  England,  though  she  rejected  the  sove- 
reignty of  the  Netherlands  repeatedly  offered  to  her, 
had  been  induced  to  lend  them  secret  assistance  in 
troops  and  money;  and  she  now  openly  espoused  their 
quarrel.  As  security  for  payment,  the  States  delivered 
up  to  her  the  towns  of  Bille  and  Flushing,  with  the  cas- 
tle of  Rammektns;  and  she  sent  them  an  army,  with 
the  earl  of  Leicester  to  he  their  governor.  Leicester 
dissatisfied  the  people,  and  was  recalled  :  i)ut  the  sol- 
diers continued  ;  and  being  joined  under  Lord  Wil- 
loughby,  with  the  forces  of  the  republic,  were  placed  at 
the  disposal  of  Maurice,  the  late  Prince's  son.  a  young 
man  whom  the  gratitude  of  his  country  had  raised  to  the 
station  of  governor,  and  who  soon  showed  talents  that 
would  have  deserved  it  independently  of  gratitude. 

His  talents,  however,  were  all  required  in  this  emer- 
gency; and  but  for  other  circumstances,  they  would 
iG;: 
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hardly  have  suirercd  to  meet  it.  Parma  had  already  se- 
cured Ghent,  Bruges,  and  lastly  Antwerp,  the  hardest 
of  his  conquests,  as  well  as  the  most  serviceable.  In  the 
south,  every  thing  must  soon  have  been  entirely  at  his 
disposal ;  and  Holland  misjht  then  li:ivc  justly  trembled 
before  his  accumulated  force.  But  Philip's  wars  with 
England,  his  Invincible  Armatla,  tbinned  the  ranks  of 
Parma,  and  dissipated  the  treasures  which  should  have 
maintained  him.  In  addition  to  this,  that  general  was 
twice  dispatched  to  France,  to  mingle  in  battles  which 
had  no  bearing  on  his  own  success  ;  and  the  Dutch, 
now  strongly  supported  by  Elizabeth,  frequently  undid 
in  his  absence  what  it  had  cost  him  infinite  pains  to  ef- 
fect before  his  departure.  Between  Maurice  and  Phi- 
lip, the  task  of  Parma  was  like  Penelope's  web  ;  no  skill 
or  energy  could  avail  him.  Compelled  to  vibrate  be- 
tween France  and  Holland,  he  accomplished  nothing 
permanent  in  either.  During  his  second  invasion  of  the 
former  country,  he  had  succeeded  in  thwarting  the  plans 
of  Henry  IV.  both  at  Paris  and  Rouen.  These  were 
the  last  of  his  triumphs :  he  died  at  Arras  next  year 
(1592),  and  the  Spanish  cause  in  Holland  died  along 
whh  him. 

Mansfeld,  Ernest,  Fuentes,  his  successors,  impeded 
in  their  efforts  by  the  French  war,  disobeyed  by  ill-ap- 
pointed and  mutinous  troops,  performed  nothing  of  im- 
portance. The  latter  even  lost  Breda  and  Gertruyden- 
burg  to  Prince  Maurice.  At  length,  in  1598,  Philip 
closed  his  restless  reign.  The  burden  which  had  gall- 
ed him  near  forty  years,  had  long  ago  vanquished  even 
Ms  obstinacy;  and  Albert  of  Austria,  husband  of  the  In- 
fanta Isabella,  had,  some  time  previously,  been  promis- 
ed the  sovereignty  of  the  Netherlands,  with  merely  a 
reversion  in  favour  of  Spain,  should  that  princess  die 
childless.  Philip  III.  punctually  obeyed  the  intentions 
of  his  father;  but  the  states  of  Holland  listened  in  si- 
lence to  Albert's  claim.  At  the  head  of  a  great  army, 
he  prepared  to  enfoice  it.  Prince  Maurice  met  him 
at  Nieuport  (1600;)  and,  witii  the  aid  of  Sir  Francis 
Vere,  and  the  English  auxiliaries  led  by  him,  gained  a 
complete  and  splendid  victory.  Albert  wasted  his  re- 
maming  forces  in  the  irenches  of  Ostend  :  the  town  was 
gallantly  maintained  by  Vere  and  his  followers  ;  and  did 
no;  yield  even  to  the  talents  of  Spinola,  till  after  it  had 
stood  a  siege  of  three  years,  and  cost  him  above  70,000 
men.  Under  the  same  able  general,  Spain,  to  whom 
the  reversion  of  the  Netherlands  was  now  become  se- 
cure, Isabella  having  no  childien,  made  a  last  effort  far 
beyond  its  diminished  strength.  But  new  efforts  yield- 
ed no  adequate  result  :  Philip  was  weary  of  the  contest ; 
and,  by  the  advice  of  Spinola,  he  agreed  to  treat  of 
peace.  After  innumerable  obstructions  and  delays  on 
the  part  of  the  Dutch,  who  had  now  begun  to  reap  pro- 
fit from  the  war,  and  principally  on  the  part  of  Maurice's 
faction,  who  hoped  to  make  it  serviceable  to  his  ambi- 
tion, a  truce  of  twelve  years  was  at  last  concluded,  by 
the  mediation  of  France  and  England,  at  the  Hague,  in 
1609,  Spain  acknowledging  the  United  Provinces  as  a 
free  republic,  and  granting  them  every  privilege  which 
a  free  country  has  a  right  to  demand.  The  revolt  in 
Bohemia,  which  was  already  breaking  out,  the  appear- 
ance of  Gustavus  Adolphus,  and  his  victorious  progress 
in  Germany,  soon  gave  full  employment  elsewhere  to 
all  the  branches  of  the  Hapsburg  family.  Combined 
with  the  vigorous  administration  of  Richelieu,  those 
events  extinguished  in  Spain  all  desire  of  renewing  its 
pretensions  to  Holland:  no  farther  hostilities  occurred, 


and  a  definitive  treaty  was  signed  in  1647,  and  ratified 
at  the  great  peace  of  Westphalia  next  year,  securing 
the  rights  of  the  United  Provinces  in  the  most  ample 
rnanncr,  and  finally  stipulating  the  continuance  of  peace 
and  free  intercourse  between  two  nations,  whose  strife 
had  been  so  lengthened,  so  obstinate,  and  so  bloody. 

After  the  termination  of  this  contest,  which  had  esta- 
blished the  freedom  of  seven  provinces,  and  riveted 
the  chains  of  ten,  the  history  of  the  Netherlands  pre- 
sents nothing  equally  remarkable.  What  remains  of  it 
may  be  despatched  more  briefly.  Belgium  continued 
quietly  subject  to  Spain,  and  lost  all  its  commerce  and 
enterprise  :  Holland  went  on  rapidly  increasing  in  both. 
Cornelius  Houtmann  had  led  the  way  to  India  in  1599  ; 
the  Portuguese  settlements,  then  subject  to  Spain,  were 
in  no  condition  to  resist;  and  the  Dutch  by  degrees  ac- 
quired almost  the  whole  of  that  lucrative  trade.  They 
planted  colonies  in  the  spice  islands  of  the  East  ;  they 
gained  settlements  in  America;  their  naval  power  con- 
tinued to  augment ;  they  gradually  became  the  factors 
and  carriers  of  Europe.  It  is  true,  their  government, 
at  peace  from  without,  was  not  equally  at  peace  from 
within  ;  theological  disputes  between  Arminius  and  Go- 
mar,  to  which  political  feelings  soon  became  conjoined, 
had  agitated  the  people  violently  in  1G19,  and  tarnished 
the  name  of  Prince  Maurice  by  his  share  in  the  perse- 
cution of  Grotius,  and  the  death  of  the  Pensionary  Barn- 
velt.  A  more  strict  republican  party  also  afterwards 
arose  under  the  auspices  of  the  De  Witts,  who  had 
force  and  dexterity  enough  at  the  death  of  William  II. 
(1650),  to  procure  the  abolition  of  the  Stadtholdership. 
But  those  political  fermentations  slightly  affected  the 
industry  and  success  of  the  great  body  of  the  nation. 
The  public  prosperity  was  stedfastly  advancing  ;  it  had 
mounted  so  high  in  1652,  that  the  States  did  not  hesi- 
tate to  throw  down  the  gauntlet  to  England,  though  her 
power  was  at  that  time  wielded  by  the  firm  and  steady 
hand  of  Cromwell. 

Naval  superiority  was  the  subject  of  this  contest; 
commercial  and  political  jealousy  embittered  it.  The 
Dutch  had  given  refuge  and  countenance  to  many  of 
the  exiled  royalists  ;  their  admirals  refused  to  pay  to 
the  British  the  customary  acknowledgment  of  superio- 
rity ;  Van  Tromp,  on  the  contrary,  placed  a  broom  at  his 
mast-head,  to  signify  that  he  would  s7vee/i  the  seas,  and 
reign  triumphant  in  them.  But  the  cannon  of  Blake 
soon  levelled  this  rude  emblem,  and  the  claim  which  it 
typified:  De  Ruyler  and  Van  Tromp  were  beaten  by 
him  off  Portland  in  165  3,  after  a  furious  contest  of  two 
days  ;  and  next  year,  Van  Tromp  was  shot  through  the 
body,  off  the  coast  ol  Holland,  while  gallantly  animating 
his  men  on  the  l/iird  morning  of  a  battle,  which  his 
energy  alone  had  proracted  so  long.  Monk  was  the  vic- 
tor on  this  occasion.  The  Dutch  were  glad  to  make 
peace,  and  leave  the  dominion  of  the  ocean  in  the  hands 
where  it  was,  and  has  ever  since  continued. 

A  severer  trial  awaited  the  Dutch  republic  shortly 
afterwards.  In  1668,  Louis  XIV.  profiting  by  the  fee- 
bleness of  Spain,  had  entered  the  Low  Countries  with 
an  army,  which  bore  down  all  opposition.  He  soon  con- 
quered Belgium  ;  he  made  himself  master  of  Franche 
Conipte,  and  was  fast  extending  his  dominions  on  every 
side,  when  the  Triple  Alliance,  concluded  at  the  Hague 
in  1659,  arrested  his  ambitious  career.  Irritated  by  the 
share  which  Holland  had  taken  in  this  transaction,  Louis 
made  great  preparations  for  revenge.  The  profligate 
ministry  of  our  Charles  II.  was  hired  to  support  his 
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views;  and  in  1573,  lie  crossed  the  Rhine  at  the  head  of 
an  immense  army.  Basely  deserted  by  their  natural 
ally,  agitated  by  internal  factions,  the  Dutch  had  nothing 
but  a  few  undisciplined  troops,  and  a  general  scarcely  ar- 
rived at  manhood,  wherewith  to  oppose  the  progress  of 
130,000  veterans,  led  on  by  Conde,  Turenne,  and  Vau- 
ban.  The  ihsue  could  scarce  be  doubtful.  Louis  over- 
ran the  country  in  a  few  weeks;  and  Amsterdam  was 
soon  the  last  asylum  of  Dutch  liberty.  The  De  Wilts 
proposed  surrendering,  but  the  States,  with  their  young 
general,  Wiiliara,  Prince  of  Orange,  at  their  head,  de- 
termined on  a  braver  expedient.*  Preferring  indepen- 
dence to  every  other  advantage,  they  opened  the  sluices 
of  their  sea-dykes;  and  Amsterdam  once  nioie  became 
an  island  of  the  ocean,  from  which  it  had  been  gained. 
The  king  returned  into  France  ;  his  generals  retired  out 
of  Holland  ;  and  before  the  triumphal  arch  at  the  gate 
of  St.  Dennis,  in  honour  of  his  conrjuest,  was  completed, 
Louis  possessed  no  foot  of  ground  within  the  conquered 
territories.  Far  from  yielding,  the  Dutch  in  their  turn 
became  aggressors  ;  and  their  young  prince,  now  ap- 
pointed Stadtholder,  ever  henceforth  continued  the  un- 
wearied and  successful  adversary  of  all  the  covetous 
schemes  of  Louis.  By  his  efforts  the  present  war  was 
ended  in  1679;  and  when  he  mounted  the  throne  of 
England,  his  augmented  power  still  thwarted  the  in- 
creasing projects  of  France.  In  1697,  the  treaty  of  Rys- 
wick  concluded  a  new  war  of  eight  years, — in  the  con- 
duct of  which  he  had  been  indefatigable,  in  the  result 
of  which  he  was  superior  ;  and  before  his  death,  he  had 
prepared  the  materials  of  that  coalition  which,  under 
Marlborough  and  Prince  Eugene,  brought  Louis  to  the 
brink  of  ruin. 

The  peace  of  Utrecht  saved  Louis  from  absolute  de- 
struction, and  consigned  Belgium  to  the  throne  of  Aus- 
tria, that  of  Spain  being  now  filled  by  a  Bourbon.  The 
Dutch  had  exerted  themselves  vigorously  in  all  those 
quarrels;  but  from  this  period  their  internal  prosperity 
began  to  languish,  their  political  importance  gradually 
to  lessen.  The  English  had  acquired  their  arts  and 
manufactures,  and  almost  entirely  supplanted  their  East 
India  commerce.  The  American  colonies,  added  to  this, 
gave  the  English  navy  an  irresistible  preponderance. 
Holland  still  continued  diligent  and  contented;  but  the 
rise  of  neighbouring  nations  had  eclipsed  its  power. 
About  the  middle  of  the  last  century,  it  was  farther 
threatened  with  the  calamities  of  foreign  invasion.  When 
Maria  Theresa's  right  to  the  impeiial  throne  was  dis- 
puted in  1740,  the  Dutch  had  taken  up  her  side;  the 
French  that  of  the  Elector  of  Bavaria.  During  the  con- 
test, Louis  XV.  had  penetrated  into  the  Netherlands: 
and  the  Maieschal  de  Saxe  had  conquered  Belgium  for 
him.  In  1748,  the  same  general  made  an  attack  on  Hol- 
land. Bergen-op-Zoom  had  fallen,  Maestricht  was  fall- 
ing;  and  the  Dutch  barrier  must  have  been  forced,  had 
not  the  treaty  of  Aix-la-Chapelle,  which  restored  Bel- 
gium to  Austria,  while  it  secured  the  deliverance  of 
Holland,  put  a  stop  to  hostilities. 

The  Dutch  took  no  part  in  the  seveo  years  war.  A  long 
period  of  outward  tranquillity  was  only  disturbed  by 
contests  between  the  people  and  the  Stadtholder,  whose 
office  had  been  declared  hereditary  in  the  Orange  family 
in  the  year  1747.     The  French  Revolution,  and  the  vic- 


tories of  Dumourier,  took  Belgium  from  Austria  in 
1792;  it  was  recovered  next  summer,  but  the  recovery 
was  only  for  a  year,  and  confirmed  the  victors  in  their 
conquest.  Those  apostles  of  change  were  eagerly  wel- 
comed by  the  Dutch  people  soon  after.  But  the  latter 
had  quickly  reason  to  repent  of  this  predilection.  The 
French  oppressed  Holland  with  every  species  of  tyranny; 
even  Louis  Buonaparte,  for  whom  it  had  been  erected 
into  a  kingdom,  gave  it  up  in  despair.  Various  attempts 
to  relieve  it  failed,  till  at  last,  in  1814,  the  successes  of 
the  allied  sovereigns  put  the  Low  Countries  into  their 
hands.  The  British  cabinet  accomplished  its  often  pro- 
jected  scheme;  Belgium  was  united  with  the  seven 
provinces  into  the  Kingdom  of  the  Netherlakds  ; 
and  the  Prince  of  Orange,  who  had  taken  refuge  in 
England,  now  ascended  the  throne,  where  he  has  since 
continued  undisturbed. 

The  kingdom  thus  newly  formed  extends  over  a  space 
of  about  24,000  British  square  miles,  13,400  of  them  be- 
ing Belgic  territory,  the  rest  Dutch ;  and  contains  a  po- 
pulation of  5,226.000  inhabitants,  which,  (excluding  the 
military,)  are  distributed  among  the  various  provinces 
as  follows. 


Holland,  . 

East  Flanders, 

AVest  Flanders, 

Hainaut, 

South  Brabant, 

Liege, 

Limburg, 

North  Brabant, 

Antwerp, 

Gelderland, 

Luxemburg,     . 

Friesland, 

Namur, 

Overyssel, 

Groningen, 

Zealand, 

Utrecht, 

Dronthe, 


750,000 
602,000 
521,000 
431,000 
366,000 
355,000 
393,000 
252,000 
250,000 
244,000 
220,000 
177,000 
157,000 
148,000 
136,000 
112,000 
108,000 
47,000 


The  resources  of  the  Netherlands,  so  long  in  a  de- 
dining  condition,  have  not  yet  had  time  to  recover  per- 
ceptibly. The  annual  revenue  scarcely  exceeds  seven 
millions  Sterling  ;  and  the  expenditure  fully  equals  it. 
The  navy,  which  could  once  cope  with  that  of  England, 
has  now  shrunk  into  12  ships  of  the  line,  with  24  fri- 
gates, and  costs  only  500,000/.  a  year.  An  additional 
2,000,000/.  of  the  national  income  is  devoted  to  support 
a  military  establishment  of  50,000  regular  troops  ;  the 
services  of  religion  all  paid  from  the  public  treasury, 
require  270,000/. ;  and  a  government  debt  of  140,000,000/. 
consumes  nearly  all  the  rest.  The  interest  of  the  latter 
is  moderate,  or  the  country  could  not  bear  it  :  at  2  or  2^ 
per  cent,  its  amount  does  not  reach  far  beyond  3,000,000/. 

Fifty  thousand  soldiers  may  seem  a  force  dispropor- 
tionate to  the  means  of  so  small  a  state.  They  are  ren- 
dered necessary,  however,  by  the  long  and  defenceless 
frontier  of  tlie  kingdom,  and  by  the  number  of  colonies 
yet  subject  to  it  in  various  quarters  of  the  world.  None 
of  those  settlements  is  at  present  very  flourishing  or  im- 
portant :  some  are  in  a  state  of  permanent  decay.  In 
Asia,  there  are  Java,  with  the  lesser  governments  of 
Amboyna,  Ternale,  Malacca,  Macassar,  and  some  facto- 


•  It  is  mournful  to  add,  that  this  heroism  of  the  Dutch  was  tarnished  by  the  murder  of  Cornelius  De  Witt,  and  of  his  brother  John, 
ene  of  the  greatest  characters  whom  Holland  or  Europe  has  •ver  produced.  They  were  massacred  by  the  populace  at  the  Hague  in 
the  most  brutal  and  barbarous  manner. 
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ries  on  the  coasts  of  Coromandel  and  Persia  ;  in  Africa, 
thirteen  small  forts  on  the  Guinea  coast;  in  the  West 
Indies,  Surinam  on  the  mainland  ;  Curacjoa,  St.  Eusta- 
tius,  and  St.  Martin.  Demerara,  F.ssequi'oo,  and  Ber- 
bice,  still  permitted  to  trade  with  their  mother  country, 
are  now  under  the  dimiinion  of  Great  Britain. 

The  political  machinery  by  which  those  resources  are 
manaijcd,  the  form  of  i^ovcrninent  in  tne  Netherlands, 
bears  a  close  resemblance  to  that  of  Britain.  A  king 
possessed  of  all  the  executive  authority  ;  two  houses  of 
pailiameiit  possessed  of  all  the  legislative  ;  the  sove- 
reisi.'s  inviolability  ;  the  responsibility  of  his  ministers, — 
sufficiently  point  out  the  model  according  to  which  the 
whole  has  been  constructed.  At  the  same  lime,  seve- 
ral weighty  distinctions  occur  ;  so  weighty,  indeed,  as  to 
render  this  general  siiiiilarity  more  formal  than  substan- 
tial. One  leading  distinction  is  the  existence  of  provin- 
cial Slates,  whose  ofHce  it  is  to  superintend  the  execu- 
tion of  the  laws  in  their  several  districts,  the  expendi- 
ture of  local  magistrates,  of  religious  functionaries;  to 
take  charge  of  the  public  works, — and,  what  is  more 
important  tlian  all,  to  elect  the  members  of  the  lower 
house  ot  Parliament,  a  third  of  whom  are  thus  changed 
annually  ;  the  States  themselves  being  filled  up  by  the 
people.  This  lower  house  of  Parliament,  so  differently 
nominated,  differs  equally  from  our  House  of  Commons 
in  its  functions  and  dignity.  The  members  accept  a 
petty  salary,  (220/. ;)  they  can  originate  no  motion ; 
their  nuniber  is  small  ;•  their  influence  comparatively  in- 
considerable. The  upper  house  is  still  more  strongly 
contrasted  with  our  House  of  Lords.  The  Bclgic  Peers 
(between  40  and  60  in  number)  are  not  hereditary  ;  they 
are  nominated  by  the  king  for  life  ;  can  bring  in  no  bill 
on  their  own  authority  any  more  than  the  Commons  ;  and, 
like  them,  receive  a  paltry  wage  (270/.) 

The  crown  being  thus  invested  with  the  power  of  re- 
gulating the  deliberations  of  its  poor  and  feeble  Parlia- 
ment, and  excluding  all  importunate  discussions,  the 
popular  branch  of  the  Belgic  government  has  but  a  slen- 
der influence,  compared  with  that  of  the  British:  the 
mode  of  its  election,  the  character  and  rank  of  its  mem- 
bers, must  alike  conspire  to  render  its  limitation  of  the 
sovereign's  proceedings  feeble  at  any  time  ;  altogether 
ineffectual,  if  the  sovereign  were  enterprising  and  ambi- 
tious of  arbitrary  power.  The  Orange  family,  however, 
shows  no  such  sinister  desire;  a  system  of  equal  laws 
is  administered  by  judges  appointed  ad  vitam  aut  cul- 
fiani  i  the  taxes  are  not  more  heavy  than  is  seen  to  be 
indispensably  necessary  ;  the  press  is  free ;  and  the 
people  feel  no  inclination  to  repine  at  their  condition. 

They  are  remarkable,  indeed,  for  their  quietism  in  re- 
gard to  politics ;  and  a  similar  principle  now  extends 
also  to  religion.  In  the  Netherlands,  there  is,  properly 
speaking,  no  established  religion,  the  followers  of  every 
sect  being  elii^ible  to  all  offices  in  the  state,  and  the 
preachers  of  every  sect  not  only  tolerated,  but  paid  by 
the  government  funds.  In  the  northern  piovinces,  Cal- 
vinism is  the  prevailing  doctrine  :  and  the  Court  is  of 
the  same  persuasion.  The  Catholic  creed  prevails  in 
the  southern  provinces;  in  the  whole  kingdom,  its  fol- 


lowers outnumber  tiie  Protestants  in  more  than  tiie  pro- 
portion of  two  to  one.  But  the  wer.lth  of  either  church 
is  small,  the  salary  of  a  clergyman  seldom  amounting  to 
^200,  frequently  bordering  on  £70  :  and  the  govern- 
ment, extending  its  protection  to  all  ministers  of  reli- 
gion indiscriminately,  is  enabled  to  secure  the  adherence 
and  profit  by  the  influence  of  all. 

In  regard  to  education,  there  is  a  rather  liberal  pro- 
vision in  the  Netherlands.  Parish  schools  have  long 
been  established  in  Holland,  and  an  additional  arrange- 
ment  renders  them  more  effective  than  elsewliere. 
There  is  a  classification  introduced  among  the  school- 
masters of  Holland.  Four  ranks  are  settled  by  law  ; 
no  one  is  allowed  to  begin  teaching  till  he  has  enrolled 
himself  in  one  of  those  ranks;  and  two  special  com- 
missions exist  in  each  province  for  examining  the  quali- 
fications of  an  applicant,  and  issuing  his  license  to  give 
instruction  in  the  prescribed  branches,  if  his  trial  prove 
satisfactory.  In  Belgium,  without  any  parochial  esta- 
blishment, a  competent  school-master  is  yet  generally  to 
be  found  in  every  village.  The  higher  departments  of 
learning,  the  /our  languages,  as  they  are  called,  Latin, 
French,  German,  Eui^iish,  with  the  elements  of  mathe- 
matics, rhetoric,  and  some  minor  accomplishments,  are 
taught  in  the  royal  schools  in  most  ot  the  principal 
towns.  There  is  a  military  academy  at  Dort,  a  naval 
one  at  Siuys ;  and  the  religious  bodies  have  in  many 
cases  seminaries  of  their  own.  To  complete  the  sys- 
tem, there  are  six  universitica;  that  of  Leyden,  that  of 
Utrecht,  the  smaller  though  older  one  of  Groningen,  that 
of  Louvain,  rf -opened  in  1816  by  a  royal  charter,  which 
also  created  two  new  ones,  that  of  Ghent,  and  that  of 
Liege.  Some  of  those  establishments  were  once  flou- 
rishing and  renowned  ;  they  are  now  but  poorly  attend- 
ed. The  professors  have  participated  imperfectly  in  the 
modern  progress  of  science;  their  lectures  arc  mono- 
tonous, and  still  delivered  in  Latin. 

The  Netherlands,  with  all  its  apparatus  for  education, 
is  not  an  intellectual  country.  It  lias  no  national  litera- 
ture— none  current  among  its  people,  or  at  all  known  to 
foreigners.  The  Dutch  language  is  unfavourable  to 
this  purpose;  and  the  Flemish,  a  kindred  dialect  of  the 
German,  and  differing  from  the  former  chiefly  in  accent, 
is  not  more  so.  Vondel  is  almost  the  only  native  poet 
of  Holland.  He  lived  towards  the  end  of  the  seven- 
teenth century,  in  the  humble  capacity  of  a  tailor,  and 
wrote  tragedies,  which,  in  spite  of  their  rude  barbarous 
extravagance,  are  said  to  display  gleams  of  a  high  dra- 
matic genius.  This  mental  poverty,  however,  proceeds 
from  no  want  of  faculties  in  the  people.  The  telescope 
and  the  art  of  printing,  are  Dutch  inventions.  In  for- 
mer times,  Holland,  if  it  had  no  national  literature,  was 
inferior  to  few  countries  in  any  of  those  depaitments 
which  depend  on  the  exercise  of  a  just  intellect,  and 
patient  observation.  Erasmus  and  Grotius,  in  moral 
science,  Huyghens,  Boerhaave,  Swamnierdam,  Leiiwen- 
hoek,  in  natural,  are  universally  known.  The  intellec- 
tual fame  of  the  southern  provinces,  again,  rests  chiefly 
on  their  painters.  It  is  unnecessary  to  do  more  than 
mention  the  names  of  Rubens,  Van  Dyke,  Rembrandt. 


*  It  is  110  only ;  55  are  chosen  from  the  northern  province,  as  many  from  the  southern — in  the  following  proportions : 

North  Brabant,    7  Friesland,  5  Limburg,  4  Hmnaut  8 

Gelderland,  6  Overyssel,  4  Liege,  6  Namur,  2 

Holland,  22  Groningen,  4  East  Flanders,    10  Antwerp,  5 

Zealand,  3  Dronthe  1  West  Flanders,    8  Luxemburg,        4 

Utrecht,  3  South  Brabant,   S 


NEU 


NEV 
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Belgium  has  produced  authors,  too,  though  in  a  smaller 
number.  Lipsius,  well  known  to  classical  scholars,  was 
a  native  of  Brussels.  Froissart  and  Philip  de  Corn- 
mines  were  both  Walloons,  though  their  birth  places  are 
now  included  in  France.  At  present,  the  Netherlands 
are  not  without  many  men  of  cultivated  understandingr,, 
who  are  useful  and  admired  at  home;  but  their  fame 
hardly  extends  to  other  countries;  and  tlie  great  lights 
of  Europe  must  all  be  sought  for  elsewhere. 

See  \\'atson's  Histories    of  Philifi   II.   and  of  Philiji 
III.  ;  Sciiillcr's  eloquent  and  philosophial  fragment,  the 
Geshicte  des  Abfalls  der  x'treinigten  JVcidertande ;   Vol- 
taire's Siicles  de  Louis  XIV.  et  de  Louis  XV.  ,-  Raynall's 
Histoire  du  Stadthouderat.     See  also  Mitchell's  Travels 
in  Belgium  ;    Boyce's  Belgian    Traveller ;     Reichard's 
Guide  dcs  Voyageurs,  §  Pays  Bas. 
NEV^A.     See  Russia, and  NTavigation'  Inland. 
NEUCHATEL,  or   Nevfchatel,  anciently  jVeoco- 
mum,  or  A'ovum  Castrum,  isajtown  of  Switzerland,  situat- 
ed on  the  western  side  of  a  lake  of  the  same  name,  and 
the  capital  of  the  principality  of  Neuchatel,  belonging 
to  the  king  of  Prussia.     The  town  stands  on  the  decli- 
vity of  a  hill  on  the  banks  of  a  torrent,  called  the  Seyon, 
■which  rises  in  the  Val  de  Ruz,  and  often  occasions  great 
devastations.     Tlie  town  itself  is  extremely  irregular, 
but  the  houses  are  excellent,  and  the  streets  clean.     The 
town-house  is  a  splendid  structure,  having  a  pediment  in 
front,  supported  by  eight  noble  Ionic   columns.     Four 
female  figures  are  sculptured  on  the  pediment.     The 
back  front  has  a  pediment  supported  by  Doric  pilasters, 
and  the  lower  part  is  rustic  work.     The  hospital  is  a 
large  and  neat  building,  bearing  the  inscription  of  Civis 
Paxtjieribus.     Besides  the  hospital,  and  in   front  of  the 
town-house,  is  the  Maison  des  Orphelins,  whicli  is  also 
an  excellent  building.     The  cathedral  church,  which  is 
by  no  means  elegant,  was  built  in    1 164,  by  Bertha,  wife 
of  count  Ulrich,  of  Vinelz.     It  contains  the  sepulchral 
monument  erected  by  Count  Louis  of  Neuchatel  to  his 
family,  which  became  extinct  in  his  person  in  1373.  This 
monument,  which  is  15  feet  high,  contains  the  statues  of 
nine  counts  and  four  countesses.     In  the  centre  of  the 
space  before  the  church,  is  the  sepulchral  stone  of  the 
reformer,  William  Farel.     The  Chateau,  the  residence 
of  the  ancient  princes  of  Neuchatel,  is  near  the  cathe- 
dral, and  is  now  the  seat  of  the  public  offices.     The  gra- 
nary and   the  barracks  are  large  buildings.     The  lodge 
belonging  to  the  free  masons,  is  a  neat  little  building. 
In  coming  from  Yverdun,  we  enter  the  town  by  a  gate, 
where  there  is  an  old  tower,  and  the  appearance  of  old 
walls.    In  leaving  the  town  to  the  north,  there  are  many 
splendid  houses  belonging  to  individuals. 

The  town  of  Neuchatel  has  been  under  infinite  obli- 
gations to  two  public  spirited  individuals,  M.  David 
Pury,  and  the  late  M.  Pourtales.  The  fiist  of  these 
gentlemen,  who  had  made  an  immense  fortune  in  trade 
in  England  and  Portugal,  gave,  between  the  years  177S 
and  1786,  to  his  native  town,  about  a  million  of  livres. 
He  died  at  Lisbon  in  1786,  and  left  to  Neuchatel  all  his 
fortune,  to  the  amount  of  four  or  five  millions  of  livres, 
to  be  applied  to  the  improvement  of  public  instruction, 
to  the  erection  of  a  town-house,  an  infirmary,  and  other 
public  establishments,  and  to  the  embellishment  of  the 
public  walks.  His  portrait  is  placed  in  one  of  the  apart- 
ments where  the  government  assembles,  and  his  bust  in 
the  new  town-house.  In  1807,  M.  Pourtales,  whose  son, 
Count  Pourtales,  no\7  inherits  his  fortune,  his  talents,  and 


his  amiable  dispositions,  consecrated  a  sum  of  600,000 
livres  to  build  a  house  of  charity. 

The  promenades  on  the  banks  of  the  lake  are  very 
fine,  and  from  various  houses  on  the  declivity  of  the 
hill,  there  are  magnificent  views  of  the  western  ridge  of 
the  Alps  seen  across  the  lake. 

The  lake  of  Neuchatel  is  9  leagues  long,  and  2  broad 
between  Neuchatel  and  Cudrefin.  It  is  about  400  feet 
deep,  and  its  surface  is  186  feet  higher  than  that  of  the 
lake  of  Geneva.  According  to  Saussuie,  its  absolute 
height  above  the  sea  is  1320  feet,  and  according  to 
Tralles,  1340.  The  height  of  its  level  varies  about  7  J 
feet.     The  lake  abounds  with  fish. 

The  principality  of  Neuchatel  and  Vallengin  contains 
4  towns,  and  64  villages;  and,  in  1784,  the  population 
was  31,576  subjects,  and  9704  aliens.  The  productions 
of  the  territory  are,  red  and  white  wine,  fruits,  corn, 
hemp,  and  flax.  Its  extent  is  from  1 1  to  12  leagues  long, 
and  5  or  6  broad,  and  it  is  composed  of  6  or  7  vallies. 
The  town  of  Vallengin  is  about  a  league  from  Neucha- 
tel. It  stands  in  a  high  valley  on  the  Jura,  and  the  road 
to  it  extends  along  a  steep  and  beautifully  wooded  glen, 
at  the  upper  end  of  which  is  the  village,  with  its  old 
Chateau,  (now  a  prison.)  most  beautifully  situated  on  an 
eminence,  having  one  of  the  turrets  of  its  outer  wall  co- 
vered with  ivy.  There  are  several  saw-mills  in  the  vil- 
lage, and  the  whole  appearance  of  it  is  singularly  pic- 
turesque. About  a  mile  to  the  south  of  the  village 
stands  Bussy,  the  hospitable  mansion  of  Count  Pourtales. 
See  the  article  Locle. 

NEVERS,  a  town  of  France,  and  principal  place  of 
the  department  of  the  Nievre.  The  town  is  situated  at 
the  junction  of  the  Nievre  and  the  Loire,  both  of  which 
are  crossed  by  bridges.  One  half  of  the  fine  stone 
bridge  over  the  Loire  was  carried  away  many  years  ago, 
and  is  replaced  by  one  of  wood,  which  existed  in  1814, 
The  part  of  the  stone  bridge  which  remains  is  hand- 
some, and  has  six  arches,  through  which  no  water  runs. 
The  wooden  half  consists  of  ten  arches.  There  is  a 
bridge  of  three  arches  over  the  Nievre,  which  runs  with 
great  obliquity  into  the  Loire.  The  principal  public 
buildings  are,  the  cathedral  church,  and  the  palace  of 
the  ancient  dukes  of  Nivernois.  The  church  is  a  large 
and  elegant  Gothic  building.  The  large  tower  is  a 
piece  of  fine  Gothic  architecture,  ascended  by  372  steps, 
and  it  has  at  each  angle  hexagonal  buttresses,  highly  or- 
namented with  statues.  The  body  of  the  church  is'con- 
nected  with  three  side  aisles  by  23  flying  buttresses. 
The  choir  is  adorned  with  eight  pieces  of  tapestry.  On 
the  floor  of  the  house  is  a  fine  meridian  line  and  dial, 
the  hour  upon  which  is  indicated  by  the  light  which 
passes  through  an  aperture  in  the  wall. 

The  ancient  Ducal  Palace,  now  the  Maierie,  and  the 
Palace  of  Justice,  is  a  tolerably  neat  building,  with  two 
towers  at  each  end,  and  one  in  the  middle,  with  seven 
tier  of  windows.  The  coats  of  arms  upon  it  were  all 
broken  off  during  the  revolution.  The  former  residence 
of  the  bishop  was,  in  1814,  that  of  the  prefect  of  the 
department,  at>d  is  a  handsome  building.  Besides  th-i 
buildings  mentioned,  there  is  an  hospital,  barracks,  a 
lofty  gate,  and  the  church  of  St.  Peter's.  The  convent 
of  St.  Mary  is  a  quadrangular  building  with  a  square 
court.  The  boasted  manufactory  of  enamel  at  Nevers 
is  nothing  more  than  the  blowing  of  glass  toys  with  the 
blow-pipe.  There  is  a  foundry  of  cannon  about  two 
miles  to  the  east  of  the  town.     Population  10,15Q. 
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NEVIS,  one  of  the  leeward  Caiibbee  islantls,  is  a 
beautiful  iiitle  island,  about  eiglit  leagues  in  circumfer- 
ence. It  consists  of  a  single  mountain,  rising  by  an  easy 
ascent  from  the  sea  to  a  summit,  which  has  the  appear- 
ance of  a  crater,  and  contains  a  hot  spring,  strongly  im- 
pregnated with  sulphur.  The  productive  land  in  the 
island  is  about  4000  acres ;  and  sugar  is  its  only  staple 
production.  It  is  divided  into  five  parishes;  Charles- 
town  is  the  seat  of  government  and  the  port  of  entry, 
and  there  are  other  two  shipping  places,  called  Indian 
Castle  and  New  Castle. 

The  black  population  is  about  10,000,  and  the  whites 
amount  to  600.  The  English  were  first  established  in 
Nevis  in  1628,  under  Sir  Thomas  Warner. 

The  following  articles  were  imported  into  Nevis  in 
1806. 


Corn, 

Bread  flour 

Beef  and  pork, 

Butter,     . 

Oak  and  pine  boards,  240  feet 

Shingles, 

Staves, 


From  Britain. 
5035  bushels 
2180  cwt. 
21  barrels 
326  firkins 


From  American  States. 
14,433  bushels 
8,682  cwt. 
157  barrels 
54  firkins 
5"8,0U0  feet 
688,000  number 
201,000  number 


West  long.  62°  3',  north  lat.  17°  14.'  See  Edwards's 
Histortj  of  the  West  Indies,  vol.  i.  and  Gray's  Letters 
from  Canada. 

NEWARK,  a  borough  and  market-town  of  England, 
in  the  county  of  Nottingham,  is  finely  situated  on  the 
river  Trent,  near  its  junction  with  the  Devon.  The 
houses,  which,  though  small,  are  neat  and  well  built, 
are  arranged  in  two  parallel  streets,  extending  nearly 
E.  and  W.  and  crossed  by  other  two.  The  streets  are 
well  paved  and  lighted ;  and  the  market-place  is  a  re- 
markably spacious  and  handsome  square.  The  prin- 
cipal public  buildings  are,  the  church,  the  town-hall, 
and  the  castle. 

Population  in  1811,  Houses  1465,  and  7235  inha- 
bitants. 

See  Dickinson's  Antiquities  of  the  Town  of  A''eioark, 
Edit.  1806;  and  the  Beauties  of  England  and  Wales, 
vol.  xii.  part  i.  p.  226. 

NEW  BEDFORD,  a  sea-port  in  Bristol  county,  Mas- 
sachusetts, on  a  small  inlet  of  the  sea.  The  harbour  is 
safe  and  commodious,  being  completely  land-locked  by 
Sconticut  Point  on  the  east,  Clarks  Neck  on  the  west, 
and  a  small  island. 

The  inhabitants  are  active  and  commercial,  own  a 
very  considerable  tonnage  of  shipping,  and  are  largely 
employed  in  the  whale  and  cod  fisheries.  Their  ex- 
ports are  of  such  commodities  as  are  obtained  by  such 
pursuits.     Fish,  whale  oil,  spermaceti,  and  candles. 

This  town  contains  a  bank,  an  insurance  office,  several 
places  of  public  worship  :  its  population  in  1820,  3947. 
In  1810,  New  Bedford  and  Fairhaven  contained  5651. 
In  1820,  the  latter  comprised  2733,  and  both  places  taken 
together  6680,  yielding  an  increase  of  1029  in  lo  years. 

Darby. 


NEWBURY,  a  town  of  England,  in  Berkshire,  is 
situated  on  the  river  Kennet,  which  runs  through  the 
town.  The  principal  streets,  which  are  spacious  and 
well  paved,  have  the  shape  of  a  Y,  the  angles  branch- 
ing off  fronn  the  market-place,  and  the  foot  of  the  letter 
being  formed  by  the  village  of  Speenhamland.     The 


houses  are  mostly  built  of  brick.  The  church  is  a 
plain  Gothic  structure;  and  the  town-hall  is  a  hand- 
some building,  erected  over  the  market- place,  and  near 
the  bridge  over  the  Kennet.  Newbury  had  once  an 
extensive  manufacture  of  woollen  cloth,  but  serges  are 
the  only  anicles  now  made.  The  trade  of  the  place 
has  been  greatly  increased  by  the  navigrfb'e  canal  to 
Reading,  and  will  be  still  further  exiendcd  by  the  Ken- 
net and  Avon  canal.  Very  fine  peat  is  obtained  near 
the  town.  Population  in  1811,965  houses,  and  4275 
inhabitants.  See  Beauties  of  England  and  Wales,  vol. 
i.  p.  1  10. 

NEWCASTLE-upoN-TvNE.  This  large,  rich,  and 
populous  sea-port,  is  finely  situated  on  the  northern 
bank  of  the  Tyne,  at  the  distance  of  about  nine  miles 
from  the  entrance  of  that  river  into  the  German  Ocean. 
The  Hown  is  itself,  including  a  small  rural  district,  a 
country  ;  so  that  to  speak  of  it  as  being  in  the  county  of 
Northumberland,  although  usual,  is  scarcely  correct. 
Its  principal  suburb,  moreover,  Gateshead,  is  in  the  coun- 
ty palatine  of  Durham  ;  but  will  in  this  article  be  consi- 
dered as  making  part  of  Newcastle.  Indeed,  as  the  river, 
although  broad  and  rapid,  is  in  this  part  of  its  course 
crossed  by  a  bridge,  at  the  south  end  of  which,  opposite 
to  Newcastle,  Gateshead  lies,  the  latter  place  lias 
no  more  claim  to  separate  consideration,  than  South- 
wark  lias  to  be  disjoined  from  London  in  a  general  de- 
scription of  the  British  capital.  The  extreme  length  of 
Newcastle,  from  Barras  Biidge  at  the  north  end  of 
Percy  Street  to  the  end  of  Gateshead  on  the  Durham 
road,  is  little  less  than  two  miles;  its  breadth,  from 
Skinner-bourn  on  the  south-west  to  Ouse-bourne  on 
the  west,  about  a  mile  and  a  half.  Within,  however,  a 
circumference  that  should  seemi  to  be  indicated  by  these 
admeasurements,  much  vacant  ground,  especially  in  the 
north-eastern  quarter,  would  be  included.  Still  the  po- 
pulation of  Newcastle,  with  Gateshead,  is,  at  the  time 
of  our  writing,  about  50,000,  of  which  number  nearly 
13,000  are  supposed  to  belong  to  Gateshead.  We  speak 
with  a  degree  of  uncertainty,  because  the  results  of  the 
governinent  census  now  taking,  (1821)  have  not,  as  re- 
spects this  town,  been  yet  made  fully  known.  The 
public  journals  have,  however,  announced,  that  in  the 
three  parochial  districts  of  St.  Nicholas,  St.  John,  and 
All  Saints,  27,898  inhabitants  have  been  found,  besides 
3029  in  the  township  of  Byker,  a  dependency  of  the 
last  named  parish,  and  adjoining  to  the  eastern  suburbs, 
itself  constituting  indeed,  in  part,  a  suburban  appendage 
to  the  town.  Thus  have  we  a  population  of,  the  paro- 
chial district  of  St.  Andrew  and  the  whole  of  Gates- 
head excluded,  30,927.  In  1811,  these  excluded  pa- 
rishes contained  13,566  souls,  a  number  which  Gates- 
head alone  is  estimated  very  nearly  to  contain  at  pre- 
sent, arid  which,  added  to  the  already  ascertained  popu- 
lation of  Newcastle,  would  raise  it  to  about  44,000. 
Add  to  the  latter,  say  6000,  for  St.  Andrew's  parish, 
which,  ten  years  ago,  contained  4784,  and  you  have,  as 
the  entire  population  of  Newcastle  and  its  dependencies, 
50,000. 

The  situation  of  Newcastle,  although  fine,  and  on 
the  whole  favourable  for  trade,  is  in  some  respects  in- 
convenient.  The  ground  on  which  it  is  itself  built,  as 
well  as  that  occupied  by  its  principal  suburb,  Gates- 
head, rises  so  swiftly  from  the  river,  as  to  impart  a 
painful  degree  of  steepness  to  some  of  the  chief  streets. 
This  is  especially  the  case  with  Dean  Street  and  the 
Side.     Great  improvements  have   however  been   made 
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«f  late  years  in  the  opening  of  new  and  less  inconve- 
nient avenues;  besides  which,  much  of  Newcastle  is 
built  on  very  nearly  a  level. 

See  Bourne's  JVewcaatle ;  Brand's  History  and  Anti- 
quities of  Newcastle;  Beauties  of  England  and  Wales, \6\. 
xii.  pi.  1.;  Scoll's  Border  Antiquities',  &c.  (vv.) 

NEWCASTLE-Under-Lixe,  a  borough  and  mar- 
ket town  of  England,  in  Staffordshire,  is  pleasantly  situ- 
ated on  the  Line,  a  branch  of  the  Trent,  and  derives 
its  name  and  origin  from  the  New  Castle,  erected  by 
the  Earl  of  Lancaster  in  the  reign  of  Henry  IIL  in  the 
centre  of  an  extensive  pool. 

The  town  consists  of  several  broad  and  well  paved 
streets.  The  houses  display  a  superior  richness  of  ar- 
chitecture, but  many  of  them  are  low  and  liiatched. 
The  appearance  of  the  town  is  partly  injured  by  the 
market  place  being  situated  in  the  centre  of  tlie  princi- 
pal street. 

The  population  of  the  burgh  in  1811  was,  Houses 
1245,  Inhabitants  61T5. 

See  the  Beauties  of  England  and  Wales,  vol.  xiii. 
part  2.  p.  982. 

NEWFOUNDLAND,  an  island  on  the  east  coast  of 
America,  opposite  the  gulf  of  St.  Lawrence,  is  separated 
from  the  Continent  on  the  north,  by  the  strait  of  Bellisle, 
about  21  miles  wide.  It  is  of  a  triangular  form,  extend- 
ing from  46°  45'  to  51°  46'  north  latitude,  and  from  52° 
31'  to  59°  40'  west  longitude.  The  length  is  about  380 
miles,  the  breadth  from  40  to  2S7,  the  circuit  900  ;  and 
the  surface  is  estimated  at  35,500  square  miles. 

The  shore  of  this  island  is  lofty,  desolate,  and  rocky  ; 
but  its  serrated  structure  renders  it  abundant  in  excel- 
lent ports.  The  whole  circumference  of  Newfoundland 
is  indented,  at  intervals  of  two  or  three  miles,  by  deep 
bays,  having  generally  a  smooth  bottom,  and  a  rivulet  of 
pure  fresh  water  at  the  head.  It  is  in  such  situations 
the  inhabitants  have  built  their  hamlets  ;  their  fishing- 
craft  being  secured  an)ong  the  rocks.  The  interior  of 
the  country  has  been  little  explored;  the  wetness  of  the 
soil  in  summer,  the  coldness  of  the  air  in  winter,  render- 
ing this  a  difficult  and  perilous  undertaking  :  but  what 
little  of  it  has  been  viewed,  is  not  found  more  hospitable 
than  the  coast  was  inviting.  A  multitude  of  small  lakes 
are  observed,  with  copious  marshes  around  them  ;  hills 
of  considerable  elevation,  scantily  clothed  with  sorry 
birches  or  fir-trees;  and  spaces  between,  which,  if  not 
drenched  with  moisture,  are  frequently  stretched  out 
into  plains  of  considerable  size,  bearing  nothing  but  a 
few  stunted  shrubs  and  a  little  heath,  among  the  rocks 
•which  cover  them.  Almost  the  only  practicable  mode 
of  travelling  is  by  sledges  on  the  frozen  rivers. 

The  climate  of  Newfoundland  is  of  a  character  with 
its  soil.  During  great  part  of  the  year,  the  south-east, 
the  only  inhabited  portion  of  the  island,  is  enveloped  in 
almost  perpetual  vapours ;  ships  crossing  the  Great 
Bank  are  obliged  to  ring  bells,  lest  they  fall  foul  of  each 
other  ;  and  the  fortress  of  St.  John's  keeps  firing  a  gun 
every  half  hour,  to  prevent  them  from  running  ashore 
against  the  rocks.  The  penguins  of  Bacalao  island  are 
protected  under  a  penalty  by  law,  because  their  cry  an- 
swers a  similar  purpose.  In  winter  the  cold  is  rigorous ; 
the  whole  country  is  ice-bound,  inaccessible  to  vessels, 
and  beaten  «ith  whirlwinds  of  sleet  and  snow,  from 
which,  even  when  congealed,  the  breezes  often  load 
themselves  with  thousands  of  icy  spiculae,  so  minute  that 
they  pencirate  the  smallest  aperture,  and  greatly  aug- 
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ment  the  discomforts  of  the  season.  Yet  in  the  absence 
of  these yVosf-smo^fs,  as  they  are  called,  a  Newfoundland 
winter  is  said  to  be  less  fierce  than  a  Canadian  one,  and 
has  some  beauties  peculiar  to  itself.  The  moon  and  stars 
shine  with  a  lustre  unknown  in  Europe;  and  the  north- 
ern lights  are  often  exhibited  during  the  calm  frost  in  all 
their  biilliancy.  About  the  commencement  of  April 
some  symptoms  of  thaw  display  themselves  ;  and  a  few 
days  completes  the  process.  As  in  Siberia  and  such 
other  regions,  the  snow  is  melted  both  from  above  and 
below  :  it  soon  yields  to  this  double  agency,  and  impe- 
tuous torrents,  loaded  with  half  dissolved  fragments,  and 
every  kind  of  debris,  rush  headlong  towards  the  coast, 
from  all  points  of  the  island.  At  the  same  period,  thou- 
sands of  Boating  masses  of  ice  arrive  from  Davis'  Straits; 
they  surround  the  shore  on  every  side;  they  move  in 
every  direction  ;  and  their  mutual  shocks,  aided  by  the 
agitation  of  a  turbulent  sea,  with  the  deluge  flowing  from 
the  land,  produce  a  confnsion  which  resembles  chaos. 
Sometimes  a  strong  north-vieater  will  at  once  recongeal 
every  thing,  and  bring  winter  back  again  with  new  bit- 
terness. Before  June,  the  summer,  without  any  spring 
intervening,  has  arrived.  The  air  is  now  hot  to  suffoca- 
tion, and  infested  with  musquitoes.  About  the  middle 
of  August,  the  weather  begins  to  be  moderate;  some 
days  are  even  said  to  be  delightful.  They  are  of  short 
continuance  :  before  the  end  of  October,  the  fogs,  never 
long  absent  at  any  season,  have  resumed  their  empire 
steadily  ;  and  this  obscuration  of  the  sun,  the  deeper  hue 
and  the  harsher  roaring  of  the  sea,  the  prevalence  of  cold 
and  snow,  announce  the  approach  of  winter. 

Of  indigenous  productions,  Newfoundland  exhibits 
no  great  variety.  Its  timber  is  not  abundant  or  valua- 
ble. The  principal  use  of  it  is  for  fuel  and  fishing-stages. 
Some  attempts  were  made  at  one  time  to  construct  ships 
of  the  laiger  trees,  which,  it  is  true,  occur  in  no  great 
quantity  ;  but  these  vessels  obtained,  from  seamen  who 
had  tried  them,  the  ominous  epithet  of  IN'eiufoundland 
coffins:  their  utmost  period  of  duration  was  seven  years. 
The  native  animals  of  the  island,  are  bears,  otters,  bea- 
vers, red  foxes,  which  are  hunted  in  the  winter  season 
for  their  skins  ;  and  herds  of  deer,  which  are  hunted  for 
an  additional  reason.  A  few  small  horses  are  reared  by 
the  inhabitants  ;  and  some  black  cattle  find  a  precarious 
livelihood  during  summer  among  the  woods,  returning 
home  of  their  own  accord  at  the  beginning  of  winter,  or 
every  evening,  if  they  have  young.  Goats  are  numerous, 
and  chiefly  supply  the  people  with  milk.  The  web- 
footed  dog  of  this  island  is  celebrated  for  his  aquatic 
powers;  he  serves  in  his  own  country  frequently  in  the 
additional  capacity  of  a  beast  of  draught.  The  common 
opinion  of  his  being  the  mongrel  of  a  wolf  and  a  European 
dog  appears  to  be  erroneous.  He  resembles  the  Green- 
land dog  in  several  respects,  and  seems  to  belong  to  a 
distinct  species  of  his  own.  The  animal  commonly  met 
with  in  England  under  this  name  is  but  half-brtd. 

Agriculture,  it  may  well  be  supposed,  can  make  no 
progress  in  such  a  soil  and  under  such  a  sky.  The  ar- 
tificial productions  of  this  island  are  not  more  abundant 
than  its  natural.  Potatoes  are  almost  the  only  class  of 
European  vegetables,  which  the  people  have  succfeded 
in  raising  properly.  They  constitute  a  most  valuable, 
though  insufficient  portion  of  their  ordinary  food.  Oats, 
or  even  wheat,  will  flourish  during  the  warm  months, 
but  they  do  not  arrive  at  perfection.  Turnips,  peas,  sal- 
lad,  lettuce  of  various  kinds,  can  be  produced  in  gar- 
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dens;  but  tlic  supply  of  tliem  is  so  small,  that  even  the 
common  dandelion  is  an  object  of  dcsiic.  Melons  and 
cucumbers  are  occasionally  raised  in  hot-Iiouscs. 

No  minerals  have  been  discovered  here,  though  coal 
is  by  some  thought  to  exist  in  considerable  quantities. 
The  gold  ore  of  the  early  navigators  proved  to  be  a  spe- 
cies of  pyrites.  But  the  most  valuable  mine  of  New- 
foundland consists  in  the  produce  of  its  waters,  "  like 
which,"  as  Bacon  said  concerning  it,  "  of  all  the  mine- 
rals there  is  none  so  rich."  Besides  abundance  of  sal- 
mon in  its  rivers,  the  shores  of  this  island  are  frequent- 
ed by  numerous  shoals  of  capelins,  herrings,  mackeiel, 
and,  above  all,  by  enormous  multitudes  of  cod,  the  taking 
and  curing  of  which  gives  employment  to  above  100,000 
persons.  The  Great  Bank,  where  they  are  principally 
found,  lies  to  the  south-east  of  the  island,  and  measures 
not  less  than  330  miles  in  length,  and  "5  in  breadth  ;  the 
■water  on  it,  from  15  to  60  fathoms  deep,  being  every 
where  peopled  by  those  fishes,  which,  though  millions 
of  them  have  been  taken  annually,  for  nearly  tliree  centu- 
luries,  have  not  yet  sensibly  diminished  in  number.  In 
regard  to  the  hands  it  employs,  Newfoundland  is  by  far 
the  greatest  fishing  station  in  the  world;  and  though  no 
satisfactory  estimate  appears  to  have  been  formed  of  the 
exact  quantity  cured  tlicre  of  late  years,  it  is  known  im- 
mensely to  exceed  the  produce  of  any  other  fishery. 
LofFoden,  in  Norway,  probably  does  not  bear  to  it  a 
higher  proportion  in  this  respect  than  that  of  1  to  5.* 

The  ships  intended  for  the  fishery  on  the  south-east 
coast,  arrive  early  in  June.  Each  takes  her  station  oji- 
posite  any  unoccupied  part  of  the  beach  where  the  fish 
may  be  most  conveniently  cured,  and  retains  it  till  the 
end  of  the  season.  I'ormerly  the  master  who  arrived 
first  on  any  station  was  constituted  Jishing  admiral,  and 
liad  by  law  the  power  of  settling  disputes  among  the 
other  crews.  But  the  jurisdiction  of  those  admirals  is 
now  happily  supei  seded  by  the  regular  functionaries  who 
reside  on  shore.  Each  captain  directs  his  vvliole  atten- 
tion to  the  collection  of  his  own  cargo,  without  minding 
the  concerns  of  his  neighbour.  Having  taken  down  what 
part  of  the  rigging  is  removeablc,  they  set  about  their 
laborious  calling,  and  must  pursue  it  zealously.  Their 
mode  of  proceeding  is  thus  described  by  Mr.  Anspach,  a 
clerical  person,  who  lived  in  the  island  several  years,  and 
has  since  written  a  meagre  and  very  confused  book, 
•which  he  calls  a  history  of  it. 

"  The  boats  used  for  this  purpose  vary  in  their  size 
and  in  the  number  of  their  crews  :  some  having  only 
two  hands,  and  these  fre(|uently  boys  and  girls,  merely 
old  and  strong  enough  to  handle  the  line.  Most  boats, 
however,  have  four  men,  each  with  one  line  on  each  side  of 
him,  and  these  lines  have  two  hooks  ;  so  that  in  these 
boats  there  are  no  less  than  sixteen  hooks  in  constant 
employment.  Each  hook  is  furnished  with  such  bait  as 
the  season  affords  ;  namely,  first  the  entrails  of  the  fish 
caught  with  jiggers  ;  next  herring,  mackerel,  lance, 
capelin,  squids,  or  young  cod;  and  in  default  of  these, 
the  flesh  of  sea-fowl. 

"The  boat  having  taken  her  station  on  a  ledge,  or 
other  shoaly  ground,  each  line  being  fastened  on  the  in- 
side of  the  boat,  and  the  hooks  baited,  the  man  sits  at  an 
equal  distance  from  the  two  hooks  that  arc  committed 
to  his  care,  moving  them  from  time  to  time  ;  as  soon  as 
the  least  tightness  or  motion  is  observed  in  the  line,  it 
s  drawn  up  with  all  possible  speed,  and  the  fish  thrown 


into  the  boat,  where  the  hook  is  then  disengaged  from 
its  mouth;  if  it  is  of  a  large  size,  it  is  seized,  as  soon  as 
raised  to  the  surface  of  the  water,  with  a  gaff  or  large 
hook  fixed  to  the  end  of  a  pole,  in  order  to  prevent  the 
disappointment  often  experienced  in  consequence  of  the 
fish,  even  when  within  reach  of  the  hand,  either  disen- 
tangling itself  from  the  hook  by  the  excessive  vivacity  of 
its  motions,  and  widcness  of  its  mouth,  or  breaking  the 
line,  and  disappearing  at  once  with  the  hook  and  bait  in 
its  gills. 

"  When  a  sufficient  quantity  of  fish  has  been  taken  to 
load  the  boat,  it  is  then  carried  to  the  shore,  in  order  to 
be  cured  ;  this  must  be  done  within  a  ccriain  lime  not 
exceeding  eight-and-forty  hours,  otherwise  the  fish  will 
lose  of  its  value  in  proportion  to  the  length  of  time  it  is 
kept  without  splitting. 

"  The  place  where  the  operation  of  curing  the  cod-fish 
is  performed,  is  a  stage,  or  covered  platform,  erected  on 
the  shore,  with  one  end  projecting  over  the  water,  which 
is  called  the  stage-head,  and  which  is  fortified  with  stout- 
ers  or  very  strong  shores,  to  prevent  the  stage  from  re- 
ceiving any  damage  from  ships  or  boats  ;  it  has  also 
longers  fixed  horizontally  at  intervals,  like  so  many  steps, 
to  facilitate  the  ascent  to  the  stage.  On  the  fore-part  of 
this  platform  is  a  table,  on  one  side  of  which  is  the  cut- 
throat, who  takes  the  fish,  cuts  with  a  knife  the  throat 
down  to  the  nape,  and  then  pushes  it  to  the  header,  on 
his  right  hand  ;  the  latter  takes  it  in  his  left  hand,  and 
with  the  right  draws  out  the  liver,  which  he  throws 
through  a  hole  into  a  cask  under  the  table  ;  next  the 
guts,  which  he  throws  through  the  trunk-hole,  in  the 
floor  of  the  stage,  into  the  sea  ;  then  fixing  tlie  neck  of 
the  fish  to  the  edge  of  the  table,  which  before  him  is 
semicircular  and  sharp,  he  picsses  upon  the  neck  with 
his  left  hand,  to  which  a  thick  piece  of  leather,  called 
the  palm,  has  been  fastened  for  that  purpose,  and  with 
the  right  gives  the  body  of  the  fish  which  ia  uppermost 
a  violent  jerk,  which  pushes  it  to  the  sfUitter  opposite  to 
him,  while  the  head  thus  separated  falls  through  an  open- 
ing into  the  water.  This  operation  requires  such  violent 
exertion,  that  besides  the  palm  with  which  his  left  hand 
is  armed,  the  seat  on  which  lie  is  sitting  has  a  strong 
round  back,  which  assists  in  collecting  all  his  strength 
for  the  effort  necessary  to  separate  the  head  from  the 
body  of  the  fish. 

"  The  splitter,  then  taking  the  fish  with  his  left  hand, 
cuts  it  with  the  right,  beginning  at  the  nape  down  by  the 
sound  bone  to  the  navel;  and  giving  the  knife  a  little 
turn  to  keep  as  close  to  the  bone  as  possible,  he  con- 
tinues cutting  to  the  end  of  the  tail  ;  then  raising  the 
bone  with  the  knife,  he  pushes  the  fish  so  split  into  the 
drudge-barrow,  and  the  sound  bone  into  the  sea  through 
an  opening  close  to  him  in  the  stage  floor.  When  the 
barrow  is  full,  it  is  immediately  carried  to  the  Salter, 
another  being  put  in  its  place.  This  process  of  splitting 
is  performed  with  considerable  rapidity,  though  with 
the  utinost  care,  because  the  value  of  the  fish  depends 
in  a  material  degree  upon  its  being  correctly  performed  ; 
if  ruffled  by  frequent  or  interrupted  cuttings,  the  fish 
would  be  disfigured.  The  tongues  and  sounds  are 
sometimes  reserved,  either  for  domestic  uses  or  for  sale; 
in  which  case  they  are  thrown  aside  and  immediately 
taken  up  by  some  other  person,  so  as  not  to  give  the  least 
interruption  or  hindrance  to  the  work  performinjj  at  the 
table. 


•  ET^e  Von  BucU's  Travels  in  Lapland. 
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"  At  the  opposite  end  qf  the  stage  stands  the  sailer, 
who,  as  soon  as  the  drudge-barrow  is  brought  lo  him, 
takes  out  the  fishes  one  by  one,  and  placing  them  in 
layers  on  one  side  of  the  stage,  spreads  on  each  some 
salt  with  his  hand,  taking  particular  care  to  api)ortion  its 
quantity  to  the  size  of  the  fish  and  tlie  degree  of  thick- 
ness of  its  several  parts.  This  operation,  which  is  con- 
tinued until  the  bulk  is  of  a  proper  size,  requires  particu- 
lar attention,  because,  if  the  bulk  is  too  high,  the  pres- 
sure of  the  fish  in  the  upper  layers  will  necessarily  in- 
jure those  in  the  lower  layers.  The  province  ot  the 
Salter  demands  a  perfect  knowledge  of  the  business,  and 
considerable  experience  and  judgment,  for  every  thing 
now  depends  upon  him  for  the  value  of  the  whole  voy- 
age. If  there  is  not  a  sufficient  quantity  of  salt  put  to  the 
fish,  it  will  not  keep;  if  there  is  loo  much,  the  place 
where  the  excess  is  will  look  daik  and  moist, — when 
exposed  to  the  sun,  it  will  be  parched  up,  and  when  put 
back,  it  will  become  moist  again,  and  break  in  the  hand- 
ling of  it  ;  whereas,  fish  properly  salted,  when  dry,  will 
be  firm,  and  may  be  handled  without  breaking.  The 
defect  occasioned  by  an  excess  of  salt  is  known  in  New- 
foundland by  the  name  of  salt-burning.  The  proper 
i|uantiiy  is  about  one  hogshead  of  salt  lo  ten  quintals  of 
fish  ;  somewhat  more,  if  the  fish  is  not  to  be  dried  im- 
mediately, but  cariied  away  green  from  the  place  where 
it  is  caughi. 

"The  fish,  after  these  primary  operations,  must  re- 
main five  or  six  days  in  bulk,  before  h  has  sufficiently 
taken  the  salt;  and,  after  that  period,  the  sooner  it  is 
washed  the  better.  For  this  purpose  it  is  put  into  wash- 
ing vais,  or  wooden  vessels,  generally  seven  or  eight 
feet  long,  three  and  a  half  feet  wide,  and  three  deep. 
They  first  throw  in  two  or  three  quintals,  over  which 
they  pour  a  cjuantity  of  sea-water,  gradually  increasing 
the  quantity  of  both  till  the  vat  is  full.  They  then  take 
up  each  fish  separately,  cleaning  carefully  the  back  and 
Iielly  with  a  woollen  cloth,  and  next  lay  it  in  a  long  even 
bulk  on  the  stage -floor  to  drain.  They  resume  the  same 
process,  until  lliey  have  washed  such  a  quantity  of  fish 
as  they  can  manage  next  day.  It  may  remain  in  drain- 
bulk  no  more  than  two  days;  if  kept  beyond  that  time 
it  will  decay  in  weight,  nor  will  it  stand  the  weather  so 
well  on  account  of  the  salt  getting  out  of  it. 

"The  next  day,  or  as  soon  after  as  the  weather  per- 
mits, the  fish  is  spread  out  in  the  open  air  to  dry,  head 
to  tail,  the  open  side  being  exposed  to  the  sun.  This 
is  done  either  upon  a  beach,  or  upon  the  ground,  which 
is  called  laying-room  ;  but  more  generally  upon  stand- 
ing fljkes.  These  last  are  of  two  sorts,  namely,  hand 
and  broad  flakes.  The  former  consist  of  a  slight  wattle 
supported  by  posts,  at  such  an  elevation  from  the 
ground,  that  a  person  standing  can  conveniently  rna- 
nage  and  turn  the  fish.  The  broad  flakes  consist  of  a 
set  of  beams,  supported  by  posts  and  shorts,  or  stout 
pieces  of  timber  standing  perpendicularly  under  the 
Ijeams,  to  which  similar  pieces  are  likewise  fixed  in  a 
slo|)ing  position.  In  some  places  these  broad  flakes  arc 
as  high  as  20  or  30  feet  from  the  ground.  It  is  said 
that  a  free  circulation  of  air  is  of  considerable  service 
10  the  fish  while  drying  ;  hence  high  flakes  are  prefer- 
able to  low  ones,  or  to  beaches, — where,  besides  the 
want  of  a  circulation  of  air,  the  back  of  the  fish  is  lia- 
ble to  be  sun-burnt,  if  spread  after  the  sun  has  heated 
the  stones.  But  when  the  fish  is  dry,  and  spread  oi.ly 
to  make  it  perfcclly  fit  to  be  put  on  shipboard,  beach  or 
/jake  will  serve  equally  well. 


«  Towards  evening  of  the  first  day,  two  or  three  fishes 
are  placed  one  over  the  other,  with  their  backs  upwards, 
to  prevent  the  open  side  from  being  injured  by  the  wet 
or  damp.  Next  morning  the  fish  is  again  spread  as  be- 
fore, and  towards  evening  made  into  faggots  of  five  or 
six,  proceeding  in  the  same  manner,  so  as  to  increase 
the  faggots  to  eight  or  tenon  the  third  evening,  and  on 
the  fourih  to  eighteen  or  twenty,  always  wiili  the  back 
upwards,  and  some  larger  ones  on  the  top  in  a  slanting 
posiuon,  so  as  to  shoot  off  the  rain  or  wet  that  may  hap- 
pen to  fall  during  the  night.  On  the  fifth  evening  the 
faggots  are  made  much  larger  ;  the  fish  is  then  consi- 
dered as  safe,  and  left  in  thai  state  for  a  week,  or  even 
a  fortnight,  if  there  is  a  vpant  of  flake-room  for  the  whole 
voyage,  or  the  weather  happens  to  be  bad.  It  is  next 
spread  out  again  until  about  three  or  four  o'clock  in  the 
afternoon  of  the  same  day,  when  it  is  put  into  large  cir- 
cular piles,  in  the  form  of  a  round  hay-stack,  with  the 
heads  outmost,  the  backs  upwards,  and  the  whole  is 
covered  with  circular  deal  frames,  or  with  mats,  tarpau- 
lins, or  rinds  confined  by  large  stones,  in  order  to  pre- 
serve it  from  the  heavy  dews  which  fall  during  the  heat 
of  summer.  It  is  left  some  time  in  that  slate,  then  agaia 
spread  out,  and  the  same  day,  towards  evening,  lodged 
in  stores  or  put  on  board  the  vessels.  Alter  the  fish  has 
been  first  spread  on  flakes,  four  good  days  out  of  seven, 
(considered  preferable  to  four  successive  good  days,  be- 
cause it  then  works,  or,  as  the  fishermen  express  it, 
svjeats  better,)  will  be  sufficient  to  save  it  from  any  ma- 
terial damage.  As  a  single  drop  of  rain  or  fresh  water 
may  so  affect  a  fish  as  not  only  to  injure  it  greatly,  but 
also  to  communicate  the  infection  to  the  whole  faggot, 
pile,  or  even  cargo,  the  state  of  the  weather  is  watched 
with  particular  attention  while  the  fishes  are  drying  ;  and 
these,  on  the  least  appearance  of  a  shower,  are  imme- 
diately turned  back  uppermost.  As  Newfoundland, 
during  the  summer,  is  subject  to  sudden  showers,  the 
hurry  and  confusion  which  this  frequently  creates 
throughout  the  whole  place,  cm  hardly  be  described.  It 
occasions  no  small  annoyance,  if  happening  on  a  Sunday, 
while  the  people  are  at  church.  The  flakes  are  then  in 
an  instant  covered  with  men,  women,  and  children,  busily- 
employed  in  turning  the  fishes  or  making  them  into  fag- 
gots ;  the  profits  of  the  whole  voyage,  the  means  of 
paying  the  debts  contracted,  and  of  procuring  supplies 
for  the  support  of  the  family  during  winter,  may  all  de- 
pend on  the  exertions  of  that  moment. 

''  Such  is  the  precarious  and  uncertain  nature  of  the 
cod-fishery  :  at  the  same  lime  the  fatiy:ues  which  attend 
it  are  very  great.  During  the  heat  of  the  fishery,  the 
people,  under  the  most  incessant  hard  labour,  have 
scarcely  time  to  eat  their  meals,  and  hardly  four  hours 
of  rest  in  the  four  and  twenty.  In  some  parts  of  the 
coast,  the  ledges  are  at  so  great  a  distance,  that  much 
time  is  consumed  in  the  passage  from  their  respective 
harbours  and  back  again  ;  and  even  in  those  parts  which 
are  more  favourably  situated,  the  fish  does  not  always 
abound  equally.  It  is  sometimes  found  in  the  north,  and 
sometimes  in  the  south  of  the  island  ;  at  other  times  in 
the  middle  of  the  coast,  according  as  it  is  driven  by  winds, 
or  attracted  by  the  smaller  fish  ;  so  that  some  fishermen 
are  nearly  ruined,  while  others,  more  fortunate,  make 
excellent  voyages.' ' 

Besides    this     cod-fisheiy,    the    produce    of    which, 
amounting  to  upwards  of  half  a  million  quintals,  is  pre- 
ferred in  the  southern  markets  of  Europe  to  that  of  any 
olher,  there  are  fisheries  of  salmon,  herrings,  and  seals 
■t  II  ■: 
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Of  the  latter  about  five  thousand  are  taken  annually ; 
their  skins  and  their  oil  form  a  considerable  export; 
their  flesh  is  eaten  by  the  inhabitants. 

As   fishing   constitutes   the    main    object   for   which 
Newfoundland  is  visited   or  occupied,   the   number   of 
persons  to  be  found  on  it  varies  greatly  at  different  sea- 
sons of  the  year.  Formerly  none  except  a  lew  poorfaini- 
lies  passed  the  winter  here  ;   and  the  governor  himself, 
who  was  simply  the  commodore  of  the  squadron  appoint- 
ed to  protect  the  fishing  vessels,  used  to  live  on  ship- 
board.    For  a   long   period,  however,  the   immuer  of 
wealthy  residents  has  been  progressively  increasing  ;  a 
considerable  quantity  of  capital  has  been  vested  in  per- 
manent establishments  ;  and  the  villages  of  Newfound- 
land   are    gradually  emerging    from  the   condition    of 
bleakness,  and  impurity,  in  which  they  once  stood.     St. 
John's,   Placentia,  Harbour-Grace  in   Conception   Bay, 
have  already    the    appearance  of   flourishing    colonial 
towns  ;   comfortable,  considering   the  climate  and  soil 
that  surrounds  them.     All  three   are  in  the  south-east 
portion  of  the  island.     St.  John's  is  the  seat  of   the 
governor,  whose  authority  also  extends  over  Anticosti, 
some  smaller  islands,  and  the  adjoining  coast  of  Labra- 
dor.    It  is  fortified  by  various  batteries,   which,  toge- 
ther with  the  peculiar  security  of  its  position,  render  it 
a  place  of  considerable  strength.     The  harbour,  one  of 
the  finest  in  Newfoundland,  is  the  general  rendezvous 
where  homeward  bound  ships  join  convoy.     It  consists 
of  a  bay  formed   by   two  mountains,  both  very  steep, 
the  south  one  almost  perpendicular,  which  bend  round 
towards  each  other  on  the  eastern  side,  leaving  a  small 
entrance,  which  is  appropriately  denominated  The  .War- 
rows.     Within  this,  which  some  rocks  and  shoals  ren- 
der a  little  dangerous,  a  ship  (and  only  one  can  enter  at 
a  time.)  finds  smooth   and  deep  water,  extending  for 
about  two  miles  inland.     The  town  stands  at  the  head: 
it  is  built  of  wood,   like  all  other  towns  here  ;  and  the 
houses  having   generally  but   one  story,  make   rather 
a  mean  fi,t^urc,and,  what  is  worse,  are  liable  to  dreadful 
calamities  from   fire.     It  is  fast    improving,   however: 
some  of  the  newer  pai  ts  are  even  said  to  be  elegant.  It 
has  a  printing-press,  from  which  a  weekly  newspaper 
issues. — Placentia  was  long  a  French  settlement :  both 
it  and  Harbour-Grace  are  greatly  inferior  to  St.  John's. 
The  remaining  hamlets  deserve  no  mention. 

In  their  manners  and  character,  the  inhabitants  of 
Newfoundland  display  most  of  the  qualities  and  defects 
commonly  to  be  found  in  persons  similarly  situated. 
The  wealthier  order  prosecute  trade  with  diligence, 
and  show  considerable  address  and  dexterity  in  trans- 
acting their  affairs.  Refinement  or  elegance  of  feeling 
is,  of  course,  rarely  met  with.  What  would  be  its  use, 
or  where  would  be  its  place  among  warehouses  of  cod- 
fish and  train-oil  ?  The  poorer  class  are  in  great  part 
Irish,  or  descendants  of  Irish.  Like  other  Irishmen, 
they  are  indefatigable  in  labour,  and  can  endure  every 
privation  without  lamenting  or  seeming  to  notice  it. 
Like  other  Irishmen,  too,  they  are  often  irregular  and 
barbarous  in  their  way  of  life.  W^hcn  a  fire  breaks  out 
in  any  of  the  towns,  cuiiflagrati'm  is  not  the  only  evil 
to  be  dreaded  Theft  is  frequent;  and  St.  Patrick's 
day,  among  other  national  festivals,  is  kept  with  an 
overflowing  jollity,  to  which  magistrates  cannot   look 


forward  without  apprehension.  Some  old  observances, 
as  that  of  the  Christmas  Log,  are  still  generally  attend- 
ed to. 

A  little  exuberance  in  such  festivities  might  well  be 
pardoned  in  a  country  where  the  circle  of  enjoyments 
is  so  narrow.  The  people  toil  throughout  the  summer 
amid  moisture,  and  musquitoes,  and  heat  :  in  winter 
their  log-houses  defend  tliem  but  imperfectly  from  the 
severities  of  a  worse  than  arctic  climate  ;  and  their 
bread  requires  all  to  be  brought  from  Britain  or  Ame- 
rica. Except  fish,  of  which  the  employment  is  conti- 
nual, and  potatoes,  with  a  few  pot-herbs,  the  supply  of 
which  is  inadequate,  Newfoundland  gives  no  constant 
store  of  food  to  us  inhabitants.  The  precarious  capture 
of  deer  rarely  brings  venison  into  the  market ;  and  seal- 
flesh  is  a  very  imperfect  substitute  for  beef.  The  only 
native  beverage  is  a  kind  of  beer  prepared  from  the 
twigs  of  the  spruce  fir  :  it  is  said  to  be  palatable.  Tea, 
as  well  as  fish,  is  used  at  every  meal  ;  or  else  a  decoc- 
tion of  the  ivisha  ca/iucoa,  or  Indian  tea,  a  native  herb, 
which  the  poorer  classes  employ  instead. 

The  history  of  Newfoundland  begins  with  the  eleventh 
century,  when  Biorn,  a  sea-king,  or  pirate,  of  Iceland, 
was  driven  thither  by  contrary  winds  in  the  year  1001. 
Biorn's  colony  will  not  detain  us  long.  If  they  ever  did 
occupy  tlie  island,  they  had  become  extinct  before  any 
traces  of  tiieir  existence  had  reached  the  more  civilized 
nations  of  Europe  ;  and  the  country  required  again  to  be 
discovered  nearly  five  hundred  years  after.  John  Cabot, 
(Giovanni  Gabota,)  the  well  known  Venetian  agent  of 
Bristol,  obtained  a  commission  to  make  discoveries  (at 
his  own  cost)  from  Henry  VII. ;  and  during  his  first 
voyage,  on  the  24th  June,  1497,  came  in  sight  of  a  head- 
land, to  which,  regarding  it  as  a  lucky  omen,  he  gave 
the  name  of  Bonavista  It  was  that  cape  of  Newfound- 
land which  is  still  called  so.  After  coasting  the  Ame- 
rican continent  as  far  as  Florida,  Cabot  returned  home 
with  various  productions  of  the  countries  he  had  visited, 
and  three  natives  of  Newfoundland.  "  These  were 
clothed  in  beasts'  skins,"  says  Fabian,  "  and  spake  such 
speech  that  no  man  could  understand  them  ;  and  in  their 
demeanour  they  were  like  brute  beasts  ;  whom  the  king 
kept  a  time  after;  of  the  which  about  two  years  after  I 
saw  two  apparelled  after  the  manner  of  Englishmen,  in 
Westminster  palace,  which  at  that  time  I  could  not 
discern  from  Englishmen  till  I  was  learned  what  they 
were  ;  but  as  for  speech,  I  heard  none  of  them  utter  one 
word."* 

The  newfound  island  was,  not  long  after,  visited  suc- 
cessively by  Cotereal  the  Portuguese,  and  Cartier  the 
French  navigator.  The  excellence  and  the  abundance 
of  its  cod,  which  had  originally  procured  it  the  name  of 
BacalaOit  soon  attracted  fishermen  to  the  coast.  Ves- 
sels from  England,  France,  Spain,  Portugal,  continued 
to  frequent  it  during  the  whole  of  the  sixteenth  century  ; 
but  no  permanent  settlement  was  attempted  by  any  of 
those  nations.  The  English,  to  whom  it  of  right  be- 
longed to  colonize  the  country,  at  length  exerted  them- 
selves, though  for  a  time  without  success.  Sir  Hum- 
phrey Gilbert,  whose  Treatise  on  the  A'orth-wesl  /lassage, 
1579,  late  events  have  again  brought  into  notice,  lost 
both  his  fortune  and  his  life  in  this  enterprise.  A  Lon- 
don merchant,  named   Hoare,  had  already   tried  it  in 


•  A  few  scattered  families  of  these  Aborigines  still  exist  in  the  interior  of  Newfoundland.  They  are  cruel  and  suspicious  beyond 
CTcn  the  usual  character  of  savages;  having  hitherto  rejected  every  species  of  intercourse  with  the  settlers,  and  murdered  every 
white  man  whom  they  could  lay  hold  of 

f  The  Indian  word  for  cod.    Caiaillaud,  the  French  name,  is  formed  by  transposing  it. 
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1536  ;  and  his  trial  had  failed  utterly  :  the  ship's  crew, 
to  avoid  absolute  starvation,  had  been  obliged  to  resort 
to  the  most  horrible  expedients ;  and  even  those  would 
not  iiave  saved  them,  had  they  not  been  lucky  enough 
to  lay  hold  of  a  French  ship  loaded  with  provisions, 
which  enabled  the  emaciated  survivors  to  return  home. 
But  Sir  Humphrey  was  not  lobe  deterred  by  their  late, 
or  vet  by  the  unfortunate  issue  of  his  own  first  trial. 
Sharing  the  projective  adventurous  spirit  of  his  half- 
brotlier,  the  famous  Sir  Walter  Raleigh,  he  determined 
to  make  a  second  and  a  greater  effort,  before  the  six 
years,  during  which  Queen  Elizabeth's  patent  allowed 
him  to  take  possession  of  two  hundred  leagues  round 
any  point  he  chose  to  settle  on,  were  expired  ;  and, 
accordingly,  having  sold  all  his  estates  to  equip  five 
small  vessels,  he  embarked  with  260  people  in  1583. 
Sir  Humphrey  reached  the  bay  of  St.  John's,  and  took 
formal  possession  of  the  place,  in  presence  of  a  great 
multitude  of  fishermen,  who  had  seemed  at  first  inclined 
to  obstruct  him  ;  he  also  procured  some  tnarcasite,  which 
Daniel,  his  "  experienced  assayer,"  pronounced  to  be 
silver  ore  ;  but  here  all  his  good  fortune  ended.  Anx- 
ious to  bring  the  southern  countries  also  within  the 
compass  of  his  patent,  Sir  Humphrey  prepared  to  sail 
in  that  direction.  His  crews  hesitated  to  accompany 
him  ;  they  mutinied,  and  part  of  them  at  length  return- 
ed home.  The  next  occurrence  was  more  lamentable 
still :  one  of  the  three  ships  which  yet  agreed  to  prose- 
cute the  voyage  was  wrecked  shortly  after  the  begin- 
ning of  it  in  a  gale ;  and  above  a  hundred  men  perished 
with  her.  Disheartened  by  such  a  loss,  all  were  decided 
for  steering  homewards,  and  Sir  Humphrey  at  length 
consented  also.  He  had  suspended,  not  renounced  his 
schemes.  "  If  the  Almighty  should  permit  us  to  reach 
England  in  safety,"  said  he,  "  I  will  set  you  out  royally 
in  the  course  of  next  spring."  It  was  not  so  determin- 
ed :  Sir  Humphrey's  ship  was  missed  by  her  companion 
one  morning, — and  never  heard  of  more  !  She  had  gone 
down  over  night ;  and  this  high-minded  gallant  man, 
with  all  his  golden  hopes,  was  now  swallowed  in  the 
deep,  and  calm  as  the  dullest  of  his  crew. 

The  death  of  Sir  Humphrey  was  fatal  to  his  plan  ; 
Raleigh  being  allured  from  prosecuting  it  by  the  more 
tempting  prospects  of  Virginia  and  the  El  Dorado.  A 
third  attempt  was  made  in  1610,  by  a  company  in  which 
Lord  Bacon  had  a  share.  The  settlers  visited  Concep- 
tion  Bay  ;  but  few  of  them  remained  there  :  and  the 
first  permanent  colony,  worthy  of  the  name,  was  planted 
by  Sir  George  Calvert,  afterwards  Lord  Baltimore,  in 
1623.  It  consisted  of  Puritans,  like  the  colonies  of  New 
England  ;  and  fixed  itself  at  Ferry  Low,  from  which  it 
spread  by  degrees  over  all  the  bays  in  the  south-eastern 
peninsula.  Lord  Baltimore  gave  the  name  Avalon  to 
this  tract ;  and  so  interested  was  he  in  the  fate  of  his 
colonists,  that  he  sent  his  son  for  six  years  to  reside 
among  ihcm.  They  flourished  under  his  supeiinien- 
dance ;  and  their  assistance  soon  produced  a  sensible 
improvement  in  the  English  share  of  the  fishery. 

Towards  the  conclusion  of  that  century,  their  pros- 
perity, and  still  more  their  quiet,  was  interrupted  by 
the  neighbourhood  of  a  rival.  The  French  had  settled 
themselves  at  Placentia  (Plaisance)  where  they  had 
erected  a  fort;  and  the  jealousy  of  the  two  nations, 
sharpened  as  it  was  here  by  the  competition  and  the 
contiguity  of  their  pursuits,  broke  out  in  continual  broils, 
even  when  the  mother-countries  were  at  peace.  Dur- 
ing a  time  of  war,  in  Europe,  the  settlements  never  fail- 


ed to  lake  advantage  of  a  slate  so  conformable  to  their 
own  habitual  feelings;  and  each  harassed  the  other  by 
continual  invasions,  captures,  and  every  species  of  vex- 
ation. The  treaty  of  Utrecht  (1713)  put  a  stop  to  such 
proceedings.  The  bad  posture  of  his  affairs  compelled 
Louis  XIV.,  on  that  occasion,  to  admit  the  prior  and 
preferable  claims  of  England  to  the  whole  island  :  the 
French  evacuated  Newfoundland  finally,  retaining  only 
Ihc  permission  to  fish  on  a  certain  small  portion  of  its 
shores,  and  liberty  to  occupy  the  islets  of  St.  Pierre  and 
Miquelon,  with  a  gari  ison,  or  rather  police  of  fifty  men, 
where  the  fish  might  be  dried.  The  final  conquest  of 
all  their  American  colonies,  in  the  seven  years'  war, 
made  the  French  glad  to  receive  back  this  privilege  at 
the  peace  of  Paris  (1763;)  they  advanced  no  farther 
pretensions;  and  this  humble  one,  again  admitted  at  the 
conclusion  of  the  late  hostilities,  now  forms  their  sole 
connexion  with  the  island.  A  similar  right  was  also 
guaranteed  to  the  United  Stales. 

Since  the  expulsion  of  the  French,  the  history  of  New- 
foundland ofTeis  nothing  particularly  worthy  of  remem- 
brance. The  colonists  were  favoured  with  a  resident 
governor  in  1728  ;  civil  and  justiciary  courts  were  insti- 
tuted among  them  soon  after  ;  and  a  supreme  court  was 
added  in  1792:  since  the  middle  of  last  century,  when 
England  became  undisputed  luler  of  the  ocean,  they 
have  rarely  been  annoyed  by  the  presence  of  a  hostile 
fleet;  their  limited  class  of  resources  has  continued  to 
extend  in  quantity,  if  not  in  variety  ;  and  at  present  the 
fisheries  and  trade  of  the  island  are  supposed  to  pro- 
duce an  income  of  not  less  than  two  millions  annually. 

See  the  Rev.  Lewis  Amadeus  Anspach's  History  of 
A'ewfoundland,  1819;  and  'Slovie.'s  American  Gazetteer. 

NEW  GRENADA,  formerly  a  viceroyalty  of  Spain 
in  South  America,  now  part  of  the  republic  of  Colum- 
bia. This  great  country  lies  between  the  Atlantic 
Ocean  and  Caribbean  Sea,  and  comprises  the  north- 
west angle  of  South  America.  It  is  bounded,  north  by 
the  Caribbean  sea ;  west  by  the  isthmus  of  Panama  and 
Pacific  Ocean  ;  south  by  Peru  ;  and  east  by  other  parts 
of  ilie  republic  of  Columbia.  It  extends  from  the  river 
Tunguragua,  about  S.  Lat.  6°.  to  the  Caribbean  sea,  N. 
Lat.  12°. 

That  part  of  New  Grenada  lying  along  the  Pacific 
Ocean,  is  composed  of  a  long  narrow  slip  of  level  land. 
The  Andes  mountains  rise,  however,  within  a  short  dis- 
tance inland,  into  the  highest  ridges  and  peaks  known  in 
the  world,  except  those  of  Gaiigelic  Indostan.  Chimbora- 
zo,  Colapaxi,  and  Cayambe  Urai,  all  rise  within  a  short 
distance  from  the  equinoctial  line.  The  great  spine  of 
the  Cordileras,  or  Andes,  traverses  the  country  in  enor- 
mous collateral  ridges,  with,  in  many  places,  very  ele- 
vated intervening  plains  and  valleys.  Quito  and  Popayan 
are  both  situated  on  these  aerial  heiglits.  From  the 
Andes  the  country  spreads  into  immeasurable  plains  to- 
wards the  Oronoco. 

Near  Popayan,  the  vast  ridges  of  the  Andes  diverge. 
One  branch  continues  to  the  north,  and  merges  into  the 
Caribbean  sea  near  tlic  isthmus  of  Darien.  A  second 
runs  nearly  paiailel  to  the  former,  between  the  rivers 
Guacaba  and  Magdalena,  and  also  merges  into  the  Ca- 
ribbean sea,  in  the  province  of  Carthagena.  A  third, 
and  very  considerable  range,  divides  ihc  sources  of  the 
JMagdaline  from  those  of  ihe  Oronoco,  and  terminates 
by  Cape  Chichivan;is,  between  the  provinces  of  Santa 
Martha  and  JNlarvcaibo. 
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New  Grenada  comprises  almost  every  climate,  and 
every  variety  of  soil  and  mineral  and  vegetable  produc- 
tion. The  population  is  now  supposed  to  amount  to 
about  2,000,000,  but  it  is  probable  more  than  three- 
fourths  are  Indians.  The  country  is  peculiarly  favour- 
able to  agriculture  and  commerce ;  and,  under  a  liberal 
government,  could  not  but  rise  to  a  high  state  of  pros- 
perity, wealth,  and  power. 

NEW-HAVEN,  a  city  of  the  slate  of  Connecticut, 
in  the  county  of  New-Haven,  at  N.lat.  41°.  18'.  and  72°. 
,^         5  6'.  W.  long,  from   Greenwich.     This  city  is  situated 
^"  on  a  fine  bay,  formed  by  the  small  rivers  Wallingford  or 

Quinnipiach,  and  Mill  river.  The  city  is  situated  on 
the  western  side  of  the  bay,  about  four  miles  from  Long 
Island  Sound. 

New-Haven  is  delightfully  situated  on  a  plain,  with, 
except  towards  the  bay,  hills,  and  even  mountains,  rising 
in  every  direction.  The  city  is  laid  out,  in  general,  with 
the  streets  intersecting  at  right  angles;  but  in  the  lower 
part  of  the  city,  some  of  the  streets  diverge  obliquely. 

In  the  centre  is  one  of  the  finest  open  squares  in  the 
United  States,  around  which  are  eight  more  ;  these  nine 
squares  forming  the  old  or  original  New-Haven.  Each 
square,  independent  of  the  streets,  is  835  feet  on  each 
side.  The  streets  are  83.5  feet  wide,  and  extend  N. 
32°.  30'.  E.  and  S.  32°.  30'.  W.and  N.  57°.  30'.  W.  and 
S.  57°.  30'.  E. 

Within  the  centre  square  stands  the  Court-house  and 
Presbyterian  Meeting-house.  Yale  College  is  situated 
on  the  square  to  the  north-west  of  the  centre  square. 

New. Haven  contains  Yale  College,  a  Grammar  school, 

four  Churches,  Court-house,  Custom-house,  a  Jail,  two 

Banks,  three  Insurance  Offices,  and  an  Almshouse. 

Several  newspapers  aie  published  weekly.     A  reli- 

^         gious  Magazine  is  also  published  monthly.     The  work 

W         most  honourable,  however,  to  the  science  of  the  people 

of  New-Haven,  is  the  American  Journal  of  Science  and 

Arts,  conducted  by  Professor  Sillinian. 

The  houses  of  New-Haven  present  the  aspect  of  ru- 
ral neatness,  from  the  great  number  of  tiees  which  adorn 
the  streets,  and  from  the  fine,  and,  in  many  pans,  ex- 
tensive gardens,  which  are  cultivated  in  the  rear  of  the 
buildings.  Many  of  the  private  houses  are  fine,  and 
even  splendid  edifices,  and  in  general  have  the  appear- 
ance of  cleanliness  and  comfort. 

On  the  north  side  of  the  city,  a  large  square  is  laid 
out  for  a  public  burying  ground.  It  is  subdivided  into 
squares  and  walks,  planted  with  trees.  The  grave- 
stones are,  in  general,  marble  ;  the  whole  presenting, 
perhaps,  the  most  exquibite  combination  of  solemnity, 
taste,  and  elegance,  to  be  foun<l  in  the  United  States. 

Yale  College  deserves  particular  notice,  as  being  one 
of  the  most  ancient  and  efficient  seminaries  of  learning 
in  the  United  States.  It  consists  of  four  spacious  build- 
ings, a  chapel,  lyctum,  and  laboratoiy. 

The  medical  institution  is  connected  with  the  college. 
The  former  was  established  in  1813,  with  four  profes- 
sors, an  anatomical  museum,  and  a  medical  library. 

George  Gibbs,  Esq.,  in  1811,  deposited  in  Yale  Col- 
lege his  excellent  collection  of  minerals,  which  cost,  it 
is  said,  near  18,000  dollars.  The  college  library  ex- 
ceeds seven  thousand  volumes. 

The  officers  of  Yale  College  are,  a  president,  nine 
professors,  including  four  medical  professors,  and  five 
tutors.     The  governor  of  the  state,  and  lieutenant-go- 


vernor,  are  trustees  ex  officio,  but  are  associated  with 
six  senior  assistants,  and  ten  fellows,  being  clergymen. 

The  number  of  students  are,  in  general,  about  400. 
Mr.  Morse,  in  his  (Gazetteer,  edition  of  1821,  states,  that 
3478  students  had  been  educated  in  Yale  College,  from 
its  foundation  to  the  year  1820,  of  whom  1884  were  then 
living. 

In  1820,  a  seminary  was  established  at  New-Haven, 
for  the  education  of  students  intended  for  the  clerical 
profession  in  the  episcopal  church.  The  superintend- 
ance  is  placed  in  the  hands  of  the  general  convention  of 
that  church. 

The  neighbourhood  of  New-Haven  is  in  a  high  de- 
gree pleasant,  well  cultivated  and  diversified.  The  in- 
habitants are,  in  general,  polite  to  strangers,  well  edu- 
cated, and  of  regular  morals. 

The  population  of  New-Haven,  in  1810,  was  5772  ;  in 
1820,  7147,  giving  an  increase  in  ten  years  of  1375. 

Darby. 

NEW-HAMPSHIRE.     See  H.vmpshire,  New. 

NEWMARKET,  a  market  town  of  England,  in  the 
counties  of  Cambridge  and  Suffolk,  is  principally  cele- 
brated for  possessing  one  of  the  finest  race-courses  in 
the  kingdom,  where  races  are  held  twice  in  the  year,  on 
Easter  Week,  and  in  the  month  of  October.  The  town 
consists  chiefly  of  one  wide  street,  and  the  houses,  erected 
partly  on  the  gentle  declivity  of  a  hill,  arc  in  general 
modern  and  well  built.  Many  of  the  most  handsome  are 
the  residences  of  the  nobility  and  gentry  who  frequent 
the  races.  The  town  contains  numerous  inns,  with  ex- 
cellent accommodation.  Two  coffee-houses  are  furnish- 
ed for  the  use  of  Betters.  There  is  in  the  town  two 
churches,  one  of  which  is  in  Suffolk  and  the  other  in 
Cambridgeshire.  The  town  was  twice  nearly  destroyed 
by  fire,  namely,  in  1683,  when  Charles  II.  his  queen, 
and  the  Duke  of  York,  attended  the  races.  The  da- 
mage amounted  to  about  20.000/.  The  second  conHa- 
gration  was  about  the  beginning  of  the  last  century. 

The  population  of  the  southern  side  of  the  town, 
which  is  in  Cambridgeshire,  was,  in  1811,  70  houses  and 
4S6  inhabitants,  and,  of  the  northern  side,  in  Suffolk,  256 
houses  and  1631  inhabitants,  making  in  all  1917  inha- 
bitants. See  the  Beauties  of  Eni^land  and  IVales,  vol. 
ii.  p.  139 

NEW-ORLEANS,  the  capital,  and  chief  town  of  the 
state  of  Louisiana,  stands  upon  the  left  bank  of  the  Mis- 
sissippi river,  at  N.  lal.  3u°.  and  west,  from  Washing- 
ton City,  12°.  05'. 

New-Oilcans  is  composed  of  the  city  properly  so  call- 
ed, and  several  Fauxbourgs,  (suburbs,)  the  principal  of 
which  are,  St.  Mary's,  Annunciation,  and  La  Course, 
above  the  city  ;  Marigny's,  anil  lironiers,  below  ;  and 
Treme,  and  St.  John's,  in  the  rear  of  the  city,  towards 
Bayou  St.  Julin's. 

The  city  itself  is  laid  nut  with  the  streets  intersecting 
each  other  at  right  angles.  The  I'auxbourgs,  though  in 
general  also  regular,  deviate  in  some  places.  Like  all 
other  places  along  the  banks  of  the  Mississippi,  the 
ground  upon  which  New  Orleans  stands  falls,  by  a  gen- 
tle declivity,  ftom  the  margin  of  the  river,  until  depress- 
ed into  a  swamp,  or  overflown  flat,  in  the  rear  of  the 
town.  The  city,  and  all  i;s  I'auxbourgs,  except  those  of 
Treme  and  St.  John's,  siand  upon  the  solid  border  of 
land  between  the  river  and  swamp,  the  medium  width  of 
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which,  is  about  400  yards.  The  extreme  length  of  New- 
Orleans  along  the  Mississippi  is  nearly  three  miles.  The 
river  running  opposite  in  the  form  of  an  S.  It  contains 
a  State-house,  Prison,  Market-house,  Hospital,  Princi- 
pal, or  Town-house.  A  Cathedral,  or  the  Church  of 
St.  John's,  Ursuline  Convent,  an  Episcopalian,  and  a 
Calvinistic  church,  two  Theatres,  a  Court-house,  three 
Insurance  offices,  four  Banks  authorized  by  the  state,  a 
branch  of  that  of  the  United  States,  a  Custom-house, 
Mavy  Yard,  Arsenal,  Barracks,  and  one  Fort,  that  of  St. 
Charles,  situated  between  the  city  proper  and  Faux- 
bourg  Marigny. 

New- Orleans  is  situated  105  miles  above  the  mouth 
of  the  Mississippi,  322  by  water,  and  155  by  land,  below 
Natchez;  1189  below  St.  Louis;  991  below  the  mouth 
of  Ohio,  and  1935  below  the  city  of  Pittsburg. 

It  is  ruled  by  a  mayor  and  city  council,  elected  by  the 
freeholders. 

This  city  is  admirably  situated  for  a  commercial  de- 
pot, having  equal  facility  of  intercourse,  foreign  and  do- 
mestic. Its  markets  are  excellent,  particularly  for 
garden  vegetables,  and  for  fruits,  both  tropical,  and  from 
the  numerous  settlements  on  the  various  confluents  of 
the  Mississippi.  The  houses  and  population  are  both 
rapidly  on  the  increase,  as  may  be  seen  by  the  following 
comparative  view  of  its  census  in  1810  and  1820.  At 
the  former  period,  the  city  and  parish  contained  24,552, 
of  whom,  above  17^000  were  found  in  the  city.  In  1820, 
the  number  of  inhabitants  stood  thus  : 

Free  white  males,      ......     11,675 

Free  white  females, -       7.569 

Foreigners  not  naturalized,      ...       1,549 

Total,  2u,793 

Male  slaves,     ..------       7,331 

Female  slaves, 7,615 

Free  coloured  persons,  males,        -     -       2,835 
F'emales,      ......---       4,326 

Total  of  slaves  and  free  coloured  persons,  22,107 

Entire  population,      ......     42,900 


Xew-Orlcans  was  laid  out  in  the  spring  of  1717,  and 
named  in  honour  of  the  Duke  of  Orleans,  then  Regent 
of  Fiance,  during  the  minority  of  Lewis  the  XIV.  It 
remained  in  the  hands  of  the  French  until  1769,  when, 
together  wiih  all  Louisiana,  it  was  taken  posssession  of 
by  tiie  Spanish  general,  O'Reily.  It  was  again  given  up 
by  Spain  to  France  in  1803,  and  on  the  20ih  of  Decem- 
ber of  that  year  given  up  to  the  United  States,  by  the 
French  colonial  prefect  Laussatt. 

In  the  month  of  November,  1814,  a  British  fleet  and 
army  appeared  off  Cat  Island,  and  on  the  16th  of  No- 
vember, the  United  Stales  flotilla  of  gun-boats  were  cap- 
lured  in  the  Pass,  between  the  Malheureux  islands  and 
Florida  shore.  On  the  morning  of  the  23d  December, 
part  of  the  British  army  reached  the  bank  of  the  Mis- 
sissippi, at  General  Villaret's  plantation,  eight  miles  be- 
low New-Orleans.  On  the  evening  of  the  same  day, 
general  Jackson  attacked  them  in  their  encampment, 
when  a  sharp  but  indecisive  engagement  took  place  ; 
both  armies  claiming  the  victory.  On  the  ensuing  morn, 
ing,  the  United  States'  army  took  position  on  Rodri- 
guez's canal,  three  miles  below  the  city,  and  that  of  the 
British  formed  its  lines  one  mile  still  lower  down.    Par- 


tial engagements  intervened  on  the  58th  day  of  Decem- 
ber, and  on  the  fil'thday  of  January.  1815,  and  on  Sunday 
morning,  January,  8ih,  general  Packenham  quit  his  lines, 
and  atiacked  the  United  States'  army  in  its  entrench- 
ments. The  former  were  defeated  with  great  slaughter, 
with  but  very  little  loss  on  the  part  of  the  latter.  The 
British  lost  about  2000  men,  that  of  the  Ui.ited  States' 
army  was  only  five  killed  and  seven  wounded. 

On  the  night  of  the  18th,  the  British  commenced 
their  retreat  on  board  their  vessels,  and  evacuated  Loui- 
siana a  few  days  afterwards. 

Darby. 

NEWPORT,  a  large  borough  and  market  town  of 
England,  in  the  Isle  of  Wight  and  county  of  Southamp- 
ton. The  town  has  an  elevated  and  agreeable  situa- 
tion, nearly  in  the  centre  of  the  island.  It  is  watered  on 
the  east  by  the  principal  branch  of  the  Medina  river,  and 
on  the  west  by  a  small  rivulet  which  flows  into  the  Me- 
dina at  the  Quay,  when  it  becomes  navigable  for  vessels 
of  large  burthen.  The  houses,  which  are  chiefly  of 
brick,  and  some  of  them  very  handsome,  are  arranged 
in  Jive  parallel  streets,  which  extend  east  and  west,  and 
are  intersected  at  right  angles  by  other  l/iree.  In  the 
first  plan  of  the  town  it  was  proposed  to  have  had  three 
large  squares  at  the  intersection  of  the  streets,  as  market 
places  for  cattle,  corn,  and  poultry;  but  this  has  been 
prevented  by  various  encroachments. 

Carisbrooke  Castle  is  about  one  mile  south-west  of 
Newport,  and  is  one  of  the  most  ancient  and  important 
fortresses  in  the  island.  It  occupies  about  20  acres  of 
ground  on  a  conical  eminence,  rising  above  the  village 
of  Carisbrooke.  Dr.  Stukely  thinks  that  it  was  built  by 
the  Emperor  Carausius  ;  and  about  70  years  ago  six 
Roman  coins  were  dug  up  in  a  field  to  the  north  of  the 
castle.  It  is  celebrated  as  having  been  the  prison  of 
Charles  I. 

In  1811  the  borough  and  parish  contained  657  inha- 
bited houses,  and  3855  inhabitants. 

See  the  Beauties  of  England  and  Tf'ales,  vol.  vi.  p. 
355. 

NEWPORT,  a  post  town,  and,  alternately  with  Provi- 
dence, capital  of  Rhode-Island,  five  miles  from  the  At- 
lantic Ocean,  and  on  a  small  but  very  commodious  bay 
formed  by  a  projection  of  Rhode-Island  proper,  and 
Conn  cticut  Island.  Longitude  W.  from  Greenwich, 
71°.  17'.;  and  E.  from  Washington,  5°.  43'.  Lat.  41°. 
29'.  N. 

The  harbour  is  one  of  the  best  on  all  the  Atlantic 
coast  of  the  United  States,  opens  before  the  town  into  a 
noble  circular  basin,  easy  of  access,  land-loqked  on  all 
sides,  and  commanded  by  the  adjacent  heights.  Goat 
Island,  a  small  spot  of  ground  at  its  outer  entrance, 
contains  Fort  Wolcott  and  an  United  States'  navy  hos- 
pital. The  harbour  is  also  defended  by  two  other  forts 
— P'ort  G  een,  and  Fort  Adams. 

Though  much  declined  from  its  former  comparative 
importance,  Newport  is  still  a  flourishing  town.  The 
site  rises  by  an  elegant  acclivity  from  the  harbour,  and 
again  declines  gradually  in  the  rear,  giving  the  aspect  of 
a  delightful  swell  to  the  whole  place. 

Newport  contains,  a  State-house,  Market-house, 
Theatre,  public  Library,  Alms-house,  five  Banks,  two 
Insurance  Companies,  eleven  places  of  public  worship, 
four  Baptists,  two  Congregationalisls,  one  Episcopalian, 
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one  Friends,  one  Moravian,  one  Methodist,  and  one  Jew- 
ish Synairoguc. 

Id  1819,  the  amount  of  shipping  owned  in  this  town, 
was  near  11,000  tons. 

The  population  of  tlie  town,   and  that  part  of  its  vici- 
nity included  in  the  township,  as  it  stood  in  1810,  and  in 
1820,  are  exhibited  in  the  annexed  table. 
Population  in  1810. 

Free  white  males, 3,440 

do.     do.    females,        3,837 

Total  whites,         7,277 

All  other  persons  except  Indians  not  taxed,  630 

Slaves,        ........... 

Total  population  in  1810, 7,907 

Population  in  1820. 
Free  while  males,      --------     3,157 

do.     do.     females,         .-...-.     3,606 
All  other  persons  except  Indians  not  taxed. 

Total  whites, 6,763 

Free  persons  of  colour,  males,     -     -     -     .  197 

do.              do.      females,       -     -     -  342 

Slaves,  males,       .-..--..-  7 

do.      females,          ..--...-  10 

Total  population  in  1820,     --:---     7,319 

Of  these  ; 
Foreigners  not  naturalized,    --.---       38 
Engaged  in  Agriculture,        ------     174 

do.       in  Manufactures,    ------     630 

do.       in  Commerce, 107 

The  manufacturing  establishments  in  this  town  and 
vicinity  are  numerous  and  important,  consisting  of  five 
or  six  Rum  distilleries,  one  Gin  distillery,  one  Duck  fac- 
tory, and  numerous  grain  mills. 

Darby. 

NEWTON,  Sir  Isaac,  the  most  celebrated  mathema- 
tician and  natural  philosopher  that  any  country  has  pro- 
duced, was  born  on  the  25lh  of  December,  1642,  at 
Woolsthorpc,  a  village  in  the  parish  of  Colsterworth,  in 
Lincolnshire,  about  six  miles  south  of  Grantham.  His 
father  was  descended  from  the  oldest  branch  of  the  fa- 
mily of  Sir  John  Newton,  Bart.,  and  was  lord  of  the  ma- 
nor of  Woolsthorpe.  They  came  originally  from  New- 
ton in  Lancashire.  His  mother,  Hannah  Ayscough,  was 
of  an  old  family  in  Lincolnshire.  She  contracted  a  se- 
cond marriage  with  the  Rev.  Barnabas  Smith,  a  wealthy 
old  Bachelor,  by  whom  she  had  a  son  and  two  daugh- 
ters. When  Isaac  was  born,  which  was  tliree  months 
after  his  father's  death,  he  was  of  extremely  diminu- 
tive size,  and  two  women  who  were)  sent  to  Lady 
Pakenham's  at  North  Witham,  for  sometliing  for  the 
child,  did  not  expect  to  find  him  alive  at  their  return. 
Mrs.  Newton  was  extremely  attentive  to  his  education. 
She  sent  him  to  two  day  schools  at  Skellington  and 
Stoke  ;  and,  at  the  a^e  of  12,  he  went  to  the  great  school 
at  Grantham,  under  Mr.  Stolkes;  where  he  boarded  in 
the  house  of  an  apothecary,  whose  brother  was  usher  of 
the  school. 

At  this  school  he  displayed  a  very  singular  passion 
for  mechanical  contrivances.  By  means  of  little  saws, 
hatchets,  hammers,  and  all  sorts  of  tools,  he  made  mo- 


dels of  wood,  when  his  companions  were  at  play  ;  and 
such  was  his  dexterity,  that  he  constructed  a  wooden 
clock,  and  a  good  model  of  a  windmill  which  was  erected 
about  that  time  near  Grantham,  on  the  way  to  Gunnerby. 
Into  this  model  he  sometimes  put  a  mouse  which  he 
called  his  miller,  and  by  means  of  whose  action  he  could 
turn  the  mill  round  when  he  chose.  He  executed  also 
a  water-clock,  about  4  feet  high,  with  a  dial-plate  at 
top  for  indicating  the  hours.  The  index  was  turned  by 
a  piece  of  wood,  which  either  rose  or  fell  by  the  drop- 
ping of  water.  The  passion  of  the  boy  for  these  me- 
chanical occupations  often  withdrew  his  attention  from 
his  regular  studies  ;  and  in  consequence  of  this  the 
other  boys  gained  places  above  him,  till  he  was  roused 
to  outstrip  them  all  by  a  little  extraordinary  exertion. 
The  intermission  of  his  mechanical  pursuits,  which  was 
thus  rendered  necessary,  rather  increased  than  abated 
his  ardour  for  ihem.  He  introduced  the  use  of  paper 
kites  among  his  school-fellows.  He  made  paper  lan- 
terns, by  the  light  of  which  he  went  to  school  in  the  win- 
ter mornings  ;  and  he  frightened  the  country  people  by 
tying  them  to  the  tails  of  his  kites  in  a  dark  night.  He 
watched  too  the  motions  of  the  sun  with  great  diligence  ; 
and  by  means  of  pegs  placed  in  the  wall  of  the  house 
where  he  lived,  and  marks  for  the  hours  and  half  hours, 
the  time  of  the  day  was  shown  to  every  person,  on  what 
went  by  the  name  of  Isaac's  dial.  He  had  also  a  great 
turn  for  drawing  ;  and,  according  to  the  account  of  Mrs. 
Vincent,  who  was  niece  to  the  wife  of  Sir  Isaac's  land- 
lord, at  Grantham,  he  frequently  made  little  tables  and 
cupboards,  for  her  and  her  play-fellows.  She  mentions 
also  his  having  made  a  cart  with  four  wlieels,  in  which 
he  could  drive  himself  by  turning  a  windlass. 

Upon  the  death  of  Mrs.  Newton's  second  husband, 
she  wejit  from  North  Witham  to  Woolsthorpe,  and  re- 
called Isaac  from  school,  in  order  that  he  might  give  his 
assistance  in  managing  the  business  of  the  farm.  He 
superintended  the  tillage,  the  grazing,  and  the  harvest; 
and,  accompanied  by  a  trusty  servant,  he  went  on  Satur- 
days to  Grantham  market  to  dispose  of  corn  and  other 
articles  of  agricultural  produce.  Isaac  frequently  de- 
serted his  commercial  charge,  left  the  servant,  and  be- 
took himself  to  a  garret  in  the  apothecary's  house,  where 
he  amused  himself  with  some  old  books,  till  he  received 
notice  that  it  was  time  to  return.  The  affairs  of  the  farm 
did  not  flourish  under  our  young  philosopher's  manage- 
ment. The  study  of  a  book,  the  execution  of  a  model, 
or  the  superintendance  of  a  water  wheel  of  his  own  con- 
struction, often  occupied  his  attention  when  the  sheep 
were  astray,  and  the  corn  treading  down  by  the  cattle. 

Mrs.  Newton,  seeing  that  her  son's  propensities  were 
not  those  of  a  farmer,  again  sent  him  to  Grantham  school. 
After  remaining  there  nine  months,  he  went  to  Trinity 
College,  Cambridge,  where  he  was  admitted  on  tlie  5th 
June,  1660,  in  the  1 8th  year  of  his  as^e.  In  this  favoured 
situation  the  peculiar  talents  of  Mr.  Newton  began  to 
display  themselves.  The  ardour  with  which  he  prose- 
cuted his  studies,  and  the  rapidity  of  his  progress,  at- 
tracted the  notice  of  his  teachers,  and  acquired  him  the 
admiration  and  friendship  of  Mr.  (afterwards  Dr  )  Bar- 
row, who  was  then  a  fellow  of  Trinity  College.  The 
works  which  he  now  perused  with  avidity  were,  Saun- 
derson's  Logic,  Kepler's  Optics,  the  Geometry  ol  Des- 
cartes, and  the  Arithmetic  of  Infinites  of  Dr.  Wallis. 
The  Elements  of  Euclid,  and  the  works  of  the  ancient 
geometers,  Bccupied  less  of  his  attention  than  they  were 
justly  entitled  to;  but  he  appears  to  have  been  carried 
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away  by  the  seductions  of  analysis,  and  he  afterwards 
expressed  his  regret  to  Ur.  Peinbcnon,  "  that  he  had 
applied  himself  to  the  works  of  Descartes  and  other  al- 
gebraical writers,  before  he  had  considered  the  Elements 
of  Euclid  witli  the  attention  which  they  deserved."  In 
1664,  Mr.  Newton  took  the  degree  of  bachelor  of  arts, 
and  it  appears,  from  some  of  his  accounts  of  expenses, 
that  he  bought  in  that  year  a  glass  prism,  (or  the  pur- 
pose of  examining  experimentally  Descartes'  doctrine 
ol  colours.  There  is  no  reason,  however,  for  believing 
that  he  began  so  early  to  obtain  the  results  which  after- 
wards excited  so  much  notice,  for  he  was  interrupted 
in  the  midst  ol  his  researches  by  the  appearance  of  the 
plague  at  Cambridge  in  1665,  which  compelled  him  to 
quit  his  studies,  and  retire  to  his  own  property  in  the 
country.  During  the  two  years  which  he  now  spent  in 
the  country,  liis  minil,  as  might  naturally  have  been  ex- 
pected, was  absorbed  in  philosophical  speculations  ;  and 
it  was  in  this  peaceful  seclusion  that  he  received  the 
first  glimpse  of  those  splendid  discoveries  which  have 
elevated  his  name  above  that  of  all  other  men,  and  shed 
renown  upon  tho  country  that  gave  him  birih.  When 
seated  alone  in  a  garden,  the  accidental  fall  of  an  apple 
fixed  his  thoughts  on  the  subject  of  gravity.  In  re- 
flecting upon  this  property  of  matter,  and  considering 
that  it  seemed  to  experience  no  diminution  at  the  tops 
either  of  the  highest  buildings  or  the  loftiest  mountains, 
he  was  led  to  conjecture  that  it  might  extend  far  beyond 
the  earth  and  its  atmosphere,  and  even  to  the  orbit  of 
the  moon.  In  this  view  of  the  matter,  he  considered 
the  moon  as  nothing  more  than  a  falling  body,  constantly 
deflected  to  the  earth  from  the  rectilineal  path  in  which 
it  had  been  projected,  and  it  became  an  easy  matter  to 
ascertain  the  force  of  gravity  at  the  distance  of  the 
moon,  and  to  determine  if  it  emanated  from  the  same 
source  as  that  which  exhibited  itself  in  falling  bodies 
at  the  surface  of  the  earth.  In  attempting,  however, 
to  make  the  calculation,  he  employed  the  erroneous  but 
common  estimate  among  geographers,  that  sixty  miles 
make  one  degree  of  the  meridian,  and  having  with  such 
imperfect  data  obtained  a  result  which  opposed  his  theo- 
retical speculations,  he  concluded  that  the  moon  must 
be  influenced  by  some  other  course  than  that  which  pro- 
duced the  fall  of  heavy  bodies. 

At  various  times  after  he  procured  his  prism,  in  1664, 
Newton  had  directed  his  attention  to  the  subject  of  op- 
tics. He  began  by  grinding  lenses  in  the  form  of  some 
of  the  conic  sections,  with  the  view  of  correcting  their 
spherical  aberration,  and  in  the  belief  that  this  was  the 
only  imperfection  to  which  the  telescope  was  liable. 
His  success,  however,  did  not  equal  his  expectations  ; 
and  he  was  led  to  study  the  nature  of  light  itself,  by 
repeating  with  his  prism  some  of  the  experiments  made 
by  Grimaldi.  The  brilliancy  of  the  prismatic  colours 
struck  him  with  surprise,  and  his  attention  was  parti- 
cularly fixed  on  the  oblong  figure  of  the  spectrum.  Ac- 
cording to  the  received  laws  of  refraction,  the  image  of 
the  sun  ought  to  have  been  exactly  circular,  in  place 
of  an  oblong  form.  This  irregularity  Newton  at  first 
supposed  to  be  only  accidental,  and  in  attempting  to  find 
its  cause,  he  was  led  to  discover  the  compound  or  he- 
terogeneous nature  of  colourless  light,  and  to  deter- 
mine the  differetit  refrangibilities  of  the  coloured  rays 
which  entered  into  its  composition.  This  important  dis- 
covery explained  to  him  at  once  the  cause  of  the  imper- 
fections of  refracting  telescopes,  and  having  computed 
the  amount  of  the  error  arising  from  the  different  re- 
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frangibiliiy  of  the  rays  of  light,  he  found  it  to  exceed 
some  hundreds  of  times  thut  which  was  occasioned  by 
the  spherical  form  of  the  lenses.  By  such  steps  New- 
ton was  led  to  study  the  reflection  of  light,  and  he 
speedily  saw  that  by  means  of  a  rellecting  material,  ca- 
pable of  being  polished  as  highly  as  glass,  and  having 
an  exact  parabolic  form,  he  could  construct  a  telescope 
free  from  all  the  errors  produced  by  tiic  compound  na- 
ture of  light. 

In  1666  Newton  was  elected  a  Fellow  of  Trinity  Col- 
lege, and  in  the  same  year  he  took  his  degree  of  Mas- 
ter of  Arts.  Dr.  Barrow,  who  was  now  Lucasian  Pro- 
fessor of  Mathematics  at  Cambridge,  having  resolved 
to  confine  his  attention  to  theology,  resigned  his  chair 
in  favour  of  Mr.  Newion,  wiio  was  thus  obliged  to  re- 
linquish for  a  while  his  practical  researches  respecting 
the  improvement  of  the  telescope.  Having  resolved, 
however,  to  complete  his  optical  inquiries,  he  made  them 
the  subject  of  his  lectures  during  the  first  three  years 
of  his  appointment,  and  had  thus  ample  opportuniiies, 
not  only  of  repeating  his  former  experiments,  but  of 
re-consideiing  his  doctrine  of  colours,  and  bringing  it 
into  a  systematic  form. 

On  the  23d  December,  16ri,  the  Lord  Bishop  of  Si- 
rum  proposed  Mr.  Newton  as  a  member  of  the  Royal 
Society  ;  and,  on  the  1 1th  January,  1672,  he  was  elected 
a  Fellow  of  that  learned  body.  At  the  same  meeting,  a 
telescope  sent  by  Mr  Newton  from  Cambridge,  was  ex- 
hibited to  the  Society,  and  it  was  agreed  that  the  secre- 
tary should  send  a  description  of  it  to  Mr.  Huygens  at 
Paris,  for  the  purpose  of  securing  for  the  inventor  the 
honour  which  belonged  to  him.  On  the  25th  January, 
Mr  Oldenburgh  read  to  the  Society  a  letter  from  Mr. 
Newton,  concerning  "  an  intimation  of  a  considerable 
discovery  he  intends  to  send  to  the  Society  to  be  consi- 
dered and  examined."  This  discovery,  which  was  laid 
before  that  body  on  the  8th  February,  was  his  new  doc- 
trine of  the  different  refrangibility  of  the  rays  of  light. 
It  was  received  with  peculiar  commendation,  and  the 
society  agreed  to  the  immediate  printing  of  it.  in  order 
to  secure  "  the  author  against  the  arrogations  of  others." 
On  the  9th  December,  1 675,  another  paper  of  Mr.  New- 
ton's was  read,  '■  containing  partly  an  hypothesis  to  ex- 
plain the  properties  of  light,  and  partly  the  principal 
phenomena  of  the  various  colours  exhibited  by  thin  plates 
or  bubbles,  esteemed  by  him  to  be  of  a  more  difficult 
consideration,  yet  to  depend  also  on  the  said  properties 
of  light."  On  the  16ih  December,  when  the  remainder 
of  this  paper  was  read,  "  Mr  Hook  said  that  the  main  of 
it  was  contained  in  his  Micrography,  which  Mr  New- 
ton, in  some  particul.irs,  had  only  carried  further."  In 
a  few  days  Mr.  Newton  wrote  a  reply  to  this  charge, 
which  was  read  on  the  20th  January,  1676.  "  He  stated 
the  diff'erence  between  his  hypothesis  and  that  of  Mr. 
Hook,  in  his  Micrography;  the  result  of  which  is,  that 
he  (Mr.  Newton)  had  nothing  in  common  with  Mr. 
Hook,  but  a  supposition  that  ether  is  a  medium  suscep- 
tible of  vibrstions,  of  which  supposition  Mr  Newton 
saith  he  makes  quite  a  different  use;  Mr.  Hook  sup- 
posing it  light  itself,  which  Mr.  Newton  does  not  Be- 
sides, that  he  explains  very  difl"erently  from  Mr  Hook, 
the  manner  of  refraction  and  reflexion,  and  the  nature 
and  production  of  colours  in  all  cases,  and  even  in  the 
colours  of  transparent  substances.  Mr.  Newton  says  he 
explains  every  thing  in  a  way  so  differing  from  Mr. 
Hook,  that  the  experiments  he  grounds  his  discourse 
upon  destroy  all  Mr.  Hook  saiih  about  them.  And  that 
4  I 
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the  two  main  cxpcriiiicnts,  without  which  the  manner  of 
production  of  those  colours  is  not  to  be  found  out,  were 
not  only  unknown  to  Mr.  Hook,  when  he  wrote  his  Mi- 
crography, but  even  last  spring,  as  he  understood,  by 
mentioning  them  to  the  said  Mr.  Hook  "  Immediately 
after  the  letter  which  contained  these  sharp  observations 
on  Mr.  Hook's  unfounded  claims,  there  was  read  another 
paper  by  Mr.  Newton,  containing  his  "  Theory  of  the 
Colours  of  Natural  Uodies,"  which  pleased  the  com- 
pany so  well,  that  they  were  anxious  to  have  it  pub- 
lished. Sir  Isaac,  however,  expressed  his  wisli  that  the 
publication  of  his  Observations  upon  Colours  should  be 
suspended  lor  a  while,  as  he  intended  to  complete  them 
by  some  additional  experiments  and  observations. 

Ml-.  Newton's  first  discoveries  respecting  the  Colours 
of  Light,  which  appeared  in  the  Pliilosophical  Trans- 
actions for  1671,  did  not  experience  that  reception  to 
which  they  were  entitled.  Father  Pardies  published 
t"o  attacks  upon  the  new  doctrines;  but,  after  two  re- 
plies from  Mr.  Newton,  the  Cartesian  philosopher  aban- 
doned the  field.  An  anonymous  Fienchman,  M.  N.  re- 
vived the  controversy  in  1673,  and  when  two  papers 
had  appeared  on  each  side,  the  discussion  was  dropped. 
Father  Lucas,  and  his  pupil  M.  Gascoigne,  followed  in 
the  same  route  of  ignorant  opposition  to  incontroverti- 
ble facts.  M.  Lucas  of  Liege  opposed  the  theory  even 
after  repeating  the  experiments;  but  Newton,  who  re- 
plied to  every  animadversion  that  was  made  upon  his 
opinions,  finally  triumphed  over  all  his  enemies,  and 
left  his  Doctrine  of  Light  and  Colour  as  an  imperish- 
able iT\onumcnt  of  his  industry  and  genius. 

But  though  our  author  had  the  high  satisfaction  not 
only  of  knowing  tlie  soundness  of  his  doctrines,  but  of 
seeing  them  universally  received  by  those  who  could 
understand  them,  it  was  mingled  with  feelings  of  no  very 
agreeable  kind.  The  mean  jealousies,  both  private  and 
national,  which  had  shown  themselves  during  a  contro- 
versy of  four  years  continuance,  made  a  deep  impression 
on  his  candid  and  upright  mind.  He  had  no  doubt  ima- 
gined, under  the  influence  of  his  own  noble  zeal  for 
science,  that  new  truths  would  meet  with  a  welcome 
reception  from  all  who  bore  the  name  of  philosophers; 
and  his  surprise  was  great  indeed  when  he  made  the  only 
one  of  his  discoveries  which  was  truly  mortifying  to  him, 
that  the  petty  jealousies  of  vulgar  life  had  often  a  deep 
root  in  minds  which  education  and  knowledge  ought  to 
have  elevated  and  ennobled.  So  deep  indeed  was  his 
mortification,  that,  in  his  preface  tohisOpiics,  he  says, 
that  in  order  "  to  avoid  being  engaged  in  disputes  about 
these  n^.atlers,  I  have  hitherto  delayed  the  printing,  and 
should  still  have  delayed  it,  had  not  the  importunity  of 
friends  prevailed  on  me."  He  seems  indeed  to  regret 
that  he  took  any  part  in  the  coiilioversy,  when  he  says, 
"  I  blamed  my  own  imprudence  for  parting  with  so  real 
a  blessing  as  my  quiet,  to  run  alter  a  shadow." 

In  the  winter  of  1676  and  1677,  he  discovered  the  ce- 
lebrated proposition,  that  by  a  centripetal  force,  varying 
in  the  inverse  ratio  of  the  distance,  a  planet  will  de- 
scribe an  ellipse  about  the  centre  of  force  placed  in  the 
lower  focus,  and  that  the  radius  vector  will  describe 
areas  proportioned  to  tlie  lines. 

In  the  year  1680,  Mr  Newton  made  numerous  ob- 
servations on  the  comet,  and.  contrary  to  the  opinion  of 
Mr.  Flamstead,  he  supposed  that  there  were  two  differ- 
ent comets.  Upon  receivini!;  a  Idter  from  Mr.  Hook, 
explainine  the  nature  of  the  line  described  by  a  f;iHing 
body,  supposed  to  be  moved  circularly  by  the  diurnal 


motion  of  the  earth,  and  perpendicularly  by  liie  power 
of  gravity,  he  was  led  to  inijuire  into  the  veal  oibit  of 
such  a  body.  In  the  course  of  the  inquiry,  he  resumed 
his  former  speculations  respecting  the  moon  ;  and  as 
Picard  had,  in  1679,  measured  a  degree  of  the  earth 
with  considerable  accuracy,  he  proceedt  d  upon  better 
data,  and  found  tliat  the  moon  was  actually  retained  in 
her  orbit  by  the  power  of  gravity,  and  that  this  power 
decreased  in  the  duplicate  ratio  of  the  distance.  Hence 
he  found  that  the  line  described  by  a  falling  body  was  an 
ellipse,  having  one  of  its  foci  in  the  earth's  centre.  In 
this  manner  was  Newton  led  to  the  consideration  of  the 
planetary  motions;  and  when  Dr.  Halley  was  at  Cam- 
bridge about  the  end  of  1684,  he  showed  him  a  treatise 
De  Mom  Corjwrum,  which  he  promised  to  send  to  the 
Royal  Society  to  be  entered  in  their  register  Dr.  Hal- 
ley mentioned  these  particulars  to  the  Royal  Society  at 
their  meeting  on  the  18th  December,  1689.  and  he  was 
desired,  along  with  Mr.  Paget,  to  put  Mr.  Newton  in 
mind  of  his  promise.  In  a  letter  dated  the  25th  of  Fe- 
bruary, Mr.  Newton  signified  his  willingness  to  enter 
in  their  register  his  opinions  about  inuiluu ;  and  he  seems 
to  have  spent  the  remainder  of  that  year,  and  the  whole 
of  1685,  in  arranging  his  various  discoveries  respecting 
the  law  of  gravity  and  the  planetary  motions.  On  the 
i8th  of  April,  1686,  he  accordingly  presented  to  the 
Royal  Society,  through  Dr  Vincent,  a  manuscript  trea- 
tise, entitled,  Philosofihia  JVaturalis  Princifiia  Malhcma- 
tica,  dedicated  to  the  Society,  in  which,  as  the  minute 
states,  "  he  gives  a  mathematical  demonstration  of  the 
Coptrnican  hypothesis,  as  proposed  by  Kepler,  and 
makes  out  all  the  phenomena  of  the  celestial  motions 
by  the  only  supposition  of  a  gravitation  towards  the  cen- 
tre of  the  sun,  decreasing  as  the  square  of  the  distance 
therefrom  reciprocally."  On  the  19th  May,  it  was  or- 
dered ''  that  Mr.  Newton's  book  be  printed  forthwith 
in  a  4to.  of  a  fair  letter;  and  that  a  letter  be  written  to 
him  to  signify  the  Society's  resolution,  and  to  desiie  his 
opinion  as  to  the  print,  volume,  cuts,  &c."  On  the  2d 
June,  it  was  again  ordered  "  that  Mr.  Edmund  Halley 
shall  undertake  the  business  of  looking  after  it,  and 
printing  it  at  his  own  charge,  which  he  engaged  to  do." 

This  great  work  accordingly  appeared  under  the  above- 
mentioned  title  about  midsummer,  1687;  but  it  did  not 
at  first  receive  that  applause  which  it  so  well  merited. 
From  the  universal  prevalence  of  the  Cartesian  philoso- 
phy, on  the  one  hand,  and  the  mathematical  acquirements 
which  were  necessary  to  understand  the  profound  inqui- 
ries which  the  Principia  contained,  it  was  introduced 
slowly  into  notice.  The  triumph,  however,  of  the  new 
philosophy  was  sure  in  proportion  to  the  slowness  of  its 
march  ;  and  when  its  value  became  generally  known,  it 
acquired  for  its  author  a  brilli;incy  of  reputation  which 
had  never  before  fallen  to  the  lot  of  man.  "  Does  Mr. 
Newton  eat,  ciiink,  or  sleep,  like  other  men?"  said  the 
Marquis  de  I'Hospital  to  the  English  who  visited  him: 
"  I  represent  him  to  myself  as  a  celestial  genius,  en- 
tirely disengaged  from  matter." 

In  tlie  year  1687,  king  James  II.  sent  a  mandamus  to 
the  University  of  Cambridge,  to  admit  father  Francis, 
an  ignorant  Benedictine  monk,  to  the  degree  ol  M.  A. 
This  unwarrantable  encroachment  on  tlie  privileges  of 
the  university  was  strenuously  resisted  by  its  leading 
members,  and  Mr.  Newton  was  appointed  one  of  the 
delegates  to  the  high  commission  court,  where  the  uni- 
versity maintained  its  rights  with  such  resolution  and 
steadiness,  that  the  king  found  it  advisable  not  to  press 
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tiie  matter  any  faithcr.  Mr.  Newion  was  in  1688  cho- 
sen one  of  the  {representatives  of  the  University,  in  tlie 
convention  parliament,  which  he  regularly  attended  till 
ils  dissohuion. 

Mr.  Montague,  then  chancellor  of  the  excliequer,  and 
afterwards  earl  of  Halifax,  was  one  of  the  friends  and 
admirers  of  Newton,  and  sought  every  opportunity  of 
proving  the  extent  and  sincerity  of  his  liiendship.*  An 
opportunity  iiaviiig  accordingly  presented  itself  in  1696, 
by  the  promotion  of  Mr.  Overton,  warden  of  t!ie  mint, 
to  be  one  of  the  commissioners  of  customs,  Mr.  Mon- 
tague prevailed  upon  the  king  to  appoint  Mr.  New- 
ton warden  of  the  mint  ;t  an  office  in  which  lie  was  of 
great  service  during  the  recoinage  whicli  look  place 
soon  after  his  appointment.  In  1699,  he  was  promoted 
to  the  situation  of  master  and  worker  of  the  mint,  an 
offi.-.e  worth  from  twelve  to  fifteen  hundred  pounds  a 
year,  which  he  held  during  the  rest  of  his  life.  His 
whole  conduct  in  this  important  office  gave  the  highest 
satisfaction,  and  he  had  an  opportunity  of  showing  his 
chemical  knowledge  in  his  table  of  Assays  of  foreign 
coins,  printed  at  the  end  of  Dr.  Arbuthnoi's  tables 
of  ancient  coins,  weights,  and  measures,  published  in 
1 727. 

In  the  year  1701,  Mr.  Whiston  was  ajjpointed  his  de- 
puty as  professor  of  mathematics  at  Cambridge,  and 
from  that  time  he  received  all  the  salary,  though  .Mi'. 
Newton  did  not  resign  the  professorship  till  17o3.  Or, 
the  21st  February,  1699,  he  was  elected  first  titular  of 
the  seventh  place  of  Foreign  Associate  of  the  Academy 
of  Sciences  of  Paris. 

Upon  the  resignation  of  John  Lord  Somers,  Mr.  New- 
ton was  chosen  president  of  the  Royal  Society  on  t!ie 
30th  November,  1703;  a  situation  which  he  held  for  29 
years,  til!  the  time  of  his  death. 

On  the  16th  February,  1709,  Mr.  Newton  presented 
to  the  Royal  Society  his  book  of  Optics,  "  part  of  whicli," 
as  he  himself  says,  "  was  written  at  the  desire  of  some 
gentlemen  of  the  Royal  Society,  in  the  year  1675,  and 
read  at  their  meetings,  and  the  rest  was  added  about  12 
years  after,  (1687)  to  complete  the  theory,  except  the 
third  book  and  the  last  proposition  of  the  second,  which 
were  since  put  together  out  of  scattered  papers, 
»  «  #  »  *  If  any  other  papers,  writ  on  this  subject, 
are  got  out  of  my  hands,  they  are  imperfect,  and  were 
perhaps  written  before  I  had  tried  all  the  experiments 
here  set  down,  and  fully  satisfied  myself  about  the  laws 
of  refractions  and  composition  of  colours.  I  have  here 
published  what  I  think  proper  to  come  abroad,  wishing 
that  it  may  not  be  translated  into  another  language  v/ith- 
out  my  consent." 

'  In  a  letter  written  to  M.  Leiliiiitz,  in  the  year  lii79, 
and  published  by  Dr.  Wallis,  I  mentioned  a  method  by 
which  1  had  found  some  general  theorems  about  squar- 


ing curvilineal  figures,  or  comparing  them  with  the 
conic  sections,  See.  And  some  years  ago,  I  lent  out  a 
MS.  containing  such  theorems,  and  having  since  met 
with  some  things  copied  out  of  it,  I  have  on  this  occasion 
made  it  public."  This  great  work  underwent  other  two 
editions  in  English,  one  in  1717,  and  the  other  in  1721. 
With  the  approbation  of  the  author,  Dr.  Samuel  Clarke 
translated  his  Optics  into  Latin,  and  it  was  done  so  en- 
tirely to  Newton's  saiisfactio.i,  that  he  presented  Dr. 
Clarke  with  the  sum  of  ^500  upon  its  publication  in 
1706. 

It  is  impossible  not  to  observe  from  the  whole  of  our 
author's  conduct  respecting  his  optical  discoveries,  that 
he  valued  them  even  higher  than  any  of  his  other  la- 
bours. The  eagerness  with  which  he  replied  to  evei-y 
objection  which  was  started  against  ihcm,  and  the  un- 
ceasing care  with  which  he  repeated  and  perfected  them, 
independent  of  more  direct  evidence,  mark  the  high  es- 
timation in  which  he  held  them.  The  labours  of  Coper- 
nicus, of  Kepler,  and  of  Hook,  had,  in  some  measure, 
mingled  themselves  with  his  astronomical  discoveries, 
and  the  claim  of  Leibnitz  and  the  antecedent  discoveries 
of  Cavalcrius  and  Fermat  had  marked  the  method  of 
fluxions  as  a  sort  of  common  propcity,  of  which  New- 
ton was  the  superior,!  but  his  optical  discoveries  belong- 
ed to  himself  alone.  No  other  eye  had  witnessed  the 
splendid  facts  which  he  had  observed  and  studied,  and 
no  other  judgment  had  attempted  to  analyze  that  com- 
pound substance  which  he  could  decompose  into  its 
gaudy  elements,  and  which  he  couid  with  as  much  fa- 
cility recombine.  His  theory  of  the  colours  of  natural 
bodies  too  was  as  new  as  ii  was  ingenious,  and  though 
opposed  by  those  who  could  not  comprehend  its  beauty, 
and  too  profound  to  gain  the  applause  of  those  who  were 
disposed  to  admire  it,  it  will  nevertheless  be  ranked 
among  the  finest  speculations  in  science,  and  among  the 
highest  efforts  of  the  genius  of  its  author. 

Disposed,  as  we  arc,  to  consider  the  optical  discove- 
ries of  Newton  as  the  finest  specimens  of  physical  re- 
search, we  are  not  blind  to  the  singular  oversight  which 
was  committed  by  their  author,  and  which  we  are  per- 
suaded contributed,  in  no  slight  degree,  to  retard  the 
progress  of  that  branch  of  knowledge.  Newton  took  it 
for  granted  that  glass,  and  water,  and  all  other  substan- 
ces, gave  a  prismatic  spectrum  of  the  same  lengili, 
when  the  mean  refractions  of  the  prisms  were  etjual. 
He  had  actually  formed  the  spectrum  with  prisms  of 
water  and  of  fiint  glass,  and  yet  he  did  not  observe  that 
the  latter  gave  much  more  colour  than  the  for.mer.  Nay, 
though  he  had  used  prisms  of  numerous  substances,  all 
of  which  differed  extremely  in  their  power  of  producing 
colour,  or  dispersing  the  rays  of  light,  yet  he  never  sus- 
pected that  such  a  diflerence  existed.  The  slightest 
attempt    to   measure    the    length    of  the    spectra ;    the 


*  Mr.  Montague  was  elected  president  of  the  Roy.^1  Society  on  the  ."0th  November,  1695,  and  held  that  office  for  three  years. 

f  VVc  cannot  resist  laying  Mr.  Montague's  letter  to  Mr.  Newion  before  our  readers.  It  ni.iy  be  an  useful  model  for  future  states- 
men, though  we  belive  it  lias  been  seldom  imitated  during  the  last  century.  This  act  of  the  Earl  of  Halifax  will  be  remembered  by 
posterity  when  the  political  events  of  his  master's  reign  are  forgotten. 

"  Sm, — r  am  very  gladtli.at  at  last  I  can  give  you  a  good  proof  of  my  friendship  and  of  the  esteem  the  king  has  of  your  merits. 
Mr.  Overton,  the  warden  of  the  mint,  is  made  one  of  the  commissioners  of  the  customs,  and  the  king  has  promised  me  to  make  Mr. 
Newton  warden  of  the  mint.  The  office  is  the  most  proper  for  you;  'tis  the  chief  office  in  the  mint;  'tis  worth  five  or  six  liuii- 
dred.s  per  aniuim,  and  has  not  too  much  business  to  require  more  attendance  than  you  may  spare.  I  desire  that  you  will  come  up  as 
soon  as  you  can,  and  will  take  care  of  your  w.arrant  in  the  mean  time.  Let  me  see  you  as  soon  as  you  come  to  town,  that  I  may  carry 
you  to  kiss  the  king's  hand.     I  believe  you  may  have  a  lodging  near  me.     1  am,  &c. 

CH.«nLE8    MOSTAOCE. 

%  Both  Legrange  and  I.aptace  maintain  th.at  Ferm.at  was  the  inventor  of  the  method  of  fluxions.  See  our  Article  on  M.iTaE.Hi- 
Tics,  where  this  strange  opinion  is  considered  at  length. 

4  I  2 


u>Jt 


484 


NEWTON. 


slightest  accident  mi.e;ht  liave  led  him  to  tliis  discovery, 
and  consuinniated  all  his  vislics  by  the  invention  of  the 
achromatic  telescope.  Trusting  to  his  accuracy,  few 
persons  could  have  ventured  to  repeat  experiments 
which  he  had  been  correcting  and  revising  during  the 
last  filiy  years  of  his  life,  and  it  was,  thcrclure,  only 
from  accidental  causes,  that  future  philosophers  disco- 
vered the  diflerent  dispersive  powers  of  difTertnt  media 
■which  led  to  tl'.c  cons;ruction  of  achromatic  telescopes. 
In  the  year  1705,  Queen  Anne  conferred  upon  Mr.  New- 
ton the  honour  of  knighthood. 

The  dispmc  between  Newton  and  Leibnitz  now  com- 
menced;  but  as  we  have  already,  in  our  Article  Flux- 
ions, and  in  our  History  of  Mathematics,  entered  very 
fully  into  tlie  subject,  we  shall  dismiss  it  entirely  from 
this  sketch  of  his  life. 

As  this  celebrated  controversy  excited  very  general 
attention,  it  was  ef  course  well  known  to  the  Elector  ot 
Hai.ovcr,  at  wnose  couit  Leibnitz  filled  the  situation  of 
Privy  Councillor  of  Justice.  Upon  the  accession  of  the 
Elector  to  the  British  throne  as  George  L,  Sir  Isaac  came 
under  the  particular  notice  of  the  court.  Caroline, 
Princess  of  Wales,  afterwards  the  queen  consort  of 
George  II.,  who  was  fond  of  philosophical  pursuits,  and 
took  much  pleasure  in  the  conversation  of  literary  men, 
showed  Sir  Isaac  particular  marks  of  her  favour.  She 
often  conversed  with  him  for  hours  together,  and  was 
often  heard  to  say  in  public,  that  she  was  happy  at  hav- 
ing lived  in  the  same  country,  and  at  the  same  time  with 
such  an  amiable  and  illustrious  man.  At  her  express 
desire,  Sir  Isaac  drew  up  an  abstract  of  his  "  Chrono- 
logy," a  MS.  copy  of  which  she  requested  him  to  give, 
under  the  promise  of  secrecy,  (about  1718,)  to  Signior 
Conti,  a  Venetian  nobleman,  who  was  then  in  England. 
This  nobleman,  whose  misconduct  has  given  him  im- 
mortality, betrayed  in  the  basest  manner  the  confidence 
that  had  been  so  generously  reposed  in  him.  As  soon 
as  he  arrived  in  Paris,  he  got  the  MS.  translated  by  a 
French  antiquarian,  who  appended  to  it  a  series  of  ob- 
servations, the  object  of  which  was  to  refute  the  origi- 
nal work.  Sir  Isaac  was  entirely  ignorant  of  this  base 
transaction  till  the  1 1th  November,  1725,  when  he  re- 
ceived, as  a  present,  a  small  printed  tract,  from  M.  W. 
Cavelicr,  junior,  a  Parisian  bookseller,  entitled,  Abregi 
de  Chronologie  de  M.  le  Chevalier  JVatiton,  fait  fiar  lui- 
meme,  et  traduit  sur  Ic  A/SS.  Atiglois.  An  advertise- 
ment was  prefixed  to  the  work,  stating  that  three  let- 
ters liad  been  written  to  Sir  Isaac,  to  ask  his  consent  to 
the  publication,  and  that  his  silence  was  at  last  taken  for 
consent.  In  the  mean  time.  Sir  Isaac,  who  had  never 
seen  such  letters,  did  return  a  written  answer,  (to  an  ap- 
plication from  a  friend,)  in  which  he  declined  giving  his 
consent  ;  but  the  work  had  been  i>rinted,  and  the  dis- 
honest bookseller,  though  he  received  the  letter  before 
publication,  did  not  hesitate  to  give  it  to  the  world.  Sir 
Isaac,  in  a  very  interesting  paper  on  this  subject,  pub- 
lished in  the  Philosofihical  Transactions,  1725,  vol.  xxxiii. 
p.  315,  exposes  the  nature  of  the  deceiful  transaction, 
and  repels,  in  a  masterly  manner,  the  objections  which 
had  been  made  to  his  system.  The  following  paragraph, 
which  concludes  this  paper,  is  too  much  connected  with 
the  history  of  his  life  not  to  be  interesting  to  every  read- 
er, and  the  more  so  when  we  consider  that  it  was  com- 
posed in  his  83d  year. 

"  The  Observator,"  says  he,  "  represents  that  I  have 


a  great  work  to  come  out;  but  I  never  told  him  so. 
When  I  lived  at  Cambridge,  I  used  sometimes  to  re- 
fresh myself  with  history  and  chronology  for  a  while, 
when  I  was  weary  with  other  studies:  but  I  never  told 
him  that  I  was  preparing  a  work  of  that  kind  for  the  press. 

"  Abbe  Conti  came  into  England  in  spring  1715,  and 
while  he  staid  in  England,  he  pretended  to  be  my  friend, 
but  assisted  M.  Leibnitz  in  engai^ing  me  in  new  dis- 
putes, and  has  since  acted  in  the  same  manner  in  France. 
The  part  he  acted  here  may  be  uiulersiood  bv  the  cha- 
racter given  of  him  in  the  Acta  Krudilorum,  for  the 
year  1721,  p.  90,  where  the  editor,  excusing  himself  for 
repeating  some  disputes  which  had  been  putjlished  in 
these  Acta,  subjoins,  '  Let  it  therefore  suffice  to  say, 
that  when  the  Abi:e  Conii,  a  noble  Venetian,  (of  whom 
M.  Leibnitz  acknowledges  M.  Herman  gave  a  good 
character.)  came  over  from  France  into  En.^land,  he  un- 
dertook to  be  mediator  in  the  disputes  between  Sir  I. 
Newton  and  M.  Leibnilz  ;  and  took  the  care  of  ir^ns- 
mitting  their  letters  to  each  other,'  and  how  M.  Leib- 
nitz, by  this  mediation,  endeavoured  to  engage  me, 
against  my  will,  in  their  disputes  about  occult  qualities, 
universal  gravity,  the  sensorium  of  God,  space,  time, 
vacuum,  atoms,  the  perfection  of  the  world,  supramun- 
dane  intelligence,  and  mathematical  problems,  is  men- 
tioned in  the  preface  to  the  second  edition  of  the  Com- 
mcrcium  Eflistolicum.  And  what  he  has  been  doing  in 
Italy,  may  lie  understood  by  the  disputes  raised  there 
by  one  of  his  friends  who  denies  many  of  my  optical 
experiments,  though  they  have  been  all  tried  in  France 
with  success." 

This  answer  of  Sir  Isaac's,*  induced  P.  Souciet,  who, 
it  appears,  was  the  antiquary  alluded  to,  to  write  five 
additional  dissertations  against  the  new  system  of  chro- 
nology, but  as  these  were  published  about  the  time  of 
Sir  Isaac's  death,  it  fell  to  the  lot  of  Ur.  Halley  to  re- 
ply to  him,  which  he  did  in  the  Philosofihicat  Transac- 
tions for  1727,  vol.xxxiv.  and  xxxv.  p.  205,296. 

In  the  year  172  2,  Sir  Isaac,  who  had  in  general  en- 
joyed good  health,  was  afflicted  with  an  incontinence  of 
urine,  which  was  supposed  to  proceed  from  stone  in  the 
bladder,  and  which  his  medical  attendants  thought  incu- 
rable. By  great  care,  however,  and  a  strict  attention  to 
regimen,  living  chiefly  on  broth,  vegetables,  and  fruit, 
he  subdued,  to  a  certain  degree,  this  dreadful  malady, 
and  enjoyed  considerable  intervals  of  ease  during  the 
rest  of  his  life. 

In  January,  1725,  he  was  persuaded  to  take  a  house 
at  Kensington,  in  consequence  of  a  violent  cough  and 
inflammation  in  his  lungs;  and,  in  1726,  he  had  a  fit  of 
the  gout  for  tlie  second  time.  In  the  winter  of  1721,  he 
wished  to  resign  his  sitUJtion  in  the  mint  to  Mr.  Con- 
duit, who  had  married  liis  niece  (ihe  witty  Miss  Barton,) 
but  Mr.  Conduit  would  not  permit  the  resignation  to 
take  place ;  and,  for  about  a  year  before  Su'  Isaac's 
death,  he  performed  for  him  the  wiiole  duties  of  his  of- 
fice. 

On  Tuesday,  the  last  day  of  February  1727,  Sir  Isaac 
went  to  town  to  attend  a  meeting  of  the  Rkv.iI  Society. 
Mr.  C:onduit  found  him  next  day  in  better  health  than  he 
had  enjoyed  for  several  years  ;  but  the  fatigue  of  attend- 
ing the  society,  and  of  iJaying  and  receiving  visits,  occa- 
sioned a  return  of  his  former  disease.  Dr.  Mead  and 
Mr.  Chesselcien,  who  went  to  see  him  at  Kensington, 
pronounced  it  to  be  the  stone. 


TTie  Abb^  Conti  wrote  a  reply  in  1726,  which  we  have  not  seen. 
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During  the  severe  paroxysms,  which  not  unfrequently 
supervened,  the  drops  of  sweat  often  ran  down  his  face 
without  extortiiiij  the  slightest  complaint  or  expression 
of  impatience,  and  when  the  agony  had  passed,  he  would 
again  converse  with  his  usual  cheerfulness  and  serenity. 

On  Wednesday,  the  I5th  of  March,  he  was  conside- 
rably relieved,  and  some  hopes  of  his  recovery  were  che- 
rished by  his  friends.  Their  expecta'.ions,  however, 
were  fallacious.  On  the  18th  March  he  read  the  news- 
papers ;  and  in  a  long  conversation  with  Dr.  Mead,  he 
showed  that  he  had  the  possession  of  all  his  faculties. 
On  the  same  evening,  however,  after  six  o'clock,  and 
during  the  whole  of  Sunday,  he  was  insensible,  and 
died  on  Monday,  March  20' h,  between  one  and  two 
o'clock  in  the  morning,  having  reached  the  great  age  of 
84  years  and  a  few  months. 

His  personal  estate,  to  the  amount  of  32,000/.  was  di- 
vided among  his  five  nephews  and  nieces  of  half  blood. 
The  land,  which  he  inherited,  descended  to  John  New- 
ton, whose  great-grandfather  was  Sir  Isaac's  uncle.  Pre- 
vious  to  his  death  he  had  given  away  an  estate  in  Berk- 
shire to  the  sons  and  dautrhters  of  Mrs.  Conduit's  bro- 
ther, and  an  estate  in  Kensington  to  Mrs.  Conduit's 
daughter,  who  was  afterwards  married  to  the  eldest  son 
of  Lord  Lyniington,  from  whom  the  present  Earl  of 
Portsmouth  is  descended. 

The  corpse  of  this  great  man  lay  in  state  in  the  Jeru- 
salem Chamber,  adjoining  the  House  of  Lords;  and  on 
the  28th  March,  it  was  conveyed  from  thence  to  West- 
minster Abbey,  near  the  entrance  to  the  choir,  where 
it  was  buried  with  great  magnificence,  and  at  the  pub- 
lic expense.  This  sacred  spot  is  one  of  the  most  con- 
spicuous in  the  abbey,  and  had  been  refused  to  different 
noblemen  who  had  asked  it.  The  pall  was  supported 
by  the  Lord  High  Chancellor,  the  Dukes  of  Montrose 
and  Roxburgh,  and  the  Earls  of  Pembroke,  Sussex,  and 
Macclesfield.  The  honourable  Sir  Michael  Newton, 
Knight  of  the  Bath,  was  the  chief  mourner,  and  was  ac- 
companied by  the  relations  and  several  distinguished 
friends  of  Sir  Isaac's.  Dr.  Bradford,  Bishop  of  Roches- 
ter, attended  by  the  prebend  and  choir,  performed  the 
funeral  service.  A  splendid  monument,  with  the  follow- 
ing inscription,  was  erected  to  his  memory  at  the  pub- 
lic expense. 

H.  S.  E. 

ISAACrS  NEWTO.V.  EqUES  AUUATUS, 

t»UI  ANIMI   VI   PROPE  DIVINA, 

PLANETARUM   MOTL'S,  FIGURAS, 

COMETARUM   SEMITAS  OCEANiqVE  iESTUS, 

SUA   MATHESI   FACEM   PREFEHENTE, 

PRIMUS  DEMONSTRAVIT. 

UADIORUM   LUCIS  DISSIMILITUDINES, 

eOT      RUMqUE  INDE   NASCENTIU.M  PROPRIET\TES, 

qUAS  NEMO'ANTEA   VEL  SUSPICATUS   EBIT,    PERVES- 

TIGAVIT. 

NATUR.E    AKTiqUlTATIS.  S.  SCHIPTUR^E, 

SEDULU5     SAOAX.   FIDUS  INTEKPRES, 

DEI.  OPT.   MAX.  MAJESTATEM   PHILOSOPHIA   ASJERUIT, 

EVANGELII  SIMPI  ICITATEM  MORIBUS   EXPHF.SSIT. 

SIBI    GRATULENTUR    MOUrALES,    TALE    TANTUMqUE  EX- 

TITISSE, 

HU.MANI   CiENERIS  DECUS 

NATUS  XXV.   DECEMB.    MDCXLII,  OBIIT  XX   MART. 

MDCCXXVII. 


By  the  munificence  of  Dr.  Smith,  Master  of  Trinity 
College,  Cambridge,  an  admirable  full  length  statue  of 
Sir  Isaac,  by  Roubilliac,  was  placed  in  the  outer  chapel 
ill  that  college,  but  has  since  been  removed  to  the  se- 
nate house.  A  medal  was  struck  to  his  memory  by 
Croker  of  the  English  mint,  another  by  Dassier  of  Ge- 
neva, and  a  third  by  Roettiers  in  France.  The  only  por- 
trait of  him,  for  which  he  sat,  was  by  Kneller,  and  is 
said  to  be  in  the  collection  of  the  Duke  of  Rutland. 

Sir  Isaac  Newton  was  of  the  middle  size,  and  in  the 
latter  part  of  his  life  was  rather  plump.  To  the  time  of 
his  last  illness,  he  had  the  bloom  and  the  colour  of  youth, 
and  a  forehead  of  hair  as  white  as  silver,  and  without 
any  baldnesss.  He  never  required  spectacles,  and  lost 
only  one  tooth  during  his  long  life.  Fontenelle  remarks 
that  he  had  a  lively  and  piercing  eye,  bui  Bishop  Atter- 
bury  denies  that  this  was  the  case  during  the  20  years 
that  he  knew  him.  "  Indeed,  in  the  whole  air  of  his 
face  and  make,  there  was  nothing  of  that  penetrating 
sagacity  which  appears  in  his  compositions.  He  had 
something  rather  languid  in  his  look  and  manners,  which 
did  not  raise  any  great  expectations  in  those  who  did 
not  know  him."* 

There  was  no  feature  in  the  character  of  this  great 
man  more  remarkable  than  the  equanimity  of  his  tem- 
per, and  his  sincere  love  of  peace.  The  disputes  in 
which  he  was  involved  by  the  jealousies  and  unfounded 
pretensions  of  others,  broke  in  upon  that  serenity  of  mind 
which  it  was  his  great  object  to  maintain.  But  though 
he  had  an  instinctive  horror  at  that  species  of  contro- 
versy where  the  feelings  of  the  combatants  are  engaged 
along  with  their  judgments,  he  did  not  shrink  from  the 
duty  of  self-defence,  and  he  accordingly  replied  to  his 
antagonists  with  a  spirit  and  firmness  which  diminished 
their  number  and  silenced  their  opposition.  His  obser- 
vations on  the  Abbe  Conti  and  on  Leibnitz,  which  we 
have  already  quoted,  and  which  were  written  in  his  83d 
year,  prove  how  keenly  he  felt  the  injustice  of  their 
treatment,  and  how  little  he  scrupled  to  express  the 
feelings  which  it  had  excited.  To  have  submitted,  in- 
deed,to  the  criticisms  and  claims  of  his  enemies,  would 
have  been  to  acquiesce  in  their  justness,  and  he  had 
formed  too  great  an  estimate  of  the  duties  and  exertions 
of  his  scientific  career,  to  surrender,  without  a  struggle, 
those  discoveries  and  improvements  which  had  been  the 
principal  business  of  his  life. 

Sir  Isaac  Newton  was  particularly  distinguished  from 
almost  all  other  great  men,  by  his  humility  and  unpre- 
tending modesty.  Instead  of  arrogating  to  himself  a  su- 
periority over  others,  he  was  always  found  on  the  same 
level  with  those  with  whom  he  associated.  He  had  no 
singularities  either  in  his  conduct  or  in  his  opinions.  He 
attributed  his  discoveries  solely  to  the  industry  and  pa- 
tience with  which  he  interrogated  nature ;  and  every 
step  which  he  made,  either  in  acquiring  knowledge  or 
in  advancing  its  boundaries,  seems  only  to  have  created 
a  new  degree  of  humility,  and  to  have  shown  him  how 
little  he  really  knew,  and  what  a  small  portion  he  had 
discovered  of  what  yet  remained  to  be  known. 

In  his  religious  character,  Sir  Isaac  was  not  less  wor- 
thy of  admiration.  That  he  was  a  Chiistian,  in  the  most 
extensive  sense  of  the  word,  has  never  been  doubted  but 
by  those  who  wished  him  to  have  been  an  infidel.  In 
the  latter  part  of  his  life,  in  particular,  he  devoted  a 
great  portion  of  his  time  to  the  study  of  the  Scriptures ; 


'  Atterbury's  Corrttpontlence,  vol.  ii.  p.  327". 
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and  thovigh  he  was  firmly  attached  to  the  church  of  Eng- 
land, he  maintained  the  necessity  of  universal  tolera- 
tion. The  sincerity  of  his  pieiy  was  evinced  by  a  life 
of  liberality  and  virtue  ;  and  there  is  nothing  more  re- 
markable in  the  history  of  this  s^reat  man  than  the  per- 
fect symmetry  of  his  moral,  his  religious,  and  his  phi- 
losophical character. 

The  following  list  of  Newton's  Works  and  Papers  is 
taken  from  Hutlon's  Mathematical  Dictionary,  and  can- 
not fail  to  be  interesting  to  the  reader  : 

1.  Several  papers  relating  to  his  Teleacofie,  and  his 
Theory  of  Light  and  Colours,  printed  in  the  Philosophi- 
cal Transactions,  Nos.  80,  81,  82,  83,  84,  85,  88,  96,  97, 
no,  121,  123,  128  ;   or  vols.  6,  7,  8,  9,  10,  1  1. 

2.  0/itics,  or  a  Treatise  of  the  Reflections,  Refractions, 
and  hiflections,  and  the  Colours  of  Light,  1704,  4to. — 
A  Latin  translation  by  Dr.  Clarke;  1706,  4io. — And  a 
French  translation  by  Pet.  Coste,  Amst.  1729,  2  vols. 
12rao. — beside  several  English  editions  in  8vo. 

3.  Ofitical  Lectures ;  1728,  8vo.  Also  in  several  let- 
ters to  Mr.  Oldenburgh,  Secretary  of  the  Royal  Society, 
inserted  in  the  General  Dictionary,  under  the  article 
Newton. 

4.  Lectiones  0/itica  ;   1729,  4to. 

5.  Maturalis  Philosotihia:  i'rincifiia  Mathematica  ;  1687, 

4lo. A  second  edition  in  1713,  with  a  Preface  by  Roger 

Cotes. — The  3d  edition  in  1726,  under  the  direction  of 
Dr.  Pemberton. — An  English  translation,  by  Motte, 
1729,  2  vols.  Svo.  printed  in  several  editions  of  his  works, 
in  different  nations,  particularly  an  edition,  with  a  large 
Commentary,  by  the  two  learned  Jesuits,  Le  Seur  and 
Jacquier,  in  4  vols.  4to.  in  1739,  1740,  and  1742. 

6.  ^  System  of  the  World,  translated  from  the  Latin 
original;  1727,  Svo. — This,  as  has  been  already  ob- 
serVed,  was  at  first  intended  to  make  the  third  book  of 
his  Principia. — An  English  translation,  by  Motte,  1729, 
Svo. 

7.  Several  Letters  to  Mr.  Flamstead,  Dr.  Halley,  and 
M.  Oldenburg. — See  our  author's  article  in  the  General 
Dictionary. 

8.  A  Pafier  concerning  the  Longitude;  drawn  up  by 
order  of  the  House  of  Commons,  ibid. 

9.  Abrege  de  Chronologic,  Sec.  1726,  under  the  direc- 
tion of  the  Abbe  Conti,  together  with  some  Observa- 
tions upon  it. 

10.  Remarks  upon  the  Observations  made  ufton  a  Chro- 
nological Jndejc  of  Sir  I.  Keiuton,  &c.  Pliilos.  Trans. 
vol.  33.  See  also  the  same,  vol.  34  and  35,  by  Dr.  Hal- 
ley. 

1 1.  The  Chronology  of  Ancient  Kingdoms  amended,  Sec. 
1728,  4lo. 

12.  Ariihmetica  Universalis,  Sec;  under  the  inspection 
of  Mr.  Whislon,  Cantab.  1707,  Svo.  Printed,  it  is  said, 
without  the  author's  consent,  and  even  against  his  will : 
an  offence  which  it  seems  was  never  forgiver.  There 
are  also  English  editions  of  the  same,  particularly  one 
by  Wilder,  with  a  Comnicnlary,  in  1767,  2  vols.  Svo. 
And  a  Latin  edition,  with  a  Conimcnlary,  by  Custiliun, 
2  vols.  410.  Ainst.  Sec. 

13.  Analysis  jicr  Quantilatum  Series,  Fluxiones  et  Dif- 
fertntias ,   cum   Rnumeratione  Linearum    Tertii   Ordinis  ; 

1711,  4'.o. ;  under  the  inspcciion  of  W.  Jones,  Escj. 
PR.  S. — The  last  tract  had  been  publislied  b  fore,  to- 
gether with  another  on  the  Quadrature  of  Curves.,  by 
tiie  method  of  Fluxions,  under  the  liile  of  Tractalus 
duo  de  Sfieciebus  et  Magnitudine  Figurarum  Curvilinea- 
rum  ;  subjoined  to  the  first  ediiion  of  his  Optics,  in  1704  ; 


and  other  letters  in  the  Appendix  to  Dr.  Gregory's  Ca- 
toptrics, Sec.  1 735.  Svo. — Under  this  head  may  be  ranked,' 
Meiotoni  Genesis  Curvarum  fier  Umbras  ;  Leyden,  1740. 

14.  Several  Letters  relating  to  his  Dis/iule  with  Leib- 
nitz, upon  his  right  to  the  Invention  of  I'luxioiis;  print- 
ed in  the  Commercium  Ji/iistolieum  D.  Johannis  Collins 
iff  aliorum  de  Analyst  Promota  jussii  Socictatis  Regiie 
cdilum  ;   1712,  Svo. 

15.  Postsciipt  and  Letter  of  M.  Leibnitz  to  the  Abbe 
Cinli,  with  Reinarks,  and  a  Letter  of  his  own  to  that 
Abbe;  1717,  Svo.  To  whicli  was  added,  Raphsou's  His- 
tory of  Fluxions,  as  a  Supplement. 

16.  The  Method  of  Fluxions,  and  Analysis,  by  Infinite 
Series,  translated  into  English  from  'he  original  Latin  ; 
to  which  is  added,  a  Perpetual  Commentary,  by  the 
translator  Mr.  John  Colson  ;    1736,  4to. 

17.  Sevet-al  Miscellaneous  Pieces,  and  Letters,  as  fol- 
low :.^(1.)  A  Letter  to  Mr.  Boylo  upon  the  subject  of 
the  Philosopher's  Stone.  Inserted  in  the  General  Dic- 
tionary, under  the  article  Boyi.e. — (2.)  A  Letter  to  Mr. 
Aston,  containing  directions  for  his  travels  ;  ibid,  under 
the  article  Newton. — (3.)  An  English  Translation  of  a 
Latin  Dissertation  upon  the  Sacred  Cubit  of  the  Jews. 
Inserted  among  the  miscellaneous  works  of  Mr.  John 
Greaves,  vol.  2d,  published  by  Dr.  Thomas  Uirch,  in 
1737,  2  vols.  Svo.  This  Dissertation  was  found  subjoin- 
ed to  a  work  of  Sir  Isaac's,  not  finished,  entitled  Lexi- 
con Pro/iheticum. — (4.)  Four  Letters  from  Sir  Isaac 
Newion  to  Dr.  Bentley,  containing  some  arguments  in 
proof  of  a  Deity;  1756,  Svo — ^5.)  Two  Letters  to  Mr. 
Clarke,  &c. 

18.  Observations  on  the  Profihecies  of  Daniel  and  the 
Apocaliiftse  of  St.  John;  1373,  4to. 

19.  Is.  JVeivtoni  Elementa   Persfiectivx   Universalis 
1746,  8 so. 

20.  Tables  for  Purchasing  College  Leases;  1742, 
12mo 

21.  Corollaries,  by  Whiston. 

22.  A  Collection  of  several  pieces  of  our  author's, 
under  the  following  title,  A''f:vtoni  Is.  0/iuscula  Alathe- 
matica  Philos.  ts"  Phitol.  coUegit  J.  Castiloneus  ;  Laus. 
1744,  4to.  8  tomes. 

23.  Tivo  Treatises  of  the  Quadrature  of  Curves,  and 
Analysis  by  Equations  of  an  Infinite  Number  of  Terms, 
explained  :  translated  by  John  Stewart,  with  a  large 
Commentary  ;  1745,  4to. 

24.  Description  of  an  Instrument  for  observing  the 
Moon's  Distance  from  the  Fixed  Stars  at  Sea.  Philos. 
Trans,  vol.  xlii. 

'  25.  Newton  also  published  Barroiv's  Ofitical  Lectures, 
in  1699,  4to. ;  and  Bern.  Farcnii  Gecgra/ihia,  'cfc.  ;  1681, 
Svo. 

26.  The  whole  works  of  Newton,  published  by  Dr. 
Horslcy  ;  1779,  4to.  in  5  volumes. 

The  following  is  a  list  of  the  Papers  left  by  Newton 
at  his  death,  as  mentioned  above  : 

A  Catalogue  of  Sir  Isaac  J\tewton's  Manuscripts  and 
Papers,  as  annexed  to  a  Bond,  given  by  Mr.  Conduit,  to 
the  Administrators  of  Sir  Isaac  ;  by  '■.vhich  he  obliges  him- 
self to  account  for  any  profit  he  shall  make  by  publishing 
any  of  the  Papers. 

Dr.  Pellet,  by  agreement  of  the  executors,  entered 
into  Acts  of  the  Prerogative  Court,  l)einc;  appointed  to 
peruse  all  the  papers,  and  judge  which  were  proper  for 
the  press. 
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Xo. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 


9. 
10. 


11. 

12. 
13. 

14. 

15. 
16 
17 
18. 

19. 

20. 


Viaticum  Naulaium  ;  by  Robert  Wright. 

Miscellanea  ;  not  in  Sir  Isaac's  hand  writing. 

Miscellanea  ;  part  in  Sir  Isaac's  hand. 

Trigonometria  ;  about  5  sheets. 

Definitions. 

Miscellanea ;  part  in  Sir  Isaac's  hand. 

40  sheets  in  4to.  relating  to  Church  History. 

126  sheets  written  on  one  side,  being  foul  draughts 
of  ihe  Prophetic  Stile. 

88  sheets  relating  to  Church  History. 

About  70  loose  sheets  in  small  4to.  of  Chemical 
pspers  ;  some  of  which  are  not  in  Sir  Isaac's 
hand. 

About  62  ditto,  in  folio. 

About  15  large  sheets,  doubled  into  4to  ;  Chemical. 

About  8  sheets  ditto,  written  on  one  side. 

About  5  sheets  of  foul  papers,  relating  to  Che- 
mistry. 

12  half-sheets  of  ditto. 

104  half-sheets,  in  4to.  ditto. 

About  22  sheets  in  4lo.  ditto. 

24  sheets,  in  4to.  upon  tlie  Prophecies. 

29  half-sheets  ;  being  an  answer  to  Mr.  Hook,  on 
Sir  Isaac's  Theory  of  Colours. 

87  half-sheets  relating  to  the  Optics,  some  of  which 
are  not  in  Sir  Isaac's  hand. 


From  No.  1.  to  No.  20,  examined  on  the  20th  of  May, 
1727)  and  judged  not  fit  to  be  printed. 
T.  Pellet. 
Witness,       Tho.  Pilkington. 

21.  328  half-sheets  in  folio,  and  63  in  small  4to  ;  being 

loose  and  foul  papers  relating  to  the  Revelations 
and  Prophecies. 

22.  8  half-sheets  in  small  4to,  relating  to  Church  Matters. 

23.  24  half-sheets  in  small  4to. ;  being  a  discourse   re- 

lating to  the  2d  of  Kings 

24.  353  half-sheets  in  folio,  and  57  in  small  4to. ;  being 

foul  and  loose  papers  relating  to  Figures  and  Ma- 
thematics. 

25.  201  half-sheets  in  folio,  and  21  in  small  4to.  ;  loose 

and   foul   papers   relating   to  the   Commercium 
Epistolicum. 

26.  91  half-sheets  in  small  4to,  in  Latin,  upon  the  Tem- 

ple of  Solomon. 

27.  37  half-sheets  in  folio,  upon  the  Host  of  Heaven,  the 

Sanctuary,  and  other  Church  Matters. 

28.  44  half-sheets  in  folio,  upon  Ditto. 

29.  25  half-sheets  in  folio  ;  being  a  farther  account  of  the 

Host  of  Heaven. 

30.  51  half-sheets  in  folio  ;  being  an  Historical  Account 

of  two  notable  Corruptions  of  Scripture. 

31.  88    half-shcits   in    small    4to ;    being    Extracts    of 

Cliurch  History. 

32.  116  half-sheets  in  folio;  being  Paradoxical  Ques- 

tions  concerning  Athanasius,  of  which    several 
leaves  in  the  beginninp;  are  veiy  much  damaged. 

33.  56  half-sheets  in   folio,   De    Molu   Corporum  ;    tlic 

greatest  part  not  in  Sir  Isaac's  hand. 

34.  61  half-sheets  in  small  4to  ;  being  various  sections 

on  the  Apocalypse. 

35.  25  half-sheets  in  folio,  of  the  Working  of  the  Mys- 

tery of  Iniquity 

36.  20  half-sheets  in  folio,  of  the  Theology  of  the  Hea- 

thens. 


37.  24  half-sheets  in  folio;  being  an  Account  of  the 

Contest  between   the   Host  of  Heaven  and  the 
Transgressors  of  the  Covenant. 

38.  31   half-shceis   in   folio;   being   Paradoxical   Ques- 

tions concerning  Athanasius. 

39.  107  quarter-sheets  in  small  4io,  upon  the  Revela- 

tions. 

40.  174  half-sheets  in  folio;  being  loose  papers  relating 

to  Church  History. 

May  22,  1727,  examined  from  No.  21.  to  No.  40,  in- 
clusive, and  judged  them  not  fit  to  be  printed  :  only  No. 
33.  and  38.  should  be  reconsidered. 

T.  Pellet. 
Witness,     Tho.  Pilkington. 

41.  167  half-sheets  in  folio;  being  loose  and  foul  pa- 

pers relating  to  the  Commercium  Epistolicum. 

42.  21    half-sheets    in   folio;  being  the  3d   letter  upon 

Texts  of  Scripture,  very  much  damaged 

43.  31  half-sheets  in  folio  ;  bein^^  foul  papers  relating  to 

Church  Matters. 

44.  495  half-sheeis  in  folio  ;  being  loose  and  foul  papers 

relating  to  Calculations  and  Mathematics. 

45.  335  half-sheets  in  folio  ;  being  loose  and  foul  papers 

relating  to  the  Chroiiology. 

46.  1 12  sheets  in  small  4to,  relating  to  the  Revelations 

and  other  Church  Matters. 

47.  126  half-sheets  in  folio  ;  being  loose  papers  relating 

to  the  Chronology,  part  in  English  and  part  in 
Latin. 

48.  400  half-sheets  in  folio  ;  being  loose  Mathematical 

papers. 

49.  109  sheets  in  4'o,  relating  to  the  Prophecies  and 

Church  Matters. 

50.  .127  half-sheets  in  folio,  relating  to  the  University  ; 

great  part  not  in  Sir  Isaac's  hand. 

51.  18  sheets  in  4to  ;  being  Chemical  papers. 
52    255  quarter-sheets;  being  Chemical  papers. 

53.  An  Account  of  Corruptions  of  Scripture  ;  not  in  Sir 

Isaac's  hand. 

54.  31  quarter-sheets  ;  being  Flammel's  Explication  of 

Hieroglyphical  Figures. 

55.  About  350  half-sheets  ;  being  Miscellaneous  papers. 

56.  6  half-sheets  ;  being  An  Account  of  the  Empires, 

&c.  represented  by  St.  John. 

57.  9  half-sheets  folio,  and  71  quarter-sheets  4to  ;  being 

Mathematical  papers. 

58.  140  half-sheets,  in  9  chapters,  and  2  pieces  in  folio, 

titled.  Concerning   the  Language   of   the    Pro- 
phets. 

59.  606  half-sheets  folio,  relating  to  the  Chronology  ;  9 

more  in  Latin. 

60.  182  half-sheets  folio,  being  loose  papers  relating  to 

the  Chionoloi;y  and  Prophecies. 

61.  144  quarter-sheets,  and  95  half  sheets   folio;   being 

loose  Matht-matical  papers. 

62.  137  half-sheets  folio;  bcint;  loose  papeis  relating  to 

the  dispute  with   Leibnitz. 

63.  A   folio  Common  place   book  ;   part   in    Sir   Isaac's 

hand. 

64.  A  bundle  of  English  letters  to  Sir  Isaac,  relating  to 

^Lahematics. 

65.  54  hall-sheets  ;    being    loose    papers    found    in    the 

Piincipia 

66.  A  bunlle  of  loose   Mathematical  Papers ;  not   Sir 

Isaac's. 
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67.  A  bundle  of  French  aiul  Latin  Letters  to  Sir  Isaac. 

68.  136  sheets  folio,  relating  to  Optics. 

69.  22  half-sheets  folio,  Dc   llationihus  Rloluum,  S:c.  ; 

not  in  Sir  Isaac's  hand. 

70.  70  half-sheets  folio ;  being  loose  Mathematical  Pa- 

pers. 

71.  38  halt-sheets  folio;  being  loose  papers  relating  to 

Optics. 

72.  47  hall-sheets  folio ;  being  loose  papers  relating  to 

Chronology  and  I'rophecies. 

73.  40  half-slieets  folio;  Proccstiis  Mysterii  Magni  Phi- 

losopliicus,  by  Wm.  Ywonh  ;  not  in  Sir  Isaac's 
hand. 

74.  5  half  sheets  ;  being  a  letter  fiom  Rizzctto  to  Mar- 

tine,  in  Sir  Isaac's  hand. 

75.  41  half-sheets;  being  loose  papers  of  several  kinds, 

part  in  Sir  Isaac's  hand. 

76.  40  half-sheets  ;  being  loose  papers,  foul  and  dirt^, 

relating  to  Calculations. 

77.  90  half-sheets  folio  ;  being  loose  Mathematical  pa- 

pers. 

78.  176  half-sheets  folio  ;  being  loose  papers  relating  to 

Chronology. 

79.  176  half-sheets  folio  ;  being  loose  papers  relating  to 

the  Prophecies. 
f  12  half-sheets  folio  ;  An  Abstract  of  the  Chrono- 

80.  <  nology. 

(_92  half-sheets  folio;  The  Chronology. 

81.  40  half-sheets  folio  ;  The  History  of  the  Prophecies, 

in  10  chapters,  and  part  of  the  1  Ith  unfinished. 

82.  5  small  bound  books  in  12nio,  the  greatest  part  not 

in  Sir  Isaac's  hand,  being  rough  Calculations. 


May  26th,  1727,  Examined  from  No.  4!.  to  No.  S2, 
inclusive,  and  judged  not  fit  to  be  printed,  except  No. 
80,  which  is  agreed  to  be  printed,  and  part  of  Is'o.  61 
and  81,  which  are  to  be  reconsidered. 

Th.  Pellet. 
Witness,       Tho.  Pilkington. 

It  is  astonishing  what  care  and  industry  Sir  Isaac 
had  employed  about  the  papers  relating  to  Chronology, 
Church  History,  &c.  ;  as,  on  examining  the  papers 
themselves,  which  are  in  the  possession  of  the  family  of 
the  Earl  of  Portsmouth,  it  appears  that  many  of  them 
are  copies  over  and  over  again,  often  with  little  or  no 
variation  ;  the  whole  number  being  upwards  of  4000 
sheets  in  folio,  or  8  reams  of  folio  paper  ;  beside  the 
bound  books,  5cc.  in  this  catalogue,  of  which  the  num- 
ber of  sheets  is  not  mentioned.  Of  these  there  have 
been  published  only  the  Chronology,  and  Observations 
on  the  Prophecies  of  Daniel  and  the  Apocalypse  of  St. 
John." 

For  an  account  of  Sir  Isaac  Newton's  discoveries,  the 
reader  is  referred  to  the  articles  Astronomy,  Geo.me- 
TRY,  Fluxions,  Mathematics,  and  Ovtics  For  more 
minute  details  respecting  some  parts  of  his  life,  see  his 
Elogfe  by  Fontcnelle  in  the  Mem..4cad.  Par.  1727,  Hist. 
p.  151  ;  Turner's  Cc'lec  lions  for  the  Town  and  Sluke  of 
Granl/iam,  1806,  which  conliins  the  original  life  of  New- 
ton drawn  up  by  Conduit,  for  the  information  of  M.  Fon- 
tenelle,  and  published  from  the  MS.  in  the  possession 
of  the  Earl  of  Portsmouth.  Thomson's  History  of  the 
Royal  Society,  p.  277.,  and  App.  No.  III.  See  also  the 
Edinburgh  Phitosojihical  Journal,  vol.  iii.  p.  293,  for 
some  curious  information  respecting  his  family. 

The  following  references  to  the  Gentleman's  Maga- 


zine., for  interesting  information  respecting  our  author, 
were  collected  by  our  celebrated  countryman,  Dr.  Ro- 
bison,  wlio  had  proposed  to  write  a  life  of  Newton,  Vol. 
I.  p  27,  159,  202.  Vol.  II.  917.  VII.  24,  674;  X.  5^.)J. 
XV.  256.  XXIV.  143,  219.  XXV.  3,  31,  323.  XXVIII 
263.  XXX.  169.  XLII.  207,  212,  520.  XLIV.  531. 
XLVII.  71.  XLVIII.  64.  L.  32l,4!4.  LI.  580  LII. 
227,  329,  367,  575.  LV^  779.  LVI.  10,  96,  394. 

NIAGARA,  a  river  of  North  America,  between  lakes 
Eric  and  Ontario.  It  is,  strictly  speaking,  a  strait  unit- 
ing the  two  lakes. 

It  commences  by  a  rapid,  two  miles  N.  N.  W.  from 
the  town  of  BulValo.  The  rapid  terminates  at  or  a  Utile 
below  Black  Rock,  and  assuming  a  piacid  current,  with  a 
width  from  half  to  one  and  a  half  mile  witlc,  the  river  Hows 
from  Black  Rock  to  the  head  of  Grand  Isle,  seven  miles, 
with  a  course  nearly  N.  W.  Here  it  divides  into  two 
large  branches,  which,  encircling  Grand  Isle,  again  re- 
unite three  miles  above  the  falls  Now  iii)wards  of  a 
mile  wide,  and  gradually  contracting  in  breadth,  and  in- 
creasing in  velocity,  the  whole  mass  approaches  the 
great  ledge,  which  forms  the  tremendous  cataract  of 
Niagara. 

This  ledge  is  itself  a  part  of  the  vast  floetz  strata, 
which  stretches  along  the  southern  shores  of  lake  On- 
tario, crosses  Niagara  river,  and  reaches  to  an  unknown 
distance  into  Canada. 

Below  Grand  Isle,  the  river  turns  to  a  course  of  near- 
ly west,  which  it  continues  to  the  falls,  where  it  abrupt- 
ly curves  to  N.  E  ,  which  it  continues  about  a  mile,  from 
whence  it  assumes  a  northern  direction,  which  with 
some  partial  bends  it  continues  to  lake  Ontario.  Sec 
the  succeeding  article,  Niagara  Falls. 

NIAGARA  I'alls,  is  a  cataract  in  Niagara  river, 
formed  by  the  intersection  with  that  stream  of  the  great 
ledge,  noticed  in  the  article  Niagara  river. 

The  following  table  exhibits  the  entire  length  of 
Niagara  river,  and  the  respective  fall  from  Erie  to  On- 
tario. 


From  lake  Erie  to  the  head  of  the  rapids,    20 

Do.  rapids  to  the  head  of  the  fall, 

Great  fall. 

From  Falls  to  Lewistown,     - 

From  Lewistown  to  lake  Ontario, 

Entire  distance  and  fall. 


Miles. 

Fall. 

1    20 

15  ft 

H 

51 

162 

7 

104 

-     7 

2 

H   334 


Standing  on  either  side  of  Niagara  river  above  the 
Falls,  the  aspect  of  the  adjacent  country  is  tliat  of  a 
general  level.  Nothing  announces  an  approach  to  the 
cataract,  except  the  spray  and  cloud  of  vapour,  which 
rises  from  the  surge  below. 

The  water  is  precipitated  over  an  immense  mass  of 
limestone  rock,  which  forms  the  bed  of  (he  river.  Tlie 
width  of  'he  river  in  a  straight  line,  at  the  falls,  is 
three-fourths  of  a  mile.  But  as  its  principil  force  is 
exerted  in  the  centre,  llie  brow  of  the  precipice  has 
been  worn  in  the  shape  of  a  horse-slioe,  and  its  whole 
winding  width  is  not  less  than  a  mile  and  a  half.  This 
distance  is  divided  by  a  small  woody  island,  called 
Goat  island,  near  the  American  side,  which  divides  the 
cataract  into  two.  The  elevation  of  this  island  above 
the  ii'rface  of  the  stream  is  not  very  gieat,  but  it  pre- 
sents towards  the  north-west  a  bold  perpendicular  front 
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of  bare  solid  rock,  the  whole  lieit^ht  of  ilie  cataract. 
The  widlh  of  the  fall  between  Goat  Island  and  the 
American  side  is  about  one  fifUi  of  the  whole,  and  that 
(jfthe  island  itself  another  fifih  ;  although  the  quantity 
of  water  on  tiie  Biilish  side  is  probably  ten  limes  as 
great  as  on  the  other.  A  bridge  now  connects  the  New 
York  shore  to  Goat  Ishind. 

The  Table  Rock  is  a  part  of  the  C^mada  bank,  wliich 
is  on  the  margin  of  the  great  sheet  of  falling  water.  It 
furnishes  altogether  the  most  inieresting  view  of  the 
falls.  The  eye,  looking  up  the  river,  beholds  it  tumbling 
with  wi'd  niagnificeiice  over  the  ledges  of  rocks,  which, 
seen  from  this  place,  seem  close  togeiher,  and  appear  to 
constitute  a  single  broken  cataract.  The  immense  mass 
of  waters,  greatly  increased  in  its  rapidity  by  this  de- 
scent, and  perhaps  still  more  by  the  contraction  of  the 
river,  rolls  with  an  apparently  inslanianeous  motion  to 
to  the  brow  of  the  precipice,  and  shoots  over  it  into  the 
abyss  below.  Tlie  depth  of  the  precipice,  the  roar  of 
the  cataract,  the  mass  of  the  waters,  and,  above  all,  the 
inconceivable  exertion  of  power,  overwhelm  the  mind 
with  emotions  of  sublimity  and  grandeur;  and  fill  it 
with  new  and  clearer  views  of  the  weakness  and  little- 
ness of  man. 

From  the  surface  of  the  stream  beneath,  on  the  Canada 
side,  there  aiises  a  thick  and  constant  cloud  of  vapour, 
which  mounts  above  the  precipice  to  the  height  of  more 
than  100  feet.  In  clear  weather,  three  primary  rain- 
bows are  frequently  visible  at  once  in  various  pans  of 
this  cloud.  These,  when  the  sun  is  near  the  horizon, 
appear  complete  semicircles,  and  are  often  of  singular 
lustre  and  beauty.  Beneath  the  fall  lies  a  thick  mass  of 
foam,  which,  for  a  great  extent,  covers  the  surface  of  the 
water.  The  banks  of  the  river  below  are  on  both  sides 
perpendicular,  of  solid  rock,  and  of  the  same  height  with 
those  above  the  fall.  They  continue  of  this  height  seven 
miles  to  Queenstown.  Here  the  cataract  is  supposed  to 
have  commenced  after  the  deluge,  and  from  this  place  to 
have  worn  its  way  backward  to  its  present  spot.  No 
one  who  examines  the  ground  will  doubt  for  a  moment 
that  this  has  been  the  case  ;  and  those  who  have  lived 
for  20  years  on  the  bank  all  attest  this  retrograde  mo- 
tion.    These  falls  are  in  Lat.  43°  05'  N. 

A  more  minute  account  of  these  falls  will  be  found  in 
the  Phil.  Trans.  1722,  vol.  .\xxii.  p.  69  ;  and  in  Volney's 
Travels. 

Darby. 

NICE,  Nic^A,  Nexaia,  or  Nizza,  (from  Not?,  victo- 
ry.,) A  ciiy  and  bea-port  town  in  the  kingdom  ol  Sardinia, 
is  situated  in  a  tine  amphitheatre,  of  a  tiiangidar  form. 
In  approaching  it  from  Antibes  it  is  limited  on  the  eakt 
by  high  mountains.  To  the  north  and  west  it  is  bounded 
by  the  river  Pjglione,  and  to  the  south  it  is  washed  by 
the  sea.  The  town  stands  near  the  mouth  of  the  river 
Paglione,  and  on  the  left  bank  of  the  Var.  The  streets 
are  very  nairow,  and  are  rendered  dark  and  gloomy  by 
the  height  of  the  houses.  The  names  given  to  them 
during  the  revolution  were  ill  suited  to  their  character. 
In  the  Rue  La  Lumicre  it  was  scarcely  possible  to  sec 
at  mid  clay.  The  Rue  du  Bonhcur  was  the  dullest  of 
all,  and  was  inhabited  by  the  most  miserable  of  the 
citizens;  and  those  of  .6o?!air  and  Projircii  were  equally 
undeserving  of  their  name.  The  stairs  of  the  houses 
are  built  of  a  black  schistus,  from  the  coast  of  Genoa. 
Aniong  those  which  are  newly  built  at  the  sea  side, 
there  ..re  some  which  have  a  tolerably  good  appearance, 
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from  their  painted  facades.  The  greater  number  of 
houses  have  a  chimney  only  in  the  kitchen,  so  that  in  cold 
weather  it  is  necessary  to  heat  the  apartments  by  a 
chauffer.  The  churches  of  Nice  are  in  no  way  remark- 
able. That  q\  Salute  Rejiarata  is  of  very  common  archi- 
tecture. On  solemn  occasions,  the  whole  of  the  interior 
is  covered  with  red  damask  adorned  with  gold  lace.  At 
the  extremity  of  the  old  town  is  the  gale  which  enters 
on  the  side  of  Piedmont,  and  also  the  Place  Victor, 
which  is  surrounded,  like  the  Place  Royale  at  Paris,  with 
regular  houses  built  on  arcades.  The  new  part  of 
the  town,  wliich  is  near  the  sea,  has  been  built  for  about 
54  years.  The  streets  are  fine,  wide,  and  well  laid  out. 
Here  are  the  Place  Royale,  for  exercising  the  troops, 
an<l  the  Cours^  which  is  planted  with  two  rows  of  fine 
oak  trees,  which  form  an  agreeable  promenade  during 
the  day.  The  terrace  is  a  very  elevated  platform,  sup- 
ported by  a  row  of  buildings,  which  serve  as  warehouses 
for  merchants.  This  place  is  the  evening  promenade. 
The  view  from  it  is  quite  delightful.  On  the  Mediter- 
ranean are  seen  the  boats  of  the  fishermen,  and  the  ships 
sailing  for  Marseilles  and  Genoa;  and  in  clear  weather 
the  mountains  of  Corsica  may  be  distinctly  perceived  in 
the  horizon.  In  descending  towards  the  east  of  this  fine 
terrace,  we  come  to  a  road  formed  round  the  rock,  the 
windings  of  which  we  follow  as  on  a  balcony.  When 
the  sea  is  tempestuous,  their  violent  dashings  against  the 
rock  produce  a  fine  eflPect.  This  rampart,  which  is  ac- 
cessible for  carriages,  leads  to  the  harbour.  From  the 
extremity  of  the  mole  we  can  distinguish  the  mountains 
on  the  coast  of  Genoa.  The  harbour  is  entirely  artificial. 
The  two  moles,  which  protect  the  entrance  to  it,  are 
well  built  with  hewn  stone  ;  but  the  harbour  itself  is  very 
small,  and  will  scarcely  contain  40  merchant  ships.  It 
would  not  be  difficult,  however,  to  enlarge  it;  and  it  has 
been  proposed  to  extend  it  to  the  Place  Victor.  Near 
the  harbour  are  vaults  and  niches,  under  which  the  sai- 
lors may  find  shelter  and  prepare  their  victuals  ;  and 
an  acquednct  brings  water  here  from  the  distance  of  half 
a  league.  In  the  harbour  there  have  been  found  nails  of 
bronze,  well  preserved.  One  of  them  was  between  a 
bed  of  stone  and  clay.  To  the  east,  behind  the  harbour, 
stood  the  castle,  which  was  once  deemed  impregnable. 
A  bomb,  however,  lighted  on  the  powder  magazine  in 
1691,  arid  blew  up  the  donjnn  into  the  aii\  The  church 
of  St.  Stephen  is  situated  wi  the  middle  of  a  field,  about 
half  a  league  from  the  town.  The  square  enclosure, 
before  the  entrance  to  the  church,  is  surrounded  with 
a  high  wall,  and  is  paved  in  Mosaic,  with  black,  blown, 
and  white  flints.  It  ri.presents  a  Maltese  cross,  and 
several  other  ornaments,  in  the  middle  of  which  is  the 
dale  1724.  ."^t  Cimiez  or  Ciwfa,  anciently  Cemenaliuin, 
about  two  miles  from  this,  are  the  remains  of  an  amphi- 
theatre, temple,  aqueduct,  and  baths.  The  amphilhea- 
ire  is  132  feet  long,  and  112  wide.  Thearena,  which  is 
of  an  oval  form,  is  well  preserved,  and  ihe  upper  steps 
erijoyed  a  view  of  the  sea.  It  might  have  contained  a 
thousand  spectators.  The  arena  is  now  sown  with  coin 
and  plaiited  « ith  olive  trees.  The  convent  cf  the  ancient 
Recollets,  and  the  church  called  Notre  Dame  de  Ci- 
niiiz,  con.ain  some  interesting  objects.  Among  the  other 
obji-cts  of  interest  at  Nice,  are  the  ruins  of  a  temple  at 
Ferrcri,  the  harbour  of  Ville  Franche,  about  half  a  league 
f;o:ir  Nice,  capable  of  containing  a  hundred  siiips  of  the 
line;  the  lighthouse;  and  the  Fort  of  Montalb.in.  Some 
of  the  finest  points  of  view  are  before  the  house  of  Cesoli, 
and  at  the  country  house  of  Chais.  The  Chemin  du 
4  K. 
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Var  is  a  favourite  piumeiiatie,  both  on  account  of  tliu 
fine  points  of  view  wliicli  it  affoi'cJs,  and  on  account  of  the 
fine  walks  in  the  forest  along  the  banks  of  the  Var,  about 
a  league  from  Nice.  There  are  at  Nice  a  theatre,  a 
library,  public  baths,  and  cofTec-houscs.  The  exports 
lioin  Nice  aic  chitfly  oil,  wine,  of  which  a  i^ood  deal  is 
sold  in  En.ijland  as  Burgundy,  silk,  liqueurs,  essences, 
and  perfumery  ;  and  bulbous  rooted  llowers,  sent  in 
winter  by  post  to  Paris,  in  moss,  where  they  generally  ar- 
rive quite  fresh.  Its  manufactures  arc  those  of  silk, 
leather,  paper,  soap,  and  tobacco.  Nice  enjoys  a  very 
uniform  and  delightful  temperature,  from  its  sheltered 
situation.  The  heat  of  summer  would  be  overpowering 
were  it  not  for  the  sea  breeze.  The  winter  is  nearly  as 
warm  as  the  month  of  May  in  Entjiand,  and  hence  it  is 
a  favourite  place  of  resort  for  consumptive  invalids. 
Population  18,473.  East  Long.  7°  16'  35",  North  Lat. 
43°  41'  16".  For  a  particular  account  ot  Nice,  see  Voy- 
age Historiguc  et  Pictorescjue  du  Comte  de  Mce,  par  M. 
Albaiie  Bcjumont.  AG.iRve,  1787.  Votjage  dans  le 
defiartement  des  Atfie  Maritimes.  avec  la  Description  de 
la  Vilte  ct  de  terroir  de  ATice,  iS'c.  pjr  Papon.  Paris  1804; 
and  Millin's  Voyage  dans  les  de/iarteme?is  du  Midi  de  la 
France,  torn.  ii.  chap,  l.xvi.  Ixvii.  p.  520. 

NICOBAR  Islands  are  situated  in  the  south-east 
quarter  of  the  Bay  of  Bengal,  between  the  6th  and 
10th  degrees  of  North  latitude,  or  nearly  in  the  94th 
degree  of  East  longitude,  stretching  north-west  from 
Sumatra  to  the  most  southerly  of  the  Andaman  isles. 
Many  of  them  are  very  small,  and  without  any  distinct 
appellation;  but  twelve  of  them,  at  least,  are  of  a  mo- 
derate extent,  of  which  the  names  are  Nicobar,  Carni- 
cobar.  Quoin,  Chowry,  Teressa,  Tillanjang,  Nancowry 
or  Nuncovery,  Comarty  or  Csemarta,  Tricut,  Katshall 
or  Catchowl,  Sambelong,  and  Taruss  or  Tavass.  Sam- 
belong,  towards  the  south,  is  the  largest;  but  Carnico- 
bar,  the  most  northerly,  and  Nancowry,  nearly  in  the 
centre  of  the  group,  arj  most  visited  by  Europeans. 
The  last  mentioned,  which  is  about  eight  miles  in  length, 
and  as  much  in  breadth,  together  with  Comarty,  which 
is  rather  larger,  and  Tricut,  a  small  flat  island,  are  so 
situated  as  to  form  in  the  space  between  them  one  of  the 
most  capacious  and  sheltered  harbours  in  the  Indian 
seas.  Most  of  those  islands  are  hilly,  and  some  of  the 
mountains  are  of  a  considerable  elevation.  They  are 
in  general  also  covered  with  wood  ;  and  from  the  sum- 
mits of  the  hills  the  prospects  are  frequently  beautiful 
and  romantic. 

The  climate  of  these  islands  is  not  oppressively  hot, 
and  the  shores  are  visited  by  refreshing  sea-breezes ; 
but  the  extent  and  thickness  of  the  woods  prevent  the 
free  circulation  of  air  amidst  their  decaying  fiuiis  and 
leaves  ;  and  they  are  all  most  unhealthy  spots  to  an 
European  constitution.  The  soil,  naturally  fertile,  is 
almost  entirely  uncultivated;  l)ut  the  greater  part  of 
the  most  valuable  productions  of  tropical  climates  grow 
up  spontaneously  in  the  highest  perfection.  The  fo- 
rests are  full  of  large  and  lofty  trees,  many  of  which 
are  capable  of  furnishing  excellent  timber,  some  of 
them  34  feel  in  circumference.  So  luxuriant  is  their 
growth,  that  the  light  of  the  sun  cannot  penetrate 
through  their  foliage,  and  it  is  almost  perfectly  dark  in 
the  woods.  The  trees  are  also  in  many  places  so  closely 
interwoven  with  immense  quantities  of  rattan  and  hush 
ropes,  that  they  appear  in  a  manner  spun  together, 
and  are  utterly  impervious  to  the  inhabitants.  The 
most  abundant  of  these  trees,  and  the  most  valued  by 


the  natives,  are  the  cocoa  and  areca  palms  ;  the  former 
of  which  thrives  best  on  the  seacoasl,  where  its  roots 
and  stem  are  reached  by  the  flood-tides.  Plantains, 
limes,  tamarinds,  beetle-nuts,  the  l.irum,  or  melloiy,  (a 
species  of  bread-fruit,)  cinnamon,  sassafras,  and  the 
cofl"ee-tree,  aie  among  the  most  common  productions. 
The  wholesome  and  delicious  mango,  and  pine  apples 
of  llie  finest  flavour,  grow  wild  in  the  woods.  Yams, 
sweet  potatoes,  and  a  variety  of  other  useful  roots  and 
vegetables,  are  raised  every  where  without  trouble  or 
care. 

There  are  no  beasts  of  prey  in  the  Nicobars,  such  as 
tigers,  leopards,  &c.  ;  but  monkeys  of  different  species 
are  found  in   the   southernmost  islands;  and    dogs   and 
swine  abound  in    tliem  all.     In  some  of  them  are  large 
herds  of  bulfaloes  and  of  other  cattle,  which    were  oi'i- 
ginally    introduced   by   the   Danes,    and    have  run    wild 
in  the  woods  since  their  colony  was  abandoned.     These 
animals    have  increased   rapidly;  and  as  the  upper  re- 
gions  of  the  mountains    are  covered    with   fine    grass, 
many    of  the   buffaloes,  pailicularly,  have    grown   to  a 
great  size.     There  arc   also  numbers  of  large  rats   in 
most  of  the  islands.     There  is  no  great  variety  of  birds 
in  those  islands.     Pheasants,  turtle-doves,  wild  pigeons, 
and  particularly  parrots,  are  numerous.     Tne    bats  are 
of  an  immense  size  and  hideous  aspect.     Some  of  them 
have  bodies  as  large  as  that  of  a  cat,  and   measure  from 
five   to  six  feet  across  the  back  between   the   extreme 
points  of  their  extended  wings.     There  are   two  kinds 
of  them,  one  of  which  has  a  head  like  that  of  a  dog,  and 
the  other  like  that  of  a  cat;  the  former  making  a  bark- 
ing, and  the  latter  a  mewing  noise,  while   on  the    wiiig. 
But  the  most  remarkat)le  of  the  birds,  is  the  Nicobar 
swallow,    (liirundo   edulis)  the   builder  of  those   eatable 
nests  which   constitute   so  great  a   delicacy  at   eastern 
tables.     The   bird    is  of  a  jet  black  colour,  greatly   re- 
sembling  the  martin  in  shape,  but  smaller  in  size,  and 
has   remarkably  short   legs,  so  as  to   be   unable  to  rise 
from  the  ground,  if  happening  to  fall  or  settle  upon  it. 
They    build    iheir  nests  in    fissures   or  cavities   of  the 
rocks,   especially   where   they   open  to  the  south;   and 
the  cock  fixes  a  smaller  and  more  clumsy  nest  close  to 
the  one  built  by  the  hen  for  liatching  her  eggs.     Dur- 
ing  certain    winds,    particularly    the    south-west,   these 
birds   remain   in  a   state  of  torpor,  and  give   no  other 
sign   of  animation   than  a   tremulous    motion   over   the 
whole  body.     Their  nests  are  generally  supposed  to  be 
made  of  gelatinous  substajices  lound  on  the  sfiore  and 
rocks;   but  Haensel,  the   Danish   missionary,  who  re- 
sided   so  long   on   those  islands,  considers   it   as  much 
more    probable   that  they  are  composed  of  the    gum  of 
a  peculiar  tree  called  the  Nicobar  cedar;  and  often  ob- 
served  innumerable  flocks  of    the  swallows    fluttering 
around  the  blossoms  and  fruit  of  these  trees. 

The  most  formidable  animals  on  these  islands  are 
crocodiles,  which  are  found  in  great  numbers  wherever 
there  aic  fresh  water  lakes  and  streams.  They  arc  of 
two  kinds,  viz.  the  proper  crocodile,  which  is  said  never 
to  attack  living  creatures,  but  to  subsist  on  carrion;  and 
the  black  kayman,  which  is  of  a  smaller  size  than  the 
other,  and  which  seizes  with  the  greatest  ferocity  every 
animal  that  comes  in  its  way.  Serpents  are  numerous 
in  some  places  ;  but  the  custom  prevalent  among  the 
natives  of  setting  fire,  two  or  three  times  a  year,  to  the 
long  grass  on  the  mountains  is  supposed  to  check  tljiir 
increase.  Some  of  them  are  extremely  venomous,  and 
the  bite  of  one  singular  species,  with  a  broad  head  and 
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mouth  like  a  frog,  with  very  red  eyes,  has  been  known 
to  prove  fatal  in  the  space  of  half  an  hour.  There  are 
not  many  scorpions ;  but  there  is  one  species  of  a  red 
colour,  ant!  unusually  large  size,  which  is  said  to  be  pe- 
culiarly poisonous. 

The  surrounding  sea  abounds  with  fish  of  various  de- 
scriptions and  excellent  quality.  All  kinds  of  shell-fish, 
turtles,  cockles,  and  crabs,  are  found  on  the  coast  ;  and 
nothing  can  surpass  the  display  of  beautiful  shells  of  the 
rarest  kinds  which  are  scattered  along  the  shores. 

The  Nicobar  islands  are  thinly  inh;\bited,  and  some  of 
them  are  entirely  destitute  of  inhabitants.  The  united 
population  of  Nancowry  and  Comarty,  which  are  consi- 
dered as  the  most  populous,  is  not  supposed  to  exceed 
800.  The  natives  themselves  are  so  sensible  of  the 
scanty  population  of  their  islands,  that  they  are  very  de- 
sirous to  increase  it,  by  seducing  the  Lascars  in  the  coun- 
try ships  to  remain  among  them.  These  people  are  of 
a  copper  colour,  and  rather  low  in  stature;  but  well 
formed,  and  remarkably  strong  and  active.  Their  coun- 
tenance resembles  that  of  tiie  Malays,  and  is  by  no  means 
pleasing;  in  features  or  expression.  They  have  small 
eyes,  in  which  the  while  part  is  of  a  yellowish  hue  ;  small 
flat  noses,  large  mouths,  thick  lips,  black  teeth,  and  long 
ears,  with  wide  holes  in  the  lobes.  The  hind  part  of  their 
head  is  flat,  (being  compressed  during  infancy,)  and  their 
strong  black  hair  cut  quite  round  and  close.  The  wo- 
men, who  are  represented  as  extremely  ugly,  have  their 
heads  completely  shaved  ;  and  the  men  also  shave  their 
eye  brows,  while  they  suffer  the  little  beard  that  they 
have  to  grow. 

The  clothing  of  the  men  consists  of  a  narrow  piece  of 
cloth,  about  three  yards  in  length,  which  they  wrap  twice 
round  their  waist;  or,  drawing  it  very  tightly  between 
their  legs,  pass  it  through  the  girth  behind,  leaving  the 
end  of  it  to  hang  downwards;  a  circumstance  which  is 
supposed  to  have  occasioned  the  mistake  of  Kioping,  a 
Swedish  navigator,  who  describes  the  inhabitants  of  these 
islands  as  men  with  tails.  The  women  wear  a  piece  of 
cloth,  commonly  of  a  blue  colour,  about  a  foot  wide,  fas- 
tened round  their  waist,  and  hanging  down  like  an  apron  ; 
but  sometimes  this  covering  is  made  of  a  sort  of  rush  or 
dry  grass,  not  interwoven,  but  hanging  down  in  detached 
filaments.  Botli  sexes  are  said  to  be  fond  of  dress,  adorn- 
ing themselves  at  their  festivals  with  leaves  in  a  fanciful 
manner,  and.  in  the  presence  of  Europeans,  putting  on 
whatever  old  clothes  they  have  received  from  them. 
They  do  not  commonly  use  paint,  but  pride  themselves 
upon  the  Rneness  of  theii  skin,  which  they  keep  very 
clean. 

Their  villages,  consisting  of  fifteen  or  twenty  houses, 
are  comn  only  built  on  the  sliore,  under  the  shade  of 
the  cocoa-nut  trees.  The  houses,  which  are  generally 
spacious,  are  of  a  circular  form,  and  are  raised  upon 
piles  to  the  height  of  six  or  eight  feet  from  the  ground. 
This  manner  of  building  is  intended  to  secure  the  habi- 
tation from  snakes  and  rats;  and,  for  this  purpose,  the 
pillars,  besides  being  covered  with  a  smooth  leaf,  have 
round  fiat  pieces  of  wood  near  the  lop,  to  prevent  the 
proi^ress  of  these  vermin.  The  flooring  is  in  p.irt  niaile 
of  slips  of  bamboo  at  small  distances,  to  admit  the  light 
and  air;  and  the  entrance  is  through  a  trap-door  at  the 
bottom,  to  which  the'  inhabitants  descend  by  a  ladder, 
which  is  drawn  up  aller  them.  There  is  only  one  apart- 
men',  but  several  families,  sometimes  to  the  number  of 
twenty  persons,  generally  live  in  the  same  habitation, 
where  they  all  sleep  together,  lying  naked  on  the  floors, 


with  a  kind  of  palm-leaf  under  them  by  way  of  mattress, 
but  seldom  with  any  covering  above  them.  In  those  bays 
and  inlets  which  are  sheltered  from  the  suif,  these 
houses  are  often  erected  so  near  the  margin  of  the  water, 
as  to  admit  the  tide  to  flow  under  them,  and  wash  away 
any  filth  collected  below.  The  furniture  consists  in  a 
few  earthen  pots,  highly-polished  cocoa-nut  dishes, 
hatchets,  knives,  one  or  two  sabres,  a  number  of  spears 
and  fishing-nets ;  besides  two  or  three  palongs  or  boats 
belonging  to  each  family. 

Their  food  consists  chiefly  of  the  bread  fruit  of  the 
mellory  ;  yams,  and  other  wholesome  roots ;  fruits  of 
various  trees  and  shrubs  ;  the  flesh  of  pigs  and  fowls, 
which  are  very  abundant  in  the  islands,  and  being  fed 
chiefly  on  the  cocoa-nuts,  are  remarkably  excellent  as 
food;  and  a  great  variety  of  fish  and  shell-fish,  which 
they  are  able  to  procure  with  very  little  difficulty. 
They  eat  immense  quantities  of  pork,  and  cook  theii* 
flesh-meat  very  slightly.  They  use  as  drink  the  milk  of 
the  cocoa-nut,  and  the  juice  of  the  cocoa-tree,  which  they 
call  soura,  and  which  they  suffer  to  ferment  till  it  ac- 
quires an  intoxicating  quality.  They  are  fond  of  smok- 
ing tobacco,  and  di  ink  all  kinds  of  spii  its  with  the  utmost 
greediness.  Tbeir  mouths  are  continually  full  of  betel 
or  areca  nut. 

The  principal  employment  of  the  men  consists  in  con- 
structing and  repairing  their  huts,  which  occupies  a  con- 
siderable portion  of  every  year,  and  in  fishing  or  trading 
to  the  neighbouring  islands  ;  while  the  women  attend  to 
the  preparation  of  the  victuals  and  the  culture  of  the 
ground.  They  generally  kill  their  fish  with  spears, 
which  they  throw  with  great  dexterity;  and  frequently 
go  out  with  their  canoes  at  night  with  burning  straw  to 
to  allure  the  fish  into  shallow  water.  They  are  a  re- 
markably indolent  race,  and  spend  the  greater  part  of 
their  time  in  feasting  and  dancing.  Their  music  is  of 
the  most  simple  dcsciiption,  plaintive  and  monotonous, 
but  not  without  harmony  ;  and  their  dances  are  equally 
heavy  and  inanimate;  the  men  and  women  forming  a  cir- 
cle with  their  hands  on  each  other's  shoulders,  moving 
slowly  backwards  and  forwards,  or  from  side  to  side, 
beating  time  with  their  feet.  Their  only  musical  instru- 
ment is  a  hollow  bamboo,  about  two  feet  and  a  half  in 
length,  and  three  inches  in  diameter,  along  the  outside 
of  which  is  stretched  a  single  string,  which  is  played 
after  the  manner  of  a  guitar,  and  accompanied  with  the 
voice. 

The  language  spoken  by  these  islanders  is  founded 
on  the  Malay,  and  particularly  resembles  the  dialect  of 
Pegu.  Tliere  are  no  books  or  vocabularies  among 
them  to  assist  in  the  acquisition  of  it,  which  appears  to 
be  a  very  difficult  task  to  Europeans.  The  D.mish  mis- 
sionaries were  never  able  to  make  mucia  progress  in  the 
study  of  it.  The  habits  of  the  natives  present  considerable 
impediments  to  everV  learner.  The  language  itself  is 
very  poor  in  words  and  expressions,  and  the  natives  are 
so  taciturn,  or  rather  indolent,  that  they  speak  too  re- 
luctantly or  indistinctly  to  be  easily  understood.  Many 
of  them  speak  a  corrupted  Portuguese,  and  various  Eu- 
ropean words  are  used  in  their  conversation  with  stran- 
gers. They  entertain  a  high  veneration  for  those  who 
are  able  to  read  and  wiiie,  and  believe  that  by  these 
means  Europeans  can  accomplish  supernatural  effects. 

They   cannot   be   said   to   carry  on  any  regular  com- 
merce, but  are  frequently  visited  by  trading  vessels  for 
the  sale  of  the  excelienl  cocoa-nuts  which  the  islands 
produce ;   and  numbers  of  Malays  and  Chinese  arrive 
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regularly  in  quest  of  the  birds'  iicsls  alicady  described. 
Those  which  are  while  and  liansparenl  are  the  most 
highly  esteemed,  and  are  sold  at  Batavia  for  ten  dollars 
per  caly,  (1|  lb.)  which  usually  contains  about  seventy 
of  the  ncsis  ;  but  they  bear  a  much  higher  piice  in  the 
ports  of  China.  The  natives  have  no  money  of  their 
own,  nor  do  they  attach  any  value  to  the  coins  of  other 
countries,  except  as  ornaments,  but  they  are  expert 
iudii;es  of  the  purity  of  tlie  precious  metals.  The  arti- 
cles which  arc  most  in  request  amonsj  ihciii  are,  cloth, 
hatchets,  sword-blades,  tobacco,  and  arrack  ;  and  a  hun- 
dred of  their  finest  co.  oanuts  may  be  procured  for  a 
yard  of  blue  cloth.  Some  of  them  carry  thuse  articles 
to  other  islands,  which  are  more  remote  from  the  tract 
of  tradinj;  vessels,  and  exch.uige  them  fur  canoes  or 
other  articles  of  native  manufacture. 

Tiicse   islanders   have  scaicely   any    form  of  govern- 
ment or  lci,'al  control  to  which   they  pay  subjecii'jn.     In 
each  village  lliere  is  a  captain  or  head  man,  styled  Om- 
jah    karru,  "  the  great  master  of  the  house,"   who  owes 
liis  station  chiefly  to  his  superior  talents  a;id  intelligence, 
but    who    must    content    himself  with   friendly    remon- 
strances, and  never  attempt  to  comtnand.     All  the  pre- 
ference shown  to  him   consists  in  this,  that  when  a  ship 
arrives  he  is   allowed  to  go  first  on  board,  and  to  make 
the  bargain,  if  there  is  any  thing  to  barter.  These  chiefs 
are  usually  more  fluent  in  speech  than  their  neighbours, 
and  are  commonly  good-natured  men,  disposed  to  pre- 
serve peace  among  the  people.     They  are  very  inoB'en- 
iive  to  one  another,  and  readily  exchange   kind  offices 
with   their   friends.     Theft,   robbery,   and    murder,   are 
rarely  perpetrated  among  themselves  ;  but,  when  attack- 
ed or  injured  by  strangers,  they  fight  with  the  greatest 
resolution  and  spirit.   When  it  happens  occasionally  that 
the  men  quarrel  in  their  di  inking  parlies,  or  that  a  gene- 
ral dispute  arises  between  their  villages,  a  formal  com- 
bat ensues.     The  captains  of  the  nei^^hbouring  villages 
assemble,  and  the  combatants  beini;  chosen,  are  furnish- 
ed with  lonK  sticks  of  the  mango  uee,  of  a  certain  thick- 
ness.  All  who  have  any  i)rivale  quarrel  usually  embrace 
the  opportunity  of  sclthng  their  disjjutes,  and  are  in  like 
manner  supplied  with  the  appropriate  weapons.     Two  of 
the  combatants  then  step  out,  and  beat  each  other  about 
the  back  and  head  till  one  of  them  is  obliged  to  give  up, 
and  are  followed  by    the  other  couples  in  succession. 
All  are  convinced  at  the  conclusion,  that   whoever  was 
compelled  to  yield  was  the  off"ending  party,  and   peace 
beiii;'-  thus  restored,  the  matter  is  often  lerminatcd,  as  it 
began,  by  a  drinking  entertainment. 

Both  sexes  live  from  their  iiilitncy  without  any  re- 
straint, and  almost  in  promiscuous  concubinage.  They 
rarely  mairy  till  past  the  piime  of  life  ;  and  even  then 
are  continually  dissolving  their  domestic  connexions,  and 
forming  new  matches,  without  any  other  law  than  their 
own  choice. 

The  changes  of  the  moon  (by  which  chiefly  they 
mark  the  progress  of  time.)  are  always  observed  as  sea- 
sons of  festivity,  when  they  adorn  their  bodies  and  houses 
with  garlands  and  leaves,  and  spend  the  day  in  singing, 
dancing,  eating  and  di inking.  There  prevails  among 
ihem  a  universal  hospitality,  without  the  smallest  cere- 
mony. They  seldom  speak  or  offer  any  salutations  as 
they  pass  each  other,  and  will  rarely  open  their  mouths 
as  long  as  they  can  express  their  incaidng  by  signs  ;  but 
any  one  may  enter  the  houses  in  his  way,  and  sit  down 
till  he  is  rested,  and  help  himself  to  any  food  within  his 
reach,  or  a*,  least  be  directed  by  the  family  with  a  signal 


of  the  hand  to  do  so,  and  finally  depart,  without  a  single 
word  being  uttered  on  either  side,  uidess  he  chooses  to 
begin  the  conversation,  wh;n  he  will  receive  a  friendly 
answer,    and    be    dismissed    with    hearty    good    wishes. 
They   are  altogether  a   harmless,  honest,  good-natured, 
and  gay-tempered  race  ;  but  Ijzy,  gluttonous,  and  drunken 
in  the  extreme  ;  and  sometimes,  when  their  passions  are 
roused  by  jealousy  or  revenge,  are  capable  of  commit- 
ting the   greatest  excesses.    Owing  probably  to  their  in- 
action and  debauchery,  they  are  not  long-lived;  and  few 
of  the  men  have  been  observeil  to  be  above  45  oi  5  J  years 
of  age.     Yet  they  are  not  liable  to  many   diseases,  and 
except  the  (Edematous  swelling  of  the  legs,  known  by 
dill'erent  names  in  the  cast,  and  occasionally  a  mild  spe- 
cies oi  small-pox,  their  most  prevalent  disorders  upe  fe- 
vers and  cholics.  Their  physciansor  conjurers  employ  few 
internal  medicines,  except  some  potions  from  hi  rbs,  and 
in  most  cases  use  friction  with  oil;   but  as  all  the  more 
dangerous  diseases  are  considered  as  proceeding  irom 
the   devil,  the   constant  practice,  even   when  medicines 
are  administered,  is  to  expel  the  demon  by  incantations. 
In  those  opeialions  they   exhibit  the   most   astonishing 
feats  of  legerdemain  ;  though   stark   naked    during  the 
process,  they  will  appear  to  extract  large  stones,  yams, 
&e.    from   tlie    bodies   of   their    patients.     AVhcn    their 
tricks  have  no  etl'ect,  they   sometimes  pretend  that  the 
devil  still  frequents  the  house  or  vicinity,  in  the  |)rrson 
of  some  man  or  woman,  sucking  all  the  power  of  heal- 
ing out  of  the  patient;  and  whatever  individual  the  pater 
(as  they  call  those  jugglers)  shall  name  as  the  witch,  is, 
without  farther  inquiry,  instantly  put  to  death.    At  other 
times,  they   pretend   to  have  laid  hold   of  the  evil  spirit, 
and  drag    liiin    down  to   the   shore,  where  they  make  a 
show  of  putting  him  on  board  a  small  raft  of  light  wood, 
which  is  instantly   towed  out  to  sea  by  a  couple  of  well- 
manned  boats  with  the  utmost  expedition.     On  the  third 
day  he  must  perish  ;   but  should   he  be  driven  on  shore 
before  that  time  in  the  vicinity  of  another  village,  he  is 
understood  to  inflict  the  same  evils  there  which   he  had 
been  prevented  from  doing  in  the  former  place  ;  and  the 
keenest   enmity   is   forthwith    kindled   between  the  two 
townships,  which  nolliing  but  the  above-mentioned  com- 
bat can  settle.  They  ascribe  eclipses  of  the  sun  or  moon 
to  the  same  evil  genius,  who  is  supposed  to  be  attempt- 
ing to  drown  these   luminaries  ;  and,  in  order  to  drive 
him  from  such  an  enterprise,  the  whole  inhabitants  as- 
semble  with   their  gong-gongs,   which   tlicy   beat    with 
great  violence,  while  otheis  are  darting  their  spears  in 
the  air  to  repel  the  assailant. 

When  any  one  dies,  his  clothing,  implements,  live- 
stock, and  all  his  moveable  property,  are  buried  along 
with  him  ;  and,  while  the  women  make  loud  lamenta- 
tions, the  n.ien  are  busily  employed  in  drinking  and 
smoking.  But  one  of  the  most  extraordinary  ceicmo- 
nies  is  the  annual  festival  observed  in  hoi'our  of  the 
dead.  After  spending  the  greater  part  of  the  day  in  a 
convivial  manner,  they  repair  to  the  burying  place,  where 
the  woman  nearest  of  kin  to  the  deceased  digs  up  the 
corpse,  cleans  the  skull  from  the  adhering  earth  and  de- 
cayed flesh,  laves  it  plentifully  with  the  milk  of  the  co- 
coa-nut, rubs  it  over  with  an  infusion  of  safiVon,  and, 
having  wrapped  it  carefully  in  a  piece  of  new  cloth,  de- 
posits it  again  in  the  grave.  After  spending  the  whole 
night  in  those  melancholy  rites,  the  ceremony  is  con- 
cluded by  a  feast  on  the  following  day. 

These  iilanders  have  very  confused  ideas  of  a  Su- 
pieme  Being,  and  have  scarcely  any  word  in  their  Ian- 
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t-uage  to  express  the  notion  of  God.  'J'hcy  speak  oi 
him  by  the  ycncral  term  Knaller,  "above,"  or  "on 
high,"  and  believe  that  this  unknown  beinir  is  goo;l, 
and  never  inclined  to  do  them  any  harm.  Hut  they 
are  perpetually  occupied  in  all  their  religious  ceremonies 
with  the  evil  spirit,  to  whom  lliey  ascribe  the  creation 
of  the  world,  and  on  whom  they  lay  the  blame  of  all  the 
crimes  which  they  commit.  They  are  not  properly  ido- 
laters, like  most  of  the  other  oriental  nations,  but  employ 
a  variety  of  superstitious  observances,  to  counteract  the 
mischievous  designs  of  the  devil.  In  every  village  a 
high  pole  is  erected,  with  long  strings  of  ground  rattans 
hanging  from  it,  as  a  mean  of  aveiting  the  demon's  pre- 
sence ;  and,  upon  any  appearance  of  a  storm,  in  which 
he  is  supposed  to  visit  them,  the  villagers  fix  around 
their  boundaries  small  sticks,  holding  in  a  split  at  ihe 
top  a  piece  of  cocoa  nut,  tobacco,  or  certain  leaf,  either 
as  a  peace-ofleiing,  or  an  object  of  antipathy.  But  their 
chief  confidence  rests  on  the  power  of  their  jjaters  to 
catch  and  control  these  invisiljle  adversaries.  See 
Asiatic  Researches,  vols.  ii.  iii.  iv.  ;  Haensel's  Letters  on 
the  JVicobur  Islands;  Valentia's  Travels.,  vol.  i.  ;  and 
JVeptune  Oriental,     (y) 

NlliVRE,  the  name  of  one  of  the  central  depart. 
iTients  of  France,  which  derives  its  name  from  the  small 
river  which  has  its  source  in  it.  It  comprehends  the  old 
province  of  Nivernois,  and  is  bounded  on  the  north  by 
the  Yonne,  on  the  west  by  the  Cher,  on  the  south  by  the 
departments  of  the  Allier,  and  the  Saone  and  Loire,  and 
on  the  east  by  the  Saone  and  Loire,  and  the  Cote-d'Or. 
Its  superficial  extent  is  about  28  000  square  miles.  The 
surface  is  hilly,  and  covered  with  wood;  and  its  soil  is 
in  general  barren  and  sandy.  The  principal  productions 
of  the  department  are  corn,  wines,  coal,  cattle,  fish,  iron 
and  mineral  waters.  It  has  a  number  of  forges  and 
manufactories  of  hardware,  woollen  stufTs,  leather,  and 
glass.     The  principal  towns  are, 

Nevers,         -  -  -     10,150 

Clamecy,  -  -  5,338 

Cosne,  -  -  -       4,709 

Chateau-Chinon,  -  3,156 

Nevers  is  the  capital  of  the  department.  The  forests 
occupy  about  400,OCO  acres,  of  which  more  than  three- 
fourths  belong  to  individuals.  Population  251,158. 
Contributions  in  the  year  1803,  2,145,556  francs.  See 
Nevers. 
"NIGER.     See  Afkic.\. 

NIGRITIA,  is  a  name  sometimes  applied  to  tlie  cen- 
tral districts  of  Africa,  and  is  synonymous  with  Soudan. 

NII>E.     See  Abyssinia  and  Egypt. 

NISMES,  an  ancicm  town  of  France,  and  capital  of 
the  department  of  the  G  jrd,  is  agreeably  situated  on  the 
declivity  of  a  hill,  not  far  fiom  a  small  river  called  the 
Vibtre.  The  streets  are  irregular,  narrow,  and  wind- 
ing, and  the  houses  in  general  ill  built.  In  the  suburbs, 
which  are  very  large,  the  houses  are  of  a  belter  descrip- 
tion. A  number  of  neat  and  modern  buildings  arc 
erected  on  the  Boulevards.  Among  these  are  a  new 
hall  of  justice,  in  the  Greek  siyle,  a  handsome  hospital, 
and  a  large  theatre.  Nismes  has  been  long  celebrated 
for  its  Roman  antiquities,  which  are  both  numerous  and 
splendid.  The  Maison  Quarree,  which  is  in  reality  a 
parallelogiam,  is  76  feet  long,  38  broad,  and  64  high.  It 
lias  six  columns  in  fionl,  and  1 1  on  each  side,  reckoning 
twice  those  at  the  angles.  Eight  of  these  columns  arc 
engaged  in  the  walls  of  the  building,  and  the  other  three 


entirely  insulated.  Out  of  the  30  columns  which  the 
building  contains,  10  are  free,  and  20  engaged.  They 
are  all  of  the  Corinthian  oidcr,  and  arc  27  feet  3  inches 
and  3  lines  high,  French  measure,  and  2  feet  9  inches 
in  diameter.  The  capitals,  which  are  decorated  «ilh 
the  leaves  cf  the  olive-tree,  are  of  great  beauty  ;  and  ihe 
ornaments  of  the  entablature  are  equally  fine.  Great 
excavations  have  been  lately  uiidertaken,  from  which  it 
appears  that  it  was  surrounded  by  a  splendid  colonnade, 
at  a  considerable  distance  all  aiound,  bearing  a  massy 
cornice  of  excellent  workmanship. 

Near  the  Maison  QuarrcJ  is  the  ampiiheatre.  This 
superb  remain  of  antiquity  was  copied  from  the  Co- 
liseum at  Rome.  It  is  constructed  of  the  finest  stones, 
which  are  held  together  by  cramps  of  brass.  They 
were  quarried  at  Nismes,  and  some  of  them  are  18  feet 
long.  The  amphitheatre  is  about  407  feet  long,  from 
east  to  west,  including  the  thickness  of  the  fagade  ;  and 
its  smallest  diameter  about  317  feet  at  the  four  cardinal 
points,  and  at  equal  distances  there  are  15  arcades. 
The  great  aich  of  this  fine  building  is  still  entire;  and 
its  arcades,  columns,  and  porticos  are  in  excellent  pre- 
servation. 

The  building  called  the  Fountain,  is  one  of  the  finest 
things  of  the  kind  in  France.  It  contains  the  remains  of 
Roman  baths  ;  and  its  mass  of  limpid  waters  is  conveyed 
through  the  town  by  a  canal,  flanked  with  hewn  stones, 
and  bordered  with  baliustrades.  The  ancient  temple, 
which  is  generally  called  the  Temple  of  Diana,  or  the 
Temple  of  the  Fountain,  consists  of  two  rows  of  arcades. 
The  interior  displays  a  large  and  fine  vaulted  hall,  adorn- 
ed with  16  columus,  carrying  a  rich  cornice,  on  which 
rests  the  vault.  There  are  also  12  square  niches,  de- 
stined to  receive  statues,  and  the  whole  is  surrounded 
with  a  gallery.  The  columns  are  of  the  composite  or- 
der, with  very  rich  capitals,  all  of  them  different,  and  the 
ceilings  are  designed  with  great  elegance. 

Behind  this  temple  is  an  eminence,  on  which  is  erect- 
ed what  is  called  the  Great  Tower,  built  of  lithographic 
limestone,  in  small  squares  like  bricks.  It  is  about  120 
feet  high,  and  was  formerly  surrounded  with  a  circle  of 
open  columns.  It  has  been  considered  by  some  as  a 
lighthouse,  by  others  as  a  signal-post,  and  by  others  as  a 
tomb.  It  is  now,  however,  regarded  as  a  pantheon,  and 
within  it  are  deposited  a  rich  collection  of  ancient  sta- 
tuary, found  at  Nismes.  There  is  likewise  at  Nismes 
an  ancient  gate,  on  which  there  is  an  inscription, 
stating  that  the  gates  and  walls  of  the  city  of  Nismes 
were  built  by  Augustus  in  his  eleventh  consulate,  i.  e. 
in  738  or  739. 

Nismes  possesses  a  royal  college,  with  a  library  con- 
taining above  30,000  volumes  ;  an  Academy  of  the  Fine 
Arts ;  and  a  Society  of  Medicine  and  Agriculture. 
The  manufactures  are  silk  stuffs,  stockings,  ribbons, 
and  leather  ;  and  it  carries  on  an  extensive  trade  in  raw 
and  wrought  silk,  corn,  dried  fruits,  olive  oil,  and 
wine.  Population  about  14,000.  East  Long.  4°  21' 
15",  and  North  Lat.  43°  50'  8".  See  Maucomble's 
Hist,  lies  Anti(].  de  A'ismes,  Nisin.  1789,  and  Millin's 
Voyage  dans  lea  Defiartemens  du  Midi  de  la  France,  torn, 
iv.  p.  212. 

NOOTK.\  SouKD,  is  the  name  of  a  bay  in  the  South 
Pacific  Ocean,  on  the  north-west  coast  of  America.  Its 
estuary  is  situated  in  233°  12'  of  East  Long,  and  49°  33' 
of  North  Lat.  It  was  discovered  by  Captain  Cook  in 
1770.  The  inhabitants  of  the  town  and  villages  amount 
to  about  2000.     A  company  of  British  merchants,  called 
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the  King  Georpje's  Soiiiul  Company,  established  a  set- 
tlement ht'ie  ill  1786,  for  canyinu;  on  a  fur  trade  with 
China.  It  was,  liowcver,  seizid  by  the  Spaniards  in  1789, 
and  the  settlers  were  carried  to  Mexico,  where  they 
were  set  at  liberty. 

NORFOLK,  a  maritime  county  of  England,  is 
bounded  on  the  north  and  east  by  the  German  Ocean  ; 
on  the  south  by  the  rivers  Waveny  and  Little  Ouse, 
which  divide  it  from  Suffolk  ;  on  the  west  by  Cam- 
bridgeshire and  a  small  part  of  Lincolnshire.  From  the 
county  of  Lincoln  it  is  separated  by  the  river  Nen ; 
from  that  of  Cambridge  by  the  Great  Ousc — except 
where  it  projects  across  this  stream  near  its  m^uth,  for 
a  short  space,  and  has  no  natural  boundary.  Excluding 
this  little  portion,  the  whole  of  Norfolk  lying  enslvvaid 
of  the  Great  Ouse  would  thus  be  almost  completely  ^ur- 
rounded  with  water, — -lince  the  head  of  the  Weiveny, 
and  that  of  the  Little  Ouse  on  the  south,  are  only  nine 
feet  asunder,  while  the  former  of  those  riters  flows  into 
the  ocean  on  the  east,  the  latter  into  the  Great  Ouse  on 
the  west.  A  narrow  causeway  forms  the  p?issage 
through  the  marsh  which  lies  between  their  sources, 
near  the  village  of  Lopliam.  The  slupe  of  Noifnlk  is 
not  far  from  elliptical  :  the  lonsr*  st  diameter,  expending 
in  a  westerly  direction  fiom  Yarmouth  to  Wisbeach, 
measures  about  60  miles;  its  shortest  diameter  extend- 
ing, of  course,  from  north  to  south,  between  Wells  and 
Billingford,  measures  somewhat  less  than  40.  The  su- 
perficial extent  is  estimated  at  2,092  square  miles,  or 
1,338  880  acres.  It  is  divided  inio  33  hundreds,  and 
farther  into  756  parishes;  it  contains  one  city,  and  29 
market-towns,  hmr  of  which  are  sea-ports.  It  lies  m 
the  diocese  of  Norwich,  and  sends  twelve  members  to 
Parliament. 

The  aspect  of  Norfolk  is  veiy  uninteresting.  In  ge- 
neral, the  surface  presents  little  artificial  beauty,  and  al- 
most a  dead  uniformity  of  level.  Much  even  ol  the  cul- 
tivated ground  is  destitute  of  ornament ;  and  lart^e  tracts 
of  heath,  without  a  sinijle  tree  to  hide  their  unvaried  bar- 
renness ;  sandy  wastes  in  one  part  ;  marshes  in  another; 
lazy  streams,  with  here  and  there  a  shallow  reedy  lake, 
give  a  character  of  insipidity,  or  even  dreaiiness,  to  many 
districts  of  the  county,  particularly  in  the  south-east. 
The  cottages  and  small  farm-houses,  loo,  being  in  many 
cases  formed  of  wattle  and  dab,  or  of  lath  and  plaster, 
and  covered  with  thatch,  are  of  a  kind  with  the  adjoinmg 
scenery,  and  tend  to  aggravate  its  ilulness.  This  general 
description  is  not,  however,  equally  or  at  all  applicable 
in  every  quarter.  About  Norwich,  and  northuard,  the 
face  of  the  country  is  considerably  more  pleasing.  Here 
the  ground  is  a  little  brokeji  by  moderate  elevations  ; 
and  the  prospect  is  farther  enlivened  by  the  more  fre- 
quent appearance  of  hedge-rows,  coppices,  and  planta- 
tions, as  well  as  by  a  greater  proportion  of  neat  brick 
farm-houses,  and  elegant  mansions  of  a  higher  order. 

The  flat  surface  of  Norfolk  naturally  terminates  in  a 
flat  sea  coast.  The  stratum  of  chalk,  which  begins  in 
Dorsetshire,  and  forms  so  picturesque  a  shore  all  rotmd 
the  south  of  England,  reaches  through  Noifolk  also, 
and  ends  with  it;  but  this,  its  northern  extremity, 
seems  attenuated  or  depiessed,  and  is  rarely  visible. 
Here,  instead  of  high  rugged  cliffs,  and  deeply  indented 
bays,  we  find  a  low  unbroken  beach,  covered  with 
shingles  or  sand,  and  frequently  with  ooze.  Nearly  all 
the  inlets  have  been  formed  by  rivers;  and  the  passing 
sailor  reckons  his  progress,  not  by  the  appearance  and 
disappearance  of  mountains  and   promontories,   but  by 


the  succession  of  church  spires,  which,  owing  to  the  le- 
vclness  of  the  country,  he  is  enabled  to  discover  at  a 
considerable  distance  inland.  The  rock  of  Hunstanton, 
at  the  norili-east  corner  of  the  county,  usually  called 
St.  Edmund's  Point,  (from  a  vague  tradition  of  King 
Edmuntl's  h  ivmi<  landed  there,  when  he  came  to  take 
possession  of  East  Anglia,)  is  the  only  eminence  of  note 
on  the  whole  coast.  Westward  of  this,  as  far  as  Lynn 
Rct;is,  extend  what  are  called  the  Mud  Cliff's;  and 
southward,  after  some  inconsiderable  eh^vations  in  die 
neighijourhood  of  Cromer  and  Sherinj^bam,  occur  the 
Meals,  ot  Marum  Hills,  a  series  of  banks  formed  hy  the 
sand  ,.nd  ptbblts  on  the  beach  having  been  thiown  into 
heaps  by  the  violence  of  the  waves,  and  bound  totjetlier 
by  the  matted  roots  of  various  sea-reeds  (llie  Brando 
arenaria,  jlrenaria  /le/iloides,  Carex  arenaria,  and  oincrs,1 
w  ucli  are  Uini;(|  on  mem  in  gical  quantities.  The 
Meals  reach  to  Caister,  within  two  miles  of  Yarmouth  : 
they  form  a  kind  of  natural  sea-dyke,  which,  like  the  ar- 
tificial ones  of  Holland,  preserves  a  valuable  portion  of 
the  country  from  continual  inundation.  Similar  banks 
running  parallel  to  the  coast,  under  water,  answer  a  less 
beneficial  purpose.  Being  discoverable  only  when  the 
tide  is  near  the  lowest,  and  lying  in  several  cases  far  ofi" 
the  shore,  they  frequently  prove  fatal  to  ships.  The 
most  remarkable  is  Y-trmouth  bank;  which  partly  re- 
deems its  dangerous  qualities  by  the  ample  security  it 
imparts  to  the  ifoarf«,  a  deep  channel  running  between  it 
and  the  land,  wnerein  a  large  fleet  may  ride  safely  during 
very  tempestuous  weather. 

The  chief  rivers  of  Norfolk  are  those  which  contri- 
bute to  form  iis  boundary,  and  have  already  been  enu- 
merated. The  Great  Ouse  rises  near  Br  ickley  in  North- 
amptonshire: aftt-r  being  joined  by  the  Laik  and  the 
Cam,  it  changes  its  course  from  north-east  to  north, 
receives  the  little  Ouse  from  the  east,  and  flows  be- 
tween Cambridgeshire  and  Norfolk  till  within  a  short 
distance  of  its  termination,  when,  having  entered  the 
latter  county,  and  being  farther  augmented  by  the  Nar 
from  the  eastward,  it  falls  into  the  sea  about  two  miles 
below  the  harbour  of  Lynn.  The  length  of  its  course 
is  estimated  at  sixty  miles  ;  through  twenty-four  of  these 
it  is  navigable  for  barges  ;  boats  ascend  it  as  far  as  Bed- 
ford. Lynn-deefia,  as  its  mouth  is  named,  affords  good 
anchorage  fur  large  vessels,  and  is  much  frequented  by 
them.  The  Ouse  flows  so  gently,  that  it  resembles  a 
canal,  and  well  nigh  equals  one  in  regard  to  utility  for 
trade  ;  by  means  of  it,  Norfolk  enjoys  a  communication 
with  no  fewer  than  seven  inland  counties  ;  but.  to  coun- 
terbalance this  advantage,  the  same  peculiarity  renders 
it  extremely  subject  to  inundation.  About  the  equinoxes 
in  particular,  and  especially  at  the  lull  moon  of  the  au- 
tumnal one,  it  is  liable  to  a  species  of  flood,  which, 
from  Its  impetuosity,  the  inhabitants  are  accustomed  to 
denominate  an  eager.  The  tid.-  flows  up  the  channel 
with  extraordinary  fury,  overwhelming  every  obstacle, 
and  frequently  causing  extensive  mischief;  even  the 
water-fowls  shun  it  on  such  occasions.  Next  in  im- 
portance to  the  Great  Ouse  is  the  Yare,  at  the  mouth  of 
which  stands  the  principal  sea-port  of  the  county.  Like 
the  Humber,  this  stream  has  no  particular  source,  but 
forms  the  trunk  in  which  a  number  of  subsidiary  rivers 
unite.  Of  these,  the  chief  are  the  W^fnsam,  which  rises 
near  West  Rudliam,  and,  flowing  to  the  eastward,  passes 
the  city  of  Norwich,  and  partly  environs  it ;  the  Bure, 
wi.ich  rises  on  the  north  side  of  the  county,  near  Hin- 
dowelston  ;  and  the   IVavenij,   which  rises  on  the  south 
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side  near  Lopiiain,  and  running  in  a  curved  direction, 
lorms  the  boundiiry  of  Suffolk  throu^li  Us  wliole  course. 
At  the  same  Lnpham,  as  we  have  already  observed, 
rises  also  the  Little  Ouse,  which,  proceedini^  to  the  oppo- 
site quarter,  completes  the  northern  boundary  of  Suf- 
folk. It  joins  the  Great  Ouse  at  Liltleport,  among  fens 
on  the  borders  of  Cambridnebhire,  being  navigable  as 
far  as  Thetl'ord,  where  it  receives  the  Thet. 

Like  the  Great  Ouse,  these  other  rivers,  rising  among 
swamps,  and  Bowing  through  a  level  country,  proceed 
at  a  very  slow  rate,  and  contribute  to  keep  the  adjacent 
lands  in  a  wet  state,  and  to  infect  the  atmosphere  with 
vapours.  In  some  instancts,  their  progress  being  ob- 
structed by  tiie  accuniuiati'jn  of  mud  and  rubbish  in 
their  channels,  they  have  spread  themselves  over  their 
banks,  and  formed  in  their  passage  various  sheets  of 
shallow  and  almost  stagnant  water,  which,  in  the  pro- 
vincial dialect,  are  termed  broads  and  meres.  These 
meies  occur  chiefly  in  the  district  from  which  the  Yare 
is  fed.  Breedon  Broad,  the  largest  of  them,  measuring 
three  miles  in  length  by  one  in  breadth,  lies  at  the  junc- 
tion of  the  Waveny  and  VVcnsum,  where  the  Yare  is 
said  to  begin.  One  or  two  of  nearly  equal  dimensions, 
and  scvt-ral  of  smaller,  occur  in  tlie  same  neighbour- 
hood; a  few  in  other  parts  of  the  county.  They  are 
plentifully  supplied  with  fish  and  aquatic  birds.  1:\  the 
fenny  districts,  also,  many  tempoiaiy  lakes  are  formed 
during  winter,  and  resorted  to  by  multitudes  of  \uld_ 
fowls,  for  catching  which  it  is  usual  to  erect  decoys  all 
around. 

The  general  structure  of  Norfolk  is  well  suited  for 
the  formation  of  canals  ;  but  the  number  of  its  deep 
and  smooth  rivers  in  a  great  measure  supersedes  their 
utility.  Except  a  short  cut  from  Wisbeach  to  the  Nen, 
intersecting  a  small  part  of  the  county,  and  another 
from  Eau-bank  to  Lynn,  the  improvements  on  inland 
navigation  have  been  limited,  in  Norfolk,  to  widening 
and  cleaning  the  natural  channels,  and  in  a  few  in- 
stances constructing  sluices  on  them.  Private  estates 
in  the  vicinity  of  such  a  stream  are  often  furnished 
with  a  little  canal,  by  which  they  communicate  with 
it,  for  transporting  their  corn,  and  bringing  back  their 
manure. 

In  regard  to  the  nature  of  its  soil,  this  county  exhi- 
bits con.siderable  variety.  The  predominant  ingredi- 
ents are  sand  and  clay,  intermixed  in  different  propor- 
tions— at  one  time  forming  a  compound  so  light  and 
arid,  that  it  even  diifis  in  the  wind,  and  is  almost  bare 
of  vegetation — at  another,  a  stiff  tenacious  kind  of  land, 
distinguished  for  the  number  and  copiousness  of  its 
springs.  The  former  characteristic  prevails  in  the  south- 
ern and  western  districts  of  the  county,  the  latter  (much 
less  extensively)  in  the  interior  to  the  east  and  south- 
east of  Norwich.  North  and  north-east  of  that  city, 
for  several  miles,  the  finest  combination  is  met  with  ;  it 
is  a  sandy  loam,  resembling  that  of  Belgium,  and  equal 
in  value  to  the  most  fertile  paits  of  it.  In  some  quar- 
ters of  the  coast,  as  at  Marshland,  near  the  Wash,  and 
about  the  mouths  of  the  VVaveny  and  Yare,  the  ground 
is  formed  of  ooze  by  deposition  from  the  sea  ;  unless  se- 
cured by  embankments,  as  is  the  ease  in  Marshland,  it 
is  generally  overflowed  during  the  wet  months,  and  re- 
quires to  be  drained  in  spring  before  it  can  be  used  as 
pasture,  for  which  it  is  then  peculiarly  adapted.  In  the 
south-west  extremity  of  the  county,  there  is,  moreover, 
a  portion  of  that  immense  fenny  tract  which  extends 
into  all  the  neighbouring  counties.     It  had  long   been 


partially  drained  ;  and  the  well-known  Bedford  Level 
at  length  completed  its  improvement.  The  following 
table  of  the  Norfolk  soils,  by  Mr.  .Nrthur  Young,  pro- 
fesses to  show  the  different  species,  with  their  respective 
extents.  Though  evidently  imperfect,  and  in  some  re- 
spects erroneous,  it  is  worth  subjoining. 

Square  •MUea.  Acret. 

Light  sand,         ....  220  148,800 

Good  sand,          ....  420  268,800 

Marshland  clay,       ...  60                38,400 

Various  loams,        -     -     -  900  576.000 

Rich  loam, 148                94.720 

Peat,          82                 52,480 

There  are  no  minerals  of  importance  in  Norfolk  ;  no 
metallic  ores,  no  coals  have  been  discovered;  indeed, 
the  geological  structure  of  the  ground  nearly  precludes 
the  hope  of  finding  any.  The  layer  of  clrtnck  or  indu- 
rated chalk,  which  occurs  every  where  beneath  the  sur- 
face, appears  to  cover  all  the  more  productive  beds  of 
rock,  and  even  to  render  it  uncertain  whether  they  exist 
here.  The  clunch  itself  is  burnt  for  lime,  or  used  in 
the  natural  stale,  as  a  building  stone.  A  more  durable 
substance,  used  also  for  the  latter  purpose,  is  the  black 
flint,  which  is  found  in  masses,  imbedded  in  a  softer 
stratum  of  chalk,  that  lies  above  the  clunch.  Many 
houses  in  Norwich  are  formed  of  this  material;  it  is 
brought  from  Mousehold-hcath,  whtre  it  is  dug  out  of 
pits.  Brick  is  much  more  extensively  employed  ;  and 
clay  of  excellent  quality,  for  making  it,  abounds  in  va- 
rious  quarters.  There  occurs  likewise  some  clay  well 
fitted  for  earthen  ware. 

The  climate  is  reckoned  considerably  below  the  ge- 
neral average  of  England  ;  being  exposed  both  on  the 
north  and  east,  the  county  experiences  the  full  rigour 
of  the  winds  which  blow  from  those  points,  and  which 
are  observed  to  be  extremely  prevalent  here.  It  is  this 
circumstance,  more  than  any  other,  which  gives  to  ve- 
getation so  languid  and  backward  a  character  during 
the  early  seasons  of  the  year.  The  moisture  with  which 
the  air  is  frequently  loaded  contributes  to  the  same  ef- 
fect, and  is  still  more  pernicious  to  animal  health.  In 
the  fenny  districts,  intermittent  fevers  are  so  general  as 
in  some  sort  to  be  endemic  ;  when  a  stranger  is  seized 
with  an  ague,  the  people  talk  of  him  as  being  arrested 
by  the  bailiff  of  Marshland.  The  neighbourhood  uf  the 
sea,  or  sw,-.nipy  land,  is  the  cause  of  this  dampness; 
and,  in  the  interior  of  the  county,  where  both  conditions 
are  wanting,  the  coast  being  distant,  and  the  soil  sandy, 
the  air  is  dry  and  perfectly  salubrious. 

With  so  fcw  apparent  advantages  as  we  have  describ- 
ed it  to  possess,  Norfolk  might  naturally  be  expected 
to  owe  its  share  of  distinction  to  other  causes  than  its 
agriculture.  But  the  fact  is  not  so.  The  ingenui'y  of 
the  husbandman  has  here  been  exerted  with  reniork- 
able  success  in  struggling  against  the  obstacles  of  na- 
ture, or  giving  free  scope  to  her  productive  powers. 
Since  the  middle  of  last  century,  improvement  has  ra- 
pidly proceeded  ;  and  more  corn  was  at  one  time  raised 
within  this  county  than  on  any  equal  space  elsewhere. 
A  hundred  years  ago,  half  the  county  consisted  of  rab- 
bit-warrens or  sheep-walks;  and,  in  1793,  it  was  com- 
puted tliat  above  a  million's  worth  of  guin  went  out  of 
it  annually.  Since  that  period,  Norfolk  h.>.s  ijartiiipat- 
ed  in  the  stimulus  given  to  agriculture  geneial!--,  o'-.:r 
the  kingdom;  and,  though  no  longer  supr- 
ranks   among   the   highest  in  the  scale  of   ^ 
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ncss.  Enleipiiiing  pi-opiielors  have  encouraged  rarm- 
ers  of  large  capital  lo  enclose  ihc  waste  lands,  to  bring 
the  marshes  and  fens  luultr  the  dominion  of  the  plough  ; 
and  those  unpromising  tracts  have  been  found  to  repay 
the  labour  bestowed  on  ihem  with  the  most  exuberant 
crops.  By  a  skilful  system  of  husbandry,  enriched 
wit!)  native  and  foreign  inventiois,  and  quickened  in 
its  action  by  various  accidental  circumstances,  Norfolk, 
naturally  unfertile,  in  part  even  noxious,  has  been  made 
to  rival  in  agricultural  wealth  the  vales  of  Taunton  and 
Evesham. 

Farms  in  Norfolk  are  usually  large  ;  sometimes  the 
rent  exceeds  ^4000.  Hence,  in  some  degree,  arises 
the  superior  auveniurousness  and  the  extreme  assiduity 
with  which  its  husbandry  is  conducted.  One  charac- 
teristic which  strikes  the  agiicultural  traveller  here,  in 
particular,  is  the  high  state  of  pulverization  lo  which 
the  soil  is  reduced,  and  the  care  with  which  it  is  kept 
free  of  weeds.  For  this  purpose  repeated  ploughings 
are  employed,  and  afterwards  the  operation  of  wheeled 
drags  and  harrows,  which  are  drawn  by  hoises  kept  at 
a  trotting  pace.  Another  characteristic,  but  no  longer 
confined  lo  Norfolk,  is  the  unbroken  succession  of 
crops,  or  at  least  the  total  disuse  of  fallowing.  The 
methods  of  dispensing  with  this  awkward  practice  have 
now  become  common,  though  Norfolk  was  once  soli- 
tary in  the  use  of  them.  Among  the  green  crops  ap- 
plied to  this  object,  the  turnip  crop,  one  of  the  most 
valuable,  was  primarily  introduced  here.  It  came  from 
Hanover.  Viscount  Townshcnd,  when  attending  George 
I.  in  his  electoral  dominions,  was  struck  with  the  utility 
of  this  vegetable,  and  brought  some  seeds  of  it  with  him 
into  his  estate  in  Norfolk,  from  whence  it  subsequently 
spread  into  all  corners  of  the  island.  The  other  green 
crops  are  potatoes,  carrots,  beans,  peas,  vetches,  buck- 
wheat, cole-seed,  and  every  sort  of  artificial  grass.  Of 
the  white  crops,  wheat  is  rather  extensively  sown;  stiff 
loamy  soils  will  sometimes  yield  ten  quarters  of  it  to  the 
acre;  oats  are  raised  more  sparingly,  only  as  a  shifting 
crop;  and  none  of  the  produce  is  exported.  But  ihe 
great  article  is  barley.  It  usually  occupies  one-third  of 
ail  the  arable  land  in  the  couniy  ;  and  above  one  half  of 
it  is  sown  on  ground  previously  cleaned  by  turnips. 
The  produce  of  an  acre  will  sometimes  rise  lo  eight 
quarters.  It  is  converted  into  malt,  and  exported  in 
that  state.  Both  the  wheat  and  the  barley  are  common- 
ly sown  in  drills,  an  operation  which  is  effected  by  the 
aid  of  several  ingenious  machines  ;  somelimes  they  are 
planted  by  a  dibble  with  the  hand.  The  usual  mode  of 
arranging  their  succession  is  by  what  is  called  a  six- 
course-shift.  The  first  year  wheat  is  sown  ;  the  second, 
barley,  with  or  without  clover;  the  tliird,  turnips;  the 
fourth,  barley  or  oats,  with  clover;  the  fifth,  this  clover 
is  mown  for  hay ;  and  during  the  sixth,  the  ground  is 
depastured,  antJ  ploughed  up  for  wheat,  as  m  the  begin- 
ning. According  to  this  system,  the  average  rate  of 
increase  for  the  whole  county  is  three  quarters  of  wheat 
per  acre,  and  four  of  barley  ;  though,  in  the  best  soils, 
as  we  have  already  staled,  it  is  greatly  higher.  Besides 
these  principal  crops,  there  are  several  which  are  raised 
occasionally,  or  in  particular  situations.  Mustard  and 
saffron  are  somelimes  met  with  towards  the  borders  of 
Cambridgeshire  ;  and  flax  and  hemp  are  cultivated  to 
a  small  extent  in  the  south. 

Among  agricultural  imitlemenls  of  a  peculiar  form, 
the  drill-roller  of  this  county  must  not  pass  without  no- 
tice.    It  is  a  large  cast-iron  cylinder,   with  projecting 


rinsa  lOund  it,  at  the  instance  of  about  ten  inches  from 
ea:l!  cihcr.  Being  rolled  over  the  plougiicd  land,  this 
instrument,  by  means  of  its  rings,  leaves  ruts  behind  it, 
into  which  the  seed,  though  merely  scattered  by  tho 
hand,  naturally  gathers  itself,  at  least  duiing  the  suc- 
ceeding operations,  and  is  thus  simply  and  effectually 
deposited  in  regular  rows.  The  luizzarU  of  Norfolk  is  a 
tempoiaiy  w.igg()n,  sometimes  used  in  a  busy  period  of 
harvest.  It  is  formed  by  placing  an  additional  pair  of 
wheels  under  the  shafts  of  a  common  carl,  the  body  of 
which  is,  at  the  same  time,  elongated  by  two  ladders  or 
racks  being  fixed  to  the  sides  of  it,  and  a  third  laid 
horizonially  between  ihcm,  for  completing  the  bottom. 
Thrashing  machines  are  universal;  sometimes  they  are 
driven  by  steam.  Moveable  fences,  now  in  general  use 
over  the  kingdom,  are  said  lo  have  been  first  employed 
in  this  county.  They  prove  serviceable,  when  it  is  re« 
quired  to  consume  a  field  of  turnips  or  pasture,  in  suc- 
cessive parts. 

Grazing  is  a  secondary  object,  but  still  considerably 
attended  lo.  The  native  sheep  is  a  hardy  animal,  with 
horns  and  black  feet.  Its  fleece  weighs  nearly  two 
pounds  ;  and  the  carcass,  when  fattened,  about  eighteen 
per  quarter.  It  is  considered  as  well  suited  to  the  soil 
and  husbandry  of  the  county,  being  accustomed  to  feed 
close,  and  endure  pennmg.  The  wool  was  formerly 
classed  in  the  third  rank  among  native  breeds;  but 
lately  it  has  been  discovered  that  the  neck  part  is  equal 
to  that  of  the  Spanish  sheep.  The  Norfolk  cow,  a  little 
animal  of  a  brown  colour,  wilh  short  up-curved  horns, 
is  now  seldom  reared.  It  has  in  a  great  measure  given 
place  to  the  Suffolk  breed,  a  polled  dun-coloured  species, 
less  calculated  for  barren  pastures  and  hard  weather, 
but  yielding  a  larger  quantity  of  milk.  In  some  of  the 
fenny  districts  peculiarly  liable  to  inundation,  the  ma- 
nagement of  these  animals  constitutes  the  main  busi- 
ness ;  and  large  quantities  of  butter,  procured  from 
them,  are  exported,  under  the  name  o(  Cambridge  but- 
ter. In  general,  however,  the  grazier's  aim  is  to  pre- 
pare the  cattle  themselves,  not  their  pioducc,  for  the 
mai  ket.  At  the  fair  of  St.  Faith's,  (a  small  village  near 
Norwich.)  which  is  held  aoout  Michaelmas,  the  Nor- 
folk graziers  are  accustomed  to  purchase  large  droves 
of  Highland  Oxen,  Scotch  runts,  as  they  are  named, 
which,  when  admitted  to  the  rich  pastures  in  the  east 
of  the  county,  soon  lose  the  rugged  meagre  appear- 
ance they  presented  originally,  anil  form  a  considerable 
item  in  the  supply  of  the  London  market.  Above 
20,000  bullocks  are  annually  taken  to  Smithfield,  near- 
ly three-fourths  of  which  have  coine  from  Scotland,  and 
been  fattened  in  Norfolk  ;  a  few  ate  lush,  the  rest  na- 
tive. 

The  rivers  of  Norfolk  furnish  a  copious  supply  of  fish 
of  different  kinds.  Perches  are  in  such  abundance,  that 
120  barrels  are  saiJ  to  have  sometimes  been  caught  by 
means  of  two  nets  in  a  single  day.  The  ruffe  is  a  species 
of  perch  peculiar  to  the  Yare.  On  the  sea-coast,  the 
supply  is  not  less  varied  or  abundant.  Shell-fish  is 
taken  in  several  parts  ;  but  tbe  most  noted  fisheries  arc 
of  mackerel  and  herrings.  To  the  latter  Yarinoulh  owes 
its  existence  as  a  town  ;  and  the  same  cause  has  con- 
tinued to  procure  it  distincion  since  the  period  of  the 
Conquest.  In  a  successful  year  it  has  been  known  to  ex- 
port 70,000  barrels,  exclusive  ol  the  home  consumption, 
which  probably  amounted  to  \5.'00  more.  The  trade 
is  carried  on  under  special  regulations  ;  and  above  2000 
fishermen  from  this  port  are  employed  in  it.     The  her- 
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tings  arc  cured  by  being  sailed  repeatedly,  and  tlien 
smoked  in  houses  contrived  for  the  purpose. 

From  its  geographical  position,  Norfolk  enjoys  a 
ready  communicaiion  with  several  counties  in  the  in- 
terior, and  naturally  forms  the  medium  for  exporting 
much  of  their  supei  iluous  home  produce,  and  supplying 
them  with  foreign  goods.  Its  harbours  provide  the  in- 
land counties  with  coals,  wine,  timber,  grLceries  ;  and 
receive  in  return  large  cjuantilies  of  cheese,  corn,  and 
malt.  Yarmouth  and  Lynn,  its  chief  ports,  particularly 
the  former,  which  has  in  later  times  become  a  station 
for  the  navy,  have  engaged  to  a  considerable  extent  in 
the  foreign  as  well  as  coasting  trade.  Their  ships  take 
a  share  in  the  Greenland  fisheries,  and  visit  the  Baltic 
and  the  south  of  Europe.  Wells,  Cromer,  Blackney, 
Burnham,  and  Clay,  though  partially  concerned  in  the 
corn  trade,  may  rather  be  regarded  as  fishing  towns. 
The  entrance  and  the  neighbourhood  of  all  these  har- 
bours arc  beset  with  danger:  and  the  habit  of  sur- 
mounting it  renders  the  seamen  of  this  coast  among 
the  hardiest  and  most  expert  in  England. 

Norfolk  was  distinguished  as  a  manufacturing  county 
long  before  it  was  known  as  an  agricultural  one.  It  is 
seven  hundred  years  since  Worsted  became  noted  for 
the  woollen  stuflfs  which  still  bear  its  name,  though  the 
place  itself  has  now  decayed  to  an  inconsiderable  ham- 
let, and  the  trade  is  removed.  The  surrounding  dis- 
trict has  continued  to  work  principally  from  similar  ma- 
terials,— converting  its  wool,  with  various  intermixtures 
of  silk  and  mohair,  into  serges,  crapes,  shalloons,  da- 
masks, bombazines,  shawls,  and  every  sort  of  fancy 
goods.  In  this  trade,  the  capital  city  has  long  taken 
the  lead;  and  the  introduction  of  machinery  has  of  late 
tended  still  farther  to  collect  the  workmen  within  a  closer 
neighbourhood.  The  manufactures  of  Norfolk  are  now 
almost  synonymous  with  those  of  Norwich  and  its  vici- 
nity. A  more  detailed  account  of  them  will  naturally 
fall  to  be  given  when  the  latter  is  described. 

According  to  the  several  enumerations  made  by  order 
of  government,  the  population  stood  as  follows  :  In  1801, 
there  were  49,140  houses;  and  273,471  inhabitants,  of 
whom  129,842  were  males,  and  143,529  females  ;  61,791 
being  employed  in  agriculture  ;  38,181  in  trade  and  ma- 
nufactures. In  1811,  the  resident  population  had  risen 
to  291,999,  or  140  to  the  square  mile;  and  in  1821,  to 
344,368;  145,999  being  the  number  employed  in  agri- 
culture, and  34/.  the  average  net  product,  or  the  rent 
and  tithes  paid  by  each  family. 

As  to  the  poor  of  this  county,  it  appears  from  the  re- 
ports laid  before  parliament,  that  in  1803,  the  number 
of  persons  i-eceiving  parish  aid  was  42,782,  or  16  in  100 
of  the  resident  population.  The  expense  so  incurred 
was  175,361/.  8s.  3d  including  6031/.  \Ts.  9|rf.  consumed 
in  law  suits,  removals  of  paupers,  and  charges  of  over- 
seers ;  including  also  1459/.  18*.  7^rf.  consumed  in  pur- 
chasing materials  for  employing  the  poor  ;  and  omitting 
a  calculated  sum  of  403/.  10s.  given  to  vagrants  and  other 
non-parishioners.  The  money  levied  was  at  the  rate  of 
14s.  ll^d.  per  head  on  the  population;  the  money  ex- 
pended immediately  on  account  of  the  poor  was  at  the 
rate  of  12s.  lO^d.  per  head  on  the  population.  Of  the 
whole  42,782  there  were  3998  maintained  in  work- 
houses at  an  expense  of  11/.  5s.  id.  annually  for  each  ; 
and  38.786  relieved,  not  in  work-houses,  at  an  expense 
of  3/.  is.  l^d.  for  each.  The  number  of  persons  be- 
longing to  friendly  societies  was  about  5  in  100  of  the 
inhabitants. 

Vol,  XIV.  Part  II. 


See  Beauties  of  England  and  Wales,  vol.  xi. ;  Kent's 
Vieis)  of  ihe  jIgricuUure  of  J^orfolk  ;  and  Young's  Far- 
mer's Tour  in  the  East  of  England. 

NORFOLK  Island,  an  island  in  the  South  Pacific, 
discovered  by  Captain  Cook  in  1774.  It  is  about  fifteen 
miles  in  circuit,  and  contains  about  1000  inhabitants. 
It  is  remarkable  for  the  fertility  of  its  soil,  and  the  luxu- 
riancy  of  its  vegetation  Some  of  the  pines  are  from 
150  to  180  feet  hi^h,  and  from  18  to  20  teet  in  circum- 
ference.    E.  Long.  168°  to  98^.     Lat-  29'  3'. 

NORFOLK,  a  county  of  Massachusetts,  bounded  by 
Rhode  Island  S.  W.;  Worcester  in  Massachusetts  W.; 
Middlesex  N.  W.  and  N. ;  and  by  Suffolk  county,  Bos- 
ton harbour,  and  Hull  bay,  N.  E.  Length  30,  mean 
width  13,  and  area  about  400  square  miles.  Surface 
uneven  rather  than  hilly.  Soil  productive  in  grain- 
fruits,  and  pasturage.  Chief  town,  Dedham. 
Population  in  1810. 

Free  white  males 15,177" 

do.     do.     females       -.-.-..     15,812 

Total  whites 30,989 

All  other  persons  except  Indians  not  taxed  256 

Slaves        -- 0 

Total  population  in  1810-     -     -     -     -     -  31,2^5 

Population  in  1830. 

Free  white  males 17,451 

do.     do.     females 18,754 

All  other  persons  except  Indians  not  taxed  0 

Total  whites        -- 36,205 

Free  persons  of  colour,  males     -     -     .     .  123 

do.                do.      females,      -     -     .  131 

Slaves,  males      -----....  0 

do.      females  -----....  0 

Total  population  in  1820        35,459 

Of  these  ; 
Foreigners  not  naturalized     .....  340 

Engaged  in  Agriculture        .....       6,039 

do.       in  Manufactures      -     -     -     .     .       5,415 
do.       in  Commerce     ......  477 

Population  to  the  square  mile,  91. 
NORFOLK,  a  county  of  Virginia;  bounded  by 
Hampton  Roads  and  Lynhaven  bay,  north;  byNansemond 
county  of  Virginia,  west;  by  Pasquotank  and  Currituck 
counties,  in  North  Carolina,  south  ;  and  by  Princess  Anne 
county  of  Virginia,  east.  Length  30,  mean  width  20,  and 
area  600  square  miles.  Surface  level,  and  in  part 
marshy.  Soil  generally  thin,  sandy,  or  wet  and  sterile. 
Population  in  1810. 

Free  white  males 3,680 

do.     do.     females       .......       3,765 

Total  whites 7,445 

All  other  persons  except  Indians  not  taxed        587 
Slaves 5,647 

Total  population  in  1810 13,679 

Population  in  1820. 

Free  white  males    --- 4,550 

do.     do.     females 4,092 

All  other  persons  except  Indians  not  taxed  7 
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Total  whites       - 8,649 

Free  persons  of  colour,  males    -     -     .     -  417 

do.             do.        I'c  males       -     -     -  47S 

Slaves,  males 3  227 

do.        females        2,697 

Total  population  in  1820 15,465 

Of  these  ; 

Foreigners  not  naturalized 13 

Engaged  in  Agiicuiture    ------  2,8ii7 

<to.          in   Manufactures     .....  261 

do.          in  Commerce    ---..-  61 
Population  to  the  square  mile,  25} 

NORFOLK)  a  post-town,  borough,  and  port  of  entry, 
Norfolk  county,  ^'irginia,  on  the  right  b^mU  of  Elizabeth 
river,  immediately  below  the  junction  of  its  two  branches, 
and  8  above  Hampton  roads.  Lon.  from  ibc  Royal  Ob- 
servatory at  Greenwich,  76°  23'  W.  and  from  Washing- 
ton ciiy,  u°  37'  E. 

It  is  the  most  commercial  town  of  Virginia  ;  and  in 
1815,  the  tonnage  exceeded  34,700,  and  stood  next  to 
Charleston  of  any  of  the  Atlantic  cities  of  the  United 
States,  south  from  Bahimore.  It  is  defended  by  several 
forts,  the  luost  impoitant  of  which  is  on  Craney  island, 
near  the  mouth  of  Elizabeth  river,  about  5  miles  below 
the  town.  The  United  Slates  Commissioners,  who  were 
appointed  in  18  18  to  survey  ihe  lower  part  ol  the  Che- 
sapeake bay,  reported,  tliat  Hampton  Roads,  though  ex- 
tensive, were  capable  of  adequate  defence,  so  as  to  pre- 
vent the  entrance  of  an  enemy's  fleet. 

Norfolk  is  connected  with  the  commerce  of  North 
Carolina  by  the  Dismal  Swamp  canal.  This  inland  com- 
munication  opens  from  Elizabeth  river,  9  miles  above 
Norfolk,  and  extends,  through  the  Dismal  Swamp,  into 
Albemarle  Sound.  By  means  of  this  canal  the  produce 
of  an  extensive  section  of  North  Carolina  finds  a  mar- 
ket at  Norfolk. 

This  town  contains  a  theatre,  2  state  banks,  a  branch 
of  the  bank  of  the  United  States,  a  marine  hospital,  or. 
phan  asylum,  an  academy,  Lancasterian  school,  Athc. 
nxum,  and  6  or  7  places  of  public  worship.  The  site 
is  level,  and  so  low  in  some  places  as  to  be  marshy  ;  but 
the  streets  arc  commodious,  being  well  paved. 

Population  in  1810. 
Free  white  males      ........     2,501 

do.     do.     females   ---.-...     2,275 

Total  whites 4,776 

All  other  persons  except  Indians  not  taxed        592 
Slaves 3,825 

Total  population  in  1810 9,193 

Population  in  1820. 

Free  wliite  males 2,187 

do.     do.     females 2,431 

All  other  persons  except  Indians  not  taxed  0 

Total  whites 4,618 

Free  persons  of  colour,  males     .....     229 
do  do.         females       ....     370 

Slaves,  males        -     - 1,45  3 

do.      females    --.- 1,808 

Total  population  in  1820 8,478 


Of  these ; 

Foreigners  not  naturalized 23 

1-ngaged  in  .\grieuiture 0 

do.         in  .Manufactures        .....  5 

do.         in  Commerce       ---...  J47 

Dauby. 

NORTH,  Department  of  rnii,  is  the  name  ol  one 
of  the  departments  in  the  north-east  of  I''rance.  Ii  w.\s 
formerly  part  of  Frencii  FUmders,  and  is  bounded  on 
the  north  by  the  Straits  of  Calais  ;  on  the  west,  by  the 
department  of  the  Straits  ol  Calais;  on  the  south,  by 
lliose  of  the  Samur  and  the  Aisnc;  and  011  the  east,  by 
the  Netherlands.  It  is  about  140  miies  long,  and  stime- 
wherc  only  JO  broad,  and  it  contains  about  23  10  squ.irc 
miles.  The  soil  is  fertile,  and  well  cultivated,  antl  it  is 
very  productive  in  all  kinds  of  corn,  and  in  llax,  lol)  ir co, 
and  hops.  Coal  is  aijundant,  and  it  has  large  establish, 
ments  for  the  manufacture  of  linen,  woollen,  and  cotton 
goods.     The  chief  towns  are, 

Lille         ....         54,760 

Douay      -  -  -  -  18.110 

Bergues  .  .  .  5,081 

llazebrouch     -  .         -  6,611 

Cambray  ...  13800 

Avesnes  ...  I,'y3j 

Lille  is  the  capital.    The  forests  occupy  about  1 1 0,000 

acres,  the  greater  part  of  which  belong  to  me  govern. 

ment.      Population,    774,450.       Contributions    in    1803, 

4,558  5  19  francs 

NORTH-WEST  PASSAGE.  See  Polah  Regions. 
NORTHALLERTON,  a  mi.rket-town  of  England, 
in  the  North  Riding  of  Yorkshire.  It  stands  on  the 
great  north  road,  on  a  gently  sloping  ground,  and  con- 
sists chielly  of  one  street.  The  market-place  is  spacious, 
and  is  surrounded  with  very  good  houses,  which  are,  in 
general,  built  of  brick.  The  ouly  pulilic  buildings  are 
a  spacious  church,  and  a  handsome  house  built  tor  the 
steward  of  the  bishop  of  Durham,  who  is  lord  of  the 
manor.  A  new  jail  has  been  recently  erected  near  the 
end  of  the  prison,  on  the  plan  of  Howard.  Northaller. 
ton  sends  two  members  to  parliament,  and  the  right  of 
election  is  vested  in  the  burgage  holders,  who  amount 
to  about  180.  Near  No;  thallerion,  in  1 178,  v/as  fought 
the  famous  battle  of  the  Standard.  Population,  1300. 
See  the  Bi-aulies  of  Kr.f^land  and  IVaUa,  vol.  xvi  p.  194. 
NORTHAMPTON,  one  of  the  interior  counties  of 
England,  is  bounded  on  the  noilh  by  Leicestershire, 
Rutland,  and  a  small  part  ol  Lincolnshire;  on  the  east, 
by  tlie  shires  of  Cambrirlge,  Huntingdon,  Bedford,  and 
Buckingham;  on  the  south,  by  that  of  Oxford;  on  the 
west,  by  those  of  O.xford  and  Warwick.  Its  figure  is 
elongated  and  irregular  ;  and  no  county  in  the  kingdom 
borders  on  so  many  others  The  greatest  length  is  from 
Aynho  in  the  south  west,  to  Crowland  in  the  north-e.ist, 
and  measures  about  66  miles;  the  breadth  varies  from 
30  to  8.  The  circumference  is  estimated  at  216  miles; 
and  the  area  at  1017  square  miles  or  650880  acres.  It 
is  divided  into  twenty  hundreds,  and  these  again  into 
336  parishes:  it  contains  one  city  and  eleven  market 
towns  ;  lies  in  the  diocese  of  Peterborough  ;  and  sends 
nine  mcml)ers  to  Parliament. 

The  surface  is  pleasing  and  variegated  ;  broken  into 
hills  and  dales,  watered  by  numerous  brooks  and  rivers, 
and  generally  covered  with  rich  verdure.    The  numer- 
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ous  mansions  and  pleasure-grounds  of  the  wealtliicr 
chiss  add  to  iis  beauty.  "  The  lertilitie,"  Nordcii  ob- 
serves, '•  salutarie  ayrc,  pleasant  prospects,  and  convc- 
niencie  of  this  shire,  in  all  things,  to  u  generous  and  no- 
ble myndc,  have  so  allured  nobilitie  to  plant  themselves 
within  the  same,  that  no  shiie  witiiin  this  realme  can  an- 
swer the  like  number  of  noblemen  as  are  seated  in  these 
l)arts.  Ol  i;enuy  it  is  so  lull,  that  it  may  be  called  the 
Herald's  Garden."  Most  part  of  the  county  was  at  a 
former  period  covered  with  wood;  and  considerable 
tracts  ol  forest  land  still  give  a  picturesque  appearance 
to  the  eastern  and  the  southern  quarters.  There  are 
likewise  some  fens,  but  of  no  great  extent. 

Northamptonshire  lies  nearly  at  an  equal  distance  from 
the  eastern  and  the  western  border  of  England;  and, 
though  iar  from  mountainous,  it  forms  the  most  elevated 
portion  of  the  great  plain  which  comprehends  all  the 
sovuh-eastern  divisions  of  the  kingdom.  Its  height  above 
the  neighbouring  districts  is  demonstr;ited  by  the  cu- 
rious fact,  that  while  no  portion  of  itself  receives  a  drop 
of  water  from  any  other  county,  it  sends  forth  streams 
towards  every  point  of  the  compass — to  tlic  German 
Ocean,  to  the  Irish  Sea,  and  the  river  Thames.  The 
Great  Ouse  rises  at  Ousewell,  near  Brackley,  in  the 
parish  of  Farthingo;  and  soon  entering  Buckingham- 
shire, again  touches  its  parent  county  at  Old  Stratford; 
from  whence  it  pursues  its  long  and  devious  course 
through  Bedfordshire,  Huntingdonshire,  Cambridge- 
shire, and  Norfolk,  to  Lynn-Regis.  The  Avon  rises  at 
Avonwell,  near  Naseby,  flows  westward  into  Warwick- 
shire, and  being  joined  by  the  Leam,  which  rises  at  the 
village  of  Hellidown,  also  in  Northamptonshire,  ulti- 
mately mixes  with  the  Severn  in  Worcestersbiie.  From 
the  vicinity  of  Naseby  there  likewise  springs  another 
river,  which  being  augmented  at  Northampton  by  a  west- 
ern branch,  assumes  the  name  of  Nen  or  Nyne.  After 
draining  the  greater  part  of  the  county,  it  falls  into  the 
Wash  between  Lincolnshire  and  Norfolk.  It  approaches 
the  Welland,  which  falls  into  the  Fossdyke  Wash,  after 
a  long  course  from  Sibbertoft  in  the  west.  The  Char- 
well,  a  smaller  stream,  proceeds  from  Charwelton, 
passes  Banbury,  and  joins  the  Thames  at  Oxford. 

The  Avon  and  the  Ouse,  when  they  issue  fiom  the 
county,  are  but  rivulets :  the  Nen  and  the  ^Velland 
continue  in  it  till  they  become  navigable  rivers.  By  the 
aid  of  some  improvements,  completed  in  1762,  the  Nen 
can  be  ascended  as  far  as  Northampton.  It  is  little  fre- 
quented except  by  coal  barges.  The  internal  commu- 
nication is  farther  promoted  by  the  Oxford  and  Grand 
Junction  Canals,  which  cross  each  other  at  Braunston, 
on  the  western  edge  of  the  county,  and  both  continue 
in  it  for  a  number  of  miles.  From  Blisworth,  on  the 
latter,  a  railway  extends  to  Northampton. 

In  regard  to  climate,  this  county  dificrs  in  no  im.por- 
tant  respect  from  the  generality  of  English  inland  coun- 
ties, and  is  equally  agreeable  and  healthful  with  any  of 
them.  The  soil  appears  to  be  of  a  stiff"  loamy  nature  : 
in  some  places  it  is  cold  and  wet,  but  for  the  most  part  fer- 
tile ;  the  average  rent  and  tithes  of  a  square  mile  being 
709/.  ;  though  large  spaces  are  covered  witli  wood,  or 
subject  to  the  right  of  common  pasturage,  and  thereby 
rendered  comparatively  useless.  Peterborough  Fen, 
which  is  in  the  latter  case,  contains  between  six  and  se- 
ven thousand  acres  :  the  soil  is  said  to  be  of  a  very  high 
quality,  but  yields  little;  the  light  of  keeping  cattle  on 
it,  which  is  divided  among  thirty-two  parishes,  conjointly 


dcnoiriinated  the  Soke  of  Peterborough,  being  scarcely 
deemed  of  any  value  by  each  individual. 

In  a  state  almost  equally  unproductive  are  the  forests. 
Tluy  afford  little  else  than  a  limited  quantity  of  brush- 
wood, ai;d  a  range  lor  the  deer  of  the  proprietors,  and 
fur  tne  cattle  of  some  adjoining  parishes,  which  enjoy 
such  a  right  over  them.  The  forest  of  Rockingham,  in 
the  north  of  the  county,  is  the  largest.  It  formerly  ex- 
tended between  Noithampton  and  Stamford,  measuring 
about  liiiriy  miles  in  length,  by  eight  in  breadth.  But 
various  concessimis  of  the  ciown,  in  remote  limes,  have 
greatly  restricted  its  bounds  ;  and  it  does  not  now  con- 
tjin  more  than  10,000  acres,  scattered  in  successive  por- 
tions over  the  district  which  it  once  completely  filled. 
The  property,  with  the  timber,  large  and  small,  is  at  pre- 
sent vested  in  various  persons; 'a  right  of  pasturage, 
under  certain  restric'ions,  is  reserved  to  the  contiguous 
lands  ;  and  the  claims  of  government  are  limited  to  the 
annual  dtmand  of  a  few  braces  of  deer  for  the  use  of 
his  majesty's  household.  The  wardens  and  other  chief 
officers  are  hereditary.  Salcey  and  Whittlewood  forests 
lie  in  the  south  of  the  cout,ty,  the  latter  partly  in  Ox- 
fordshire and  Buckiiighamsliire.  Salcey  comprehends 
18,44"  acrcb  ;  ^\'hit'.lewood,  5424.  In  1608,  the  first  con- 
tained 15  274  trees  fit  for  the  use  of  the  navy;  the  se- 
cond, 51046;  but,  owing  to  neglect  or  misconduct 
on  the  part  of  the  overseers,  those  numbers  had,  in 
1738,  dwindled  to  2918  and  5211.  Salcey  appears  to  be 
puiitcularly  fitted  tor  the  growth  of  timber.  One  oak 
in  it  is  seventeen  feet  in  circumference.  Yet  under  the 
present  management  it  scarcely  yields  a  full  grown  tree 
on  the  acre.  Charles  II.  granted  all  the  most  valuable 
perquisites  of  those  forests  to  his  son,  the  Duke  of  Graf- 
ton, with  whose  representative  they  still  continue  ;  the 
crown  retains  only  the  large  timber,  (which  does  not 
seem  to  bring  in  any  thing  in  the  shape  of  profit,)  and 
receives  annually  a  few  bucks  and  does  out  of  the  3000 
which  find  subsistence  there.  The  administration  of  the 
whole  is  committed  to  sever.il  officers,  invested  with  va- 
rious degrees  of  authority.  The  principal  ones  are  he- 
reditary :  those  appointed  to  take  cognizance  of  tres- 
passes on  forest  property,  the  Verderers,  as  they  are 
called,  continue  to  be  nominated  by  the  freeholders,  but 
do  not  now  hold  any  courts.  Under  the  superintendence 
of  those  administrators,  the  forests  were  long  ago  divided 
into  93  separate  coppices,  intervening  spaces  of  little 
extent  being  left  vacant,  and  appropriated  to  the  use  of 
the  keepers  and  their  cattle.  The  small  timber  of  each 
cojipice  is  cut  down  every  2  1  years,  during  the  first  se- 
ven of  which  the  deer  are  excluded  by  fences;  the  cat- 
tle during  the  first  nine.  All  of  them  are,  as  usual,  sub- 
ject to  rights  of  pasturage. 

Exclusive  of  these  half  waste  portions,  Northampton- 
shire is  genctally  in  a  state  of  respectable  culture.  It 
is  distributed  into  rather  large  properties;  hut  the  farms 
are  comparatively  small ; — they  vary  from  100/.  to  500/. 
of  rent.  About  half  of  the  county  is  employed  in  graz- 
ing ;  and  cattle,  cither  native  or  imported,  fattened  for 
the  London  market,  are  the  principal  article  of  its  pro- 
duce. Wool  is  also  provided  for  the  internal  consump- 
tion ;  and  the  dairy  is  an  object  of  considerable  attention, 
on  some  farms  the:  sole  object.  The  mode  of  husbandry, 
the  animals  and  implements  by  which  it  is  carried  on, 
present  nothing  remarkable. 

The  limited  manufactures  of  this  county  are  princi- 
pally concentrated  about  its  capital,  and  will  be  noticed 
4  L  2 
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under  llial  head,  licsidcs  these,  there  exist  several  fa- 
brics of  lace,  woollen  goods,  and  leather.  Towcester  is 
the  chief  seat  of  the  first;  Kettering  of  the  second. 
Shoes  are  exported  fiorn  various  places  ;  and  saddlery 
articles,  particularly  whips,  are  prepared  to  a  consider- 
able extent  at  Daventry.  There  are  likewise  a  few  pot- 
teries, of  ancient  date,  but  diminutive  importance. 

According  to  the  vaiious  enumerations  nnade  by  or- 
der of  government,  the  population  of  this  county  stood 
as  follows:  In  1801,  there  were  27,401  houses,  and 
90,818  inhabitants;  of  whom  63,417  were  males,  68,340 
females  ;  29  303  being  the  number  employed  in  agricul- 
ture, and  31,426  in  trade.  In  181  1,  the  resident  popula- 
tion had  arisen  to  141,353,  or  1S9  to  the  square  mile; 
70,262  being  the  number  employed  in  agriculture,  and 
47/.  the  average  net  product,  or  rent  and  tithes  of  a  fa- 
mily.    In  1821,  the  population  had  risen  to  163  433. 

With  regard  lo  the  poor,  it  ajipears  that  in  1803  the 
number  of  peisons  receiving  parish  aid  was  20.534, 
or  sixteen  in  the  hundred  of  the  resident  population  : 
the  expense  so  incurred  was  97  731/.  18*  2Jd.  including 
3287/.  IJrf.  consumed  in  lawsuit:.,  retiioval  ol  paupers, 
and  charges  of  overseers;  and  omitting  a  probuble  sum 
of  158/  2s.  given  to  vagrants  and  other  nijn-|)arishioners. 
The  money  levied  was  at  the  rate  of  18jr.  o^d.  per  head 
on  the  population  :  the  money  expended  iiuintdiately  on 
account  of  the  poor  was  at  the  rate  of  14*.  lOJc/.  Of 
the  total  20,534,  there  are  1313  maintained  in  work- 
houses, at  an  expense  of  12,811/.  I9s.  Bid.  ;  and  19.221 
relieved,  not  in  workhouses,  at  an  expense  of  81,638/. 
18s  4Jrf.  The  former,  therefore,  cost  9t.  each  annually  : 
the  latici,  4/.  4«.  1  l^rf. 

See  Beauties  of  Ejiff/and  and  Wales,  vol.  xii. ;  and 
Pitt's  ficiv  of  the  ylgriculture  of  Northamjuonsihire. 

NORTHAMPTON,  the  chief  town  of  Northampton- 
shire, is  situated  in  the  south-east  portion  of  thst  county, 
in  West  Long.  0°  44',  and  North  Lat.  52°  14',  at  the 
distance  of  67  miles  from  London,  and  50  from  Cam- 
bridge. It  stands  on  the  right  bank  of  the  Nen,  at  the 
confluence  of  the  two  principal  branches  of  that  river, 
which  bounds  it  on  the  south-west,  and  over  which  two 
branches  lead  into  it.  The  environs  are  fertile  and 
pleasant;  and  the  site  itself,  forming  the  summit  and 
slope  of  a  gentle  eminence,  contributes  at  once  to  the 
beauty  and  wholesomeness  of  the  town.  The  streets  are 
well  paved  and  well  lighted,  and  kept  remarkably  clean. 
A  few  houses  are  built  of  brick  ;  but  the  more  general 
material  is  a  kind  of  red  or  yellowish  sandstone,  brought 
from  quarries  in  the  neighbourhood.  Considerable  ma- 
nufactures, and  a  pretty  extensive  trade,  gives  an  air  of 
briskness  and  animation  to  the  place,  which  is  farther 
enlivened  by  the  great  north  and  north-west  roads  pass- 
ing through  it ;  so  that,  in  point  of  convenience  and  agree- 
ableness,  Northampton  ranks  rather  high  among  provin- 
cial towns. 

It  consists  principally  of  two  long  streets,  which  in- 
tersect each  other  at  right  angles,  and  stretch  nearly  to- 
wards the  four  cardinal  points.  Near  the  centre  is  a 
large  square,  where  the  markets  are  held  ;  it  is  said  to 
be  the  finest  market-place  in  England.  Its  sides  con- 
lain  many  elegant  shops  and  commodious  dwelling- 
houses;  in  the  middle  stands  a  public  cistern,  at  one  end 
of  which  is  a  reservoir,  called  the  Great  Conduit.  Lanes 
and  alleys  of  inconsiderable  importance  occupy  the  rest 
ef  the  town. 

Among  the  public  edifices  of  Northampton,its  churches 


claim  the  first  notice.  It  formerly  contained  seven;  btit 
three  of  these,  with  the  parishes  they  belonged  to,  have 
now  lost  their  individual  existence.  St.  Peter's  Church, 
a  venerable  pile,  dates  its  origin  from  a  period  not  much 
later  than  the  Norman  Conquest  ;  it  is  regarded  as  a  cu- 
rious monument  of  ecclesiastical  architecture,  and  is 
still  in  a  good  state  of  preservation.  The  churches  of 
Si.  Giles  and  St.  Sepulchre  arc  likewise  ancient  build- 
ings; and  the  church  of  All  Saints,  though  rebuilt  since 
the  year  1675,  when  it  was  destroyed  by  fire,  is  not  less 
sirigular  in  its  appearance  than  any  of  ihcm.  It  does  not 
belong  to  the  Goihic,  Grecian,  or  any  regular  order.  A 
square  chancel  stands  at  the  east  end,  a  tower  at  the 
west;  and  between  them  is  a  large  chamber,  measuring 
74  feet  by  73,  from  the  centre  of  which  four  large  pil- 
lars arise  to  support  a  flat  roof,  which  again  is  sur- 
mounted by  a  dome.  In  addition  to  its  four  parish 
churches,  the  town  contains  a  proportionable  number  of 
chapels  appropriated  to  various  classes  of  dissenters. 
The  Castle-hill  Meeting  belongs  to  the  Independents  ; 
and  is  remembered  as  being  the  scene  of  the  pious  Dr. 
Doddridge's  labours  during  the  two-and-twenty  years 
previous  to  his  death  at  Lisbon,  of  consumption,  in  1751. 
There  are  likewise  Baptists,  Moravians,  Methodists,  and 
Quakers,  in  Northampton  ;  but  their  places  of  worship 
atiract  no  attention.  The  barracks,  the  three  prisons, 
the  county-hall,  the  theatre,  are  of  little  moment  as 
buildings.  'J'he  new  jail,  however,  is  constructed  on  the 
plan  of  Howard;  it  will  hold  120  culprits  A  more 
pleasing  establishment,  as  well  as  a  far  handsomer  edi- 
fice, ii  the  General  Infirmary,  which  stands  at  the  east- 
ern skirt  of  the  town,  upon  the  bi-ow  of  a  hill  that  gra- 
dually sinks  to  the  south.  The  building  consists  of  three 
stories  above  ground,  and  one  beneath  ;  it  was  complet- 
ed in  1793,  at  an  expense  of  15,000/.  and  is  said  to  be 
well  adapted  for  the  accomnioilation  of  sick  persons, 
nearly  2000  of  which  sort  receive  relief  from  it  annually, 
either  as  in-patients  or  out-patients.  The  institution  is 
upheld  by  yearly  subscriptions,  and  by  the  interest  of 
numerous  legacies.  Other  charitable  foundations  are, 
the  Blue  Coat  School,  the  Brown  School,  the  Green 
School,  and  the  Girls'  School ;  their  revenues  are  incon- 
siderable. The  Grammar  School  occupies  a  portion  of 
the  old  church.  St.  Gregory,  what  was  once  the  vicar- 
age house,  is  now  inhabited  by  the  master.  A  public 
library  has  also  existed  for  some  time  in  the  place  ;  it 
is  said  to  be  conducted  on  a  liberal  scale,  and  to  contain 
a  valuable  and  augmenting  collection  of  scientific  and 
literary  works. 

Northampton  is  distinguished  for  the  remains  of  mo- 
nastic and  feudal  times,  which  are  still  to  be  traced  in 
it,  more  than  for  its  recent  edifices.  It  once  had  a  Prio- 
ry of  St.  Andrew  ;  an  establishment  for  the  Franciscans, 
or  Gray  Friars  ;  one  for  the  Dominicans,  or  Black 
Friars  ;  and  a  College  of  All  Saints,  from  which  College- 
lane  still  takes  its  name  The  Austin  Friars,  also,  once 
possessed  a  house  in  Bridge  Street;  and  the  Hospital 
of  St.  John  is  yet  standing  near  it.  In  the  thirteenth 
century  there  was  a  mint  here.  But  what  chiefly  made 
the  town  important  in  those  days  were  the  castle  and 
fortifications,  both  of  which  have  now  almost  totally  dis- 
appeared In  the  time  of  Edward  I.  the  walls  appear  to 
have  been  of  considerable  strength.  They  were  embat- 
tled, and  had  steps  for  ascending  them  in  various  parts  r 
four  gates  gave  admission  from  the  north,  south,  east, 
and  west  sides,  and  were  designated  accordingly  ;  near 
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the  east  gale,  "  ihc  fairest  of  all,"  according  to  Bridges, 
was  a  pastern  called  the  JJurn-gate  As  in  some  oilier 
cilits,  tlie  walls  served  lor  a  promenade,  to  which  the 
infirm,  or  inuoleni,  were  wont  lo  resort  lor  air  and  ex- 
ercise. In  winter  they  also  constituted  the  best  Ivupath 
from  one  extremity  of  the  town  to  the  other, — being 
wide  enough  for  allowing  six  persons  to  walk  abreast, 
and  beyond  comparison  cleaner  than  the  streets,  as  yet 
unpaved  and  muudy.  The  castle,  which  stood  near  the 
west  gate,  appears  to  have  been  founded  on  the  ruins 
of  some  previous  fortress  in  the  reign  of  William  (he 
Conqueror.  It  was  the  scene  of  many  fierce  rencoun- 
ters ill  succeeding  periods  of  turbulence  :  it  came  at 
lengiti  to  be  used  as  a  county  jail  ;  was  fortified  by  lord 
Brook  lor  the  Parliament  in  1642  ;  ami  finally  demolish- 
ed, iweii  y  years  after,  by  order  of  the  king  and  council. 
Some  traces  of  its  fouridation  still  exist;  and  the  ge- 
neral figure  of  the  earthworks  continues  to  be  visible  ; 
but  the  stones  have  all  been  removed. 

The  present  extent  and  opulence  of  Northampton, 
though  iurlrom  proportionate  to  its  former  dignity,  are 
still  tonsidervible.  In  the  year  1811  it  contained  1576 
houses,  and  8427  inhabitants  :  both  have  greatly  increas- 
ed since  that  period.  Its  manufactures  are  stockings 
and  lace,  and  particularly  boots  and  shoes,  large  quan- 
tities of  which  are  exported  to  foreign  countries.  Its 
trade  is,  of  course,  chiefly  confined  to  exchanging  the 
produce  of  the  surrounding  districts  against  articles  of 
external  or  internal  manufacture.  For  this  purpose, 
three  markets  are  held  weekly — on  Wednesday,  on  Fri- 
day, on  Saturday.  Its  horse-fair  is  reckoned  the  largest 
in  England,  forming  the  centre  of  all  the  adjoining  ones, 
and  being  regularly  frequented  by  the  dealers  of  Lon- 
don and  York  for  the  purchase  of  saddlery  and  harness, 
as  well  as  of  horses. 

In  its  municipal  constitution,  Northampton  is  both  a 
borough  and  a  corporate  town.  In  the  former  capacity 
it  sends  two  members  to  Parliament,  a  privilege  which 
it  has  enjoyed  since  the  twelfth  year  of  Edward  I.,  when 
two  of  its  representatives  formed  part  of  the  Parliament 
held  by  that  sovereign  at  Aston-Burnel,  in  Gloucester- 
shire. As  the  number  of  voters,  comprehending  every 
inhabitant  "  who  pays  scot  and  lot,"  exceeds  1300,  elec- 
tioneering contests  are  frequent  and  violent ;  and  North- 
ampten  is  celebrated,  even  among  o/ien  boroughs,  for  the 
keenness  with  which  many  ol  these  have  been  conduct- 
ed. It  is  not  yet  forgotten  that,  in  1768,  an  affair  of  this 
kind  cost  the  Earl  of  Spencer  above  100,0^0/.,  and  the 
two  Earls  of  Halifax  and  Northampton  nearly  150,000/. 
each.  The  first  charter  of  incorporation  was  received 
from  Henry  II.  ;  it  has  subsequently  undergone  vari- 
ous alterations;  the  last  was  in  1796  The  corporation 
now  consists  of  a  mayor  and  two  bailiffs,  with  such  as 
have  been  mayors  and  bailiffs,  a  common  council  of  48 
burgesses,  a  recorder,  chamberlain,  and  town-clerk.  The 
two  latter  usually  continue  for  life,  though  subject  to  an 
annual  election  The  magistrates  are  clothed  with  ex- 
tensive judicial  powers  ;  they  are  qualified  to  try  crimi- 
nal causes  of  all  kinds  ;  but  they  seldom  stretch  their 
authority  beyond  the  cognizance  of  petty  larcenies,  for 
which  purpose  a  court  of  record  is  held  by  them  once 
every  three  weeks. 

MORTHAiMPTON  a  post  town  and  seat  of  justice, 
Hampshire  county,  M  issachusetts,  on  the  right  bank  of 
Connecticut  river,  in  the  centre  of  one  of  the  most  beau- 
tiful sections  of  the  United   States;  43  miles  by  land 


above  Hartford  in  Connecticut,  and  97  nearly  west  from 
BostOij.  Ti:is  vill.-.ge  contains,  beside  the  ordinary 
county  buildings,  a  bank,  an  insurance  office,  and  printing 
office.  Ileiearea  number  of  manufactorieii,  and  in  par- 
ticular an  extensive  tannery  and  woollen  cloth  manufac- 
tory. The  adjacent  country  is  in  a  high  degree  delight- 
ful. The  commanding  summit  of  Mount  Holyoke  affords 
a  sweep  of  landscape  exceeded  in  but  very  few  places 
of  the  world. 

NORTH.\MPTON,  a  county  of  Pennsylvania,  bound- 
ed by  Delaware  rivei,  or  Sussex  county,  in  New  Jtisey, 
east;  Bucks  county,  south-east  ;  Lehigh  and  Schuylkill 
counties,  south-west  ;  Luzerne  county,  north-west ;  and 
Pike  (  ouhly,  north  ;  length,  37  ;  mean  width,  30  ;  and 
area    1100  square  miles. 

This  is  one  of  the  most  diversified  counties,  not  alone 
of  Penns)ivania,  but  of  the  United  States.  It  is  tra- 
versed from  north-east  to  south  west  by  the  Kittatinny 
mountains,  or,  as  it  is  locally  called  in  the  county,  Blue 
Ridge.  This  chain  divides  it  into  two  very  unequal 
sections.  That  south-east  from  the  Kittatinny  lies  in 
form  of  a  triangle,  the  base  along  the  mountains,  and 
perpendicular  on  Lehigh  county,  and  contains  within  a 
trifle  of  400  square  miles.  It  contains  also  the  townships 
of  Lower  Saucon,  Williams,  Bethlehem,  Forks,  borough 
of  Easton,  Hanover,  Nazareth  Upper  and  Lower,  Al- 
len, Lehigh,  Moore,  Bushkill,  Plainficld,  and  Lower  and 
Upper  Mount  Bethel;  with  an  aggregate  population  of 
22,677.  This  part  of  Northampton  county,  with  the 
exception  of  the  townships  of  Lower  Saucon  and  Wil- 
liams, lies  between  the  Kittatinny  and  South  Mountain. 
The  surface,  though  generally  hilly,  is  as  generally  ara- 
ble. The  very  remarkable  slate  and  lime-stone  forma- 
tion which  extends  so  distinctively  from  the  Delaware  to 
the  Susquehannah,  in  the  Kittatinny  valley,  is  peculiarly 
striking  in  the  lower  part  of  Northampton.  The  lime- 
stone tract  skirts  the  soutli  mountain,  and  the  argillaceous 
slate  the  Kittatinny,  each  extending  from  its  respective 
base  about  half  way  across  the  valley.  Though  both  are 
highly  productive,  in  grain,  fruits  and  pasturage,  the 
limestone  soil  is  rather  stronger  than  that  on  the  slate, 
and  the  features  of  nature  less  bold  on  the  former  than 
on  the  latter  formation. 

The  townships  of  Lower  Saucon  and  Williams  are 
separated  from  the  other  parts  of  the  county  by  Lehigh, 
and  traversed  by  a  ridge  passing  by  Bethlehem,  and  inter- 
rupted by  the  Delaware,  two  miles  below  Easton.  From 
many  of  the  highest  eminences  of  this  range,  the  highly 
cultivated  section  we  have  been  reviewing  spreads  be- 
fore the  eye  like  a  vast  garden,  terminated  by  the  dis- 
tant Kittatinny  mountains. 

That  part  of  Northampton,  north-west  from  the  Kit- 
tatinny mountains,  extends  over  810  square  miles,  and 
is  remarkably  broken  into  mountain  ridges.  Of  these 
the  Kittatinny  is  the  only  one  which  passes  through  the 
county  in  a  direct  line.  Those  to  the  north-west,  are 
scattered, disunited, and  lie  rather  in  groups  than  extend 
in  collateral  ridges.  All,  however,  have  a  general  north- 
east and  south-west  arrangement,  and  leave  intervening 
valleys  of  more  or  less  width  and  fertility.  As  in  other 
parts  of  Pennsylvania,  the  Northampton  ridges  receive 
local  nanres  in  different  places.  The  principal  ones  are, 
beside  the  South  Mountain,  or  Ltiiigh  hills,  and  Kitta- 
tinny, the  Pokono,  or  Second  Mountain,  Broad  Moun- 
taid,  Mjuchchunk  mountain,  and  some  others.  The 
soil  in  the  valleys  above  Kittatinny,  even  where  arable,  is 
much  inferior  to  that  of  the  lower  section  already  notic- 
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ed.  The  general  character  of  the  latter  is  warm  and 
productive.  Above  the  Kiltatinny  the  soil  is  piincipally 
composed  of  gravel  and  clay,  and  still  farther  above  the 
Pokono,  partakes  so  much  of  the  clay  as  to  become  very 
cold  and  unproductive.  The  timber,  hemlock  and 
small  pines.  The  rude  character  of  this  part  of  North- 
ampton is  seen  by  reference  to  its  comparaiivc  popula- 
tion. Though  embracinq;  above  800  square  miles,  the 
aggregate  number  of  inhabitants  is  only  8088,  or  with- 
in a  trifling  fraction  of  10  to  the  square  mile,  whilst,  as 
we  have  seen,  the  south-east  section  contains  a  condens- 
ed population  of  near  57  to  the  square  mile. 

The  rivers  of  Northampton,  are  the  Lehigh  and  Dela- 
ware. Creeks  belo%v  Kittatinny,  and  advancing  south- 
west from  the  Delaware  Water  Gap,  are  Coby's, 
Richmond,  Martin's,  Muddy  creek,  Bushkill,  Monocacy, 
Calesoquc,  and  Hockendocque  ;  the  three  latter  falling 
into  the  Lehigh,  the  residue  into  the  Delaware. 

Above  the  Kiltatinny,  the  Delaware  receives,  imme- 
diately above  the  water  gap,  Broadhead's  creek,  partly 
from  Pike  and  partly  from  Northampton.  The  moun- 
tain section  of  this  county  is,  however,  more  particularly 
drained  by  the  confluents  of  the  Lehigh  ;  these  arc,  from 
the  left,  Tobyhanna,  Dreck,  Muddy,  IJig  creek,  and 
Aquanshicola  ;  from  the  right,  Quacake,  Nesqueho- 
ning,  Mahoning,  and  Lizard  creeks. 

Delaware  washes  the  eastern  border  of  Northampton, 
following  its  windings  about  2  5,  but  in  a  direct  line  20 
miles;  its  course  generally  nearly  north  and  south. 
Though  obstructed  with  some  shoals  below  that  place, 
the  Delaware  is  navigable  for  large  boats  to  Easton,  and 
for  smaller  vessels,  and  with  more  difficulty  above  that 
borough  beyond  the  limits  of  Pennsylvania. 

The  Lehigh  is  emphatically  the  river  of  Northampton, 
having  most  of  its  sources,  and  ihc  greatest  part  of  its 
course,  in  that  county.  This  stream  demands  particular 
notice,  as  it  has  now  become  the  channel  of  transporta- 
tion for  the  immense  masses  of  anthracite  coal  found  on 
the  Mauchchunk  mountain.  The  Lehigh,  in  fact,  rises 
in  Wayne,  Pike,  and  Luzerne  counties;  but  its  various 
confluents  unite  near  Stoddartsville,  on  the  north-west 
border  of  Northampton,  and  again  augmented  by  many 
mountain  creeks,  flows  by  comparative  courses  25  miles 
to  the  mouth  of  Wright's  mill  creek.  It  thence  turns 
to  nearly  south,  and  by  a  very  serpentine  course,  but  in 
a  direct  line  of  about  20  miles,  passes  Mauchchunk,  and 
reaches  Lehighton.  Here  it  inflects  to  south-east,  and 
continues  in  that  direction  2  5  miles  to  Allentown,  or 
town  of  Northampton.  At  Allentown  the  Lehigh  is 
again  turned  by  the  South  Mountain  at  nearly  right  an- 
gles, and  assuming  a  north-east  course  down  the  foot  of 
the  mountain,  flows  past  Bethlehem,  and  reaches  the 
Delaware  at  Easton,  25  miles  below  Allentown.  The 
entire  comparative  course  of  this  stream  is  85  miles. 
From  near  its  extreme  source  to  Trout  creek,  it  sepa- 
rates Pike  and  Luzerne  counties.  From  Trout  creek  to 
Rock  Eddy  falls,  it  separates  Northampton  from  Lu- 
zerne. Btlow  Rock  Eddy  falls  to  its  passage  through 
the  Blue  or  Kittatinny  mountain,  its  course  is  within 
Northampton  county.  Between  its  passage  through  the 
mountain  and  the  moulh  of  Hockendocque  creek,  its 
course  forms  the  limit  between  Northampton  and  Le- 
high counties.  Below  Hockendocque  to  Bethlehem,  it 
flows  through  Lehigh,  and  below  Bethlehem  to  Easton 
through  Northampton. 

The  Lehigh  is  truly  a  mountain  torrent,  and  mean- 
ders through  a  series  of  natural  scenes,  not  excelled,  if 


equalled  in  the  United  States.     The  following  table  will 
exhibit  its  descent  from  Stoddartsville  tu  Easton. 
Stoddartsville,   to  the   mouth    of   Nesquchoning 

creek,   about  two  miles   above  Lausanne,   and  'p^'" 

three  aljove  the  village  of  .Mauchchunk,      -     -  845 

From  Nes(|iichoning,  to  the  Lehigh  Water  Gap,  160 

From  the  Gai)  to  Easton,        - 205 
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From  Easton,  to  tide  water  in  Delaware  river,  at 
Trenton,  according  to  the  last  infornuition,  that  stream 
fulls  about  100  feet.  Ti^c  Lehigh  at  Stoddartsville  is, 
therefore,  elevated  1310  feet,  and  at  AFauchchunk,  with- 
in a  trifle  of  450  feet,  above  the  level  of  the  Atlantic 
Ocean.  According  to  the  manuscript  notes  ol  Is.uc  A. 
Chapman,  Esq.  the  average  height  of  Kittatinny  moun- 
tain, in  Northampton  county,  is  1 186  feet  above  the  Le- 
high, and  Delaware  rivers,  at  its  base,  consequently, 
1491  feet  above  the  Atlantic  level.  Mr.  Chapman  esti- 
mates the  height  of  Pokono  mountain  above  its  base,  at 
850  feet;  which,  whin  compared  with  the  foregoing 
elements,  yields  1305  feet,  for  the  elevation  of  that  ridge, 
above  the  ocean. 

Mauchchunk  mountain,  at  the  coalmine,  is  10<)6  feet 
above  the  Lehigh  at  Mauchchunk  village.  We  have 
seen,  that  the  village  stands  460  feet  above  the  Atlantic 
level  ;  therefore  the  justly  celebrated  coal  mine"is  1466 
feet  above  the  surface  of  the  Atlantic.  I  may,  how- 
ever, remark,  that  some  of  the  peaks  of  Mauchchunk 
mountain,  between  the  mine  and  the  village,  must  rise 
several  hundred  feet  higher  than  the  coal  mine,  and 
higher  than  the  general  elevation  of  the  Kittatinny,  as  I 
have  myself  stood  on  two  eminences  of  the  Mauchchunk, 
and  saw  distinctly,  the  South  mountain  over  the  inter- 
vening   Kittatinny.      See  Article    NAVIGATION    InLAXD, 

page  384. 

By  recurrence  to  that  article,  it  will  be  perceived, 
that  1  there  estimated  the  elevation  of  the  water  level 
at  the  junction  of  Delaware  and  Lehigh,  200  feet  above 
tide  water  ;  but  subsequent,  and  more  correct  informa- 
tion, has  induced  me  to  diminish  that  estimate  by  one 
half  A  discrepancy  will  be  perceived,  in  some  instances, 
in  the  respective  river  distances.  This  is,  however,  oc- 
casioned by  sometimes  using  the  comparative,  or  gene- 
ral, at  others,  the  real  length  of  the  streams  following 
the  actual  meanders. 

We  may  safely  assume,  the  general  elevation  of  the 
cultivated  part  of  Northampton,  in  the  Kittatinny  val- 
ley, from  250  to  350  feet ;  and  for  that  section  above 
the  Kittatinny,  a  general  elevation  of  from  500  to  600  feel. 
Mr.  Chapman  observes,  that  there  is  a  difference  in 
the  seasons  and  vegetation  of  two  weeks  between  the 
respective  sections.  The  difference  of  elevation  and 
exposure,  exhibits  the  cause  of  this  rapid  change  of 
temperature. 

We  will  close  this  rather  lengthy  view  of  Northamp- 
ton with  a  notice  of  its  principal  roads  and  towns. 

A  main  turnpike  road  leaves  Philadelphia,  passes 
through  Philadelphia,  Montgomery,  Bucks,  and  part  of 
Lehigh  counties;  enters  Noithampton  in  the  township 
of  Lower  Saucon,  and  crosses  the  Lehigh  at  Bethlehem. 
Here  it  branches  into  two  routes.  One  turns  north- 
west up  the  Lehigh,  and  passing  by  Kreiderville,  through 
the  Lehigh  Water  Gap,  by  Lehighton,  Mauchchunk, 
and  Lausanne,  continues  on  to  the  banks  of  the  Susque- 
hannah,  at  Nescopec.     From  Bethlehem,  the  other,  or 
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»  iiorlliern  liiancb,  ;)ioceecls  towards  Easton,  biu  breaks 
iiro  iiuirierous  toiii>Uy  loads,  oiie  ol  whicU  leads  on  lo 
Nuzaic'.h,  and  to  llic  Delaware  Wind  Gap.  Tlic  lower 
ri.iiadclphia  road  reaches  IJablon,  between  ihc  fore- 
going and  Delaware  river.  Above  Easton,  a  main  road 
exieiids  a  liulc  vvest  of  north,  to  the  Wind  Gap.  Here 
it  branches  into  two  routes;  one  continuinc;  nuilli  west, 
to  Wilkesbane,  and  the  other  norih,  into  Pike  coi'.niy. 
From  Easton,  unotlier  road  leads  up  the  Delaware  to  the 
Water  Gap.  lieside  these,  numerous  good  cross  roads 
chequer  tiie  lower  part  of  Noithamplon  county,  and 
render  cummuiucatiou  easy  and  coiivenielU. 

Norlhampton,  contains  the  borough  of  Easton,  and 
the  villages  of  Beihleheni,  Naxarelh,  and  Riciiinoiul. 

ICasion.  a  post  town  and  seat  of  justice,  Northampton 
county,  Peniisylvania,  on  the  Delaware,  60  miles  north 
from  Philadelphia.  It  is  a  borough  town,  situated  on  a 
point  ol  land  formed  by  the  Delaware  and  Lehigh  rivers 
and  Bushkill  creek.  The  streets  arc  laid  out  at  right  an- 
gles to  each  otlier,  and  along  the  cardinal  points.  The 
lower  part  of  the  town  near  the  Delaware  is  on  an  ele- 
vated level,  but  the  western  extremity  rises  by  a  gradual 
acclivity  to  a  considerable  elevation.  The  adjacent 
country  is  bold,'broken,  and  romantic.  The  soil  is  highly 
productive,  and,  being  well  cultivated,  gives  a  most 
pleasing  aspect  to  the  vicinity  of  Easton.  Farm  houses, 
orchards,  fields,  and  meadows,  are  comingled  along  the 
bottoms  of  the  rivers  and  slopes  of  the  adjacent  lulls. 
Bushkill  creek  is  amongst  the  finest  mill  sireams  in  the 
U.  States.  (See  Bushkilt.)  The  stream  rises  8  miles  N. 
from  Nazareth,  and  has  an  almost  uninterrupted  lall  to 
the  Delaware.  Within  the  borough  of  Easton  it  passes 
the  Chesnut  ridge,  and  by  a  very  winding  and  preci- 
pitous course  reaches  the  Delaware,  afl'ording  a  rapid 
succession  of  mill  scats. 

The  following  valuable  information  respecting  this  in- 
teresting place  was  communicated  to  the  editor  by  an  in- 
telligent young  gentleman,  a  native  of  that  town.  There 
are  within  the  boundaries  of  the  borough,  3  oil  mills,  6 
grist  mills,  2  saw  mills,  2  distilleries,  3  tan  yards  and 
tanneries,  I  brewery,  and  31  dry  good  and  hardware 
slori  s  A  library  formed  in  18  1  I,  containing  about  1200 
volumes.  An  academy  called  tne  Union  Academy,  in 
which  the  learned  languages  are  taught.  Three  places 
of  public  worship,  1  for  Presbyterians,  1  for  Episcopa- 
lians, and  1  lor  German  Lutherans.  A  court  house, 
erected  in  1758.  Four  fine  bridges;  one  over  the  De- 
laware, a  most  substantial  structure,  erected  at  an  ex- 
pense of  80,00i)  dollars;  one  a  chain  bridge,  over  the 
Lehigh,  on  the  Philadelphia  road,  and  two  over  the 
Bushkill.  Two  banks  ;  one  a  bi  anch  of  that  of  Penn- 
sylvania, and  the  other  the  Ivaston  bank,  with  a  capital 
of  400,(100  dollars.  The  trade  of  this  town  is  very  con- 
siderable, particularly  in  the  article  of  flour,  which  con- 
stitutes the  principal  staple  of  Northampton  county. 
Population  in  1810,  165",  and  in  1820,2370. 

Stroudsburg.  a  village  and  post  town,  on  the  noith 
branch  of  Smilhfield  creek.  It  is  built  upon  one 
street,  and  is  the  fourth  in  size  in  Northampion.  An 
Academy  has  recently  been  established  there.  It  is 
three  miles  north-wtsi  from  the  Delaware  Water  Gap. 
,  Leitigliton,  a  village  situated   on  the  west  bank  of  the 

Lehigh  river,  about  half  a  mile  above  the  mouth  of  Ma- 
honing creek.  It  is  thirty-six  miles  west-north-west 
from  Easton.  N'  si  this  town  stood  the  old  Moravian 
settlenacni  of  Gnaden  Hucien,  on  the  north  bank  of  the 


Mahoning,  about  100  perches  from  its  niouth,  where  the 
old  church  is  still  standing.  Here  a  treaty  of  amity  was 
held  in  July,  1752,  between  the  Moravian  brethren  and 
the  Siiawanese  Indians.  Neaily  opposite  Gn?.dcn  Hut- 
ten,  on  the  east  side  of  the  river,  stood  old  Fort  Allen. 
There  is  a  wooden  bridge  across  the  Lehigh,  214  feet 
long,  and  25  feet  wide. 

DerUnville,  a  village  and  post  town,  situated  on  the 
main  road  from  Easton  to  Berwick,  about  two  miles  be- 
low the  Lthigh  Water  Gap,  and  about  one  mile  from 
the  river.  It  is  a  small  village,  built  upon  one  street,  in 
Lehigh  township. 

Richmond,  a  village  and  post  town,  situate  on  the  head 
of  a  small  stream,  to  wnich  it  gives  name,  about  two 
miles  west  of  Delaware  river,  it  is  on  the  main  road 
from  Easton  to  the  Delaware  Water  Gap,  about  sixteen 
miles  from  Easton,  and  about  three  miles  west  of  Dela- 
ware river,  in  Upper  Mount  Bethel  township. 

Hellcrstown,  a  post  town,  about  the  size  of  Strouds- 
burg, situated  in  Lower  Saucon,  near  the  extreme  south- 
ern angle  of  the  county,  and  four  miles  south-east  from 
Bethlehem. 

I  have  referred  to  the  closing  of  the  list  of  towns  in 
Northampton  county,  a  notice  of  Bethlehem  and  Naza- 
reth. 

Bethlehem,  a  poit  town  of  Northampton  county,  on 
the  left  bank  of  the  Lehigh.  East  longitude  from 
Washington  City,  1°  46'.  Lat.  40°  37'  N.  twelve  miles 
south-west  by  west  from  Easton.  The  United  Brethren 
were  settled  here  by  Count  Zinzindorf,  in  1741.  In 
1800,  the  village  contained  543  inhabitants,  and  the  town- 
ship 1343.  In  1810,  the  township  contained  1436;  and 
in  1820.  1860  inhabitants,  principally  of  the  same  sect. 
The  buildings  arc  not  remarkable  for  grandeur  or 
elegance ;  but  are  generally  comfortable.  They  have 
one  house  for  public  worship;  a  separate  apartment  for 
the  residence  of  the  single  brethren ;  and  another  for 
the  sisters.  There  is  likewise  a  seminary  for  the  edu- 
cation of  young  ladies,  in  which  are  taught,  all  the  use- 
ful, and  some  of  the  ornamental  branches  of  education. 
So  great  is  the  reputation  of  those  schools,  for  the  at- 
tention paid  to  the  morals,  as  well  as  the  literary  im- 
provement of  the  pupils,  as  to  invite  them  from  Phila- 
delphia and  ether  capital  cities,  and,  indeed,  from  .the 
most  remote  sections  of  the  United  States. 

The  scenery  around  Bethlehem,  and  the  primitive 
manners  of  the  inhabitants,  give  to  the  place  an  aspect 
of  peculiar  interest,  in  the  eye  of  a  traveller,  and  renders 
it  eminently  calculated  to  refine  the  taste,  and  preserve 
the  morals  of  the  students.  It  may  be  doubted,  whe- 
ther the  world  affords  a  more  pleasing  scene,  than  can 
be  enjoyed,  in  a  fine  summer  evening,  in  Bethlehem, 
when  the  groups  of  beautiful,  and  simply,  though  ele- 
gantly, dressed,  and  happy  young  females  are  let,  loose 
IVoiii  school. 

It  is  tlie  principal  town  of  the  Moravians,  or,  "  Uni- 
lis  I'ralrum"  in  Pennsylvania.  The  site  is  very  happi- 
ly chosen;  swelling  with  a  gradual  sweep,  from  the 
Monocacy  creek  and  Lehigh  river,  wliich  gives  it  a  fine 
appearance,  when  viewed  from  the  south  or  west,  and 
preserves  the  streets  dry  and  clean. 

It  is  cU)sely  built  in  three  streets.  The  principal  one 
running  north  and  south,  and  the  other  two,  east  and 
west. 

The  public  buildings  are,  a  large  stone  church,  built 
in  t!ic  Gothic  style,  and  pLiistered  outside  with  a  grev 
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cement.  It  is  142  feet  long,  and  68  wide  ;  with  a  pro- 
portionable height,  and  having  a  small  tower  rising  from 
the  centre  of  the  top,  surmounted  with  an  elegant  dome, 
in  which  is  a  small  bell.  It  is  handsomely  furnished  in 
llie  inside,  having  rows  of  benches  on  each  side  for  the 
two  sexes.  A  sister-house,  or  building  for  the  unmar- 
ried women.  A  seminary  for  young  ladies,  where  all 
the  female  Moravian  children  are  educated,  and  also 
many  others  from  various  parts  of  the  United  States. 
The  number  now,  1822,  about  one  hundred.  A  public 
tavern  ;  being  the  only  one  permitted  in  the  town,  where, 
of  course,  all  strangers  are  lodged. 

Their  burial  ground  is  in  the  north-cast  part  of  the 
town,  and  is  laid  out  in  regular  alleys  and  walks,  planted 
with  trees.  The  graves,  contrary  to  the  custom  of  other 
christians,  arc  laid  out  with  their  feet  to  the  south. 

The  number  of  dwclling-liouses  is  above  seventy, 
generally  built  of  stone,  one  story  high,  forming  a  strong 
contrast  to  their  large  church.  A  fine  wooden  bridge 
crosses  the  Lehigh,  and  another  the  Monocacy. 

A''azareth,  another  Moravian  town,  situated  in  Upper 
Nazareth  township,  on  the  head  of  a  small  branch  of  the 
Bush-Kill.  Built  principally  on  two  streets,  forming  a 
light  angle  to  the  south  and  west.  Its  public  buildings 
are,  a  church,  and  a  seminary  for  boys  ;  and  here  all  the 
Moravian  male  children  are  educated,  and  generally  a 
number  of  boys  from  abroad.  The  ground  on  which 
the  town  is  built,  descends  to  the  south  ;  houses  gene- 
rally of  stone,  and  one  story  high  ;  they  are  built  close ; 
and  the  streets  have  a  paved  walk  on  each  side.  This  is, 
in  magnitude,  the  third  town  in  Northampton  county. 
The  village  of  Nazareth  is  the  oldest  settlement  north 
of  the  South  Mountain,  in  Pennsylvania.  The  Brethren 
having  all  first  settled  here,  and  afterwards  removed  to 
the  river,  where  they  built  Bethlehem. 

Nazareth  is  10  miles  north-east  by  north,  from  Beth- 
lehem. 

Population  of  Northampton  county  in  1810.» 
Free  white  males,         ....-.-     19,475 
do.      do.    females, 18,481 


Total  whites, 57,956 

All  other  persons  except  Indians  not  taxed,         189 
Slaves, - 


Total  population  in  1810, 


38,145 


Population  in  1820. 
Free  white  males,    --------     16,345 

do.      do.    females, 15,320 

All  other  persons  except  Indians  not  taxed, 


Total  whites,      ..-.-- 

Free  persons  of  colour,  males,   - 

do.  do.      females. 

Slaves,  males, 

do.     females,       -     .     -     .     - 


Total  population  in  1820, 


31,565 

109 

91 


31,765 


Of  these : 

Foreigners  not  naturalized, 198 

Engaged  in  Agriculture, 5,787 

do.         in  Manufactures, 2,398 

do.        in  Commerce, 100 


Population  in  1820. 

1  oviiships. 

Allen, 1847 

Bethlehem, -  1,860 

Bushkill, 1,26'.; 

Chesnut  Hill,        1,026 

East  Penn, 1,082 

Easlon,  the  Borough,      .......  2,.17(' 

Forks, -  1,65'J 

Hanover,     - 358 

Hamilton,         1,320 

Lehigh, 1,550 

Lausanne,         320 

Lower  Nazareth, -  1,084 

Lower  Saucon, 2,308 

Lower  Mount  Bethel, 2,472 

Moore,         1,645 

Plainficld,          1,127 

Pokono, 389 

Ross, 872 

Stroud,         1,143 

Smithfield, 961 

Toamersing, 874 

Upper  Mount  Bethel,     -     , 2.182 

Upper  Nazareth, 66;^ 

Williams,         1,590 


31,765 
Staples   of  Northampton  county,  grain,  flour,  whis" 
key,  fruit,  cider,  salted  provisions,  and  coal. 

NORTHAMPTON,  a  county  of  the  Eastern  Shore 
of  Virginia  ;  bounded  by  the  Atlantic  Ocean,  east;  Che- 
sapeak  bay,  south  and  west ;  and  Accomack, north;  length 
30,  mean  width  eight;  and  area  240  square  miles.  Sur- 
face level,  and  soil  sandy.  It  occupies  the  extreme  part 
of  the  peninsula,  on  the  east  side  of  Chesapeake  bay, 
from  Cape  Charles  to  the  mouth  of  Pocomoke  river. 
There  is  a  Post-office  at  the  Court-house. 
Population  in  1810. 

Free  white  males,      -     -     - 1,615 

do.      do.    females,       .......     1,601 


Total  whites,         3,216 

AH  other  persons  except  Indians  not  taxed,      908 
Slaves, 3,350 


Total  population  in  1810. 

Population  in  1820. 
Free  white  males,      -     - 
do.      do.    females. 


Total  whites,        

Free  persons  of  colour,  males, 

do.  do.      females, 

Slaves,  males,       ..... 
do.     females,    -     -     -     -     - 


7,474 


1,629 
1,740 

3,369 

440 

573 

1,695 

1,628 


Total  population  in  1820, 7,705 


Of  these: 
Foreigners  not  naturalized, 
Engaged  in  Agriculture,     -     - 
do.       in  Manufactures, 
do.       in  Commerce,       -     ■ 
Population  to  the  square  mile. 


13 

,876 

103 

131 

32 


-  At  the  census  of  1810,  Northampton  county  contained,  what  is  now  Lehiph,  with  the  townships  of  Kush  and  West  Penn  in 
Schuylkill  county. 
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NORTHAMPTON,  a  county  of  North-Carolina, 
bounded  by  Virginia,  norlli ;  Hartford  county,  in  North- 
Carolina,  east ;  Bertie,  south  ;  and  Roanoke  river,  or 
Halifax,  south-west;  length  40;  mean  width  12;  and 
area  480  square  miles.  There  is  a  Post-office  at  the 
Court-house. 

Population  in  1810. 

Free  white  males 2,600 

do.      do.    females 2,644 

Total  whites         5,244 

All  other  persons  except  Indians  not  taxed         580 
Slaves  ...- 7,258 

Total  population  in  1810  13,082 

Population  in  1820. 

Free  white  males 2,s38 

do.       do.    females         2,7 16 

All  other  persons  except  Indians  not  taxed 

Total  whites 5,254 

Free  persons  of  colour,  males       ....  363 

do.               do.     females          ...  362 

Slaves,  males        3,766 

do.      females          ...-.---  3,497 

Total  population  in  182C       13,242 

Of  these  :  

Foreigners  not  naturalized        ....     -  i 

Engaged  in  Agriculture      ......     1,444 

do.       in  Manufactures         .....         ill 

do.       in  Commerce         ......  9 

Population  lo  the  square  mile        ....        27J 

Daruy. 

NORTHUMBERLAiND,  the  most  northerly  county 
of  England,  is  bounded  on  the  south  by  Durham,  on  the 
west  by  Cumberland,  on  the  north  by  die  Scottish  coun- 
ties ol  Roxburgh  and  B^rw  icli,  on  the  east  by  the  Ger- 
man Ocean.  In  shape  it  approaches  to  rhomboidal;  the 
longest  diagonal  from  south-west  to  north-east  measures 
74  miles,  the  shortest  45  ,  the  area  amounts  to  1871 
square  miles,  or  1,197,440  acres.  With  regard  to  civil 
jurisdiction,  it  is  divided  into  six  wards,  and  635  con- 
stablerics;  with  regard  to  ecclesiastical,  into  5  deane- 
ries,  and  73  parishes.  It  stands  in  the  diocese  ot  Dur- 
ham ;  contains  12  market-towns  ;  and  sends  6  members 
to  Parliament. 

The  face  of  the  country  is  rugged  and  hilly  ;  and  the 
character  of  its  scenery  varies  by  many  gradations  from 
the  extreme  of  wusteness  to  occasional  beauty.  On  the 
northern  side  it  is  skirted  by  the  Cheviots  ;  and  the 
mountains  of  Cumberland  are  connected  with  it  on  the 
west  From  these  wild  and  elevated  ranges,  numerous 
secondary  branches  traverse  the  interior  in  various  di- 
rections ;  in  some  places  spreading  out  into  moory  tracts 
of  extreme  desolateness,  in  others  exhibiting  a  rich  and 
well  cultivated  expanse,  rendered  more  striking  by  its 
undulating  and  varied  aspect.  Along  the  summits  of 
the  mountains,  which  contain  the  numerous  sources  of 
its  rivers,  I'utle  else  is  to  be  seen  than  broad  heaths,  or 
cold  and  deep  morasses :  but  as  the  streams  grow 
broader,  the  sides  of  the  hills  gradually  assume  a  green- 
er hue,  affording  ai  first  a  m.ore  abundan;  pasturaije  for 
flocks,  and  at  last  separating  into  broad  valleys,  which 
often  display  all  the  luxuriance  of  vegetation. 
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In  so  great  a  diversity  of  position,  we  of  course  find 
a  corresponding  diversity  of  soil.  On  the  highest  eleva- 
tions, it  is  cold,  spongy,  and  irrecoverably  barren  ;  but 
the  slopes  of  tlie  mountains,  particularly  ot  the  Cheviots, 
are  of  a  firm  consistency,  and  fertile,  considering  their 
situation.  They  are  generally  clothed  with  grass,  and 
appear  to  have  at  one  lime  been  ploughed  to  a  much 
greater  height  than  at  present.  The  finest  districts  arc 
in  the  south,  and  along  the  coast  from  Bamborough  to 
within  some  miles  of  the  Tyne.  The  level  tract  around 
Belford,  the  uneven  one  in  the  neighbourhood  of  Wark, 
and  the  vale  of  Hexham,  are  distinguished  for  their 
beauty  and  productiveness.  The  harvests  in  this  last 
quarter  are  the  earliest,  and  its  fields  and  woods  have 
the  richest  verdure  of  any  in  Northumberland. 

As  the  general  exposure  of  this  county  is  to  the  east, 
its  climate  is  rather  hard  than  otherwise.  Cold,  wither- 
ing east  winds  prevail  during  the  months  of  iMarch, 
April,  and  frequently  the  greater  part  of  May.  When 
the  western  breezes  set  in,  the  progress  of  vegetation  is 
rapid.  It  is  not  uncommon  to  see  the  trees  in  the  be- 
ginning of  May  as  arid  and  leafless  as  in  December,  and 
yet,  through  the  influence  of  mild  westerly  winds  and 
kind  rains,  becoming  quite  clothed  with  foliage  in  the 
course  of  eight  or  ten  days.  When  these  westerly 
breezes  increase  into  a  hurricane,  it  is  a  sure  indication 
that  a  deluge  of  rain  is  falling  at  the  time  in  t'lie  west- 
ern counties  of  England  and  Scotland.  The  autumn  ol 
the  year  is  the  summer  of  Northumberland.  During 
the  months  of  September  and  October,  it  is  usually  fine 
settled  weather;  but  winter  commences  by  the  middle 
of  November,  and  reigns,  with  great  severity,  till  the 
frost  and  snow  are  succeeded  by  a  languid  spring,  in 
the  latter  end  of  March. 

Of  the  Northumberland  rivers,  the  Tyne  is  the  most 
important.  Its  name  in  Celtic  is  said  to  signify  double  ; 
and  accordingly  it  springs  from  two  sources,  the  South 
Tyne  from  behind  Crossfell  in  Westmoreland,  and  the 
North  Tyne  from  the  borders  of  Scotland.  The  two 
streams  unite  beside  Nether  Warden  ;  after  which  the 
river  takes  an  easterly  direction,  and  being  joined  by  the 
Dill  and  the  Derwent,  empties  itself  into  the  sea  between 
this  county  and  Durham.  The  Till,  the  Aln,  and  the 
Coquet,  much  smaller  streams,  rise  among  the  Cheviot 
hills  The  two  last  flow  directly  into  the  German 
Ocean  :  the  first  mixes  with  the  Tweed,  which,  during 
a  considerable  portion  of  its  course,  separates  Northum- 
berland from  Berwickshire.  Most  of  these  rivers,  by 
means  of  ihc  tide  and  their  natural  depth,  are  navigable 
several  miles  above  their  mouths-  Ships  of  large  bur- 
den can  ascend  the  Tyne  to  Newcastle,  where  its  waters 
are  deepened  twelve  feet  every  spring-tide.  A  few  ar- 
tificial helps  might  render  the  passage  practicable  much 
farther.  In  1790,  it  was  proposed  to  make  the  river 
navigable  from  Newburn  to  Hexham  ;  but  the  corpora- 
tion of  Newcastle  opposed  the  measure,  and  it  was 
finally  dropped.  A  similar  fate  has,  from  various  causes, 
attended  more  than  one  succeeding  project;  and  North- 
umberland is  yet  without  any  facilities  for  internal  com- 
munication, except  what  are  afforded  by  nature. 

The  sea-coast  is  generally  steep,  in  some  parts  termi- 
nating in  lofty  cliffs  of  whinstonc.  Compared  with  the 
coasts  farther  to  the  south,  it  is  reckoned  safe  and  com- 
modious. Adjacent  to  it  are  several  islands,  the  princi- 
pal of  which  are  Coquet  and  Holy  Island.  Coquet  lies 
opposite  the  mouti' of  the  river  so  called,  at  the  distance 
of  about  a  mile.  It  was  much  frequented  by  monks  in 
4  M 
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former  limes,  and  had  a  fortress  on  it,  the  ruins  of  which 
arc  now  psnly  converted  into  a  lighthouse.  It  abounds 
with  raljbits,  and  contains  seven  acres  of  good  pasture. 
Ifdly  Island  was  once  the  scat  of  a  nionastery,  which 
gloried  in  having  been  the  residence  of  St.  Culhbert. 
it  lies  about  two  miles  off  the  main  land,  from  which  it 
is  accessible  to  carts  at  low  water.  It  is  nearly  over 
against  the  mouth  of  the  Lindis,  a  brook,  from  connec- 
tion with  which  it  was  of  old  called  Lindisfarne,  the 
recess  or  retirement  of  the  Lindis.  The  circuit  of  it 
measures  nine  miles  ;  and  includes  1020  acres,  about 
half  of  which  is  sand,  and  stocked  with  rabbits.  The 
remaining  part,  consisting  of  good  soil,  is  now  inclosed 
and  cultivated.  On  the  west  side  are,  a  small  fishing 
town,  and  a  castle  garrisoned  by  a  few  soldiers  from 
Berwick.  In  1715,  one  Launcelot  Errington  seized  it 
for  a  short  time,  in  the  name  of  the  Pretender. 

The  fisheries  on  these  islands,  and  along  the  coast, 
are  limited  in  extent,  and  by  no  means  productive.  The 
rivers  are  more  valuable  in  this  respect.  They  yield 
excellent  sport  to  the  angler  ;  and  abound  in  salmon, 
which  are  caught  in  large  quantities.  In  the  Tyne, 
within  half  a  century,  two  hundred  and  seventy-five  sal- 
mon have  been  taken  at  a  single  draught.  Owing  to 
some  works  at  Bywell,  which  obstruct  their  ascent, 
these  fishes  have  now  abandoned  the  Tyne  ;  but  the 
Tweed  still  affords  above  8000  cwt.  of  them  annually, 
for  which  there  is  paid  in  rents  nearly  16,000/.  The 
inferior  streams  afford  a  considerable  supply  also,  and 
literally  swarm  with  trouts. 

But  the  grand  source  of  wealth  to  Northumberland  is 
the  produce  of  its  mines.  Lead  ore  is  found  in  great 
abundance  on  the  western  side  of  the  county.  The 
mines  of  Allenhead  have  been  worked  from  time  im- 
memorial, and  are  still  highly  productive.  The  ore  is 
found  intermixed  with  calcareous  or  lluor  spar  ;  and  the 
bides  of  the  vein  are  often  richly  decorated  with  pyrites 
and  yellow  ores  of  copper.  The  whole  mines  of  this 
district  annually  give  about  12,000  bings,  or  nearly 
5000  tons  of  ore.  "^It  is  smelted  and  refined  at  Dukes- 
field  ;  and  produces  about  seven  or  eight  ounces  of  sil- 
ver from  each  fother  of  lead.  Mines  of  lead  are  also 
worked  in  the  vicinities  of  Corbridge  and  of  Bambo- 
rough  ;  some  others  formerly  existed  at  Stonecroft  and 
in  Rothbury  forest.  The  lead  veins  usually  contain  ores 
of  zinc  in  great  abundance  :  and  large  quantities  of  iron- 
stone are  inclosed  in  the  strata  of  indurated  clay  through- 
out all  the  coal  districts. 

The  iron-stone  found  here  is  nut  now  prepared  to  any 
extent  witliin  the  county  ;  btit  llie  accompanying  mine- 
ral, the  pit  coal,  has  long  formed  the  staple  commodity 
of  Northumberland.  This  valuable  substance  occurs  in 
immense  beds,  dispersed  under  a  surface  of  about  300 
square  miles,  the  principal  part  of  which  lies  within  a 
triangle,  having  Tynemouth,  Bywell,  and  Alnemouth  at 
its  corners.  This  tract,  so  far  as  it  has  been  pierced  into, 
is  found  to  consist  of  various  kinds  of  siliceous  stone, 
schistus,  and  coal.  Beds  of  schislus  usually  lie  both 
above  and  beneath  the  coal-scams,  and  are  often  thickly 
impressed  with  vegetable  forms,  such  as  ferns,  vetches, 
and  grasses  ;  in  some  cases  ears  of  barley  and  leaves  of 
pine-apples  have  been  noticed.  In  these  beds  are  also 
found  layers  of  iron-stones,  sometimes  in  nodules  ;  more 
frequently  in  rhomboids,  having  the  corners  rounded  off. 
Sometimes  large  trees  are  found,  extending  out  of  the 
clay  into  the  stone  strata :  At  Kenton  are  some  seats  of 
stone,  hewn  from  one  of  those  remarkable  fossils,  that 


show  the  yearly  rings  of  the  Iroe,  and  the  roughness  of 
its  bark.  Sometimes  the  wood  is  half  carbonated,  like 
the  surturbrand  of  Iceland. 

In  this,  as  in  every  coal  district,  the  stratification  which 
attends  the  fossil  always  terminates,  and  is  ill-defined 
and  disordered,  when  it  approaches  any  mountain  of  por- 
phyry or  granite.  The  strata  generally  dip  towards  tho 
east  ;  and  each  stratum  usually  retains  its  parallelism, 
with  regard  to  those  immediately  above  and  below  it, 
through  all  the  confusion  of  those  perpendicular  rents 
and  chasms,  which,  in  mining  language,  are  termed 
dikes,  sli/is,  hitches,  and  troubles.  Some  of  those  chasms 
are  filled  up  with  substances  swept  into  them,  as  it 
would  seem,  from  the  surface,  such  as  clay,  sand,  and 
round  stones.  Some  of  them  contain  metals  and  beau- 
tiful spars;  others  are  composed  of  basalt.  The  basalt 
dike  in  the  coalmine  at  Walker  is  noted  among  mine- 
ralogists for  being  cased  with  cinders  on  each  side. 

Out  of  those  mines,  some  of  which  are  230  yards 
deep,  the  fossil  is  extracted  by  many  ingenious  contri- 
vances, wherein  the  labour  has,  in  later  times,  been 
greatly  diminished  by  the  application  of  steam-engines, 
which  are  now  in  universal  use,  the  first  having  been  set 
up  in  the  year  1714.  The  coals  are  conveyed  in  rail- 
ways to  the  water, — by  much  the  larger  portion  of  them 
to  the  Tyne,  where  they  are  taken  on  ship-board,  and 
transported  to  London  and  all  other  quarters  of  the  em- 
pire. They  are  reckoned  superior  to  every  other  spe- 
cies ;  and  even  in  districts  where  similar  minerals 
abound  most  plentifully,  it  is  customary  for  the  people 
to  procure  a  portion  of  Newcastle  coals  to  mix  with 
their  own.  In  the  neighbourhood  of  limestone  strata,  a 
kind  of  coal  is  found,  which,  though  comparatively  use- 
less in  other  respects,  is  employed  for  burning  the  at- 
tendant mineral,  and  excellently  adapted  for  that  pur- 
pose. 

Some  indications  seem  to  favour  the  conjecture  that 
coal-mines  were  worked  by  the  I'omans,  and  even  by 
the  Britons.  Coal  is  lueiitioned  as  a  well  known  species 
of  fuel,  in  a  grant  dated  A.  D.  852,  by  which  it  is  stipu- 
lated that  twelve  carl-loads  of  that  fossil  were  to  be  paid 
yearly  to  the  Abbey  of  Peterborough.  It  seems,  how- 
ever, to  have  fallen  again  into  disuse  ;  for  no  mention  oc- 
curs of  it  till  the  beginning  of  the  thirteenth  century, 
when  a  charter  was  given  to  Newcastle,  by  Henry  III., 
allowing  liberty  "  to  dig  coals  and  stones  on  the  common 
soil  of  that  town,  without  the  walls  thereof,  in  a  place 
culled  the  Castle  field  and  the  Forth."  This  was  in  1239. 
Soon  afterwards  the  use  of  it  began  to  extend  from  the 
forge  to  the  kitchen  :  it  has  ever  since  continued  to  in- 
crease. In  the  latter  end  of  Queen  Elizabeth's  reign,  a 
duty  of  fouipence  per  chaldron  produced  10,000/. 
a-year.  Above  400  ships  were  constantly  employed  in 
the  trade  ;  a  fleet  of  fifty  sail  went  laden  froin  Newcas- 
tle to  different  ports  of  France;  while  the  Dutch  and 
Danes  supplied  those  of  Flanders.  The  unpopularity 
of  Charles  I.  in  London  was  greatly  augmented  by  the 
taxes  he  imposed  on  this  trade,  and  the  monopolies  he 
authorized  in  it.  When  the  Scottish  armies  took  New- 
castle, the  regulations  of  the  Parliament  lowered  the 
price  of  coals  greatly  beneath  the  4/.  per  chaldron,  to 
which  it  had  once  risen  :  but  the  trade  did  not  prosper 
under  them.  Still,  however,  the  consumption  of  the  ar- 
ticle continued  to  diffuse  itself  In  1599,  Newcastle  had 
two-thirds  of  the  coal  trade,  and  300.000  chaldrons  went 
annually  to  London.  Tbe  over-sea  trade  employed  about 
900,000  tons  of  shipping.     In  the  whole  trade  were  em- 
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ployed  600  vessels,  of  ihe  average  burden  of  80  Newcas- 
tle chaldrons,  manned  by  4500  sailors.  On  the  Tyne, 
also,  were  employed  400  keels,  and  nearly  16  000  keel- 
men.  The  inventions  of  Bolton  and  Walt,  as  well  as  the 
genera!  improvement  of  the  country,  gave  fresh  vigour 
to  the  trade  in  coals.  From  the  first  of  January,  1802, 
to  the  end  of  December,  1809,  it  appears  that  4.713,476 
chaldrons,  or  12,490,707  tons,  were  exported  from  the 
Tyne  alone. 

The  mineral  wealth  of  Northumberland,  and  the  trade 
occasioned  thereby,  have  e.xerted  a  beneficial  influence 
on  its  agriculture.  For  a  soil  and  climate  in  general  so 
little  favourable,  farming  is  carried  on  with  industry  and 
spirit,  and  the  produce  is  considerable.  Notwithstand- 
ing its  vast  tracts  of  moory  land,  the  annual  value  of  a 
square  mile,  on  the  average,  amounts  to  520/.  Landed 
property  is  a  good  deal  subdivided  :  the  rental  of  estates 
varies  from  the  smallest  sums  to  above  30,000/. ;  in  one 
instance  it  exceeds  80,000/.  Towards  the  sources  of 
the  Tyne,  and  in  some  otiier  mountainous  districts,  the 
ground  is  parcelled  into  lots,  worth  from  30/  to  300/. 
a  year,  which  are  commonly  farmed  by  their  propiietors. 
As  those  statesmen  have  in  general  received  their  pro- 
perty through  a  long  succession  of  generations,  they  are 
apt  to  show  a  strong  attachment  to  the  useless  as  well 
as  to  the  useful,  in  ancient  customs  :  they  admire  and 
imitate  the  honest,  though  rude  independence  of  their 
fathers ;  and  give  small  countenance  to  innovation,  whe- 
ther it  be  improvement  or  the  contrary.  Farms  are  not 
less  various  in  extent  than  estates  are.  In  the  southern 
and  midland  parts  of  the  county,  the  rent  is  often  from 
50/.  to  300/.:  in  the  wards  of  Glendale  and  Bambo- 
rough,  it  is  from  2000/.  to  4000/. 

In  such  a  diversity  of  circumstances,  no  one  system 
of  husbandry  can  be  expected  to  prevail  universally.  On 
dry  lands  it  is  customary  to  adopt  this  rotation  :  turnips, 
barley,  or  wheats  clover  for  one  or  two  years;  oats,  or 
wheat,  if  barley  was  grown  previously.  On  strong 
loams,  the  usual  course  is,  fallow,  wheat,  clover,  for  one 
or  two  years  ;  beans  or  oats.  On  moist  thin  loams,  fal- 
low, wheat,  clover  ;  grass-seeds  for  one  or  two  years. 
And  upon  moory  soils,  fallow,  oats,  clover  ;  grass-seeds 
for  two  years.  Some  intelligent  farmers  in  the  north 
maintain  that  a  course  of  three  years  tillage,  and  three 
years  grass,  is  a  much  more  profitable  system  than  any 
other  they  have  tried.  Drill-sowing  is  generally  pre- 
ferred to  broad  cast ;  and  excellent  manure,  abounding 
over  all  the  county,  is  copiously  applied.  Lime  is  found 
in  almost  every  quarter,  except  in  the  porphyry  districts 
of  the  Cheviots,  and  some  of  the  coal-fields  in  the  south. 
Both  stone-marie  and  shell-marle  are  likewise  exten- 
sively diffused  ;  sea-weeds,  collected  from  the  rocks,  or 
washed  ashore  by  the  waves  during  the  fall,  are  eagerly 
collected  along  the  coast;  and  a  considerable  supply  of 
manure  is  annually  brought  from  London,  as  ballast,  by 
the  ships  employed  in  the  coal  trade. 

The  rearing  of  cattle  is  considerably  attended  to,  par- 
ticularly in  the  upland  districts  of  the  county.  The  cow 
is  usually  of  the  breed  called  Dutch;  it  grows  rapidly  ; 
at  the  the  age  of  three  years  and  a  half,  the  carcass, 
when  fattened,  will  weigh  from  60  to  80  stones.  Sheep 
are  produced  in  much  greater  numbers  ;  they  form  a 
prominent  department  in  the  stock  of  corn-farms,  or 
range  over  large  moory  tracts,  which,  though  mostly  the 
property  of  private  individuals,  are  seldom  inclosed,  or 
separated  otherwise  than  by  streams,  ridges  of  hills,  and 
other  natural  boundaries.    The  most  common  sorts  are 


the  Cheviot  sheep,  a  beauiilul  breed,  wiiicli  weigh,  when 
fattened,  from  12  to  18  pounds  per  qurrtcr;  the  heatli 
sheep,  which  arc  reckoned  fittest  for  living  on  the  moun- 
tains, and  afford  an  excellently  flavoured  kind  of  mutton, 
weighing  about  18  pounds  in  the  quarter;  and  the  long 
woolied  or  Dishly  sheep,  which  are  preferred  in  less 
elevated  situations,  being  remarkable  for  fattening  at  a 
very  early  age.  These  last  are  said  to  have  been  greatly 
iinproved  here,  by  ingenious  management ;  the  carcass 
weighs  from  18  to  26  pounds  per  quarter;  the  fleece 
about  seven  and  a  half. 

The  exportation  of  its  agricultural  products  gives  em- 
ployment to  a  few  Northumberland  ships,  besides  what 
are  employed  in  the  coal  trade,  the  nature  of  which  has 
already  been  described.  As  the  exports  of  the  country 
are  mostly  in  a  raw  slate;  as  coals,  its  greatest  export, 
in  addition  to  this,  are  very  bulky  ;  the  outward  bound 
cargo  is,  of  course,  much  more  considerable  than  the  in- 
ward. Tiie  intercourse  is  chiefly  with  the  ports  along 
the  adjoining  coast,  and  a  few  places  on  the  Continent. 
The  grain  and  the  sailed  provisions  prepared  within  the 
county,  its  vessels  carry  out  to  various  British  harbours; 
they  bring  in  Baltic  or  colonial  goods,  and  most  of  the 
manufactured  articles  which  are  consumed  between  the 
interior  mountains  and  the  sea.  Newcastle  sends  three 
or  four  ships  to  the  Greenland  fishery.  Tiie  internal 
manufactures  are  of  no  great  extent,  and  little  diffused 
over  the  county.  Glass  is  the  most  prominent  of  Ihem. 
It  was  introduced  at  Newcastle  in  1619;  at  present 
there  are  28  glass-houses  on  the  Tyne;  the  duties  le- 
vied on  them  amount  to  nearly  200,000/.  a-year.  Small 
potteries  and  founderies  exist,  likewise,  in  several  quar- 
ters ;  and  some  establishments  for  working  in  gold  and 
silver  distinguish  the  county  town. 

According  to  the  parliamentary  returns,  Northum- 
berland, with  the  town  of  Berwick,  in  1801,  contained 
26,518  houses,  and  a  population  of  157,091,  whereof 
23,190  were  employed  in  agriculture,  and  25,738  in 
trade  and  manufactures.  In  181 1,  the  number  of  houses 
was  28,258;  the  population  172,561;  the  number  of 
families  employed  in  agriculture  being  10,945,  and  in 
trade  and  manufactures  16.547. 

See  Beauties  of  England  and  JVales,  vol.  xii.  part 
first. 

NORTHUMBERLAND,  a  county  of  Pennsylvania; 
bounded  by  Schuylkill,  south-east ;  Dauphin,  south  ;  Sus- 
quehannah  river,  or  Union,  west;  Lycoming,  north,  and 
Columbia  north-east  ;  length,  55;  mean  width,  13;  and 
area,  45  5  square  miles.  This  is  one  of  the  mountain  coun« 
ties  of  Pennsylvania,  and  very  much  diversified  in  surface. 
Having  so  much  river  land,  it  possesses,  notwithstand- 
ing its  general  mountainous  aspect,  a  large  proportion 
of  good,  and  considerable  first-rate  soil.  Washed  by 
the  main  Susquehanna,  20  miles  below,  and  by  the  west 
branch,  20  miles  above  Sunbury  and  Northumberland, 
produces  a  range  of  river  soil  of  40  miles  in  length. 
To  this  may  be  added  10  miles  of  the  east  branch,  be- 
tween Sunbury  and  Danville;  the  whole,  including  both 
banks  of  the  latter  section,  yielding  a  river  line  of  60 
miles.  This  alluvial  range  contains  the  mass  of  the 
population. 

Contrai7  to  the  ordinary  course  of  the  Appalachian 
ridges,  the  mountains  of  Northumberland  extend  nearly 
east  and  west.  The  principal  ridges  are,  advancing  from 
south  to  north,  Line  Mountain,  Little  Mahanoy,  Mahanoy, 
and  Shamokin,  below  the  junction  of  the  two  great 
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branches  of  Siisiiucliaiina  :  above  tlieii'  confluence,  Mon- 
loui's  Mouniain,  and  Uic  Limestone  Ri(l<;e. 

Beside  the  two  fine  rivers  we  have  noticed,  Northum- 
berland is  chained  by  some  large  creeks,  the  principal  of 
which  arc,  Mahantango,  Mahanoy,  and  Shamokin,  cntei - 
jng  Susquehanna,  below  Suiibury ;  and  Chilistiuatjue, 
Limestone,  and  Wan ior  creeks,  above  Northumberland. 
Some  of  those  creeks  meander  tiiiongh  narrow  valleys, 
with  much  good  soil. 

The  staple  productions  of  Northumberland,  are  grain, 
flour,  salted  provisions,  lumber,  whiskey,  and  many  other 
articles. 

Its  principal  towns  are,  Sunbury,  Northumberland, 
Milton,  and  Watsonburg. 

Sunhury,  a  post  town,  borough,  and  seat  of  justice, 
stands  on  the  left  bank  of  Susquehanna  river,  immedi- 
ately below  the  main  fork,  and  above  the  mouth  of  Sha- 
mokin cieek. 

JVorthumberland,  a  post  town,  stands  on  the  point 
above,  the  junciion  of  the  two  main  branches  of  Sus- 
quehiinna,  and  opposite  to  Sunbury. 

Milcor,,  a  post  town  and  borough,  is  situated  on  tlie 
west  branch  of  Susquehanna,  12  miles  above  Northum- 
berland. 

There  are  some  other  villages  in  the  county,  but  un- 
deserving particular  notice.  The  two  following  tables 
exhibit  the  aggregate,  and  relative  population  of  this 
county. 

Population  in  1810. 
Free  white  males     .----.-.     18,673 
do.      do.    females       ..---..     17,457 

Total  whites        36,130 

All  other  persons  except  Indians  not  taxed         194 
Slaves        ...........  3 

Total  population  in  1810   -----     -     36,327 

Population  in  1820. 

l-'ree  white  males 7,773 

do.      do.    females 7,537 

All  other  persons  except  Indians  not  taxed 

Total  whites 15,310 

Free  persons  of  colour,  males    -     -     -     -  59 

do.                 do.      females,      ...  54 

Slaves,  males - 

do.       females 1 

Total  population  in  1820 15,424 

Of  these: 

Foreigners  not  naturalized 53 

Engaged  in  Agriculture    ----.-  1,350 

do.       in  Manufactures 29 

do.       in  Commerce      ......  665 

Population  to  the  square  mile,  nearly  -     -  34 

Population  in  1820. 

Townships. 

Upper  Mahanoy 1,539 

Lower  Mahanoy         .     -     -     -     -     .     -     -  1,214 

Augusta 2,075 

Chilisquake i,o35 

Little  Mahanoy     .........  447 

Milton,  the  Borough 1,016 

7,426 


brought  forward,  7,426 

|!'""/ 1,373 

I^'isli 1,192 

Sunbury,  the  Boiough 85[ 

^''•"""kin          1^820 

'iu'lj'"         2,752 


15,424 

NORTHUMBERLAND,  a  county  of  Virginia; 
bounded  by  Potomac  river,  north-east;  Chesapeak  bay', 
south-east;  Lancaster  and  Richmond,  south-west;  and 
Westmoreland,  north-west;  len^'th  30;  mean  width  8; 
and  area  240  square  miles.  Surface  rather  waving  than 
hilly.  Soil  of  middling  quality.  Chief  town,  Bridgetown. 
Population  in  1810. 

Free  white  males       -     - 2,005 

do.     do.    females  -------21 57 

Total  whites  ---------4,162 

All  oiher  persons  except  Indians  not  taxed  299 

Slaves  3,847 

Total  population  in  1810     --....     8,308 

Population  in  1820. 
Free  white  males       ........     2,o87 

do.     do.     females  .......     2,047 

All  other  persons  except  Indians  not  taxed 

Total  whiles 4,134 

Free  persons  of  colour,  males      ....  320 

do.              do.      females         ...  294 

Slaves,  males        .........  1,651 

do.      females           1,617 

Total  population  in  1820      ......     8,016 

Of  these  ; 

Foreigners  not  naturalized 2 

Engaged  in  Agriculture      ......  2,426 

do.       in  Manufactures        108 

do.       in  Commerce        ......  ig 

Population  to  the  square  mile        ....  33 

Darby. 

NORTHWICH,  a  town  of  England,  in  Cheshire,  is 
situated  near  the  conflux  of  the  Dane  and  the  Wever. 
The  streets  are  irregular,  and  the  houses  in  general  old. 
The  church,  which  is  a  spacious  building,  has  a  fine  se- 
micircular choir.  The  principal  manufactures  are  cot- 
ton and  silk.  Population  1338. — See  Cheshire,  and 
Salt,  to  the  end  of  the  article. 

NORWAY,  the  most  interesting,  but  the  least 
known,  of  all  the  countries  comprised  in  the  ancient 
Scandinavia,  is  situated  between  the  57th  and  71st  de- 
grees of  north  latitude,  and  between  5"  20'  and  18°  20' 
of  east  longitude  from  Greenwich.  It  extends  about  950 
miles  from  north  to  south.  Its  breadth,  in  the  southern 
provinces,  is  between  150  and  240  miles;  but,  beyond 
the  67th  of  north  latitude,  does  not  exceed  60,  nor  in 
some  places  even  30  miles.  It  is  bounded  on  the  south 
by  the  Scaggerac  Sea,  on  the  north  and  west  by  the 
Northern  Ocean;  and  on  the  east  by  Russian  Lapland 
and  Sweden.  On  the  side  of  Russian  Lapland,  the  li- 
mits are  very  uncertain;  but  from  Sweden  it  is  separat- 
ed, for  the  space  of  350  miles,  by  a  chain  of  lofty  moun- 
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tains,  which  form  a  natural  fioniier  to  the  two  liingdonis, 
and  which  was  more  precisely  ticlineatcd  by  a  treaty  be- 
tween the  two  governments  in  1751. 

Norway  is  distributed  into  lour  governments,  Chris- 
tiania,  or  Aggerliuus,  in  the  south-east,  the  richest  and 
most  populous  province  in  the  kingdom.  Chrislian- 
sand,  or  Stawanger,  in  the  south-west,  a  fertile  and  well- 
watered  tract,  but  scarcely  half  so  extensive  as  the  lor- 
niei  ;  Bergen,  u  rugged  and  barren  territor),  siretcning 
along  ti'.e  western  toast  nearly  200  miles  ;  and  Dron- 
theiiii,  the  most  noithcrly  of  all,  u  long  narrow  moun- 
tainous region,  covered  by  a  broken  and  dangerous 
shore.  The  first  of  lliese  cuniains  the  provinces  ol  Ag- 
gerhuus,  Hedcniarken,  Christian,  liuskcrud,  Snio- 
lehnene,  Braosbcrg,  Laurvig,  Jarlsberg  ;  and  Us  princi- 
pal towns  are  Cliristiania,  Kongsberg,  Friedvrickshald, 
Bragernass,  and  Stronisoe.  The  second  contains  the 
provinces  of  Nedenas,  Mandjl,  Stavanger ;  and  its 
principal  towns  are  Christiansand,  Stavanger,  and 
Arendal.  The  liiird  contains  the  provinces  of  Sondre 
Bergeiihuus,  and  Noorde  Bergenhuus  ;  and  its  principal 
towns  are  Bergen,  Vossevang,  Evindvig,  Ous,  Kinser- 
vig,  Lindoos,  and  Manger.  Tne  tourth  contains  the 
provinces  of  Drontheim,  Romdal,  Nordland,  and  Fin- 
mark;  and  its  principal  towns  are  Drontheim,  and 
Chrisiiansand. 

The  mountains  of  Norway  generally  stretch  in  con- 
tinued chains  of  considerable  extent,  chiefly  trom  north 
to  south,  tiiougli  sometimes  from  cast  to  west,  but  oc- 
casionally appear  in  separate   masses,  and  in   the  most 
fantastic  forms.     The  most  elevated  of  these  ridges  is 
that  of  Dovrcheldt,*   nearly  in'  the    centre  of  the  king- 
dom, between  62°  and  63°  of  north  latitude,  and  forming 
a  part  of  the   immense  chain  which  separates  Norway 
from  Sweden.    The  highest  of  this  groop  is  Sneehattan, 
the  summit  of  which  was  reached,  for  the  first  time,  in 
1797,  by  M.  Esmark,  who  ascertained  its  height  to  be 
about  8115    English  feet.      From    Dovrefieldt,  a  long 
branch,  decreasing  in  elevation  as  it  proceeds,  stretches 
northward  between  Norway  and  Swedish  Lapland,  form- 
ing at  its   laithest  extremity  the   mountains  of  Kiolen. 
Another  branch,  from  the  same  central  point,  extends  to 
the  south-east,  forming  the  common  boundary  between 
Norway  and  Sweden,  and  is  sometimes  called  Seveberg, 
which  is  again  subdivided  into  the  ridges  of  Butefieldi, 
Sulefieldt,   and    Skarsfieldt.       A    third    branch,    called 
Langfieldt,    proceeds  westward  and  then  southward  to- 
wards   the   Naze,   dividing   Norway  into   two   priiicipal 
regions,  Sondenfieldts   and   Nordenfieldls.      Several  of 
these  lofty  summits  aie  real  glaciers,  covered  with   per- 
petual snow  and   ice  :  but  these   are  not  always  either 
the   most  elevated    or    the   most    northerly.     Immense 
avalanches,  sometimes  dragging   with  them  masses  of 
rock,  are  frequently  precipitated  from  these  mountainous 
ridges  into  the  plains  and  valleys  ;   and,  besides  the  im- 
mediate devastation  produced  by  their  fall,  they  often  oc- 
casion the  most  destructive  inundations,  by  interrupting 
the  course  of  the  rivers,  or  causing  an  overflow  of  the 
lakes.     The  mountains  along  the  coast  are  remarkably 
rocky  in  their  surface,  and  varied  in  their  forms.     Those 
of  the  interior  are    less  barren,  but   usually  destitute  of 
all  vegetation  on  their  summits. 


The  greater  part  of  the  principal  chains  are  composed 
of  primitive  and  transition  rocks;  and  gianile,  contrary 
to  the  general  belief,  is  now  found  to  occur  very  rarely 
in  Norway  and  Lapland.  Gneiss  appears  to  be  the 
most  abundant  of  all  the  primuivc  rocks,  and  to  it 
the  others  are  generally  subordinate.  The  class  of 
transition  rocks  in  Norway  contain  grey-wacke,  alum- 
slate,  clay-slate,  granite,  syenite,  porphyry,  amyg- 
daloid, basalt,  and  sand-stone.  There  are  numerous 
quarries  of  slate  and  marble,  and  great  varieties  of 
crystals  ;  but  flint  is  scarcely  found,  and  free-stone  is 
rare.  There  is  little  gold;  but  the  silver  mines,  par- 
ticularly at  Kongsocrg  near  Chrisliania,  have  been  very 
productive,  f  here  are  valuable  mines  of  cobalt  at 
I'ossum,  of  copper  at  Roras,  and  of  iron  at  Christiania. 
Lead  has  been  found,  and  alum  works  established ; 
and  altogether  there  are  said  to  bet  8000  mines  in  Nor- 
way ;  but  no  coal  has  yet  been  found  tliere.  Great  beds 
of  blue  marly-clay,  full  of  sheils  of  different  kinds,  are 
discovered  in  various  quarters,  and  at  considerable  eleva- 
tions. There  aie  multitudes  of  clear  and  fresh  springs 
in  the  country,  very  commonly  tinctured  by  iron;  and 
in  some  districts  there  are  inineral  waters,  properly  so 
called,  but  their  qualities  are  little  known,  and  seldom  is 
any  use  made  of  them. 

Tiie  waters  from  the  mountains  of  Norway   give  rise 
to  a  multitude  of  rivers   and   lakes.     A   great   many    of 
the  former  originate  in  the   Dovrefieldt.     Those  which 
flow  towards  the  northern  division,  the  Namsen,  Gula, 
Orkedal,  Tana,  Alten,  are  least  extensive  in  their  course, 
and  soon  reach  the  coast.  But  those  which  pass  through 
the  southern   provinces   are  of  greater  volume,  such  as 
the  Nidel,  Mandalselv,  Darminenciv,  Loven,  Focmund> 
Laugen  and  Glommen.     The  last  is  the  principal  river 
in  Norway.     It  originates  in  the   lake  Oresund,  under 
the  62°  of  north  latitude,  and  runs  southward  about  90 
miles,  through  a  rugged  channel   full  of  cataracts  and 
shoals.     Before  it   receives  the  Worm,  (lake  Mioss,)  it 
is  as  large  as   the   Thames  at  Putney :  and   about  20 
miles  below  this  junction  falls  into  the  sea  at  Frederick- 
stadt.     Its  highest  cataract  is  that  of  Sarpcn,  above  60 
feet  perpendicular,  and  not    far  from   its  influx  into  the 
sea.     The  greater  part  of  these  rivers  have  falls  more 
or  less  considerable,  and  are  not  fitted  for  regular  navi- 
gation, except   for    the  floating    of  timber    down    the 
stream.     They  often  occasion  great  devastation  by  over- 
flowing their  banks,  of  which  a  remarkable  instance  oc- 
curred in  the  year    1789,  altera  long   continuance    of 
rain,   which  caused  a  general  inundation,  and  produced 
the  most  serious  ravages  over  the  greater  part  of  the 
kingdom.     These  rivers,  nevertheless,  afford  many  ad- 
vantages,  by  the  inland  thougii  interrupted  navigation 
which  they  admit  ;  by  the  multitude  of  s.iw-mils  which 
they  put  in  motion;  by  the  abundance  of  excellent  fish 
which  they  supply;  and  by  the  fertility  which  they  com 
inunicate  to  the  valleys  through  which  they  flow. 

The  lakes  of  Norway  are  extremely  numerous;  and 
some  of  them  of  considerable  extent,  particularly  those 
which  are  siiu.itcd  in  the  southern  provinces.  Besides 
Sneaastn,  Foelboc,  Rysvandct,  Sperillen,  there  are  the 
lake  of  Tyri,  about  15  miles  in  length,  surrounded  by 
fine  meadows  and  corn-fields;  that  of  Foemund,  about 


•  Fiel  in  the  Swedish,  and  fieldt  in  the  Norwegian  language,  properly  denotes  those  elevated  summits,  where  vegetation  en 
tipely  ceases  ;  but  is  a  coiiimou  denomination  tor  all  lofty  mountainous  ridges. 
t  The  copper  mines  are  generally  situated  in  the  northern,  aiul  tUe  iron  mines  in  the  southern  provinces. 
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30  miles  long  and  6  in  breadth,  inclosed  by  mountains 
of  great  height;  that  of  Rands,  nearly  40  miles  lony;, 
but  only  two  broad  ;  and  that  of  Mioss,  about  70  I'li- 
lish  miles  long,  and  12  in  breadth,  near  the  middle  of  its 
extent. 

The  coast,  though  in  some  places  low,  arid  rising 
gradually,  is  in  general  bold  and  sleep,  with  a  depih  of 
water,  often  close  to  the  rock,  of  from  100  to  400  fa- 
thoms. Along  the  western  shore  there  are  numerous 
islets  and  rocks,  which  form  a  kind  of  break-water  to 
the  coast,  and  furnish  a  number  of  secure  harbours  and 
places  of  retreat  for  vessels  in  stormy  weather.  There 
are  numerous  creeks  or  gulfs,  whicli  run  far  into  the 
land,  sometimes  to  the  extent  of  30  or  40  miles  ;  and 
occasionally  pass  out  in  such  a  manner  as  to  form 
straits.  Those  towards  the  north  are  seldom  frozen  ;  an 
exemption  which  is  supposed  to  be  owing  to  tiie  con- 
stant agitation  of  their  waters  by  the  rapid  rivers  and 
torrents  which  fall  into  them.  Tlie  most  remarkable  of 
these  creeks  or  fiords  are  those  of  Cliristiania,  Stawan- 
ger,  Hatdanger,  Segnifiord  and  Dror.theim.  It  is  in 
these  arms  of  the  sea  that  the  principal  ports  are  situat- 
ed, and  the  most  important  fisheries  carried  on.  There 
are  many  dangerous  currents  along  the  western  coast, 
the  most  noted  of  which  is  that  of  Malslroem  or  Mos- 
koestroem,  in  latitude  67°  40'.  It  runs  among  several 
islands  with  extraordinary  rapidity  during  six  hours 
from  north  to  south  ;  and  during  other  six  hours  from 
south  to  north,  always  against  the  tide  ;  but  at  high  and 
low  water  is  stationary  and  navigable.  During  the  pe- 
riods of  its  agitation,  it  is  necessary  for  vessels  to  keep 
at  the  distance  of  several  miles,  lest  they  sliould  be 
drawn  into  its  current ;  and  frequently  whales  which  ap- 
proach too  near  are  overwhelmed  and  destroyed  by  the 
irresistible  force  of  its  waters.  When  a  strong  wind 
blows  in  from  the  west,  and  opposes  these  currents,  the 
most  frightful  waves  are  excited,  and  the  roaring  of  the 
contest  is  heard  at  an  immense  distance  ;  but  it  is  only 
during  the  storm  of  winter  that  these  violent  agitations 
are  witnessed  ;  and  the  stream  is  generally  navigable  in 
the  summer  months. 

The  climate  of  Norway  is  by  no  means  uniform,  but 
varies,  of  course,  in  proportion  to  the  latitude  and  the 
elevation  of  different  places.  When  the  summits  and 
sides  of  the  mountains  are  already  under  the  influence  of 
winter,  the  valleys  frequently  enjoy  a  high  degree  of  tem- 
perature ;  and  along  the  west  coast,  the  cold  is  not  nearly 
so  intense  in  the  same  latitude  as  in  the  mountainous 
line  on  the  east  frontier.  At  the  southern  extremity  the 
cold  is  seldom  rigorous,  rarely  below  the  18ih  of  Rcau- 
rntir;  but  in  Finmarken  it  reaches  such  a  degree  of  se- 
verity, that  all  vegetation  seems  to  expire  under  its 
power.  At  Christiania,  the  winter  is  not  much  earlier 
than  in  the  north  of  Germany  ;  frost  is  very  rare  in  No- 
vember, and  the  snow  seldom  lying  till  the  beginning  of 
December.  From  the  end  of  April,  the  warmth  in- 
creases very  rapidly,  and  in  general  the  spring  is  so 
short,  that  the  winter  seems  to  be  immediately  succeed- 
ed by  summer.  On  the  5th  of  May  180S,  the  thermo- 
meter at  Christiania  rose  to  70''  of  Fuhreniieit ;  and  in 
the  middle  of  the  month  all  the  trees  except  the  ash 
were  in  leaf  The  mean  temperature  of  July  was  65, 
and  the  thermometer  at  noon  was  generally  81,  or  some- 
times even  86  degrees.     But  in  summer  the  weather  is 


very  unsteady,  one  day  being  extremely  hot,  and  the 
next  quite  cold  ;  sometimes  these  transitions  take  place 
in  the  course  of  a  single  hour.  The  harvest  commenced 
before  the  beginning  of  August  ;  but  before  the  end  of 
September  stoves  were  become  necessary  in  the  town. 
But  at  Saltcnfiord,  the  mean  temperature  is  scarcely 
above  3  1-°  of  Fahrenheit,  and  the  highest  in  the  month  of 
July  57°  8'.  It  is  a  prevailing  opinion  throughout  the 
country,  that  the  climate  is  preceptibly  changing,  both 
on  the  sea-coast  and  in  the  inland  valleys  ;  that  the  sum- 
mers arc  not  so  warm;  the  winteis  less  cold,  though 
more  tedious  ;  and  the  spi  ing,  which  scarcely  existed  as 
a  distinct  season,  now  considerably  prolonged.  Nor  do 
the  inhabitants  draw  such  conclusions  from  their  own 
sensations  or  recollections,  but  from  such  facts  as  these  : 
that,  at  Dronthcim,  where  fruit  was  formerly  raised, 
there  has  been  rone  for  a  long  lime  past  ;  that  at  Har- 
danger  there  are  incipient  glaciers  daily  increasing,  of 
which  there  was  not  the  slightest  trace  a  few  years  ago; 
that  at  Sandtorp,  those  points  of  the  mainland  which  used 
to  be  free  of  snow  every  summer  have  never  lost  it  for 
several  years.  At  Bcrgin,  the  longest  day  is  nineteen 
hours,  the  sun  rising  at  hall-past  two  o'clock,  and  set- 
ting at  half-past  nine;  and  the  shortest  day  six  hours, 
from  sun  rise  at  nine  o'clock  to  son-set  about  three. 
Beyond  Bergen  the  sun  remains  still  longer  above  the 
horizon  during  a  part  of  the  year ;  but  during  another 
period  it  is  scarcely  at  all  visible.  At  the  extremity  of 
Nordland,  and  in  Finmark,  it  docs  not  appear  for  seve- 
ral weeks  in  the  winter  season  ;  and  the  day  is  little 
more  than  a  kind  of  twilight  of  an  hour  and  a  half, 
which  the  reflection  from  the  high  mountains  occasions  ; 
but  the  aurora  borealis,  which  is  remarkable  for  its  beauty 
and  brilliancy  in  those  regions,  and  the  whiteness  of  the 
snow,  contribute  in  a  great  measure  to  dissipate  the 
darkness.  At  the  longest  days,  there  are  few  places  in 
the  more  northern  districts  where  the  sun  is  really  al- 
ways apparent  above  the  horizon  ;  but  some  rock  or 
mountain  frequently  interposes  to  hide  it  for  several 
hours  during  the  night ;  and  sometimee  this  will  happen 
more  than  once.  At  these  obscurations  the  temperature 
falls,  and  does  not  rise  again  till  above  an  hour  after  the 
sun's  reappearance  ;  so  that,  in  these  cases,  there  are  ap- 
parant  settings  and  risings  of  the  sun,  though  it  is  never 
in  reality  below  the  horizon.  The  most  violent  winds 
in  Norway  are  the  south-cast  and  north-west,  which 
bring  with  them  rain  and  tremendous  storms.  Those 
from  the  north  and  north-east  biing  dry  weather,  and 
purify  the  atmosphere.  This  dry  weather  prevails  most 
during  the  months  of  March  and  July,  rain  in  October 
and  April,  and*  snow  in  December  and  January.  The 
months  of  Mjy,  April,  and  October,  are  the  most 
stormy  ;  and  those  of  January,  June,  and  August,  the 
most  favoured  with  calm  weather.  Thunder  is  seldom 
heard,  and  in  some  districts  is  wholly  unknown.  Hail  is 
very  rare,  and  always  in  very  small  particles.  A  singu- 
lar circumstance  is  observable  along  the  western  coast, 
viz.  that  in  summer,  after  a  storm  of  wind  during  the 
day,  there  is  almost  invariably  a  calm  in  the  evening, 
and  for  several  hours  of  the  night ;  but  in  winter,  on  the 
contrary,  it  is  always  during  the  night  that  the  blasts  be- 
come most  violent,  and  occasion  the  greatest  damage. 
The  air  of  Norway  is  remarkably  pure,  and  the  climate, 
though  severe,  is  highly  favourable  to  health  and  lon- 


•  The  want  of  snow  is  considered  as  a  serious  privation,  as  in  winter,  which  is  the  season  of  business,  all  intercourse  is  carried  on 
by  means  of  sledges. 
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i^cvity.  Ill  some  of  the  western  disti-icts,  a  contagious 
malady,  nan)ecl  radesyge,  is  very  Irequent,  resembling 
in  its  symptons  those  of  the  scurvy  and  lues  venerea, 
and  which  is  supposed  to  he  owing  to  the  use  of  a  fish 
diet,  and  the  humid  situation  of  ilic  houses.  In  medi- 
cine they  make  much  use  of  the  lichen  islaridicus, 
which  is  found  upon  all  their  mountains;  but  their  fa- 
vourite remedy  is  camphor,  which  they  administer  i;)  all 
disorders,  and  which  they  find  most  efTtclual  in  curing 
colds. 

"  It  is  the  peculiar  characteristic  of  the  Norwe- 
gian mountains  to  combine  the  grandeur  of  Alpine 
scenery  wilh  the  dark  solemnity  of  the  groves  of  Swe- 
den, and  t!ie  luxuriant  softness  of  the  vales  of  Italy."* 
The  verdure  in  the  Norway  valleys  is  peculiarly  soft, 
the  foliage  of  the  trees  luxuriant,  and  in  the  summer 
season  no  traces  appear  of  a  northern  climate.  In 
Guldbrandsdale,  for  a  distance  of  170  English  miles, 
along  the  banks  of  the  river  Louven,  there  is  a  succes- 
sion of  the  finest  landscapes  in  the  world.  The  views 
around  Drontheim  are  accounted  equal  to  those  of  the 
bay  of  Naples  itself ;  and  altogether  Norway  has  been 
pronounced  by  travellers  most  competent  to  judge,  to 
be  a  country  more  worth  seeing  by  the  lovers  of  pic- 
turesque beauty  than  any  other  in  the  world.  Among 
the  most  remarkable  objects  in  these  scenes  are,  the 
farm-houses,  which  seem  to  hang  upon  cultivated  spots 
one  above  another,  till  they  reach  the  clouds,  cattle,  corn- 
sheaves,  and  labourers  appearing  actually  above  the 
clouds  in  places  seemingly  inaccessible.  These  elevat- 
ed situations  are  preferred  for  this  reason,  that  the  higher 
the  land  is,  the  more  sun  it  receives. 

Norway  is  so  full  of  rocks  and  mountains,  interspers- 
ed with  deep  morasses  and  barren  v/astes,  that  it  pos- 
sesses a  very  small  portion  of  soil  capable  of  cultiva- 
tion. There  are  many  valleys,  soine  of  which  are  ex- 
tremely narrow,  others  of  wider  extent,  and  a  few  so 
well  opened  as  to  resemble  plains,  particularly  Jedde- 
ren  and  Hedemarken.  The  high  valleys  are  chiefly 
used  for  pasture,  and  the  lower  for  tillage.  The  southern 
coast  is,  upon  the  whole,  the  most  fertile,  and,  in  some 
low  tracts,  clay  and  sand  prevail.  In  the  higher  grounds, 
the  rocky  bottom  is  covered  by  a  thin  bed  of  mould, 
produced  by  the  decomposition  of  vegetable  substances. 
On  the  clay-slate,  the  soil  yields  twelve  times  the  amount 
of  the  seed,  but  on  the  rocky  gneiss  bottom,  it  hardly 
repays  the  labour  bestowed  on  its  cultivation. 

The  natural  productions  of  the  country  are  very  nu- 
merous, and  many  of  them  serve  the  most  useful  pur- 
])0scs.  Lichens  of  various  kinds  are  very  abundant; 
and,  besides  supplying  food  for  the  cattle,  are  collected 
and  sold  for  purposes  of  dyeing.  There  are  several 
medicinal  herbs,  such  as  angelica,  veronica,  gentian, 
cochlearia,  which  the  inhabitants  gather  and  use  as  re- 
medies. Cumin  frequently  covers  extensive  tracts,  and 
is  collected  in  immense  quantities.  Nettles  are  abun- 
dant, and  are  made  into  thread,  or  sumetiines  used  as 
Ibod  like  spinage.  The  barberry  and  sloe  are  plentiful  ; 
the  former  of  which  is  often  used  as  a  pickle,  and  the 
latter  made  to  yield  a  sort  of  wine.  The  wild  robC  is 
often  seen  among  the  rocky  spots,  and  its  fruit  is  em- 
ployed in  diiVerent  prep^jrations  for  the  tabic.  Juniper 
berries  are  collected  cirefully,  and  sold  to  the  Dutch. 
Strawberries,  raspberries,   and  several  other   kinds  of 

•  Clarke. 

t  In  the  year  1819,  the  finest  apricots  were  gathered  in  August,  and  peaches  in  September,  from  trees  in  the  open  air  at  Mioss. 


berries  peculiar  to  northern  countries,  are  sufficiently 
abundant.  Trees  form  a  prominent  feature  in  Norwe- 
gian vegetation,  and  often  grow  to  a  great  size  of  tim- 
ber. In  the  southern  districts  are  found  the  oak,  beech, 
elm,  and  linden  trees;  sycamores,  alders,  aspens,  ha- 
zels, and  willows.  Pines  and  Scotch  firs  are  spread 
over  the  greatest  extent,  and  form  a  considerable  part 
of  the  wealth  of  the  country.  The  birch  also  is  found 
in  most  quarters,  even  of  the  northern  regions,  and  is 
applied  to  a  great  variety  of  useful  purposes.  The 
outer  bark  is  used  as  a  covering  for  the  houses,  or  is 
msde  to  yield  an  oil  for  tanning  leather;  the  inner  bark 
ib  wrought  into  nets  or  baskets.  Its  wood  furnishes  the 
best  ashes  and  charcoal ;  and,  in  the  spring,  a  pleasant 
acid  liquor  is  drawn  from  the  tree,  and  made  into  wine. 
Fruit  trees  are  found  wherever  the  oak  will  grow,  which 
is  only  at  a  mean  temperature  of  40°  of  Fahrenheit.  At 
Chrisiiania,  under  the  60th  degree  of  latitude,  apples, 
cherries,  pears,  and  apricots,  grow  in  the  open  air;  but 
at  Drontheim,  under  63°  30',  apples  ripen  with  difficulty; 
and  no  other  fruit  will  come  to  maturity,  although  in 
some  favoured  spots,  even  farther  north,  cherries  are 
raised,  and  oaks,  lime,  and  ash,  are  to  be  seen.  Dr. 
Clarke,  however,  saw  at  Drontheim,  in  the  year  1799, 
apples,  pears,  plums,  and  cherries ;  and  strawberries 
were  gathered  that  season  on  the  20th  day  of  June.  All 
sorts  of  garden  vegetables  are  now  common  in  this 
northern  city,  cabbages,  cauliflowers,  turnips,  cucum- 
bers, potatoes,  artichokes;  and  even  pinks,  carnations, 
roses,  stocks,  and  many  other  garden  flowers,  were  ob- 
served in  the  garden.  Formerly,  the  towns  and  cities  of 
Norway  were  supplied  with  culinary  herbs  from  Eng- 
land and  Holland  ;  but  their  recent  attention  to  garden- 
ing has  rendered  this  supply  unnecessary.! 

The  rapidity  of  vegetation  on  some  spots,  and  in  some 
years,  is  very  extraordinary.  Even  to  the  north  of 
Drontheim,  two  crops  of  barley  have  been  reaped  in  the 
same  year;  and  it  is  no  uncommon  occurrence  for  this 
kind  of  grain  to  be  reaped  six  weeks  after  it  has  been 
sown. 

Agriculture  in  Norway,  though  practised  from  a  very 
remote  period,  has  made  little  progress,  in  proportion  to 
the  wants  of  the  nation ;  yet  in  some  districts,  the  indus- 
try and  exertions  of  the  peasantry  to  overcome  the  na- 
tural obstacles  with  which  they  have  to  contend,  are 
truly  extraordinary,  ai>d  deservedly  successful.  The 
rocky  mountains  which  cover  so  large  a  portion  of  the 
country,  and  preclude  all  sort  of  tillage;  the  rapid  tor- 
rents which  rush  down  from  the  heights,  sweeping 
away  the  produce  and  the  soil  together  ;  the  short  dura- 
tion and  variable  nature  of  the  season  favourable  to  vege- 
tation ;  and  even  the  parching  heat  of  the  summer  sun 
reflected  among  the  rocks  around  the  valleys;  all  pre- 
sent the  most  serious  difficulties  and  discouragements 
to  the  labours  of  the  husbandman.  Notwithstanding  all 
these  obstacles,  the  inhabitants  of  Norway,  by  careful 
attention,  and  judicious  management,  have  done  much 
to  overcome  their  natural  disadvantages;  and  might 
c.irry  their  activity  and  skill  to  much  greater  lengths, 
were  they  better  protected  by  the  civil  regulations  of  their 
country.  Though  personally  free,  and  seldom  subjected 
to  any  services  of  vassalage,  yet  they  are  greatly  harass- 
ed by  the  burden  of  military  service,  and  of  furnishing 
conveyances  to  public  functionaries,  as  well  as  fettered 
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by  icstriclions   IVom  cxlcnding  their  farms  and  under- 
takings.     A    considerable    obstruction    to    agriculture 
arises  from  the  limber  merchants,  who  buy  large  tracts 
of  woods   from  the   farmers,  who  reserve  in  these  sales 
the  right  of  pasturage  for  their  cattle,  and  of  cutting 
limber  for  their  houses  and   fuel  ;  but   who  are   not  at 
liberty  to  build  an  additional  dwelling,  and  to  take  in  a 
new  piece  of  ground  for  cullivation,  without  leave  from 
the  propiietor  of  the  woods,  confirmed  by  the  magis- 
trate of  llie  district,  declaring  that  the  spot  is  not  fit  for 
timber.     Tlicy  have  recently,  however,  received  consi- 
derable countenance  from  patriotic  societies  for  the  en- 
couragement of  agricultuie;  and,  by   their  own  native 
enterprise,  have  accomplisi.ed  many  valuable  improve- 
ments.    In  most  places,  which  are  at  all  favourable  for 
agriculture,  are  to  be  seen  clean  and  neatly  built  farm- 
houses, many    of  which  arc  two  stories  high  ;   gardens 
around  them  full   of  turnips,  hops,  potatoes   and  other 
roots  ;  fields  enclosed  with   hedges,  and  carefully  clean- 
ed.    Often  are  these  establishments  observed  upon  an 
arid  ridge,  and  crops  rising  among   frightful  rocks,  or 
verdant  meadows  in  the  bosom  of  a  black  forest.  Among 
nuuierous  contrivances  to  counteract  the  evils  of  their 
climate,  they   make   small   hedges   behind   each   other 
along  the  declivities,  to  retard  the  snow  from   melting 
too  suddenly,  and  rushing  down  in  torrents;  and  in  the 
dry  month  of  June,  when  the  sunshine  is  bright  and  un- 
inteirupted,  water  is  brought   from  great  distances,  and 
distributed  over  the  parched   fields  of  i;rain  ;  while  in 
harvest  they  are  obliged  to  place  new  hurdles  among  the 
standing  corn,  to  prevent  it  from  being  laid  by  the  heavy 
winds  and  rains.  Yet  often  in  the  end  of  summer,  or  during 
the  autumn,  a  premature  frost  destroys  the  grain  in  the 
ear,  and   disappoints   all   their    hopes.     In   the  south  of 
Norway,  agriculture  succeeds  best  ;  and,  in  good  years, 
enough  of  grain  is  produced  in  that  part  of  the  country 
to  supply   its  own   wants,   with  the  addition   of  a  small 
overplus  for  the  use  of  the  northern  districts.    The  best 
cultivated   and  most  productive  districts  are,  Hedemar- 
ken,  Hadeland,  Toteii,  Romerige,  and  Ringerige,  in  the 
government  of  Christiania  ;   Vosand  Sognedal  in  that  of 
Bergen;  Jederen,    Ryfyike,   and   Ncdeness,    in   that  of 
Christiansand  ;  and  Nommedal  and   Inderkerred  in  that 
of  Dronthcim.     Oats  are  the  most  generally  cultivated 
in   Norway  ;  barley   and    rye  hold   the    next    rank ;  but 
wheat,  buck-wheat,  and    peas,  are  far   from  being  com- 
rrion.    In  the  mountainous  tracts,  the  oats  and  barley  are 
usually  sown  in  the  months  of  Apiil  and  May,  that  the 
harvest  may  be   finished  before  the  arrival    of  the  cold 
nights  of  the  autumn;   but  on  the  coast  they  are  seldom 
sown  till   June.     The  grain  is   generally   cut  about  the 
end  of  August  or  beginning  of  September  ;  and  some- 
times  rye,  which   has   been    sown  in   the   preceding  au- 
tumn, is   ripe  in  the  niunih  of  July.     Potatoes  have  been 
generally  introduced  into  cultivation,  but  do  not  attain  a 
sufficient  size  during  the  short  summer   of  the  country. 
Since  their  introduction,  less  attention  has   been  paid  to 
the  culture  of  a  species  of  turnip,  which  was  much  used 
as  food.     There  is  great  want  of  manure  in   the  arable 
tracts;  and  the  nature  of  the  soil   will   not  admit  of  a 
proper  rotation  of  crops.     Clover  has  been  introduced, 
but  is  not  generally    raised.     Hemp  is   grown  in   some 
districts,  and  a  little  tobacco.     It  has  been  an  old  prac- 
tice in  Norwegian  husbandry,  (though  new    prohibited, 
unless   permission  has  been   procured    from    the  public 
authorities,)  to  cut  down  a   few  acres  of  wood,  and  set 
fire  to  the  trees,  after  which  the  seed  is  sown  among  the 


ashes,  and  great  returns  procured.  Next  year  the  re- 
maining trunks,  which  had  not  been  consumed,  are  in 
like  manner  reduced  to  ashes,  and  a  new  crop  sown. 
The  soil  is  then  left  to  itself,  or  usually  sends  up  bushes 
of  birch. 

Gardening  has  made  considerable  progress  in  the 
south,  and  even  in  some  of  the  northern  provinces.  Va- 
rious kinds  of  pulse,  onions,  pot-herbs,  and  different 
roots,  succeed  well ;  and  besides  the  fruit  trees  already 
mentioned,  several  wealthy  proprietors  have  hot-beds 
and  green-houses. 

One  of  the  most  valuable  productions  for  the  sup- 
port of  cattle,  which  is  also  used  as  food  by  the  natives, 
(though  in  some  measure  supplanted  in  this  view  by 
the  potatoe,)  is  the  turnip,  called  Kale  Raby.  It  is  of 
a  yellow  colour,  has  an  agreeable  flavour  even  in  its 
raw  state,  afl'ords  a  delicious  vegetable  dish  when  boil- 
ed for  the  table,  and  grows  to  a  very  large  size.  The 
green  leaves  of  it,  which  resemble  those  of  a  cabbage, 
are  the  most  profitable  part  as  fodder  for  the  cattle, 
the  outer  leaves  being  taken  off  so  as  not  to  injure  the 
heart,  and  sprouting  again,  supply  an  abundant  crop. 
This  turnip  is  sown  in  good  gardeti  soil  in  the  spring, 
and  transplanted  in  the  month  of  June  into  good  soil 
without  manure,  four  plants  being  set  in  every  square 
of  three  feet.  Thirty-five  English  square  yards  will 
yield  in  good  years  30  Norway  tons,  or  20  English 
quarters  of  this  produce. 

Every  farm  has  a  certain  number  of  married  labour- 
ers employed  on  it  in  proportion  to  its  extent,  who  are 
called  house-men,  as  they  receive  from  the  farmer  a 
house  and  a  quantity  of  land  nearly  sufficient  to  main- 
tain a  family  ;  in  return  for  which  they  are  bound  to 
work  for  him  at  a  low  and  fixed  price,  whenever  they 
are  called.  Except  in  the  neighbourhood  of  towns  or 
of  the  coast,  a  young  Norwegian  cannot  marry  till  he 
has  a  place  of  this  kind  open  for  him,  as  he  could  not 
find  employment  for  more  than  three  or  four  months 
in  summer;  and  hence  there  are  a  much  greater  num- 
ber of  unmarried  servants  about  every  house  in  the 
country  than  are  needed,  and  who  are  waiting  for  a 
house-man's  place  becoming  vacant. 

The  country  abounds  in  excellent  pasture,  and  is  bet- 
ter adapted  for  the  rearing  of  cattle  than  the  culture 
of  grain  ;  but  still  considerable  difficulties  are  experi- 
enced by  the  husbandman  in  this  department,  and  par- 
ticularly in  regard  to  winter  provender.  The  general 
breetl  of  horses  in  Norway  are  small,  but  well-propor- 
tioned, lively,  hardy,  and  often  extremely  beautiful. 
They  climb  and  descend  the  rocks  with  surprisiug  ad- 
dress, and  display  great  courage  in  tlie  combats  which 
they  must  maintain  with  the  bears  and  wolves.  In  or- 
der to  preserve  their  strength  and  spiiit  for  repelling 
the  attacks  of  these  wild  animals,  they  are  never  cut  in 
some  districts;  but,  in  consequence  of  tliis  practice, 
they  become  very  unmanai^eable,  and  almost  as  dan- 
gerous to  one  another,  in  their  quarrels,  as  the  bears 
and  wolves  of  the  forests.  Unless  iw  the  stables  of  the 
rich  proprietors,  they  seldom  receive  any  oats  as  food, 
and  after  the  pasture  of  summer  is  at  an  end,  they 
are  fed  chiefly  with  hay,  cut  straw,  or  sometimes  even 
with  dried  leaves.  Frequently  they  are  never  shod; 
and  are  very  commonly  ridden  without  saddle  or  bri- 
dle, and  with  nothing  but  a  cord  fastened  to  a  wooden 
bit.  The  horned  cattle  are  generally  of  a  small  size  ; 
and  many  of  them  are  sent  to  pasture  at  liberty  on  the 
islands  along  the  coast,  where  they  thrive  well,  but  be- 
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come  so  wild  as  to  require  the  skill  of  the  hunter  to  re- 
take them.  In  the  lower  districts,  they  form  a  part  of 
the  farmer's  stock  in  the  usual  manner;  but,  in  the 
more  elevated  tracts,  they  constitute  the  principal 
wealth  of  the  inhabitants.  The  cows  especially  become 
more  valuable  towards  the  north,  wliere  a  very  poor 
animal  will  cost  20  dollars,  while  at  Dronlhcim  a  good 
one  may  be  procured  for  15.  In  the  middle  of  May, 
the  cows  are  put  out  to  the  meadows,  and  in  June  are 
driven  to  the  mountains,  or  into  the  heart  of  the  fo- 
rests, where  they  remain  till  the  month  of  August  or 
September.  They  are  watched  by  a  few  of  the  most 
active  young  men,  who  are  provided  with  well  trained 
dogs  for  security  against  the  wolves  and  bears;  and  a 
few  female  servants  are  accomniodaied  in  temporary 
cottages,  where  they  make  cheese  and  butter  from  the 
milk.*  Sometimes  a  little  hay  is  cut  and  stored  in 
some  proper  repository,  till  it  can  be  brought  down  in 
sledges  during  the  winter  season.  The  cows  on  their 
return  are  pastured  in  the  meadows,  till  the  snow  sets 
in  about  the  middle  of  October,  when  they  are  removed 
to  the  stables,  and  fed  with  straw  and  a  little  hay  ;  but 
frequently  they  are  obliged  to  be  contented  with  buck 
branches,  dried  leaves,  lichens,  sea-weed,  reeds,  bark 
of  trees,  and  even  fish-heads  and  fish-bones  ground. 
Nay,  in  Roras,  and  a  few  ot  the  valleys  around  Dron- 
theim,  they  are  actually  supported  by  eating  the  dung  of 
the  horses,  which  is  collected  for  the  purpose,  and  some- 
times boiled  with  a  little  meal  into  a  mess,  which  fat- 
tens cows,  sheep,  pigs,  and  poultry,  and  the  horses  them- 
selves. 

The  sheep  of  Norway  are  of  the  same  breed  with 
those  of  Dt-nmark;  but  in  some  of  the  southern  dis- 
tricts the  English  breed  has  been  introduced.  Many 
flocks  are  left  to  them.selves  on  the  islands,  and  are  only 
visited  when  about  to  be  shorn,  in  the  month  of  May; 
but  some  of  the  other  flocks  are  shorn  two,  or  even 
three  times  in  the  year.  Many  goats  also  are  kept  in 
the  country  ;  and  their  milk  is  mixed  with  that  of  the 
sheep  in  making  buuer  and  cheese.  Hogs  are  not  very 
abundant  ;  nor  are  geese,  ducks  and  other  poultry, 
made  an  object  of  much  attention  among  the  peasantry. 

In  most  districts  of  Norway,  a  principal  part  of  the 
husbandman's  profits  are  derived  from  the  cutting  of 
timber  for  fuel,  inclosures,  making  of  roads,  or  the  pur- 
poses of  building,  and  from  the  preparations  of  tar, 
ashes,  and  charcoal.  Many  of  the  forests  are  the  pro- 
perty of  the  crown;  others  belong  to  individuals;  and 
some  are  in  a  manner  common.  Various  laws  are  en- 
acted for  the  regulation  of  the  respective  rights  to  make 
use  of  the  forests  ;  but  in  general  great  abuses  are  com- 
mitted in  this  respect,  and  little  economy  is  practised 
in  the  article  of  wood. 

The  destruction  of  the  wild  animals,  with  which  these 
extensive  lorests  abound,  forms  another  occupation  of 
the  peasantry,  both  as  a  measure  of  preset  vation  from 
their  ravenous  inroads,  and  as  a  source  of  profit  to  the 
hunters.  There  are  vari(jus  kinds  of  bears,  brown, 
black,  and  white  ;  some  of  which  are  very  large,  and 
attack  the  horses  and  horned  cattle  ;  while  those  of  a 
smaller  size  devour  the  heaps  of  corn  in  the  fields  dur- 


ing the  autumn.  Various  means  are  employed  for  thin- 
ning their  numbers — fire-arms,  snares,  dogs.  Their 
skins  are  sold  from  8  to  18  rixdollars,  according  to  their 
size  and  quality  ;  and  tlie  flesh  of  the  cubs,  particularly, 
is  often  used  as  food  by  the  country  people.  Wolves 
also  are  extremely  numerous,  and  prey  upon  the  horses, 
as  well  as  upon  the  large  and  small  cattle.  They  avoid 
every  thing  which  hangs  over  their  heads,  and  there- 
fore shun  the  woods  as  much  as  possible  ;  so  that  the 
best  piotection  against  their  depredations  is  a  hedge 
inclosure,  suflieicntly  high  to  prevent  them  from  leap- 
ing over,  and  through  which  they  will  not  attempt  te 
creep.  In  the  long  twilights  of  the  winter  season,  they 
become  formidable  to  travellers,  especially  on  the  ex 
tensive  lakes,  where  they  assemble  on  the  ice  in  greai 
numbers;  and  are  frequently  frightened  from  making 
an  attack  by  the  following  simple  contrivance,  men- 
tioned by  Von  Buch."  "  A  rope  is  fastened  to  the  hin 
der  part  of  the  sledge,  and  so  long  as  it  can  be  pre 
served,  it  hangs  down  loosely,  and  is  dragged  along  the 
track  of  the  sledge.  The  small  irregularities  of  the 
way  raise  it  every  now  and  then  aloft,  and  make  it  turn 
in  perpetual  serpentine  windings.  This  frightens  the 
wolves  :  they  dare  not  venture  an  attack  ;  and,  in  dread 
of  this  dancing  monster,  they  remain  at  a  secure  dis- 
tance." Besides  the  usual  modes  of  hunting  iliem,  they 
arc  frequently  destroyed  by  poison  spread  upon  the  dead 
carcass  of  a  sheep  or  lamb  ;  and  rewards  are  proposed 
by  government  to  encourage  the  destruction  of  wolves 
and  bears.  There  are  in  Norway  many  other  wild  ani- 
mals, whose  skins  reward  the  toils  of  the  peasant  in 
preserving  his  fields  from  their  depredations,  particu- 
larly lynxesf,  whose  furs  bear  a  high  price  ;  foxes, 
white,  red,  and  black;  hares,  white  in  winter,  and  grey 
in  summer;  ermines  of  a  fine  white  colour,  particu- 
larly in  the  northern  districts  ;  squirrels,  martens,  ot- 
ters, and  a  few  beavers  ;  slags  and  roe-bucks  in  some  of 
the  southern  cantons  ;  but  the  elk,  in  consequence  of  the 
slaughter  made  among  the  females  by  the  hunters, 
(though  often  prohibited  by  public  authority,)  is  be- 
coming a  rare  animal  in  the  country.  There  are  great 
numbers  of  the  mouse  called  lemming,  which  multiply 
among  the  furze  and  other  underwood  to  an  extraor- 
dinary degree  ;  and,  at  certain  seasons,  migrate  in  mul- 
titudes, always  directing  their  course  towards  the  fron- 
tiers of  Sweden  and  the  Gulf  of  Bothnia,  advancing  in 
a  straight  line  over  every  obstacle,  and  producing  a 
sensible  damage  in  the  fields  through  which  they  pass  ; 
hut  their  ranks  are  greatly  thinned  in  their  progress 
by  their  natural  enemies  the  bears,  rein-deer,  foxes,  and 
martens.  The  birds  are  numerous,  particularly  those 
which  fieciuent  the  lakes  and  the  sea-shore;  and  they 
are  taken  and  destroyed  in  great  quantities  for  the  sake 
of  their  down,  which  forms  a  valuable  article  in  com- 
merce. Tiie  natives  encounter  great  risks  in  this 
pursuit,  by  clambering  among  the  rocks,  suspending 
themselves  from  the  summits  of  the  most  tremendous 
precipices,  in  order  to  catch  the  birds  in  their  nests. 

Several  of  the  small  uninhabited  islands  are  considered 
as  valuable  properly,  on  account  of  the  eggs  of  the  sea 
fowl,  chiefly  the  sea-mew,  which  breed  upon  them,  and 


•  The  cattle  are  called  together  by  trumpets  about  six  feet  in  length,  made  of  splinters  of  wood  hound  totjether  by  withers. 

t  There  are  three  kinds  of  lynxes  in  the  country,  which  are'icalled  gouhe  by  tlie  common  people;  the  wolf-Boube,  the  fox- 
goiibc,  andthe  cat-goube  They  are  extremely  rare,  and  their  skins  are  sold  npoii  the  spot  (or  2j  or  30  dollars.  The  cat-goube 
exactly  resembles  a  tiger,  and  is  more  destructive  among  tlie  cattle  than  any  other  wild  animal  in  the  country.  They  only  suck  the 
blood  of  cows,  of  which  one  of  them  will  destroy  twenty  in  a  night;  and  of  sheep  and  goats  tliey  devour  only  the  middle,  with 
a  part  of  the  head. 
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which  ilo  not  easily  leave  the  place  wliicli  they  have 
once  chosen  for  that  puipose.  When  tlie  proprielof  of 
one  of  these  ei^g  vars  conies  in  quest  of  the  eggs,  the 
biitls  having  become  ac(]uaintcd  with  his  appcaianc., 
remain  quiet,  and  only  fly  to  a  short  distance,  as  only 
the  supufluous  eggs  are  taken  away,  and  one  or  uvo 
always  left  in  the  nest,  to  which  they  soon  return.  But 
when  foreign  vessels  and  strangers  happen  to  arrive  and 
carry  off  the  whole  of  the  eggs,  the  whole  (lock,  to  the 
number  of  many  thousands,  rise  in  the  air  with  the 
niost  piercing  cries,  and  fall  down  again  upon  the  nests 
as  in  despair.  Upon  a  repetition  of  such  spoliation, 
they  completely  forsake  tlie  place.  In  several  of  the 
northern  islands,  eagles  are  very  common,  and  so  fero- 
cious, that,  besides  destroying  the  lambs  and  smaller 
animals,  they  are  s:iid  even  to  attack  and  sometimes  to 
overcome  the  oxen.  In  order  to  efl'ect  its  purpose,  the 
bird  first  plunges  in  the  sea,  and  when  coni))lelely  wet, 
rolls  ilsell  on  the  shore  till  the  feathers  are  covered  with 
sand;  then  rising  into  the  air,  and  hovering  over  the 
ox,  shakes  the  sand  and  small  stones  into  the  eyes  of 
the  animal,  and  flaps  his  face  with  its  powerful  win;js. 
The  blinded  oxen  run  about  in  terror  and  rage  till  they 
fall  down  completely  exhausted,  or  dash  themselves  to 
death  over  a  precipice,  when  the  eagle  devours  them 
at  its  leisure.*  All  kinds  of  liunting  and  fowling  are 
entirely  unfettered  l)y  game  laws;  and  an  attempt  made 
in  1730  to  restrict  this  freedom,  produced  such  increase 
among  the  wild  animals,  that  it  was  found  necessary  to 
repeal  the  new  enactments. 

The  lakes,  rivers,  and  coasts  of  Norway  are  fre- 
quented by  shoals  of  fish,  particularly  cod,  ling,  whiting, 
salmon,  mackerel,  and  herring;  and  a  great  proportion 
of  tlie  inhabitants  along  the  western  coast,  find  their 
principal  employment  in  the  fisheries.  It  is  thought  in- 
deed, that,  notwithstanding  the  various  advantages  of 
this  occupation  in  a  national  point  of  view,  too  many 
individuals  are  attracted  to  the  pursuit,  which,  though 
often  highly  lucrative,  is  attended  with  great  risks  and 
losses,  and  diminishes  the  number  of  hands  who  might 
be  employed  in  improving  the  agriculture  of  the  coun- 
try. Von  Buch  calculates  that  fully  the  half  of  all  the 
grown  men  who  inhabit  the  Nordlands,  through  an  ex- 
tent of  100  geographical  miles,  are  collected  at  the 
fishing  station  of  Lofodden  every  spring,  besides  300 
vessels  from  the  southern  ports,  each  filled  with  seven 
or  eight  men,  so  that  in  this  single  station  there  are  more 
than  20,000  individuals  engaged  in  fishing  during  the 
months  of  Tebruary  and  March.  He  calculates  also, 
that  at  these  islands  of  Vaagc  nearly  sixteen  millions 
of  large  cod  and  tusk  are  taken  every  year.  The  fish 
arc  supposed  to  seek  the  shelter  of  the  calm  straits 
among  the  islands  for  the  repose  which  they  require  in 
spawning,  and  Ihey  also  pursue  one  another  as  prey. 
The  smelt  or  lodde,  supposed  to  be  the  salmo  e/ierlanus, 
(so  rcmaikable  for  their  odour,  that  the  fishermen  dis- 
tinguish their  approach  at  th.c  distance  of  ten  Englisli 
miles,)  first  make  their  appearance  in  ])ursuil  of  the  sea 
crab,  and  are  followed  by  the  cod  and  sey,  the  former 
of  which  drives  them  into  the  fiords,  while  tlic  latter 
endeavours  to  surround  the  shoals  and  keep  them  out 
at  sea.  These  again  are  pursued  by  numbers  of  whales; 
but  on  account  of  the  sen  ice  which  they  are  supposed 
to  rendei,  by  driving  the  fish  towards  the  coast,  Ihey 
are  not  attacked,  and  only  the  small  whaUs  which  enter 


the  fiords  are  taken.  In  the  cod  fishing,  lines  and  hand- 
lines  are  used,  especially  by  the  poorer  fishermen  ;  but 
large  nets  above  iw\  nly  fathoms  in  length  are  generally 
employed,  and  are  f  >und  to  be  much  more  successful. 

It  is  still  so  much  the  pmctice  in  Norway  for  every 
family  to  fabricate  a  great  part  of  the  articles  which 
they  require  for  domcsiic  purposes,  that  manufactures, 
and  even  the  ordinary  trades,  have  made  little  progress 
in  the  country;  and  the  distance  at  wliich  the  peas;.uts 
commonly  live  fiom  each  other,  tends  to  continue  this 
state  of  things.  The  following  list  of  persons  employed 
in  dis'inct  tiades  at  Christiania  in  1793,  among  a  po- 
liulalion  of  10,000  people,  may  convey  a  curious  view  of 
the  subject. 


Hakcrs 

10 

Pin  makers     . 

5 

Haibcrs 

3 

Wig- makers 

10 

llorners 

1 

Lace-make-rs 

1 

ISodk-binders 

4 

Dyers 

5 

Stoiie-cutitis 

1 

Curriers 

11 

(hoopers 

7 

I'anners         .        .      *  . 

i> 

Disiillers  of  brandy 

1 

Plasterers 

2 

Furriers 

4 

Glaziers 

2 

Tinsmiths 

7 

(ioMsmitlis 

6 

Armourers 

2 

Glovers 

2 

Hatters 

7 

Itope-niakers 

I 

Hlieel  Wrights 

8 

Sail-makers 

1 

Inslrument-inakers 

2 

Saddlers 

6 

Pewterers 

3 

Grinders 

5 

Makers  of  cards  (for  wool) 

5 

Shoemakers 

29 

UutLon-makers 

o 

Carpenters 

O 

Hraziers 

2 

Weavers 

.> 

Kngravers 

1 

Tailors 

22 

Comb-makers 

1 

Loek-smiths  and  Farriers 

14 

Carders 

2 

Joiiiers 

1 

I'aiiiters 

7 

Spiir-m.ikers 

1 

Masons 

2 

Coach-makers 

4 

Furbishers     . 

1 

Watch-makers 

8 

I.J  1801,  Von  Buch  represents  the  same  town  as  con- 
taining 110  shopkeepers,  220  retail  dealers,  and  24  mas- 
ter artizans. 

The  peasantry  not  only  tnake  the  coarse  closh  with 
which  they  are  clothed,  but  also  their  furnilure,  uten- 
sils, tools,  shoes,  boots,  saddles,  and  harness:  and  in 
the  most  retired  spots,  among  rocks  and  rnounlains,  are 
found  even  self-taught  clock  and  waich-makers,  and 
carvers  in  wood  and  stone,  whose  works  discover  an 
astonishing  degiee  of  native  genius  and  intelligence. 
There  are  nevertheless  a  few  public  manufactoiics  in 
some  of  the  towns,  soap-works,  and  houses  for  refining 
sugar  ;  cloths,  carpets,  and  flannels  made  in  tiie  correc- 
tion houses,  linen  manufactories  at  Drammen,  roperies 
at  Christiania,  Fredcricshald,  and  Dronlheim,  salt  and 
saltpetre  works  at  the  last  mentioned  place,  besides  a 
recent  esiaiilishnient  for  preparing  colouring  mailer 
from  lichens.  A  great  deal  of  work  is  done  in  the 
preparation  of  iron  ;  and  in  most  of  tlie  establishmenls 
lor  this  purpose,  kettles,  pans,  iron  plates,  and  nails,  are 
fabricated.  At  Mioss  there  is  a  large  foundtry  for  cast- 
ing cannon,  and  a  manufaclure  of  works  in  iron  and 
steel.  There  arc  four  extensive  glass-works  foi  the 
supply  of  these  establishments  at  home,  as  well  as  for 
exportation  to  other  countries  ;  great  quantities  of  pot- 
ash and  soda  are  prepared  ever)  year.  Earthen  ware 
is  made  in  several  places,  but  the  largest  manufactory 
of  that  article  is  at  Stordalshalsen  ;  and  at  the  same 
place  are  woiks  for  burning  tiles  and  lime.  At  Vardal, 
a  village  in  the  Dronlheim,  gloves  are  made  in  a  parti 


•  Von  Buch  was  satisfied  of  the  truth  of  this  singular  instance   of  sagacity,  by  the  distinct  and  circumstantial  accounts  which  he 
received  from  diH'erent  persons  in  Norway. 
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cular  mntiner,  which  are  held  in  high  estimation  for 
their  superior  softness,  and  highly  agreeable  smeM. 
The  ])ieparation  used  for  tliis  purpose  is  kept  secret, 
hut  is  supposed  to  be  made  of  the  bark  of  the  elm  tree. 
One  of  the  greatest  and  most  lucrative  of  the  Norwe- 
gian manufac'.ures,  (if  the  mere  preparation  of  the  raw 
materials  can  be  so  named,)  is  the  cutting  and  dressing 
of  masts,  beams,  rafters,  planks,  and  laths,  most  of 
■which  is  done  by  saw-mills  on  the  rivers;  but  even  in 
this  species  of  work,  rough  as  it  may  appear  under  the 
name  of  manufacture,  there  is  a  nicety  rctpiired,  which 
the  eye  of  the  merchant  can  distinguish,  and  which  has 
considerable  effect  upon  the  foreign  demand.  "  The 
scrupulous  and  precise  Englishman  rejects  the  deals  of 
Drontheim,  and  sends  them  to  his  less  fastidious  neigh- 
bours in  Ireland,  though  the  price  of  those  of  Chrislia- 
ria  and  Fredcrickstadt  is  much  higher.  This  is  not  so 
much  owing  to  the  superior  quality  of  the  tree,  as  to 
the  uniform  thickness  of  the  plank,  and  the  accurate 
parallel  of  its  two  planes,  with  several  other  minute 
circumstances  known  only  to  the  sawyer  and  the  delicate 
English  merchant."  The  floating  of  the  timber  down 
the  river,  and  the  carriage  of  the  smaller  planks  by 
sledges  from  the  mountains,  forms  a  considerable  por- 
tion of  the  national  industry.  The  quantity  of  timber 
thus  collected  in  the  magazines  of  the  ports,  particu- 
larly at  Christiania,  resembles  wooden  towns  laid  out  in 
streets  and  avenues.  The  noise  of  the  country  people 
bringing  the  timber  continues  v/ithout  interruption  so 
long  as  the  snow  lasts.  They  deliver  over  their  boards 
to  the  overseers,  who  mark  on  their  backs  with  chalk 
in  letters  and  figures  the  place  to  which  the  boards  were 
brought,  and  the  number  of  them.  It  is  a  singular 
enough  sight  to  see  these  boors  hurrying  away  with  all 
possible  expedition  to  the  counting-houses  of  the  mer- 
chants, in  the  quartale,  with  this  original  species  of  ob- 
ligation on  their  shoulders.  By  stopping  on  their  way, 
or  engaging  in  any  other  business,  tliey  might  rub  out 
the  marks  on  their  coats,  and  thus  extinguish  for  ever  all 
evidence  of  their  debt.  AVhen  they  appear  before  the 
treasurer,  they  have  no  occasion  to  say  a  single  word. 
They  present  their  shoulders,  and  are  immediately  paid. 
Another  source  of  occupation  in  Norway  is  the  dig- 
ging of  the  mines,  and  the  various  operations  connect- 
ed with  the  preparations  of  the  metals  for  home  use  or 
foreign  trade.  This  portion  of  native  manufacture  ap- 
pears to  have  been  followed  since  the  fourteenth  cen- 
tury ;  but  it  was  chiefly  by  the  encouragement  given 
by  Christian  III.  (who  sent  miners  and  workers  at  the 
forge  from  Germany,)  that  the  mines  were  brought  into 
a  more  flourishing  state,  and  better  management.  The 
right  to  all  mines  is  retained  by  the  crown  ;  but  this 
may  be  renounced  in  favour  of  those  who  discover  the 
mines  and  undertake  the  working  of  them,  upon  whom 
various  privileges  are  conferred.  The  silver  mines  of 
Kongsberg  employ  2500  workmen,  most  of  wiiom  are  the 
descendants  of  German  miners,  and  require  annually  1200 
loads  of  charcoal,  and  30,000  of  wood  for  burning,  be- 
sides what  is  wanted  for  building.  The  produce  of  the 
different  mines  has  varied  greatly  according  to  the  modes 
of  prosecuting  the  work.  The  gold  mine  of  Edswold 
in  the  distiict  ot  Rommerige,  discovered  in  1758,  has 
not  yet  defrayed  the  expense  of  working  it.  The  sil- 
ver mines  of  Kongsberg,  from  the  year  1623  to  1792, 
produced  25,130  573  rixdollars  ;  but  the  expenses  have 
been  very  considerable,  and  the  clear  profits  very  limit- 
ed.    The  copper  mines  of  Roras,  from   1646  to  1791 


produced  337,863  skcppunds  of  refined  copper,  worth 
above  17,000,000  of  rixdollars,  and  yielding  in  some 
years  a  clear  profit  of  149,162  rixdolhrs.  The  iron 
mine  of  Laurvip  yields  annually  about  7000  skeppunds 
of  bar  iron,  and  2000  of  cast  iron;  that  of  Mioss  about 
4000.  Several  others  yield  about  the  same  amount  as 
the  last  mentioned;  and  the  total  annual  produce  from 
the  iron  mines  is  estimated  at  40,000  or  50.000  skep- 
punds. The  cobalt  mines  of  Fossum  yielded,  in  1792, 
2817  quintals,  valued  at  3vS,709  rixdollars.  The  salt 
works  of  Norway  have  not  succeeded  so  generally,  in 
consequence,  as  has  been  supposed,  of  a  deficiency  of 
saltness  in  the  sea-water  ;  but  one  establishment  at  Val- 
loe,  by  using  foreign  salt  to  facilitate  the  operation,  has 
begun  to  prosper,  and  produces  annually  about  nine 
thousand  tons,  yielding  a  clear  profit  of  11,770  rixdol- 
lars. 

The  peasantry  display  a  truly  wonderful  ingenuity  in 
carving  vessels  and  other  articles  of  household  furniture 
with  their  knives.  They  ornament  knife-handles  with 
differently  coloured  wood,  beautifully  inlaid  ;  cut  out 
bowls  and  cups  as  if  they  had  been  turned  ;  and  manu- 
facture the  most  elegant  utensils  of  all  sizes,  from  a  ca- 
binet to  a  snufl'-box,  without  any  other  instrument  than 
their  knives. 

The  internal  trade  of  Norway  is  very  considerable 
along  the  coasts,  particularly  in  the  gulf  of  Christiania 
and  the  neighbouring  bays,  which  form  a  kind  of  na- 
tural canals,  running  into  the  country.  But,  throughout 
the  inland  tracts,  communication  is  greatly  obstruct- 
ed by  the  precipitous  mountains,  impenetrable  forests, 
and  bottomless  marshes.  The  principal  roads,  however, 
have  been  greatly  improved.  One  of  them  from  Christia- 
nia to  Drontheim  is  carried  over  the  Dovrefieldt 
heights,  through  very  dreaty  tracts  and  difficult  passes; 
but  the  horses  of  the  country  are  so  remarkably  steady 
and  well  trained,  that  few  accidents  take  place.  The 
number  of  travellers  is  too  limited  to  support  a  regu- 
lar succession  of  post-horses ;  but  the  peasants  are 
obliged,  in  their  turns,  to  furnish  horses  at  a  regu- 
lated price,  which  is  in  general  too  low  to  recompense 
the  loss  of  time.  During  winter,  sledges  are  used  in 
travelling,  and  in  summer  small  Swedish  cars;  hut,  in 
the  spring  season,  during  the  whole  of  April,  and  the 
first  half  of  May,  all  communication  is  interrupted  by 
the  wet  state  ol  the  roads,  which  are  neither  frozen 
enough  to  support  the  sledge,  tior  dry  enough  to  admit 
of  the  car.  The  cars  also  are  broader  than  the  sledges, 
and  cannot  go  in  their  tracks,  which  alone  are  first  clear 
of  snow;  and  even  a  single  horse  is  continually  in  dan- 
ger of  sinking  into  hollow  places  covered  with  the  half- 
melted  snow  and  ice.  Nay,  for  some  time,  it  is  very 
difficult  in  certain  places  to  conduct  a  heavy  carriage 
along  the  roads  ;  and  V'on  Buch  gives  the  following  de- 
scription of  the  passage  over  Tellegrod  in  Vardalen: 
"  The  earth  freezes  in  winter  lor  a  depth  of  several 
yards;  and  when  the  thaw  comes  on  in  spring,  it  is  long 
before  the  warmth  can  fully  expel  the  frost  from  the 
ground.  Hence  the  winter  has  been  long  past  on  the 
surface,  and  the  earth  become  dry  and  firm,  while 
the  undermost  rind  remains  still  frozen.  The  middle 
thawed  part  remains  beneath  the  dry  surface  like  a 
morass,  and  cannot  penetrate  deeper  into  the  earth. 
Such  places  on  the  road  cannot  be  known,  and  horses 
and  coach  sink  at  once  like  a  vessel  at  sea.  The  firm 
rind  shakes  for  a  great  way  around,  and  rises  and  falls 
in  continual  undulations.  The  carriage  dances,  the 
4  N  2 
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horses  lake  iVight,  llie  crust  inunediaicly  gives  way,  and 
the  horses  and  carriage  sink  for  a  number  of  feet  into  the 
abyss.  The  common  expression  at  parting  to  all  strangers 
who  travel  in  spring  is,  throughout  Norway,  "  Heaven 
preserve  you  from  Tellegrod;"  and  truly  they  are  in 
the  right.  It  is  frightful  to  sec  the  carriage  and  horses 
rolling  over  the  firm  ground,  as  if  convulsed  by  an 
earthquake,  every  moment  to  expect  to  set;  the  ground 
open  and  swallow  them  up."  The  rivers  which  water 
the  country,  though  they  are  of  great  service  lor  float- 
ing down  the  timber,  are  so  interrupted  by  falls  and  ra- 
pids, that  they  cannot  contribute  much  to  inland  naviga- 
tion, unless  means  were  employed  to  alter  their  course. 
Besides  weekly  markets  at  the  principal  towns,  there 
are  annual  fairs,  which  bring  the  country  people  toge- 
ther from  a  great  distance  wilh  their  domestic  produce, 
and  some  of  these  are  held  in  the  interior  of  the  coun- 
try for  the  convenience  of  the  more  remote  districts. 
On  these  occasions  the  roads  are  crowded  wilh  sledges 
loaded  with  tallow,  cheese,  butter,  and  hides,  for  which 
they  generally  find  a  ready  scile  ;  and  with  the  price  of 
which  they  purchase  in  return,  corn,  malt  for  beer,  iron, 
and  ironware,  fish,  and  a  variety  of  small  articles  which 
administer  to  the  comfort  of  existence.  At  the  com- 
mencement of  winter,  also,  thousands  of  oxen  are  driven 
into  the  towns,  to  supply  the  inhabitants  with  their  ne- 
cessary winter  provisions.  In  like  manner  the  great  sta- 
ple commodities,  deals  and  iron,  are  brought  down  on 
sledges  during  winter,  or  in  summer  by  means  of  horses 
and  cars,  which  return  wilh  provisions  and  other  neces- 
saries. 

The  principal  trading  towns  arc  Christiania,  Frede- 
rickshald,  Christinnsand,  Drontheim,*  and  Bergen;  but 
there  are  about  20  more,  which  may  be  counted  as  ma- 
ritime stations,  and  which,  more  or  less,  partake  in  the 
foreign  commerce.  Of  these  towns  Bergen  has  most 
connection  with  Holland;  Christiania  with  Great  Bri- 
tain; and  Drontheim  with  Ireland.  The  Dutch  bring 
with  them  spices,  drugs,  garden-seeds,  tobacco  pipes, 
and  paper;  and  take  in  return  rape-seed,  limber,  char- 
coal, tar,  salt,  and  dried  fish.  The  British  biing  coals 
and  various  manufactures;  and  take  buck  dried  fish  and 
umber;  but  in  regard  to  both  of  these  countries  the  ba- 
lance of  trade  is  considered  as  in  favour  of  Norway.  In 
1768,  the  foreign  trade  was  stated  as  follows : 

Exports.  Imports. 

Rixdollarj.     S.  nixilollars.     S. 

Government  of  Christiani.i,        5i:),440       9  465,748     82 

-—of  Christiansand,  103,660     56  957,780     86 

of  Rergen,              695,760     75  421,754     64 

of  Drontheim,        401,507     9i  254,999     89 


1,714,369     41         1,238,284     33 

In  1799  the  shipping  of  Norway  engaged  in  trade, 
and  consisting  of  vessels  carrying  above  ten  lasts,  was 
distributed  as  follows : 


Vessels. 
In  the  govern,  of  Cliristiania,       283 

of  CliristiuMsand,  348 

of  Bergen,  53 

cf  Dionllieim,        63 


Lasts.  Tons  Eng. 

22,627     1  /.2        2,516 

16,794     1  1.2        2,310 

6,906  1,035 

3,142     1  1.2  481 


747        49,470     1  1.2        6,336 


In  1799  there  were  exported  of  wood  1169  cargoes, 
amounting  in  all  to  86.574  lasts,  of  which  more  tlian  one 
half  were  to  England  ;  two  thirds  of  the  other  half  to 


Scotland  and  Ireland ;  and  tiiu  remauider  chiefly  to 
France,  Holland,  and  the  German  ports.  In  the  same 
year  there  were  exported  of  fisli  261  cargoes,  amount- 
ing in  all  to  8,958  lasts,  of  which  the  greater  part  were 
to  Spain,  the  Mediterranean,  France,  and  Enibden. 

The  general  exports  of  Norway  are  hides,  iron,  train- 
oil,  tallow,  butter,  dried  and  salt  fish,  timber  and  planks, 
horses,  ami  horned  cattle,  silver,  alum,  Prussian  blue, 
copper,  and  iron.  The  priniipal  imports  are  wine, 
brandy,  salt,  grain,  linen,  hardware,  and  various  luxu- 
ries. 

The  Norwegian  traders  frequently  sail  to  the  Medi- 
terranean with  their  own  produce  ;  procure  freightage 
for  Hamburgh,  from  which  they  proceed  to  the  i3altic  ; 
and  there  load  wilh  corn  for  their  own  ports. 

The  population  of  Norway  must  always  bear  a  small 
proportion  to  its  geographical  extent;  but  is  capable  of 
being  increased  ahove  its  present  amount;  and  in  con- 
sequence of  recent  political  and  agricultural  arrange- 
ments, has  begun  to  make  a  very  rapid  progress.  The 
most  populous  towns  are  Bergen,  containing  18,000; 
Kongsberg  8000  ;  Cliristiania  10,000  ;  Dronlheim  8840  ; 
Fredericksiiald  4000  ;  Clirisliansand  5000  ;  V'osse  Vang 
4000;  Evindvig  4000.  The  amount  of  the  whole  popu- 
lation, according  to  a  public  enumeration  in  the  begin- 
ning of  1801,  was  910,074.  of  which  the  cities  contain 
about  one  eighth  part,  and  which  gives  the  rate  of  100 
individuals  to  every  square  mile  over  the  whole  king- 
dom. In  some  places,  particularly  in  Hcdcmarken, 
there  are  above  1000  inhabitants  to  the  geographical 
square  mile,  which  may  be  considered  as  the  maximum 
of  population  in  the  country  ;  but  over  the  southern 
provinces  in  general  there  are  only  500  or  600  to  the 
square  mile  ;  and  in  the  northern  districts  not  more  than 
20  or  30  ;  nay,  in  some  places  in  liigher  laiitudes,  and 
even  in  the  elevated  region  of  Dovrefieldl,  not  more  than 
three.  The  annual  proportion  of  births  to  the  whole  po- 
pulation is  as  1  to  35  ;  that  of  deaths  as  1  to  49  ;  and 
that  of  marriages  as  1  to  130.  Children  are  robust  and 
healthy  in  Norway,  and  old  age  becomes  exempt  from 
the  harder  toils  ;  but  the  fatigues  and  dangers  of  the  sea, 
the  mines,  and  the  fisheries,  occasion  the  greatest  mor- 
tality among  the  youth  and  the  middle  aged.  Out  of 
18,354  who  died  in  the  year  1799,  there  were  208  indi- 
viduals between  90  and  100  years  of  age.  The  popula- 
tion has  made  considerable  progress  since  the  beginning 
of  the  19tli  century  ;  which  has  been  ascribed  to  the  in- 
crease of  mariiages  in  consequence  of  the  change  in  the 
military  service,  into  which  the  peasants  are  now  taken 
at  an  earlier  age,  so  as  to  be  discharged  before  having 
passed  the  prime  of  life,  and  in  which  they  are  allowed 
to  marry  when  they  please,  without  depending  as  for- 
merly upon  the  pitrmission  of  the  office)  and  the  priest. 

The  form  of  government  is  the  same  as  in  Denmark. 
There  are  governors  appointed  over  each  of  the  four 
governments  into  which  the  kingdom  is  distributed,  and 
sub-governors  over  the  provinces,  into  which  these  go- 
vernments are  subdivided.  No  viceroy  has  been  ap- 
pointed since  the  reign  of  Christian  VI. ;  but  the  gover- 
nor of  Christiania  is  invested  with  the  general  superin- 
tendance  of  the  whole  kingdom.  The  laws  and  admi- 
nistration of  justice  are  also  similar  to  those  of  Den- 
mark, excepts  few  alterations  required  by  the  different 
circumstances  of  the  country.  The  judges  in  the  infe- 
rior tribunals,  assisted  by  a  certain  number  of  cilizeiis 


•  The  proper  name  of  this  city  is  TrOnyem,  pronounced  Trunyem.    It  was  anciently  called  Nidrosia. 
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or  liusbaiidnien,  go  from  place  to  place  in  tlie  country 
districts,  and  hold  the  assizes  at  different  terms  ;  but 
they  must  hold  them  once  a  month  in  every  bailiwick. 
Formerly  there  were  provincial  courts  held  three  times 
a-year,  to  which  appeals  were  made  from  the  inferior 
tribunals,  and  from  these  provincial  courts  appeals  were 
carried  to  the  superior  court  of  Christiania,  liom  which, 
in  certain  cases,  appeals  were  remitted  to  the  supreme 
tribunal  at  Copenhagen.  But  since  the  year  1797,  it  is 
appointed  that  there  shall  be  a  superior  court  in  each 
government,  consisting  of  one  judge  and  four  assessors 
in  the  government  of  Christiania,  but  in  the  other  three, of 
one  judge  and  two  assessors,  and  that  the  head  governor 
shall  preside  in  these  courts,  not  as  a  judge,  but  for  the 
maintenance  of  order  and  the  support  of  their  dignity. 
In  many  places  the  parties  plead  their  own  cause  without 
the  aid  of  advocates, anil  justice  is  administered  through- 
out the  country  with  the  greatest  regard  to  personal  li- 
berty, as  well  as  with  much  primitive  simplicity  of  form. 
Feudal  usurpations  had  never  acquired  so  wide  an  in- 
fluence in  Norway  as  in  most  other  European  countries; 
and  hence  there  are  few  privileged  estates  or  individuals 
in  the  kingdom.  The  two  earldoms  of  Laurvig  and 
Jarlsberg  enjoy  the  prerogatives  of  the  courts  of  Den- 
mark, and  a  small  number  of  domains  are  exempted 
from  taxes  by  old  letters  patent  of  the  kings.  The 
clergy,  the  schools,  and  several  civil  ofRces,  have  the 
use  of  certain  lands,  allotted  by  government  for  their 
support,  and  particularly  the  hospitals  and  religious  in- 
stitutions possess  considerable  districts  with  certain  im- 
munities. The  greater  parts  of  the  lands  in  Norway 
are  possessed  by  the  peasantry,  and  are  held  by  a  sin- 
gular tenure,  which  appears  to  have  been  originally  de- 
signed to  encourage  the  husbandman,  but  which  had 
begun,  in  some  degree,  to  partake  of  the  principles  of 
feudal  appropriation.  These  lands  were  bound  by  a 
species  of  entail  to  be  transmitted  from  father  to  son, 
without  any  division  ;  but,  since  the  year  1769,theymay 
both  be  divided  and  sold,  subject  to  a  family-claim  of 
re-purchase  called  Odelsgaard,  or  right  of  inheritance. 
This  law  entitles  the  proprietor  of  such  freehold  estates, 
or  the  nearest  heir  of  the  family,  to  redeem  the  proper- 
ty) by  paying  the  price  at  which  it  was  sold,  provided 
he  announce  his  intention  of  doing  so  immediately  after 
the  sale,  and  come  forward  to  make  the  purchase  before 
the  estate  has  been  fifteen  years  out  of  his  family,  or  ten 
years  in  the  possession  of  the  new  proprietor.  This 
custom,  doubtless,  tends  to  attach  the  peasantry  to  their 
native  place,  and  to  stimulate  their  improvement  of  pos- 
sessions so  carefully  secured  to  the  family.  But,  on  the 
other  hand,  it  diminishes  the  value  of  an  estate  which  has 
once  been  sold,  and  discourages  all  attempts  to  improve 
a  possession  rendered  so  precarious  *  There  are  other 
properties  which  neither  enjoy  any  immunities,  nor  are 
liable  to  this  right  of  inheritance,  and  these  are  chiefly  in 
the  hands  of  the  labouring  peasantry.  Many  lands  also 
are  let  as  farms,  and  the  tenants  are  free  from  many  bur- 
dens which  oppress  the  Danish  farmers. 

The  revenue  drawn  from  Norway  arises  from  nearly 
the  same  sources  as  in  Denmark ;  such  as,  land-ta.»L, 
tithes  of  grain,  fish,  iron  and  copper,  capitation-tax, 
customs,  stamps  on  cards  and  paper,  a  per-centage  upon 
income.     The  revenue  amounted  in    1787  to   1,140,230 


rix  dollars,  but  li  understood  to  have  received  a  consi- 
derable increase  since  that  period. 

A  national  militia  is  regularly  maintained  in  the  coun- 
try, the  amount  of  which  is  in  a  great  measure  regulated 
by  the  population,  but  which  of  late  has  gejierally 
amounted  to  about  26,000  men,  of  wiiom  8000  composed 
the  corps  of  Landvaern,  or  the  country's  guard,  whose 
services  are  restricted  to  the  defence  of  passes,  and  the 
garrisons  of  fortresses.  The  kingdom  is  divided  into  a 
number  of  small  districts,  each  of  which  furnishes  a 
militiaman,  who  serves  ten  years,  and  is  then  transferred 
to  the  Landvaern,  where  he  serves  six  years  more  be- 
fore receiving  his  discharge.  Formerly  the  peasants 
might  be  taken  at  any  age  into  the  army  under  36,  and 
the  officers  used  to  prefer  them  between  25  and  30  ;  but, 
by  a  recent  regulation,  they  are  taken  first  at  20,  and 
then  at  22,  till  the  requisite  number  be  completed.  The 
militia,  in  time  of  peace,  are  only  exercised  twelve  days 
in  the  year.  There  is  one  corps  which  merits  a  parti- 
cular description,  who  are  trained  to  the  use  of  skates, 
and  wliose  duty  it  is  to  climb  the  mountains  in  case  of  in- 
vasion, and  to  harass  the  enemy  among  the  defiles.  They 
are  clothed  in  a  short  jacket,  pantaloons,  leather  bonnet, 
and  greatcoat ;  and  armed  with  a  carbine,  long  hunting- 
knife,  and  staff,  pointed  with  iron.  Their  baggage  is 
conveyed  on  sledges  dragged  by  men.  There  are  also 
some  volunteer  corps,  composed  of  the  miners  near  the 
frontiers. 

The  principal  fortifications  in  Norway  are  those  around 
Fredericshald,  particularly  the  fortress  of  Fredericstein, 
situated  on  a  high  rock  above  the  town,  at  the  siege  of 
which  Charles  XII.  of  Sweden  received  the  death-wound 
which  terminated  his  frantic  career.  Fredericsiad,  near 
the  last  mentioned  town,  Aggerhuus,  near  Christiania, 
Frederieswarn,  in  the  county  of  Laurvig,  and  the  citadel 
of  Vardochus,  in  Finmark,  the  most  northerly  fortifica- 
tion of  Europe,  are  also  places  of  considerable  strength. 

The  religion  of  Norway,  and  its  ecclesiastical  polity, 
resemble  that  of  Denmark.  The  king  nominates  to  the 
greater  part  of  the  benefices,  and  there  are  about  518 
clergy  of  all  ranks  in  the  country.  There  are  a  few  in- 
dividuals connected  with  the  reformed  churches,  but  not 
a  sufficient  number  to  form  regular  communities.  No 
Jews  have  ever  found  a  footing  in  Norway  ;  and  the  ap- 
prehension of  their  engrossing  the  traffic  in  metals  is 
supposed  to  have  contributed  chiefly  to  their  exclusion. 
There  are  several  missionaries  sent  to  Lapland  by  the 
bishop  of  Drontheim,  who  suffer  severe  privations  among 
the  miserable  inhabitants,  and  who  receive  a  salary  of 
100  crowns  per  annum.  The  means  of  education  are 
very  limited  in  Norway.  Some  districts  have  no  sta- 
tionary schools,  and  are  only  visited  occasionally  by 
teachers,  who  go  from  house  to  house :  but  means  have 
beem  employed  by  several  patriotic  societies  for  reme- 
dying this  defect.  Several  villages  have  grammar 
schools,  like  those  of  Denmark.  The  youth  who  wish 
to  prosecute  a  course  of  literature  and  science,  are  un- 
der the  necessity  of  repairing  to  the  University  of  Co- 
penliatren;  but.  for  some  time  past,  a  plan  has  been  in 
agitation  lor  establishing  an  University  ;\t  Christiania; 
and  there  are,  in  the  mean  time,  at  Bergen,  Drontheim, 
and  other  principal  cities,  academies  instituted  for  im- 
parting to  young  persons  the  elements  of  general  know- 


•  According  to  tlie  law  of  succession,  all  the  brothers  divide  the  property  equally  on  tlie  death  of  Iht  father,  and  the  daughters 
receive  the  half  of  a  son's  portion  ;  but  frequently  the  land  is  valued,  and  the  elder  brother  retains  it,  upon  n-iving  to  the  rest  of  the 
family  the  price  of  their  shares. 
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ledge.  The  Gj'mnasiiim,  a  public  school  of  Chrisiiania, 
supplies,  in  the  mean  linie,  the  place  of  a  university; 
and,  besides  tlic  rooms  rerjuired  for  the  insuuction  of 
the  youths,  contains  several  collections,  and  a  very  use- 
ful library,  which  is  open  to  the  citizens.  There  is  a 
military  academy  frontint;  the  school-house,  where  lOO 
cadets  receive  tlicir  education,  and  which  is  supported 
almost  wholly  by  the  contributions  of  wealiliy  indivi- 
duals. 

The  Danish  languatjc  is  also  the  vernacular  tongue 
of  the  Norwegians,  who  are  distinguished  by  a  rapid 
and  forcible  utterance  of  their  words,  and  in  this  respect 
resemble  the  Swedes  more  than  the  Danes.  In  some 
of  the  northern  districts  there  are  still  perceptible  many 
expressions  of  the  ancient  Gothic,  which  once  formed 
the  language  of  all  Scandinavia,  but  in  the  principal 
towns  the  dialect  is  purer  than  in  Denmaik  itself,  or 
even  in  Copenhagen. 

The  progress  of  literature  in  Norway,  as  in  Denmark, 
was  very  slow  till  about  the  middle  of  tlie  ISlh  century. 
Torfjeus,  a  native  of  Norway,  was  one  of  the  first  and 
most  distinguished  native  writers,  and  is  particularly  ce- 
lebrated for  his  Historia  Norwegiana,  in  which  he  has 
displayed  considerable  research  into  the  ancient  history 
of  the  north.  Schocning  and  Stroem  have  done  much 
honour  lo  their  native  country,  the  one  in  the  civil  his- 
tory, and  the  other  in  the  natural  history  of  Norway. 
Vessel  and  Tulin,  who  rank  with  Evald  among  the  fa- 
thers of  the  Danish  poetry,  were  natives  of  Norway. 
One  of  the  latter  of  the  Norwegian  writers  was  M.  I'al- 
sien,  Counsellor  of  State,  and  President  of  the  High 
Court  of  Justice  in  Chrisiiania,  who  died  in  1808,  and 
who  was  much  distinguished  by  his  pleasing  poetical 
pieces,  as  well  as  by  a  few  dramatic  productions,  espe- 
cially his  comic  opera  of  Dragcdukken.  The  drama  is, 
indeed,  the  favourite  subject  of  the  Norwegian  men  of 
letters,  and  a  theatre  exists  in  almost  every  town,  in 
which  the  principal  persons  of  the  place  perform  the 
part  of  actors  for  the  amusement  of  themselves  and  of 
their  fellow-citizens.  They  discover  also  a  great  taste 
for  music  in  occasional  concerts  and  operas. 

Several  learned  men  in  Norway  formed  a  society  of 
the  sciences  at  Drontheim,  and  their  transactions,  writ- 
ten in  the  Danish  language,  contain  chiefly  disquisitions 
on  natural  history,  physics,  and  agriculture.  Since  the 
year  1792,  a  topographical  society  has  been  instituted 
in  Christiania,  composed  of  Norwegians  who  take  an 
interest  in  opening  up  the  knowledge  of  their  country, 
and  who  publish  a  periodical  work,  entitled,  the  Topo- 
graphical Journal  of  Norway,  which  has  a  considerable 
circulation,  and  is  held  in  high  repute  among  the  sub- 
jects of  the  Danish  crown.  There  is  a  collection  of 
paintings  and  prints  at  Christiania,  which  belonged  to 
Chamberlain  Ancker.  Several  of  the  clergy  are  distin- 
guished by  their  scientific  attainments  ;  and  one  of  the 
most  distinguislied  men  of  tlie  present  day.  Provost 
Pihl,  of  Vang,  is  said  by  Von  Buch  to  possess  such  a 
collection  of  astronomical  instruments,  as  is  to  be  found 
in  few  observatories;  by  means  of  which  he  has  deter- 
mined with  accuracy  the  situ  ition  of  the  eastern  coast. 
This  individual  has  collected  a  number  of  meteorologi- 
cal observations,  which  will  furnish  ample  data  for  ascer- 
taining the  climate  of  the  north,  and  is  celebrated  for 
his  skill  in  mechanics,  which  he  applies  to  the  useful 
purposes  of  life,  as  well  as  the  construction  of  his  phi- 
losophical instruments. 

In  every  parish  there  are  two  or  three  schoolmasters, 


according  to  its  size,  selected  by  the  clergyman  from 
the  most  learned  of  the  peasants,  and  eonfirmeil  by  the 
bishop;  it  is  affirmed,  that  all  the  common  people  aie 
able  to  read,  and  most  of  them  to  write.  The  farmers 
read  the  gazettes,  and  converse  freely  on  political  sub- 
jects. 

The  national  dances  of  Norway  are  diflferent  from 
those  of  Sweden.  The  most  common  are  the  two  fol- 
lowing :  one  called  Hailing,  which  resembles  tumbling 
more  than  dancing,  and  in  which  the  performer,  stand- 
ing upon  his  head  kicks  his  heels  about  in  the  air  ;  and 
another,  called  I'olsk,  resembling  a  waltz,  in  which  the 
male  dancers  exhibit  a  number  of  lascivious  attitudes. 

When  a  marriage  takes  place  in  Norway,  open  house 
is  kept  to  all  comers  for  a  whole  week.  Every  neigh- 
bour and  relation  of  the  bride  and  bridegroom  brings 
provisions  as  a  contribution  to  the  feast,  and  the  new  mar- 
ried couple  are  expected  to  provide  beer  and  brandy, 
\Vhen  the  guests  take  their  leave,  they  make  presents 
to  the  married  pair,  according  to  their  circumstances 
and  their  consanguinity,  so  that  generally  100,  and 
sometimes  even  300  dollars  are  collected  for  the  young 
couple. 

In  the  towns,  a  stranger  is  expected  to  leave  his  card 
with  the  general  commandant,  and  with  the  principal 
people  ;  and  if  he  bring  letters  ol  recom'nendation,  tlie 
persons  lo  whom  they  are  addressed  conduct  him  round 
to  call  upon  other  families.  After  this  ceremony,  in- 
vitations pour  in  upon  him  from  all  quarters,  in  a  much 
greater  number  than  it  is  possible  for  him  to  accept,  ant! 
the  houses  are  thrown  open  to  strangers  in  the  most  ge- 
nerous and  hospitable  manner. 

The  natives,  even  of  the  better  class,  generally  rise 
with  the  sun,  when  they  take  a  slight  breakfast.  At 
nine  they  have  a  kind  of  luncheon,  which  they  call  (hict. 
At  twelve  or  one  they  dine.  The  dinner  is  followed 
by  coffee  ;  and,  in  the  evening,  they  drink  tea,  play  at 
cards,  and  conclude  with  punch.  They  usually  sup 
about  ten,  and  do  not  go  to  bed  very  early.  In  summer 
the  lower  orders  of  people  sit  up  all  night,  and  take  no 
sleep  for  a  considerable  time  ;  but  very  often  make  Sun- 
day their  sleeping  day,  and  during  the  winter  season 
make  up  abundantly  for  their  short  re[)osc  in  summer. 

In  all  the  parishes  voluntary  contributions  are  made 
for  the  maintenance  of  the  poor,  every  person  inliinat- 
ing  what  sum  he  is  willing  to  give  yearly  ;  and  these 
funds  are  managed  by  persons  expressly  nominated  for 
the  purpose.  But  beggars  are  very  frequently  met 
with  in  the  towns,  and  arc  much  more  numerous  than 
in  Sweden. 

The  carriages  used  in  Norway  are  very  old  fashion- 
ed. They  resemble  a  sedan  chair  placed  on  two  wheels, 
and  made  open  in  front. 

The  inhabitanls  of  Norway  are  altogether  an  unin- 
teresting race,  but  are  found  in  such  various  degrees  of 
refinement  and  civilization  as  to  present  the  appearance 
of  an  assemblage  of  diflerent  nations,  rather  than  of  one 
people.  They  are  usually  tall  and  robust,  though  ra- 
ther slender  ;  their  countenances  flat,  anrl  complexion 
fair,  thoui^h  less  so  than  the  Danes;  their  eyes  full  of 
spirit,  and  iheir  whole  physiognomy  expressive  of  ener- 
gy. Those  of  the  mountainous  districts  are  remark- 
ably healthy  and  vigorous  in  their  general  appearance, 
capable  of  enduring  the  greatest  fatigues,  and  encoun- 
tering the  severest  inclemencies  of  the  weather.  Those 
who  reside  on  the  coasts  are  of  a  smaller  size,  but  are 
the  most  hardy  and  adventurous  mariners  in  the  world  ; 
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and,  even  in  the  month  of  January,  xvhenlliey  can  reck- 
on upon  tlie  lij;hi  of  tlie  nioon,  couip.iiiics  of  men  and 
women  pass  whole  days  and  nii;hts  upon  lie  sea  in  open 
boats,  in  ihc  occupation  of  lishing.  In  Lofodden  there 
has  been  observed  a  peculi.nily  ot  features  aniont^  the 
fishermen,  prominent  bones  and  noses,  biaclc  dazzling 
eyes,  sharp  and  determinate  fealures,  and  sometimes 
true  Tuikish  pliy  =  ioi;noniii  s,  so  as  to  countenance  the 
conjeeune  that  the  Flioen)cians  had  visited  and  partly 
colonized  these  coasts.  1  he  women  ol  Norway  are 
much  handsomer  than  those  of  Sweden  ,  but  the  men 
are  less  athletic  than  the  northern  Swedes. 

The  manners  and  dress  ot  the  people  upon  the  coasts, 
and  in  most  of  the  commeicial  cities,  are  sjr^atly  altered 
by  the  iiiti eduction  of  foreign  usages,  and  it  is  only  in 
the  more  remote  disirirts  that  the  national  character  is 
still  retained.  This  primitive  stamp  of  mind  and  style 
ol  life  is  beheld  in  a  great  variety  of  stages,  according 
to  the  vicinity  of  the  people  to  the  towns,  and  their  op- 
portunities of  intercourse  with  one  another.  "  Tlie 
Swedes,  Danes,  and  Norwegians,  assuredly  do  not  dif- 
fer more  fiom  one  another  than  the  inhdbilants  of  va- 
rious valle)s,  wbo  assemble  horn  all  parts  to  the  annu- 
al fair  This  is  one  of  the  most  interestini^  spectacles 
for  every  stranger  who  visits  Norway,  and  for  every 
peison  who  wishes  to  examine  hum.m  nature,  and  to 
trace  by  what  loutts  and  associaiions  man  gradually  ad- 
vances in  the  progress  of  cultivation. 

"The  strong  and  robust  inhabitant  of  Guldbrands- 
dalen,  in  his  long  coat  ot  the  17th  century,  and  with  his 
little  red  cap  on  his  head,  walks  by  the  side  of  the  com- 
paratively elegant  boor  of  Walders,  who,  in  fealures  and 
dress,  is  as  unlike  him  as  if  he  came  from  beyond  the 
sea.  The  rich  proprietors  from  Hedemarken  pass  along 
as  il  they  were  of  the  inferior  order  of  town's  people  ; 
and  their  coats  of  home-made  cloth  are  cut  in  an  anti- 
quated fashion,  as  is  usual  in  couutiy  places.  From 
Oestcrdalen,  on  the  Swedish  boundaries,  appears  a 
higher  class  of  men  ;  but  wc  may  easily  see,  from  their 
carriage,  that  it  is  borrowed  from  their  neighbours.  On 
the  other  hand,  we  see  the  rough  and  almost  stupid  na- 
tive of  Hallingdaltn  in  a  true  naiional  uniform  ;  and  the 
sturdy  men  of  Oevre-Teilemarken  still  more  rough  and 
stupid.  They  alone  yet  continue  to  wear  the  broad 
northern  girdle  round  the  waist,  which  the  native  of 
Ttllemarken  embroiders  and  ornaments  in  quite  a  dif- 
ferent manner  from  the  other;  and  in  this  girdle  they 
fix  a  large  knife,  like  the  Italians,  which  was  formerly 
as  often  used  by  them  for  attack  and  w'arfare  as  for  con- 
veniency.  They  wear  a  short  jacket,  with  a  sort  of 
epaulette  on  it ;  and  a  small  cap  on  the  head  ;  thin  short 
leathern  Irecchcs  contain  in  the  ^sidc  pockets  all  the 
wants  of  the  moment,  and  almost  always  the  important 
small  iron  tobacco-pipe  Every  step  and  movement  of 
these  men  is  characteristic  and  definite  They  have 
only  one  object  in  view,  and  nothing  which  surrounds 
them  can  deaden  the  eagerness  with  which  they  pur- 
sue that  object.  The  boorol  Foulloug  and  Moss  is  far 
from  having  this  distinct  ch-aracter.  Nearer  to  the 
town  his  business  is  also  more  various,  and  he  looks 
around  him  with  attention  and  caution,  to  discover  any 
little  advantages  which  may  liring  him  easier  and  more 
secun  ly  to  his  end  ;  and  he  no  longer  lives  insulated  in 
his  vallev  relviiig  on  his  own  individual  physical 
strei'tith  ;  but  has  become,  through  common  interest 
and  connexions,  a  part  of  a  nation  " 

The  ancient  dress,  as  observable  in  some  of  the  more 


remote  valleys,  resembles  the  regimental  uniform  in 
the  days  of  Eugene  and  Marlborough  ;  and  the  cloth 
of  which  the  men's  coats  arc  made  is  prmcipally  of  a 
stone  colour,  wiih  red  buiton-holcs  and  white  metal 
buttons.  The  women  of  tlie  lower  order  wear  a  jacket, 
with  a  shining  black  apron  over  iheir  petticoat,  and  a 
turban  handkerchief  above  the  head,  beneath  which 
appears  a  clean  laced  mob  tied  under  the  chin  ;  but 
while  employed  in  their  household  affairs,  they  fre- 
queiitly  wear  nothing  more  than  a  petticoat  and  a  shift, 
with  a  collar  reaching  to  the  throat,  and  a  black  sash 
tied  lound  the  waist.  They  pique  themselves  upon 
having  fine  linens,  and  being  usually  well  made,  their 
shapes  appear  to  advantage  in  this  dress.  In  the  mari- 
time districts  of  Nordland,  where  the  inhabitants  are 
much  employed  as  fishers,  they  are  dressed  so  much 
alike  tlidt  tiiey  appear  as  if  in  uniform.  The  men  wear 
earih-brown  frocks,  close  on  evei'y  side,  except  at  the 
breast,  in  the  opening  of  which  small  blue  trimmings 
run  down  on  both  sides  ;  large  white  irowsers  above 
their  boots  ;  a  red  woollen  cap  on  their  heads,  with  a 
fell  hat  above  it.  In  the  south  of  Norway,  a  scarlet 
bonnet  and  white  jacket  is  the  usual  dress  of  the  pea- 
sants ;  and  the  gentlemen  are  clothed  in  every  respect 
as  in  England. 

There  arc  few  splendid  buildings  in  Norway,  even 
in  the  principal  towns  ;  and  the  greater  part  of  the 
houses  are  constructed  chiefly  of  wood,  with  founda- 
tions of  stone,  plastered,  and  whitewashed  on  the  out- 
side. The  interior  is  lined  with  planks,  which  are 
covered  with  oil  paint  ;  and  the  open  spaces  are  filled 
with  pilch,  tow,  or  moss,  to  exclude  the  cold.  But  it  is 
geneially  observed  that  the  Norwegians  do  not  bestow 
sufficient  attention  upon  the  closeness  of  their  houses, 
and  seem  to  trust  for  warmth  rather  to  their  immense 
fires  of  wood.  The  roofs  are  frequently  covered  with 
tiles,  but  more  commonly  with  planks,  upon  which  are 
laid  the  bark  of  the  birch  tree,  w  iih  a  coat  of  turf  above 
all,  which  in  summer  bears  grass  and  flowers,  on  which 
the  goats  are  fond  of  browzing.  The  cleanliness  of  the 
cottages  is  very  remarkable  ;  and  much  of  their  furni- 
ture, (such  as  polished  pewier  dishes  and  earthen 
plates,  in  rows  along  the  walls,  burnished  kettles  and 
saucepans,  bright  wooden  bedsteads,  chairs  and  tables, 
bleached  with  frequent  scowering,)  bears  a  close  re- 
semblance to  the  stale  of  the  English  cottages  in  for- 
mer limes  The  ceilings,  windows,  and  walls,  are  fre- 
quently painted  wiih  showy  colours  ;  the  tables  coloured 
in  imitation  of  oil-cloth  patterns  ;  and  sometimes  the 
sides  of  the  walls  hung  v.ith  painted  cloth.  There  are 
many  elegant  country  seats,  which  arc  oblong  buildings, 
consisting  of  one  floor,  the  outsides  painted  red,  and  the 
frames  of  the  windows  green.  The  walls  and  beams 
of  ihe  houses  are  often  covered  wiih  inscriptions  of  a 
moral  and  religious  nature,  or  expressive  of  the  feel- 
ings of  hospitality.  The  dwelling-houses  in  the  coun- 
try, which  are  generally  situated  in  the  most  pleasing 
and  even  picturesque  spots  that  can  be  found,  are  usu- 
ally spacious,  and  commodiously  arranged  ;  consisting 
of  three  or  four  rooms  on  one  floor,  with  large  windows, 
but  sometimes  with  nothing  but  a  square  hole  in  the 
roof,  which  serves  also  for  a  passage  to  the  smoke,  and 
which  is  occasionally  filled  by  a  wooden  pane  covered 
with  bladder.  In  the  towns,  however,  particularly  in 
Drontheim,  which  is  almost  entirely  composed  of  wood- 
en houses,  these  structures  have  a  very  neat  appear- 
ance, and  are  ornamented   with  a  considerable  degree 
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of  lastc.  Ill  ihib  place,  ilie  town-house  is  bulk  in  a  very 
noble  and  simple  style  ;  and  the  ruined  cathedral  ol  St. 
Olaf,  whicli  in  former  times  was  the  threat  resort  of 
Norwegian  Pilgrims,  is  still  the  largest  and  most  re- 
markable edifice  in  Norway.  In  Christiania,  the  houses 
are  almost  wholly  built  ol  stone  ;  and  log  houses  are 
absolutely  prohibited  by  the  government,  on  account  of 
the  destructive  conflagrations  which  occur  where  they 
prevail,  and  by  which  almost  every  town  in  Norway  has 
ut  one  time  or  other  been  reduced  to  ashes. 

The  diet  of  the  inhabitants  of  the  towns  resembles 
nearly  that  of  other  countries  in  tlie  north  of  Europe  ; 
but  in  the  country  districts  peculiar  modes  of  living 
prevail.  At  an  enieriainmcnt  given  by  the  better  class, 
the  guests  place  themselves  at  table  without  etiquette, 
and  every  one  sits  as  he  chooses.  They  continue  long 
at  their  meals,  but  converse  with  much  liveliness.  They 
do  not  remain  at  table  after  dinner  ;  and  the  constant 
presence  of  the  ladies,  who  often  take  the  lead  in  con- 
versation, renders  their  social  meetings  cheerful  and 
agreeable.  Their  dinners  are  of  a  very  sulistanlial  na- 
ture, yet  not  w  ithout  elegance  ;  and  even  at  supper  three 
or  four  courses  of  soup,  fowls,  ham,  fish,  &c.  follow  one 
another,  while  perhaps  a  quarter  of  veal  appears  at  last 
as  the  concluding  delicacy.  After  dinfier  the  company 
all  bow  to  the  hostess,  drink  her  health,  and  then  sud- 
denly rising,  push  back  their  chairs  with  a  tremendous 
noise  to  the  sides  of  the  room.  Then  they  stand  for  a 
short  time  as  if  they  were  saying  a  grace  ;  after  which, 
bowing  to  the  master  of  the  house,  and  to  each  other, 
they  shake  hands  with  the  host,  kiss  the  hand  of  the 
hostess,  and  conduct  tlie  ladies  out  of  the  room.  Cofiee 
is  then  served,  while  some  gentlemen  retire  to  smoke 
tobacco  in  another  room.  Tea  is  then  brought  in,  after 
which  the  card  tables  are  set  out,  and  punch  served  up. 
A  solid  supper  finally  appears,  as  before  mentioned. 

Their  bread  is  sometimes  made  of  rye,  but  generally 
of  oats,  and  is  baked  so  hard,  that  when  laid  in  a  dry 
place  it  may  be  kept  for  several  years  without  much  al- 
teration. A  kind  of  gruel,  or  pottage,  of  barley  or  oat 
meal,  mixed  sometimes  with  dried  fish,  or  with  sour 
milk,  forms,  besides  bread,  the  ordinary  food  of  the  pea- 
santry, with  the  occasional  addition  of  milk,  butter, 
cheese,  fish,  salted  meat,  and  game.  A  kind  of  cheese, 
called  gammel  orsc,  or  norske,  made  of  butter-milk  mix- 
ed with  yeast,  and  resembling  the  best  old  Cheshire 
cheese,  is  a  favourite  article  of  food,  but  which  they  are 
not  willing  to  sell  :  it  is  usually  kept  ten  years  before 
being  brought  to  table.  In  seasons  of  scarcity  the  iichen 
raiigijcrus  or  rein-deer  moss,  freed  from  its  bitterness 
by  careful  preparations,  is  ground,  and  mixed  with  the 
ordinary  flour  of  which  bread  is  made.  This  plant,  which 
in  the  winter  season  is  tender  and  succulent,  like  heart 
of  lettuce,  has  a  cooling  and  juicy  taste  in  the  moutli, 
but  warms  the  stomach  after  it  has  been  swallowed,  and 
might  form  a  very  useful  article  of  food,  were  not  the 
natives  strongly  prejudiced  against  the  idea  of  being  fed 
with  the  fodder  of  their  cattle.  Even  the  bark  of  the 
fir  tree  is  sometimes  employed  in  the  same  way  in  cases 
of  great  necessity.  The  innermost  rind  of  the  most 
vigorous  young  trees  is  taken  for  this  purpose,  hung  up 
in  the  air  for  several  days  to  dry,  baked  in  an  oven, 
beaten  on  wooden  blocks,  then  pounded  as  finely  as  pos- 
sible in  wooden  vessels;  and,  finally,  ground  in  the  mill 
into  coarse  meal,  like  barley  or  oats.  It  is  then  mixed 
ip  with  thrashed-out  ears,  or  a  few   moss  seeds,  and 


made  into  thick  caiies.  This  Litter  and  astringent  food, 
which  tlie  peasants,  who  are  reduced  to  the  use  of  it, 
are  obliged  to  wash  down  with  water,  renders  the  body 
weak  and  relaxed,  and  occasions  an  oppressive  burning 
about  the  ciiest.  The  peasants  of  Norway  arc,  never- 
theless, generally  well  clothed  and  lodged,  and  provid- 
ed with  more  comforts  of  life  than  the  common  people 
of  most  other  countries.  In  the  summer  season  they 
sleep  in  a  state  of  nakedness,  in  order  to  save  their  lin- 
ens, and  in  this  respect  resemble  the  peasantry  of  Italy. 
The  character  of  the  Norwegians  as  a  people  i->  more 
interesting  and  estimable  than  that  of  most  other  na- 
tions. Their  expressions  are  clear  and  energetic,  their 
answers  distinct  and  correct,  their  questions  pertinent 
and  judicious,  their  reflections  often  profound  and  in- 
telligent, beyond  what  could  be  imagined  in  their  limit- 
ed opportunities  of  education.  There  is  a  generosity  ot 
heart  and  elevation  of  mind  about  them,  which  gives  to 
their  manners  a  very  frank  and  decided  stamp.  They 
speak  and  act  in  the  lull  spirit  of  free  men,  open  and 
undaunted,  yet  never  insolent  in  the  presence  of  their 
superiors.  Tliey  salute  one  another  by  opening  their 
hands  ;  and,  even  to  persons  considerably  above  them 
in  station,  they  express  their  thanks,  not  by  words  or 
bows,  but  by  a  cordial  shake  of  the  hand.  They  were 
generally  treated  with  kindness,  humanity,  and  patience, 
by  the  functionaries  of  the  Danish  government,  which 
they  repaid  with  the  most  hearty  confidence.  Many  of 
the  peasants  pride  themselves  upon  their  descent  froni 
the  ancient  nobles,  and  arc  careful  to  procure  for  their 
children  matrimonial  connections  only  among  their 
equals  in  birth  and  blood.  They  are  reproached  with 
being  slow  in  reconciliations  ;  but  are  obliging,  hospita- 
ble, and  liberal  even  to  display,  when  they  possess  the 
means.  In  some  of  the  cities,  there  is  a  cultivated  style 
of  conversation,  and  polish  of  manners,  mixed  with  the 
high  and  independent  spirit  of  the  nation,  which  form 
altogether  an  accomplished  character,  not  to  be  expect- 
ed in  the  remote  latitudes  and  liniited  advantages  of 
Scandinavia;  and  in  some  of  the  inland  districts,  where 
the  corrupting  influence  of  commerce  has  not  reached, 
there  prevails  a  pure  and  primitive  spirit  of  religion, 
united  with  a  quiet  industry,  and  domestic  retirement, 
which  are  peculiarly  suited  to  cheer  the  state  of  pover- 
ty and  privation  in  which  their  days  are  spent.  They  are 
generally  animated  by  an  ardent  spirit  of  patriotism,  par- 
ticularly in  tlie  city  of  Drontheim,  which  has  less  de- 
pendance  upon  foreign  connections,  and  may  be  consi- 
dered as  a  kind  of  insulated  territory,  in  which  the  true 
Norwegian  character  appears  in  all  its  native  warmth 
and  simplicity.  They  are  of  all  nations  the  most  sin- 
cerely attached  to  the  people  of  Great  Britain.  "  The 
welfare  of  Great  Britain,"  says  I^r.  Clarke,  "  was  a  toast 
which  resounded  in  every  company,  and  was  never  giv- 
en, but  with  reiterated  cheers,  and  the  most  heartfelt 
transports.  Every  Englishman  was  considered  by  the 
Norwegians  as  a  brother  ;  they  partook  even  in  our  pre- 
judices, and  participated  in  all  our  triumphs.  When- 
ever the  gazettes  contained  intelligence  of  a  victory 
gained  by  the  English,  the  glad  tidings  were  hailed  and 
echoed  from  one  end  of  the  country  to  the  other  ;  but 
especially  in  Drontheim.  They  sung  "  Ruk  liriinnnia" 
it)  every  company.  Their  houses  were  furnished  with 
English  engravings  ;  English  newspapers  were  lying  on 
their  tables.  The  Norwegians  would  have  fought  for 
England  as  for  their  native  land  ;  and  there  was  nothing: 
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which  an  Enj^libhman,  as  a  shicere  lovei'of  his  country, 
might  mni-e  earnestly  have  wished  lor,  than  to  sec  Nor- 
way allied  to  Britain." 

The  ancient  inhabitants  of  Norway  are  supposed  to 
have  been  a  colony  of  llie  Basterna,  a  numerous  and 
powerful  Gothic  tribe;  but  according  to  I'iiny,  Sirabo, 
and  Tacitus,  they  were  rather  of  German  extraction. 
Norway  was  orit;inaIly  divided  into  a  number  of  petty 
principalilics,  which  were  first  united  into  one  monarchy 
by  Harold  Ilariai^er,  A.  D.  875.  The  numerous  descend. 
aiiLs  of  these  ])rinces  soon  dismembeicd  the  kingdom 
by  their  coiiHicting  claims;  but  in  the  year  li)28,  the 
whole  country  was  subjected  to  Denmaik,  by  Canute 
the  Great.  The  authority  of  tiie  Danish  princes,  how- 
evei',  W3s  frcquenily  disputed  ;  and  it  was  not  till  the 
year  1580,  wlien  Uagtr,  king  of  Norway,  married  the 
princess  Margaret  of  Denmark,  that  the  two  crowns 
were  united.  The  two  couniries,  however,  continued 
so  far  separate  as  to  have  distinct  constitutions  and 
codes  of  law;  and  were  not  formally  conjoined  as  one 
kingdom  till  the  year  1337.  In  consequence  of  ar- 
rangements bc'.ween  the  courts  of  Russia  and  Sweden, 
to  which  the  British  government  afterwards  acceded, 
Norway  was  united  to  Sweden,  in  October,  1814,  with 
equal  rights  and  privileges  to  both  nations.  See  7a- 
hteau  des  Etat-i  Danois,  par  Catteau  ;  Von  Buch's  Tra- 
vels  in  A'orway  ;  Clarke's  Travels  in  A'or'.uay,  Sweden, 

NORWICH,  a  large,  ancient,  and  venerable  city, 
distinguished  at  an  early  period  by  the  number  and 
importance  of  its  religious  establishments,  and  of  great 
note  in  more  modern  days,  on  account  of  its  manufac- 
tures, is  situated  not  very  far  from  the  centre  of  the 
more  easterly  division  of  Norfolk,  of  which  county  it  is 
the  capital.  It  occupies  a  fine  situation,  chiefly  on  an 
easy  eminence,  a  little  above  the  confluence  of  the  Wen- 
sum  with  the  Yare,  which,  from  the  sea-port  town,  Yar- 
mouth, where  is  its  tfHux  into  the  German  Ocean,  is  na- 
vigable to  within  less  than  two  miles  of  Norwich,  for 
boats  and  barges,  which  the  Wensum  floats  up  to  the 
city.*  Thus,  the  entire  distance  being  only  about  25 
miles,  is  facility  pivcn  to  the  exportation  of  the  valuable 
manufactures  of  Norwich.  The  city,  very  extensive, 
and  yet,  in  great  part,  surrounded  by  a  wall,  most  of  the 
gates  in  which,  if  not  all  of  them,  are,  however,  now 
pulled  down,  approaches  nearly  to  the  form  of  a  circle, 
diawn  out,  curvdinearly,  a  little  towards  the  south-east. 
The  streets  are  very  numerous,  but  unfortunately,  like 
those  of  most  of  our  ancient  cities,  also  in  general  very 
narrow.  The  maiket-place,  however,  situated  in  the 
southern  and  larger  of  the  two  portions  into  which  the 
Wensum  divides  Norwich,  forms  a  spacious  quadran- 
gular area;  and  exhibits  in  the  diversified  character  of 
the  buildings  by  wliich  it  is  surrounded,  together  with, 
especially  on  a  market-day,  the  motley  groups  of  buy- 
ers and  sellers  spread  over  its  extent,  an  interesting  ob- 
ject of  contemplation. 

In  1578,  Queen  Elizabeth  made,  in  one  of  her  pro- 
gresses, some  stay  here;  but  after  this  time  wc  find, 
in  the  political  history  of  the  city,  little  that  needs  to  be 
slated  ;  especially  as  wc  have  yet  to  advert  to  the  ma- 
nufactures (jf  the  place.  The  a;ra  of  the  introduction 
of  ihesi ,  Blomefield,  the  historian  of  Noifulk,  would 
make  the  reign  of  Henry  I.  ;  when,  he  thinks,  the  fabri- 
cation of  worsted  stufl's  was  begun  by  some  of  the  Fle- 


mings, whom  an    inundation  hid  driven  from  their  own 
country,   and   begun   at  the  town  of  Worstead,  in  this 
county.       Hence   llie    manufuclure   of    this    species   of 
fabric  was  removed  to  Norwich  ;  and,  by  a  fresh  impor- 
tation of  r'iemings,  drawn  over   to  England  in  1336,  by 
the  marriage  of  her  king  with  Philippa  of  Hainauit,  was 
raised  to  a  high  degree  of  prosperity.     In   1448,  an  act 
passed,   appoin'ing  eight  wardens,   fi>ur  for  the   county, 
and  four  for   the  city,   to  watch  over  the  important  ma- 
nufacture, and  prevent  flimsy  goods  from  going  into  the 
market.     Such  care  placed  the   manufacturers  beyond 
the  danger  of  foreign  rivalry  ;  and  by  the  time  of  H;nry 
VIH.,  wc   are   told,   that,  including  ^60,00J    worth  of 
hose,  stuffs,  chiefly  called  worsteds,  sares,  and  stammins, 
were  made  aid  sold   from   Norwich    only,  to  the  value, 
annually,  of  ^260,000.     The  manufactures  as  they  uo\r 
stood,    however,    speedily  experienced    a    decay.      But 
while,  in    the  two  intervening  reigns,  the  fabrication   of 
other  kinds  of  goods  had  been  commenced  with  the  leign 
of  Eli2abeth,-a   revival   of  Norwich    manufactures   was 
destined   to   take  place.     Harassed  beyond  measure  by 
tlie  persecuting  fury  of  the   Duke  of  .\lva,  the    indus- 
trious inhabitants  of  the    Low  Couniries  were  fleeing  in 
hundreds  from  their  native  soil,  when,  with    a  wise  and 
happy    policy,    the    queen    invited  those    who  choss  to 
accept  the  ofler,  to   an   asylum   in  her  own    dominions. 
Numbers  did  accept  the  offer.     Three  hundred  are  said 
to  have  settled  at  Norwich,  and  to  have  soon  increased 
to  1000.     By   them   the   manufactures    of    bays,   sares, 
arras,  and   mochades,  caungeantrics,  tufted   mochades, 
currelles,   and    other   fabrics,   into   the    composition    of 
which,  silk,  saitric,   and  linen   yarn   entered,  was  vigo- 
rously commenced,    and    successfully   prosecuted.      In 
1575,  they  began  to  make  bombazines,  for  the  manufac- 
ture of  which  Norwich   has  ever  since  been    famous — 
and  a  new  sort  of  which,  more  silky  in  exterior  appear- 
ance, is,   under  the   scarcely  appropriate,   although  not 
new  appellation  of  Norwich  crape,  just  now  (1822)  in 
vogue.     About  the  same    time,  the  art   of  printing  was 
introduced  into  Norwich,  by  Anthony  Solmpne,   one  of 
the  strangers.     In    Defoe's  Tour   through    Britain,   the 
number  of  work  people  employed  in  the  woollen,  worst- 
ed, and  silk  manufactures  of  Norwich,  is,  on  the  autho- 
rity of  a  master  manufacturer,  his  informant,  stated   to 
be  120,000:  the   far  greater   number  of   whom    must, 
however,  have   resided  out  of  the  city.     In   1721,  the 
court  mourning  was  ordered  to  consist  of  Norwich  crapes, 
a  circumstance  apparently  proving  that  little  foreign  de- 
mand then  existed  for  the  article  so  called.     Since  then, 
however,  the  export  trade  has  been  considerable.  About 
1763,  there  were  employed  12,000    looms,  each    on  an 
average,  annually,  producing  manufactures  to  the  value 
of  ^10(y ;  all  of  them,consequently,  to  that  of  ^1,200,000; 
from  which  sum  one-tenth  being  deducted  as  the   value 
of  the  raw  material,  gave  ^l,OSOOOO  as  the  augmented 
value  produced  by  the  process  of  manufacture.     Then, 
as  six  persons  were  on  an  average  kept  in  work  by  each 
loom,  the  number  of  individuals  employed  through  the 
activity  of  the  1 2,000  looms,  was  70,000.     And  although 
since  that  time   the  trade  has  experienced  considerable 
depression,  yet  was  it,  from  about  the  year  1790  to  the 
year    1800,   computed,  that  ^700  000   worth   of  goods 
were  not  unfrequently  maimlacturcd  here  in  12  months. 
The  chief  articles  now  made  are  bombazines,  worsted 
damasks,  crapes,  flowered  satins,  fine  camblets,  shawls. 
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*  Some  accounts  erroncou.slv  represent  Norwich  as  situ.ited  on  the  Vara. 
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cottons,  fancy  stuBs  for  both  personal  wear  and  furni- 
ture, cotton,  thread  lace,  linen,  called  Suftblk  hempen, 
&c.  In  being  produced  at  market,  the  staple  nianulac- 
tured  article  passes,  from  first  to  last,  through  the  hands 
of  about  50  individuals  ;  the  earnings  of  whom  vary  from 
3j.  to  30*.  per  week.  Many  women,  and  even  many 
children,  are  employed  ;  nor  were  the  manufactures  of 
Norwich  ever,  we  believe,  more  flourishing  than,  after 
all  their  fluctuations,  tiiey  are  at  present.  The  wools 
used  are  chiefly  those  of  Lincolnshire  and  Leicester- 
shire. Machinery  has  been  extensively  adopted.  The 
population  of  Norwich,  which,  in  1693,  was  28,881  ; 
in  1752,  36,169  ;  in  1786,  40,051  ;  and  in  1801,  36,854  ; 
is  now  (1822)  about  46,000.  See  liiomefield's  Essay  to- 
wards a  Tofiografihical  History  of  the  County  of  A''or- 
folk  ;  the  J\'orfolk  Tour  ;  Booth's  History  of  JVorwich  ; 
the  Beauties    of  England  and  Wales,  vol.   xi.   5cc.    &c. 

(V-  V 0 

NORWICH,  a  city  and  seat  of  justice,  New-London 
county,  Connecticut,  on  the  Thames,  at  the  head  of  navi- 
gation, 13  miles  above  New  London,  and  38  south-east 
from  Hartford.  Latitude  41°  34'  north,  longitude,  west 
from  London,  72°  05',  and  4°  55'  east  from  Washington. 

The  Thames  is  formed  by  two  streams,  the  Shetucket 
and  Yantic,  which  unite  at  Chelsea  landing,  and  form  a 
fine  and  commodious  harbour.  About  a  mile  above  its 
mouth,  the  Yantic  is  precipitated  over  a  cataract  which 
enriches  the  vicinity  with  some  beautiful  kuidscapes,  and 
affords  an  excellent  site  for  manufacturing  establish- 
ments. The  city  contains,  beside  the  common  county 
buildings,  and  several  places  of  public  worship,  a  woollen 
factory,  cotton  factory,  two  manufactories  of  morocco 
leather,  two  paper  mills,  live  or  six  tanneries,  a  carding 
machine,  six  grain  mills,  and  six  saw  mills. 

Norwich  is  composed  of  Chelsea  landing,  the  town, 
and  Beacon  hill,  Chelsea  landing,  at  the  junction  of 
Shetucket  and  Yantic  rivers,  is  the  port,  and  seat  of 
commercial  transactions.  The  town  is  two  miles  farther 
to  the  north-west,  and  contains  the  public  buildings. 
Beacon  hill  is  still  farther  west  than  the  town.  Popu- 
lation of  the  whole  township,  in  1810,  3528;  and  in 
1820,  the  city  contained  2983;  and  the  residue  of  the 
township,  651,  forming  an  aggregate  at  the  latter  period, 

of  3,634. 

Darby. 


NOTATION,  (in  mathematics)  the  art  of  adapting 
arbitrary  symbols  to  the  representation  of  quantities, 
and  the  operations  to  be  performed  on  them.  The  nu- 
merous symbols,  which  form  the  language  of  analysis 
in  the  present  advanced  stage  of  that  science,  have  been 
produced  by  the  gradually  increasing  wants  of  those  who 
have  cultivated  it;  new  and  more  extensive  views  con- 
tinually opening,  have  compelled  them  to  contract 
modes  of  notation  already  in  existence,  and  the  ini- 
provements  thus  introduced  into  notation,  have  in  their 
turn  directed  the  attention  of  the  mathematician  to  wider 
and  more  general  views  of  the  science. 

The  advances  towards  perfection  which  have  been 
made  in  the  language  of  analysis,  and  the  generaliza- 
tion which  has  been  introduced  into  its  principles,  al- 
ternately acting  on  each  other,  as  cause  and  effect,  have, 
by  their  combined  influence,  produced  a  language  of 
unrivalled  power,  enabling  the  mind  to  carry  on  pro- 
cesses of  deductive  reasoning  of  almost  unlimited  length, 
^ith  scarcely  the  fear  ©f  an  error,  and  with  a  conviction, 


that,  should  accident  have  introduced  one,  a  careful  re- 
vision will  not  (ail  to  eradicate  it. 

Brevity  appears  to  have  been  the  directing  principle 
which  guided  the  early  cultivators  of  the  algebraic  art ; 
unaware  of  the  immense  importance  which,  in  a  subse- 
quent state  of  the  science,  would  be  attached  to  the  lan- 
guage whose  foundations  they  were  thus  unconsciously 
laying,  they  contented  themselves  with  avoiding  the  te- 
dious repetitions  of  the  same  words,  by  employing  one 
or  two  of  the  initial,  or,  in  some  cases,  of  the  final  let- 
ters, to  denote  them.  Such  was  the  case  wiih  Diophan- 
tus,  the  earliest  author  on  algebra,  whose  writings  have 
descended  to  us.  The  unknown  quantity  he  denominates 
ajiS/nos,  and  to  avoid  repeating  it,  uses  the  final  letter  «. 
lie  also  uses  the  sign  ^  or  the  inverted  ^  to  denote  mi- 
nus, obviously  from  the  circumstance  of  its  being  a  pro- 
minent letter  in  the  Greek  word  Mi^ii.  This  author 
has  no  sign  to  denote  plus,  but  uses  the  word  at  length. 

He  has  represented  the  various  powers  thus,  S'",  k",  W, 
Sec,  meaning  the  square,  cube,  fourth  power,  Sic,  these 
letters  are  the  same  as  those  which  commence  the 
words  square,  cube,  &c. 

The  earliest  algebraical  writer,  after  the  invention  of 
printing,  was  Lucas  Paciolus,  or  de  Burgo;  he  uses /i 
to  signify  plus,  and  jh  for  minus,  and  indicates  the  va- 
rious powers  by  their  two  first  letters.  Such  was  very 
nearly  the  notation  employed  by  his  successors.  Car- 
dan, Tartaglea,  and  Ferrari.  Stifelius,  a  German,  who 
published  a  work,  entitled  Arithmetica  Integra,  No- 
rimburg,  1544,  added  considerably  to  the  use  of  signs; 
according  to  Dr.  Hutton,  he  is  the  first  writer  who  em- 
ployed the  signs  +  and  — ,  and  also  y',  to  desig  Kite 
the  root  of  a  quantity.  He  had  no  sign  to  represent  equa- 
lity, a  deficiency  afterwards  supplied  by  Robert  Rc- 
corde  ;  we  also  owe  to  him  the  vinculum  n  -j-  6  to  con- 
nect compound  quantities,  the  other  mode  by/means  of 
parentheses  (a  -\-  b)  being  afterwards  proposed  by  Gi- 
rarde.  When  Stifelius  treated  of  several  variables,  he 
denoted  them  by  the  letters  A,  B,  C,  Stc. 

Bombelli  appears  to  have  made  a  most  valuable  in- 
novation in  the  method  of  denoting  powers,  rejecting 
the  plans  of  attaching  their  initials  to  the  radix,  he 
marks  them  thus,  ^,  ^,  ^,  ^,  fee,  an  improvement, 
perhaps  more  valuable  than  any  which  has  yet  been 
noticed;  nearly  a  similar  plan  was  adopted  by  Simon 
Stevin,  who  denoted  the  powers  of  the  unknown  quan- 
tity thus,  (3).  0,  (5),  0)  and  he  observed  that  the 
power  whose  index  is  zero,  is  equal  to  unity.  He, 
however,  went  a  step  beyond  his  predecessors,  and  de- 
noted roots  by  fractional  indices;  thus,  Q)    £)  with  him 

represent  the  square  and  cube  roots. 

Vieta  flourished  several  years  later  than  Stevin;  he 
added  greatly  to  the  science  he  cultivated,  although  he 
did  not  avail  himself  of  all  the  improvements  in  nota- 
tion, xvhich  existed  previously.  The  most  important 
alteration  which  he  introduced,  was  that  of  denoting 
known  as  well  as  unknown  quantities  by  letters;  for  the 
former  he  employed  the  consonants,  and  for  the  latter 
the  vowels.  He  appears  also  to  have  made  the  important 
remark,  that  negative  exponents  perforin  the  same  of- 
fice as  positive  ones,  although  his  view  seems  rather  to 
have  been  restricted  to  whole  numbers. 

It  is  a  curious  circumstance,  that  the  symbol  which 
Tiovr  represents  equality,  was  first  used  to  denote  sub- 
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traciion,  in  which  sense  it  was  employed  by  Albert 
Girarde,  and  that  a  word,  signifying  equality,  was  al- 
ways used  instead  of  a  sign,  until  the  time  of  Harriot, 
who  at  the  same  time  proposed  the  signs  'zp'  and  <-^ 
to  denote  "  greater  than"  and  "  less  than." 

Ouglitred,  in  his  "  Clavis,"  appears  first  to  have  em- 
ployed the  X  for  multiplication,  he  sometimes  also  joins 
the  letters  without  any  intervening  sign  for  the  same 
purpose. 

Such  was  the  origin  of  the  more  common  signs,  which 
•we  now  employ.  An  example  of  the  different  modes 
of  expressing  the  same  equation  will  exhibit  this  more 
clearly. 

Paciolus  1  cu.  m.  6ce.  p.  IIco.  equale  6;i'. 

Stifelius         1  (i  —  6  3  +  1 1  2  equantur  6 

T>       u  II-         1    3        <:  2     .     ,  ,    1    equate  6 
Bombelh        l^.m.  6^^, /;.  11  . & 

Stevinus  I  ^ —  6  (?)  +  1 1  ®:  egale  6 

Vieta  1  G  —  6Q  +  1 1  N  egal  6 

Harriot  1  .aaa  —  6.aa  +  1 1  .a  =  6 

Modern  x^  —  dx""  +  llx  =  6 

Since  the  time  of  Harriot,  few  alterations  have  been 
made  in  the  mode  of  denoiing  the  more  simple  opera- 
tions of  analysis,  although  the  science  itself  has  received 
great  improvements.  The  first  step  which  necessitated 
the  invention  of  new  methods  of  denoting  operations, 
was  the  fluxional  or  difi'erential  calculus.  Newton  and 
Leibnitz  each  gave  a  notation  to  this  new  branch  of 
analysis,  and  their  respective  followers,  entering  with 
more  zeal  than  judgment  into  the  unfortunate  contro- 
versy respecting  the  claim  of  priority  of  invention,  per- 
tinaciously adhered  to  the  notation  of  their  masters, 
without  inquiring  into  their  relative  merits,  and  probably 
^vilhout  the  knowledge  requisite  to  form  a  correct  judg- 
ment on  the  question,  had  they  turned  their  attention  to 
the  inquiry.  In  fact,  the  state  of  the  science  at  the  pe- 
riod at  which  these  modes  of  calculation  were  given  to 
the  world,  could  not  admit  of  the  formation  of  a  correct 
estimate  of  their  relative  value,  and  the  few  reasons 
which  could  then  be  adduced  were,  on  the  whole,  more 
favourable  to  the  fluxional  notation.  It  requires,  even 
at  the  present  time,  an  extensive  acquaintance  with  the 
subsequent  discoveries  of  the  successors  of  Xewton  and 
Leibnitz,  and  an  enlarged  view  of  the  present  state  of 
mathematical  science,  duly  to  appreciate  the  reasons 
which  concur  in  rendering  the  notation  of  Leibnitz  de- 
cidedly the  best  of  any  which  has  hitherto  been  proposed 
for  accomplishing  the  same  object. 

As  the  proper  adaptation  of  notation  to  the  object  of  in- 
quiry has  contributed  greatly  to  the  progress  of  analysis, 
we  propose  offering  a  few  general  rules  for  the  conside- 
ration of  those  who  may  have  occasion  to  express  new 
relations,  or  who  may  desire  to  abbreviate  those  already 
in  use  ;  and  we  shall  compare  several  of  the  notations 
already  received  with  these  principles. 

The  great  object  of  all  notation  is  to  convey  to  the 
mind,  as  speedily  as  possible,  a  complete  idea  of  opera- 
tions which  are  to  be,  or  have  been,  executed  ;  and  since 
every  thing  is  to  be  exhibited  to  the  eye,  the  more  com- 
pact and  condensed  the  symbols  are,  the  more  readily 
■will  they  be  caught,  as  it  were,  at  a  glance. 

The  first  and  most  obvious  rule  is,  that  a!l  notation 
a/iould  be  as  simfile  as  the  nature  of  the  operations  to  be 
indicated  will  admit.  The  reason  of  this  is  sufficiently 
evident,  and  it  scarcely  admits  of  an  exception.  It  must, 
however,  be  remarked,  that  it  is,  in  many  cases,  abso- 


lutely impossible  to  express  the  complicated  operations 
required  in  the  highest  departments  of  analysis  by  for- 
mulae that  can  be  called  simple.  Siill,  however,  they 
may  be  simple  with  reference  to  the  multiplied  relations 
they  express. 

The  next  rule  we  shall  propose  is,  that  ive  must  ad- 
here to  one  notation  for  one  thing.  It  is  particularly  un- 
philosophical,  and  completely  contrary  to  the  whole 
spirit  of  symbolic  reasoning,  to  employ  the  same  signs 
for  the  representation  of  different  operations,  yet  in- 
stances of  the  infringement  of  this  rule  arc  occasionally 
met  with  ;  and  as  several  examples  are  to  be  found  in 
tlie  works  of  an  author  of  the  very  highest  reputation,  it 
is  more  particularly  necessary  to  mark  this  deviation 
from  the  propriety  of  analytical  language. 

The  notation  employed  by  Lagrange  to  explain  the 
differential  calculus  will  be  considered  on  another  oc- 
casion. It  is  curious  to  observe,  that  his  zeal  for  intro- 
ducing the  system  of  accentuation  compelled  him  to 
abandon  a  most  valuable  contrivance,  which  he  bad  for- 
merly employed  for  designating  the  variations  of  quan- 
tities which  harmonized  with  the  notation  of  Leibnitz, 
whilst  that  which  he  substituted  for  it,  (the  system  of 
dots,)  besides  the  inconveniences  which  it  possessed  in 
its  original  signification,  had  the  additional  disadvantage 
of  having  been  employed  in  a  different  sense  by  all  the 
followers  of  Newton.  In  the  first  edition  of  the  Theorie 
des  Fonctions,  this  notation  was  not  employed,  but  in  the 
Lemons  sur  le  Calcul  dcs  Fonctions,  published  in  1806, 
the  fluxional  notation  is  used  for  explaining  the  calculus 
of  variations.  The  same  author  has  also  assumed  the 
quadrant  as  the  unity  of  angular  measure,  and  represent- 
ed sin.-  :  thus  :  sin.  I,  which,  unless  previously  defined, 

would  indicate  the  sine  of  an  arc  equal  to  the  radius. 

Another  instance  of  a  breach  of  this  rule  is  to  be  ob- 
served in  the  Theorie  dcs  .Vombres  of  Legendre,  who, 
throughout  that  highly  valuable  work,  employs  the  sign 
ZI  in  two  different  senses  ;  first,  in  its  ordinary  accepta- 
tion ;  and,  secondly,  he  places  it  between  two  quantities, 
to  denote,  that  when  they  are  divided  by  the  same  quan- 
tity, they  will  leave  the  same  remainder.  This  relation 
of  quantity  is  of  frequent  occurrence  in  the  theory  of 
numbers  ;  and  the  necessity  of  denoting  it  with  brevity, 
induced  the  author  of  the  Disyuisiriones  Arithmetics  to 
invent  the  symbol  ^,  and  to  adjoin  (inclosed  in  brack- 
ets) the  quantity  which  is  used  as  the  divisor.  A  differ- 
ent method  has  been  adopted  by^Ir.  Barlow,  who,  in  his 
Treatise  on  the  Theory  of  Xumbcrs,  uses  the  double/ 
{ff^  placed  in  a  horizontal  position.  These  three  me- 
thods of  denoting  the  same  relation  stand  thus  : 

L.  n"=  --  1  G.  a"  =  —  1  (mod./O  B.  a"^/iv— 1. 
The  first  of  these  sins  unpardonably  against  ihe'rule  we 
are  endeavouring  to  enforce  ;  it  is  much  more  inconve- 
nient than  the  use  of  dots  by  Lagrange,  because,  in  the 
instance  we  are  considering,  the  same  symbol  ~  is  used 
in  the  same (iage,^nA  even  in  the  same  line,  in  tiuo  differ- 
ent  senses.  It  has  also  the  disadvantage  of  requiring  the 
divisor  to  be  expressed  in  words. 

This  innovation  in  the  use  of  a  well  known  sign  pro- 
bably arose  from  too  strict  an  adherence  to  an  admitted 
rule  :  .Xot  to  multifily  the  number  of  mathematical  sigps 
fuithout  necessity.  We  may,  however,  here  be  permitted 
to  observe,  that  the  necessity  existed;  and  it  is  acknow- 
ledged by  Gauss,  whose  notation,  although  much  pre- 
ferable to  the  one  we  have  been  criticising,  is  decidedly 
4  O  2 
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inferior  to  that  ol'  Mr.  liarlow.  The  preference  we  have 
given  to  this  latter  is  also  supported  by  another  rule  too 
evident  to  require  much  argument,  lyhen  it  is  required 
to  exflress  Jieiv  relations  that  are  analogous  to  others  for 
ivkich  signs  are  already  contrived,  ive  should  em/iloy  a 
notation  as  nearly  allied  to  those  signs  as  me  conveniently 
can. 

That  analogy  ought  to  be  our  guide  in  the  foimation 
of  all  new  notations,  is  a  truth,  which,  like  many  o'hers, 
has  been  felt  and  acted  upon,  ahhous^h  it  may  not  have 
been  stated  in  express  terms  :  and  it  was  probably  this 
feeling  which  induced  Siilelius  to  inquire  into  the  mean- 
ing of  negative  exponents,  the  consequence  of  which  was 
the  establishment  of  the  connection  between  the  direct 
and  reciprocal  powers,  a  deduction  whicli,  when  enlarged 
by  the  consideration  of  fractional  exponents,  was  no 
mean  addition  to  the  state  of  algebra  at  the  time  it  was 
suggested. 

It  has  long  been  usual  to  denote  known  quantities  by 
the  first  letters  of  the  alphabet,  and  to  represent  un- 
known ones  by  the  last  letters.  In  the  sixteenth  and 
seventeenth  centuries,  the  practice  used  to  be  to  employ 
the  vowels  for  the  unknown,  and  the  consonants  for  the 
known  quantities.  This  is  in  itself  a  matter  perfectly 
arbitrary,  and,  provided  it  is  adhered  to,  either  method 
of  distinguishing  known  from  unknown  fjuantiiies  is 
equally  proper;  but  whenever  one  of  these,  suppose 
that  now  in  use,  is  fixed  upon  for  this  purpose,  if  we  wish 
to  consider  known  and  unknown  functions,  and  to  treat 
of  their  relations,  it  is  no  longer  a  matter  of  indifitrence 
how  they  are  to  be  distinguished.  The  rule  we  are  now 
illustrating  must  be  attended  to,  and  if  we  have  used  the 
first  letters  of  the  alphabet  for  known  quantities,  it  com- 
pels us  to  employ  the  first  letters  of  whatever  other  al- 
phabet we  may  fix  on  to  indicate  functions  for  the  known 
ones,  and  the  latter  letters  of  the  same  alphabet  for  the 
unknown  ones.  Tlius,  if  a,  b,  c,  Ecc.  are  known  quanti- 
ties, and  X,  y,  z,  &c.  unknown  ones,  a,  /3,  y.  Sec.  must 
denote  known  functions,  and  «f,  Xi  'i'  unknown  ones.  In 
another  instance,  the  repetition  of  a  letter  xx  has  been 
marked  thus  x'.  Analogy,  therefore,  would  direct  us 
when  we  wish  to  repeat  an  operation  as  4'4'i  to  contract 
it  by  writing  it  thus,  r^'^,  and  similarly  for  others,  as  ^^, 

We  have  already  had  occasion  to  remark,  that  we 
ought  not  to  mulli/ily  the  number  of  mat  hcmalical  symbols 
ivithout  necessity.  This  is  a  maxim  of  so  much  import- 
ance that  it  deserves  a  fuller  consideration. 

The  natural  tendency  of  the  science  is  to  develop  new 
relations  and  new  comljinations  of  those  already  known. 
AVhen  these  new  relations  involve  complicated  combi- 
nations of  such  as  are  already  received,  or  when  they 
are  of  frequent  occuuence,  it  becomes  necessary,  if  it 
were  merely  for  the  sake  of  brevity,  that  some  new  sym- 
bol should  be  employed  ;  it  is,  howtvei-,  a  necessity  that 
ought  to  be  avoided  as  much  as  possilile;  and  the  rule  is 
one  which  has  suffered  many  infractions  in  modern 
times.  Amongst  the  numberless  instances  may  be  re- 
marked the  case  of  a  function  consisting  of  the  product 
of  a  number  of  terms  in  arithmetical  progression.  This 
species  of  function  is  of  some  importance",  and  has 
been  frequently  considered,  yet  scarcely  any  two  authors 
have  agreed  in  the  notation  they  have  employed.  Tiie 
first,  in  point  of  time,  is  that  of  Vandermonde.  {Jcad. 
des  Sciences,  1779.)     He  expressed  the  quantity,  x  .  x 


—  a  .  X — la  .  .  .  .  x  —  n — la  by  the  sign  [jr,  «J"  ,  or 
whena^:  1,  more  shortly,  thus  [x]"  .  Kiamp,  in  his 
treatise  on  .'Jstronomicat  Refractions,''  calls  the  functions 
in  c[\xc%\\on  faculties  uumcriques,  and  denotes  them  thus 

.r  ^x  .  X  -\-  a  .  .  .  X  +  n — la.  Arbogast  has  occa- 
sion to  treat  of  the  same  quantities,!  vvhen  he  represents 

thus  D"  1*  ~x  .  j: —  1  . .  X  —  n —  1. 

Legendre,  in  his  lixercises  du  Calcul  Integral,  em- 
ploys a  different  notation  to  express  a  function  very 
nearly  allied  to  that  we  are  considering.  He  denotes 
X  .  X  —  1  .  .  2. 1  by  y  (x.)  Euler  also  treated  of  the  pro- 
perties of  the   co-efficients  of  a  binomial,  and   denoted 

them  by  the  characters   (yj,  (^j,  /|j,  &c.     Of  these 

various  methods  of  denoting  the  same  thing,  that  of  \'an- 
dermonde  seems  to  be  the  most  advantageous.  The 
reasons  of  this  preference  we  shall  shortly  state.  When 
X  is  repeated  n  times,  x.x  ...  x,  it  is  represented  by  x"  ; 
and  geneially,  when  any  letter  denoting  either  operation 
or  quantity  is  repeated,  it  has  the  letter  indicating  the 
number  of  repetitions  placed  in  the  right  hand  corner 
above  it;  such  is  tlie  case  in  the  following  instances, 
x"  ,  f/" ,  }",f".  It  is  therefore  correct,  as  far  as  regards 
analogy,  to  place  the  index  in  that  situation  ;  so  far  then 
as  relates  to  the  position  of  the  letter  71,  both  the  nuta- 
tions of  V^andermonde  and  that  of  Arbogast  are  equally 
admissible;  this,  however,  is  not  the  case  with  the  letter 
a.  It  is  used  for  the  <liflerence  of  two  successive  factors, 
and  has  no  regard  at  all  to  repetition  ;  it  is  not  therefore 
consistent  with  analogy  to  place  it  in  a  similar  situation. 
Another,  and  a  very  powerful  reason  for  preferring  tlie 
sysiem  of  Vandermonde  is,  that  it  admits  of  unlimited 
extension,  without  in  the  least  inlringing  on  typographi- 
cal facility.  When  the  factors  have  their  second  difl'er- 
ence  zero,  they  are  denoted  thus  : 


Kr,  o  ^  x.x  ■ 


,  .  X  —  71  —  1  ,  a 


M.  Lacroix  has  assigned  to  such  expressions  the  appro- 
priate name  of  powers  of  the  second  order.  If  the  third 
differences  are  zero,  they  are  called  powers  of  the  third 
order,  and  are  readily  denoted  thus  : 


[ 


X,  a,  b,  \zz  G)  x-\-a  .x+2a  +  b  .  .  .x+n  a  + 


n  ■  n — \.b 


and  similarly  for  the  higher  orders  :  this  notation  there- 
fore admits  of  a  very  easy  extension  to  complicated  cases, 
without  increasing  its  difliculty  of  execution.  Perhaps 
it  may  be  urged  that  the  notation  of  M.  Kramp  may  be 
extended  as  follows  : 


In,  6 


n.n —  1 

•  a  .  X  — 2  a  —  b  .  .  ■  X  —  n  a — ~  -" b 


but  the  difiiculties  of  the  printer  will  be  greatly  increas- 
ed the  moment  any  substitutions  are  made  for  a  or  b,  and 
the  other  objections  remain  the  same. 

These  inconveniences  attend  the  method  of  Arbogast 
in  at  least  an  equal  degree.     That  which  Euler  has  em- 
ployed is  adapted  to  the  particular  purpose   he    has  in. 
view  ;    but  if  it  be  allowed  that  sulTicient  reasons  have 
been  produced  to  jus.ify  the  preference  we  have  assigned 
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to  that  of  Vandermonde,  it  is  highly  desirable  that  it 
should  be  employed  on  all  future  occasions.  We  have 
observed  that  M    Legendre   uses  y  (x)  to  lepresenc  x  x 

1  ...  2.1,  whether  .r  is  a  whole  number  or  a  fraction; 

this  can  scarcely  be  termed  a  new  notation  ;  but  it  is 
certainly  rather  to  be  regretted,  that  so  able  an  inquirer 
should  not  have  given  his  sanction  to  a  notation  previ- 
ously established,  and  which  agrees  so  well  with  those 
rules  on  which  all  notation  should  be  founded. 

Tlie  two  signs  which  denote  differentiation  and  in- 
tegration are,  in  strictness,  liable  to  the  objections  of 
this  rule  J  and  a  similar  remark  is  applicable  to  the 
similarly  related  signs  A  and  S. 

In  several  of  these  instances,  mathematical  signs  have 
been  needlessly  multiplied  by  not  attending  to  this  prin- 
ciple, that  nuheneverwe  wish  to  itcnote  the  inverse  of  any 
ofieration,  we  must  use  the  same  characteristic  with  the 

index 1.     This    principle    biiiig    acknowledged,   we 

shall  in  future  be  delivered  from  one  cause  of  the  redun- 
dancies of  signs.  Should,  for  example,  any  future  in- 
quirer, when  considering  the  calculus  of  \aiiations,  have 
occasion  for  the  inverse  operation  of  that  denoted  by  ^, 
he  must  not,  conformably  to  a  hasty  view  of  analogy,  re- 
present it  by  <r  ;  but,  directing  his  attention  more  deeply 
to  the  subject,  he  will  perceive  the  necessity  of  indicating 
it  by  r"- 

Again,  in  the  equation  x  ~  tan  y,  the  value  of  y,  in 
terms  of  x  is  usually  expiessed  y  =  arc  tanx;  this  is 
both  long  and  inelegant.  It  should,  in  complying  with 
the  rule  just  laid  down,  be  written  thus:  y  —tan  "*  x, 
and  similaily  with  other  circular  functions ;  this  method 
is  likewise  attended  with  the  advantage,  that  all  this 
class  -A  tunctions  will  then  be  indicated  l)y  three  letters. 

Another  principle,  whose  importance  becomes  eminent 
in  proportion  as  our  investigations  become  general,  is, 
that  every  equation  ought  to  be  cafiable  of  indicating  a 
lata.  Signs  must  not  be  employed  at  random,  nor  must 
new  ones  be  introduced  without  grave  necessity.  When, 
however,  unusual  combinations,  or  the  demonstration 
of  new  properties,  render  such  a  resource  indispensa- 
ble, it  becomes  particularly  desirable  that  those  which 
are  first  contrived,  should  be  possessed  of  such  pro- 
priety and  power  as  shall  effectually  preclude  future  in- 
novators from  all  temptation  to  change  them.  Analogy 
to  those  which  form  the  established  language  of  the 
science,  although  a  precept  of  great  importance,  can- 
not be  admitted  to  supersede  the  rigid  enforcement  of 
that  we  are  now  considering  :  happily,  however,  the  two 
principles  will  rarely  be  found  at  variance,  for  those 
symbols,  and  those  inflexions  of  symbols,  (if  the  teim 
may  be  allowed,)  which  long  experience  has  natura- 
lized, generally  furnish  the  most  correct  models  of  imi- 
tation. A  precept  in  some  measure  connected  with  this 
principle,  although  it  may  perhaps  be  considered  of  mi- 
nor importance,  may  be  introduced. 

In  case  it  is  required  to  express  a  series  continued  to 
n  terms,  the  ?;th  term  should  be  written,  and  not  the 
words  "  to  71  terms"  be  attached  to  a  few  of  the  first. 
These  different  methods  would  appear  thus  : 

1         1         1 

y  zz  — +  —  -f  — -f ,  to  n  terms. 


In  this  simple  case,  something  is  gained  in  point  of 
brevity;  and  if  deductions  are  to  be  made  from  it,  much 


is  gained  in  perspicuity.  The  justice  of  this  observa- 
tion will  be  more  readily  acknowledged  if  it  is  put  into 
rather  different  language.  Its  object  may  be  thus  stated  : 
It  is  better  to  make  any  ex/iression  an  a/i/iarent  function 
ofn,  than  to  let  it  consist  of  ofierations  n  times  refieated 
Thus,  if  it  is  required  to  express  the  series 

By  means  of  a  definite  integral,  its  value  would  be 

Where  there  are  n  integrations ;  or  as  it  has  been  writ- 
ten by  Mr.  Spence, 

/d  X        /"d  .r        /»d  X  rxno-i 

"J"    J~^~'J\—x  L^='J 

Neither  of  these  methods  possess  that  clearness  which 
ought  instantly  to  convey  to  the  mind  the  system  of 
operations  intended  to  be  expressed  ;  for  it  does  not  ap- 
pear quite  certain  whether  the  n  means  that  there  arc 

or  that  the  whole  number  of  in- 


pdx 

of  I , 

«/      X 


n  repetitions 

tegrations  is  n :  this  latter  is  the  signification  in  which 
it  is  employed  by  Spence.  A  better  method  of  express- 
ing it  would  be, 


(yT)"^^-.-H)"ii 


dx" 


/i  fi-fii^- 


4 


To  anyone  acquainted  with  the  integral  calculus,  this 
could  not  convey  an  incorrect  idea,  although  presented 
for  the  first  time,  and  without  explanation.  The  index 
n  denoting  the  repetition  of  the  quantity  to  which  it  is 
attached,  gives 


And  it  is  clear  that  the  n  d  x  s  must  be  assigned  to  the 
n  integrations.  Tiiis  latter  expression  may  indeed  be 
employed  as  deviating  still  less  from  the  received  one, 
and  as  still  less  liable  to  misinterpretation. 

Another  principle,  which  is  chiefly  valuable  as  it  con- 
duces to  brevity,  is.  That  alt  notation  should  be  so  con- 
trived as  to  have  its  fiarts  cafiable  of  being  em/iloyed 
separately.  By  observing  this  rule,  we  avoid  being  en- 
cumbered with  any  other  signs  than  those  actually  ne- 
cessary to  express  the  properties  we  are  considering. 
This  principle  has  been  so  universally  followed,  that  it 
is  difficult  to  produce  examples  of  its  neglect.  Thus, 
although  it  has  never  been  expressly  proposed  in  terms, 
it  has  been  virtually  acted  upon  by  analysts  for  the  last 
two  centuries. 

It  was  in  fact  to  be  expected,  before  any  geneial  prin- 
ciples of  notation  were  delivered,  that  it  should  be  ex.- 
tended  in  exact  proportion  to  the  progress  of  the  in- 
quirer, and  this  progress  proceeding  from  the  simple 
to  the  more  complicated,  his  notation  would  naturally 
increase  by  continued  additions.  Such  being  its  origin, 
it  will  necessarily  follow,  that  at  any  stage  it  might  be 
used  without  reference  to  those  additions  with  which 
subsequent  considerations  had  obliged  him  to  augment 
it. 

It  is  a  valuable  service  rendered  to  any  science,  to 
embody  into  language  those  rules  which  perhaps  insen- 
sibly direct  or  govern  the  minds  of  those  who  improve 
it ;  however  apparently  obvious  some  of  tliem  may  be, 
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or  however  well  known  amongst  the  instructed,  a  con- 
siderable time  will  always  elapse  before  individual  pe- 
netration will  have  formed  for  itself  such  guides;  nor 
will  the  advantaj^e  be  entirely  confined  to  the  student. 
How  frequently  does  it  happen,  even  to  the  best  iii- 
Ibrmcd,  that  they  prefer  one  thing  and  reject  another, 
from  some  latent  sense  of  their  propriety  or  impropriety, 
■without  being  immediately  able  to  state  the  reasons  on 
which  such  choice  is  founded;  yet  it  cannot  be  doubted, 
when  the  selection  appears  to  be  the  result  of  correct 
taste,  that  it  is  guided  by  unwritten  rules,  themselves 
the  valued  ofl'spring  of  long  experience.  Any  expla- 
nation of  these  is  probably  rendered  unavailing  at  the 
instant,  for  want  of  having  previously  fixed  them  by  lan- 
guage. 

Another  reason  whicli  appears  to  justify,  or  rather  to 
oblige  us  to  notice  this  principle,  is,  that  although  it 
has  not  hitherto  been  mucli  infringed,  it  seems  probable 
that,  unless  due  care  be  taken  in  the  future  formation 
of  notation,  some  of  the  rules  which  have  been  proposed 
may  themselves  lead  to  its  infraction.  This  observa- 
tion more  particularly  applies  to  that  which  directs  us 
"  to  contrive  all  notation,  so  that  it  shall  be  capable  of 
expressing  laws."  In  attempting  to  satisfy  this  condi- 
tion, we  are  obliged  to  take  wide  and  extensive  views, 
and  are  therefore  peculiarly  liable  to  forget  that  which 
may  appear  of  minor  importance.  The  two  principles 
are  by  no  means  incompatible  ;  and  it  is  very  desirable 
that  when  we  have  occasion  to  employ  the  latter,  the 
former  may  always  be  borne  in  mind. 

Having  discussed  the  general  principles  on  which 
notation  should  be  formed,  it  now  becomes  necessary 
to  explain  several  rules  which  are  proposed  for  the  pro- 
per application  of  individual  signs.  Writers  on  alge- 
bra have  defined  the  meaning  of  the  signs  they  use  ; 
but  something  further  than  these  definitions  is  requisite 
in  the  present  state  of  the  science,  or,  to  speak  more 
accurately,  some  limitations,  as  well  as  extensions  of 
the  meaning  of  several  of  them,  are  required. 

There  are  in  analysis  two  great  divisions  of  symbols, 
— those  which  denote  quantity,  and  those  which  indicate 
operations.  These  latter  were  all  of  them  originially 
arbitrary  marks,  such  as  those  employed  to  express  ad- 
dition, multiplication.  Etc.  At  the  present  time,  how- 
ever, letters  are  frequently  employed  to  signify  opera- 
tions ,  and  hence  arises  occasionally  a  source,  if  not  of 
error,  at  least  of  inconvenience.  The  use  of  letters 
in  two  senses  has  been  objected  to  the  followers  of  Leib- 
nitz, who  employ  the  cl  to  denote  the  differential  of  the 
quantity  to  which  it  is  prefixed  ;  and  as  differentials  are 
much  employed  in  the  doctrine  of  series,  it  sometimes 
occurs  that  the  fourth  term  of  the  series  a  +  b  x  -i- 
c  x^  -{■  d  x3  -f ,  enters  into  calculations  in  which  the  d 
also  represents  an  operation  performed  on  the  letter  to 
which  it  is  prefixed.  This  inconvenience  has  been 
avoided  by  M.  Lacroix,  who  uses  the  Roman  d  for  dif- 
ferentiation, and  the  Italic  d  for  quantity.  Aibogast  also, 
in  his  work  on  Derivations,  employs  the  Roman  d  for  the 
same  purpose.  This  completely  removes  the  inconve- 
nience ;  but  in  order  to  prevent  its  recurrence  in  any 
other  shape,  and  for  the  purpose  of  affording  a  wider 
choice  in  the  selection  of  letters,  we  would  propose  the 
following  general  rule  :  jill  letters  that  denote  guantUij 
should  be  firinted  in  Italics,  but  all  those  which  indicate 
ofierations  should  be  firinted  in  a  Roman  character.  Thus 
the  letters  x,  y,  z, .  .  a,  A,  c,  .  .  a,  /3, . .  i//,  C,  would  re- 
present quantity;  and,  d,  f,  A,  B,  C,  would  denote  ope- 


rations. The  only  inconvenience  which  would  attend 
this  method,  is  of  very  minor  importance  :  it  would  be- 
come necessary  to  cast  new  types  for  a  few  of  the  Greek 
letters  in  common  use,  because,  the  difference  between 
those  two  modes  of  printing  docs  not  exist  in  that  lan- 
guage. 

The  class  of  letters  that  are  termed  characteristics, 
and  which  represent  operations,  is  divided  into  two 
species  ;  those  which  denote  functions,  as 

and  those  which  signify  that  some  alteration  is  to  be 
made,  which  depends  on  the  nature  of  the  function  on 
which  it  is  to  be  executed  :  thus  ,/"  (1  -f-  .r")  means  a 
function  of  I  +  x'.  In  this  case  the  form  of  the  function 
selected  for/"  is  quite  independent  on  1  -f  jr"  ;  but  if  we 
have  d  (1  -f- .r^)  the  effect  of  the  operation  denoted  by 
d,  depends  on  the  form  of  the  function  inclosed  within 
the  parenthesis :  this  is  the  case  with  the  symbols 


'-/ 


A, 


S,      ^. 


Those  of  the  former  species  are  called  functional  cha- 
racteristics  ;  and  as  it  will  be  convenient  to  have  some 
generic  name  for  the  latter,  we  shall  appropriate  to  them 
that  of  Derivative  Characteristics,  since  their  own  form 
depends  on,  and  is  derived  from  that  which  follows 
them. 

The  first  of  these  species  is  subject  to  the  following 
rule  :  Every  functional  characteristic  affects  all  symbols 
nvhich  follow  it,  just  as  if  they  constituted  one  letter. 

Thus,  if«x  — a.r  -f-  b  x^,  a.ndfx'zz  1  — x'', 
Thcn,a.f  x=:u{\  — .r^)zZ  a  (\  —  x^)  +  b  {i  —  x^^ 
And f»xz=.  \—{<^xy—\  —{ax  +  bx^y. 

Two  signs  have  been  made  use  of  to  represent  mul- 
tiplication :  the  cross  (  X  )  and  the  dot  (.);  and  the  sim- 
ple juxtaposition  of  two  letters,  if  they  are  in  Italic, 
means  the  same  thing  :  this  last  method  is  preferable  in 
all  simple  cases,  as 

.2  .  a  +  X    „ 


ab  c, 


X  y 


There  exists  a  difference  of  meaning  between  the  two 
former  of  these  methods  of  indicating  multiplication 
and  the  latter,  which  it  is  necessary  to  explain,  and  to 
which  it  is  convenient  to  adhere.  The  dot  and  the  cross 
imply  a  kind  of  disjunctive  multiplication,  or  that,  when 
they  are  interposed  between  two  quantities  before  which 
a  derivative  characteristic  is  placed,  this  symbol  only 
applies  to  the  first  of  the  two  : 

X  +  a        e^ —  1 
As, 


which  represents 


X 

r"^— 1 


X  +  a 


X  X 

If  the  dot  or  cross  were  not  used  in  this  case,  the  mean- 

X  +  a      £f  —  1 


m 


g  would   be  quite  different,   for  A 


.1- 


would  signify  the  complete  difference  of  the  quantity 

X 

Another  common  signification  of  the  dot  is,  that  when 
h  is  placed  immediately  after  a  derivative  characteristic, 
it  implies  that  the  derivation  extends  until  some  other 
dot  occurs  which  may  separate  it  from  any  succeeding 
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i'aciors  :  This  is  sometimes  denoted  by  brackets  of  va- 
rious kinds,  tlius, 

du 

d.  XV.  -— 

denotes  the  differential  of  u  relative  to  :r,  multiplied  by 
the  complete  differential  of  xv.     If  written  thus, 

du 

d.  XV    -r- 
dx 

it  would  signify  the  complete  differential  of  xv  — . 

In  the  operations  of  the  differential  calculus,  it  is 
constantly  lerjuired  to  express  the  second  and  higher 
powers  of  a  ciificrcntial,  as  (dx)^,  (d  x)^ ,  (d  jr)",  whilst 
it  has  rarely  been  found  necessary  to  express  the  differ- 
entials of  the  simple  powers  d  [x^),  d  (x^),  .,  d  {x*)- 
These  two  series  differ  in  the  situation  of  the  parenthe- 
ses they  contain  ;  but  as  the  quantities  in  the  first  recur 
perpetually,  it  v.as  desirable  that  they  should  be  con- 
tracted by  omitting  the  parentheses.  Universal  usage 
has  sanctioned  this  omission,  and  they  are  always  writ- 
ten thus,  d  -t",  d  x^,  .  .  d  x";  and  in  order  to  remove  the 
ambiguity  which  this  might  occasion,  in  the  few  cases 
where  the  quantities  mentioned  in  the  latter  series  oc- 
cur, they  are  distinguished  by  means  of  the  point  thus, 
d.  x^,  d.  x^,  .  .  d.  X". 

The  principle  that  jiarentheses  may  be  omitled,  if  it 
can  be  done  ■without  introducing  ambiguity^  has  been 
partly  adopted  in  the  manner  of  expressing  circular 
functions  ;  a  department  of  analysis  in  which  the  inat- 
tention to  all  general  principles  of  notation  has  been 
severely  felt.  Five  methods  have  been  generally  em- 
ployed for  expressing  the  squares  and  higher  powers  of 
the  sines  and  cosines  of  arcs. 

(sin.  6Y,  sin.  6^,  sin.  "6,  (sin  <•)-,  sin  8'. 

The  first  of  these  has  nothing  objectionable  in  it  ex- 
cept the  dot,  which  is  not  merely  useless,  but  interferes 
with  another  principle.  The  second  omits  the  paren- 
theses, in  compliance  wiih  the  principle  we  have  just 
stated  :  like  the  former,  it  has  the  useless  appendage  of 
the  dot.  The  third  is  by  far  the  most  objectionable  of 
any,  and  is  completely  at  variance  with  strojig  analo- 
gies. An  index,  in  the  situation  in  which  it  there  oc- 
curs, invariably  denotes  repetition  of  the  symbol  to  which 
it  is  attached  :  in  this  case  it  would  therefore  mean  sin. 
sin.  6,  or  the  sine  of  the  sine  of  the  arc  6.  It  is  true 
that  this  notation  may  be  defined  to  mean  the  square  of 
the  sine,  or  any  other  function  of  the  sine.  Although 
a  definition  cannot  be  false,  it  may  be  improper;  and 
the  impropriety  may  arise  either  from  its  inducing  am- 
biguity, or  from  its  offending  against  received  princi- 
ples; both  which  objections  occur  in  the  present  in- 
stance. Besides,  if  sin  ^6  were  allowed  to  signify  the 
square  of  the  sine  of  i,  how  should  we  denote  the  se- 
cond sine  of  ^?  It  may  safely  he  asserted,  that  if  this 
notation  for  the  square  of  the  sine  were  admitted,  no 
convenient  method  could  be  devised,  which  should  not 
also  infringe  some  general  principle.  Thus  one  infrac- 
tion would  become  the  ground  of  introducing  another, 
and  instead  of  possessing  a  philosophical  language 
founded  on  general  laws,  the  science  would  arrive  at 
one  with  no  regularity  to  assist  the  memory,  and  devoid 
of  those  strong  analogies  which  facilitate  the  acquisition 

•  Mecani<iue  Analytique. 


of  all  others. — The  fifth  method,  (sin  #)",  is  made  use 
of  by  Arbogast,  in  his  work  on  the  Calculus  oi  Deriva- 
tions; an  authority  which  is  entitled  to  the  greater 
weight,  because,  from  the  nature  ot  that  excellent  work, 
and  the  powerful  use  which  is  made  of  the  various  no- 
tations employed  in  it,  it  is  highly  improbable  that  the 
author  should  have  selected  this  out  of  the  many  re- 
ceived notations,  without  having  well  considered  its 
propriety.  It  differs  but  little  from  the  last  method,  the 
parentheses  only  being  omitted,  which  gives  sin  6-  a 
mode  of  expression  sufficiently  clear  for  all  simple  cases. 
If,  however,  i  become  a  compound  quantity,  the  pa- 
rentheses must  again  be  introduced.  This  notation  has 
been  employed  by  M.  Lacroix,  in  his  great  work  on  the 
Integral  Calculus.  M.  Gauss  and  Delambre  have  also 
adopted  it ;  and  it  is  likewise  used  in  the  latest  and 
most  valuable  work  of  Lagrange.* 

In  order  to  connect  together  various  symbols  which 
compose  part  of  an  expression,  and  which  are  subject- 
ed to  the  same  operation,  different  species  of  vinculai 
are  employed.  From  the  great  variety  of  these  which 
are  used  by  the  printer,  a  considerable  latitude  of  choice 
is  allowed.  In  genenal,  all  symbols  collected  under  a 
vinculum  are  to  be  considered  and  operated  upon,  as  if 
they  formed  a  single  symbol.  The  choice  of  parenthe- 
ses, although  a  matter  of  minor  importance,  is  not  alto- 
gether arbitrary.  An  example,  in  which  propriety  and 
impropriety  are  apparent  in  different  modes  of  writing 
the  same  expression,  will  be  sufficient  without  the  aid  of 
formal  rules. 

Of  these  three  ways  of  writing  the  expression,  the 
last  is  evidently  to  be  preferred  :  the  other  two  are  ob- 
jectionable, not  from  any  deficiency  in  clearness,  but 
from  a  certain  want  of  symmetry,  which  is  very  per- 
ceptible in  both  of  them. 

Modem  analysts  have  frequently  had  occasion  to  se- 
parate the  symbols  of  operation  from  the  quantities  on 
which  they  act,  an  artifice  which  gives  great  concise- 
ness to  a  variety  of  theorems  :  this  separation  has  been 
marked  in  different  ways,  either  by  a  dot,  or  the  sign  of 
multiplication,  or  by  parentheses:  in  some  instances  the 
double  dot  (:)  has  been  employed.  As  it  is  very  desira- 
ble to  confine  each  symbol  to  one  meaning,  the  last  plan, 
or  the  two  dots,  is  the  least  objectionable  for  this  pur- 
pose, and  can  create  no  ambiguity,  since  it  has  become 
entirely  obsolete  in  the  best  writers  in  any  other  sense. 
The  theorems  of  Lagrange  would  nc  thus  written. 


^-1  5  =«. 


I 


£— 1 


t  Such  as  bnices,  parentheses,  brackets,  bars,  &s. 
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IS  or 
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The  merits  of  the  two  systems  of  notation  em]>loyed 
in  the  differential  calculus  have  been  discussed  by  Eulcr, 
in  the  iMcfacc  to  his  Institutiones  Calculi  Integialis,  and 
nore  fully  by  Mr.  Woodhouse,  in  the  preface  to  the 
Analytical  Calculations.  The  supciiority  of  the  use  of 
the  d  over  the  system  of  dots  has  become  so  very  appa- 
rent, that  the  course  of  a  few  years  will,  in  all  proba- 
bility, render  the  latter  obsolete,  a  circumstance  which 
induces  us  to  forbear  entering  into  any  lengthened  detail 
of  their  comparative  values,  and  to  content  ourselves 
with  merely  indicating  a  few  of  the  grounds  for  reject- 
ing the  latter:  these  are,  1st,  The  uncertainty  which 
nwy  arise  respecting  the  letters  to  which  the  indices 
refer,  and  the  confusion  which  arises  from  having  two 
indices  to  a  letter.  2d.  The  want  of  analogy  with  oilier 
established  notations,  such  as  those  relating  to  the  sym- 
bols A  and  <^.  3(1,  The  great  difficulty,  if  not  the  im- 
possibility, of  representing,  by  their  means,  theorems 
relating  to  the  separation  of  operations  from  quantities.* 

NOTTAVVAY,  a  county  of  Virginia,  bounded  east  by 
Dinwiddie,  south  by  Brunswick,  and  Lunenburg  or  Not- 
taway  river;  northwest  by  Prince  Edward  ;  and  north- 
cast  by  Amelia.  Length,  22;  mean  width,  12;  and 
area  264  square  miles.  It  is  watered  by  some  branches 
of  the  Appomattox,  and  by  the  Nottaway  and  its  branches. 
Staples,  cotton  and  tobacco.  The  chief  town,  Mender- 
sonville,  is  45  miles  south-west  by  west  from  Peters- 
burg. 

Population  in  1810. 

Free  white  males  .         .         -         -         - 

do.     do.   females        .         .         -         .         ■ 

Total  whites         .         .         .         .         - 
All  other  persons  except  Indians  not  taxed 
Slaves  .---•-■ 


Total  population  in  1810        ... 

Population  in  1820. 
Free  white  males  .         .         .         - 

do.     do    females        ,         .         .         - 
All  other  persons  except  Indians  not  taxed 

Total  whites 

Free  persons  of  colour,  males 

do.  do.      females,    - 

Slaves,  males         ..... 
Do.  females       ..... 

Total  population  in  1820 


1,380 
1,350 

2,730 

180 

6,368 

9,278 


1,386 

1,419 

2 

2,807 

71 

104 

3,314 

3,362 

9,658 


Of  these  ; 

Foreigners  not  naturalized     ....  1 

Engaged  in  Agriculture         ....  3,170 

do.          in  Manufactures     ....  238 

do.         in  Commerce          ....  12 

Population  to  the  square  mile,      ...  36 

NOTTAWAY,  a  river  of  Virginia,  rising  in  the  south- 
east angle  of  Prince  Edward  county,  Virginia,  and  flow- 
ing south-east  by  east,  joins  Black  river  branch  of 
Chowan,  on  the  northern  border  of  North  Carolina,  after 
a  comparative  course  of  130  miles.  Darby. 


XOTTIXGHAM.  Few  towns  occupy  a  more  com- 
manding, and,  at  the  same  time,  delightful  situation,  than 
this  large  and  respectable  capital  ol  the  shire  to  which 
it  gives  name.  Spreading  over  the  swifi  declivity,  par- 
tially along  the  base,  but  very  principally  over  the  level 
summit,  of  a  terrace-like  eminence,  that  here  rises  from 
the.  rich  vale  of  Trent,  and  fronts  the  south,  Nottingham 
greets  the  eye  of  strangers  approaching  from  the  south- 
ern districts  of  England,  with  a  prospect  of  ecpial  dignity 
and  beauty.  AN'hen  siitUciently  near,  they  see,  in  the  fore- 
ground, besides  a  bridge  across  the  smaller  river  Lene, 
which  runs  close  in  beneath  the  town,  a  large  ami  noble 
bridge  of  twenty  arches,  acioss  the  lull  stream  already 
named  as  that  which  laves  the  vale;  they  behold,  on 
the  west  of  the  compact  body  of  houses  that  on  the  east 
decline  gradually  into  the  plain,  a  stately  modern  cha- 
teau, (the  castle,)  proudly  seated  on  the  point  of  an  in- 
land promontory  ;  and  view,  rising  from  the  town  itself, 
a  church,  tha',  in  form,  magnitude,  and  architecture, 
might  vie  with  many  cathedrals.  If,  on  a  close  ap- 
proach, the  redness  of  the  brick  whicli  composes,  and  of 
the  tiles  that  roof  the  houses  of  Nottingham,  impress 
somewhat  unlavourably  the  eye,  let  the  town  Ijc  entered, 
and  its  general  neatness,  the  elegance  of  some  of  its 
parts,  its  clean  appearance,  and  the  air  of  comfort  dif- 
fused almost  throughout,  will  change  that  impression 
into  one  highly  advantageous  to  the  place,  which  really 
merits  to  be  be  regarded  as  a  kind  of  provincial  me- 
tropolis. 

Its  name  is  the  ancient  Saxon  one  of  Siiottingaham,^ 
slightly  altered,  but  very  palpably  improved  ;  a  name 
derived,  it  is  said,  from  excavations  made  in  the  sides  of 
those  soft  rocky  eminences  that  distinguish  the  site,  and 
which  were  occupied  as  dwelling  places  by  some  of  the 
aborigines  of  England,  from  perliaps  a  veiy  remote  pe- 
riod. In  attempting  to  establish  the  origin  of  Notting- 
ham, conjecture  has  oft  indulged  her  wildest  mood. 
Ebranr,  fifth  king  of  the  TrojanoBritish  dynasty,  and 
whose  reign  is  said  to  have  commenced  lo:)0  years  be- 
fore Christ,  has  been  named  as  its  founder;  although 
much  tnore  modestly  it  has  been  said  to  be  proved  to 
have  then  existed  as  a  town,  by  being  chosen  for  the  bu- 
rial place  of  Coilus,  the  last  of  the  pagan  kings  of  Bri- 
tain, and  reported  founder  of  the  town  of  Colchester. 
Dismissing  these  idle  tales,  and  passing  over  other  le- 
gends respecting  the  ante-christian  and  early  Christian 
period  of  the  history  of  Nottingham,  as  equally  undeserv- 
ing of  serious  notice,  it  may  be  remarked,  that  reasons 
not  devoid  of  plausibility  have  been  urged  in  favour  of  a 
conclusion  formed  by  some  antiquaries;  viz.  that  here 
was  the  Roman  Causennis,  a  station  given  in  the  Itine- 
rary of  Antoninus,  as  that  between  Durobrivis,  now 
Brig  Casterton,  and  Lindum,  the  present  Lincoln.  De- 
scending upon  the  annals  of  the  Saxon  period,  we  find 
it  generally,  nay,  univeisally  allowed,  that  the  place  had 
become  considerable  ;  and  was  even  defended  by  a 
tower  or  fort.  It  kept  advancing,  and,  as  we  learn  from 
Domesday-book,  had,  in  the  time  of  the  Confessor,  173 
burgesses,  and  19  villeins,  resident  within  it.  Like  al- 
most every  other  place  of  that  early  consequence,  Not- 
tingham suffered  from  the  Norman  invader's  merciless 
severity.  When  the  Domesday  Survey  was  made,  only 
120  resident  householders  were  found  in  the  place.  This 
depression  was,  however,  probably  short-lived,  as  the 
burgesses  seem  to  have  possessed  at  the  time  very  con- 


•  The  editor  has  been  indebted  for  this  interesting  article  to  Chaiiles  Dadii.igi:,  Esq.  F.  U.  S.  Load,  and  EJin. 
t  From  Snottin;;a,  cave,  and  ham,  a  dwelling,  or  dwelling  house. 
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siderabic  privileges;  of  the  chief  of  which,  viz.  the 
proprietary  and  occupation,  as  a  body,  of  six  caru- 
cais,  each  carucat  being  about  120  acres  of  land,  to 
plough,  besides  pasture  and  meadow  in  proportionable 
quantity,  with  barns,  stables,  and  dwellings,  correspon- 
dent, ihcy  do  not  appear  to  have  been  deprived  by  Wil- 
liam. The  great  prosperity  of  Nottingham  is,  iiever- 
theless,  to  be  rtferred  to  modern  times  :  althougli,  as 
the  slight  sketch  of  its  annals  subjoined  to  this  article, 
wll  show,  it  has  from  an  early  period,  occupied  a  pro- 
minent place  among  the  more  distinguished  towns  of 
England. 

Its  position  is  almost  in  the  centre  of  England,  hut  in 
the  south-eastern  part  of  the  county  to  which  it  gives 
name.  It  stands  on  the  northern  bank  of  the  river 
Lene,  about  a  mile  north  of  the  river  Trent,  into  which, 
a  little  to  the  north-eastward  of  the  Trent  bridge,  the 
Lenc  flows:  at  the  southern  point  of  the  great  forest  of 
Sherwood,  so  celebrated  for  the  exploits  of  Robin  Hood 
and  Little  John,  and  at  the  distance  of  124  miles  north 
of  London — the  great  mail-coach  road  from  which,  to 
Sheffield  and  Leeds,  passes  through  the  town.  In  every 
direction,  except,  perhaps,  just  upon  the  forest  line  of 
road,  the  surrounding  country  is  rich,  populous,  and 
beautiful ;  were  it  not  that  the  inclination  towards  the 
east  is  more  gradual,  and  the  abruptly  terminating  rock 
on  the  west,  "  Dolorous  Hill,"  is  said  to  have  been  the 
appellation  borne  by  the  eminence  on  which  Nottingham 
stands;  an  appellation  derived,  say  the  same  veracious 
chroniclers,  from  the  grief  of  the  surviving  Britons  over 
an  excessive  slaughter  made  of  their  countrymen  by  a 
king,  H umber,  from  the  north.  Less  elev.Ued,  the 
situation  of  Nottingham  would  greatly  resemble  that  of 
Edinburgh  ;  only,  if  any  one  would  avail  himself  of  this 
remark  to  form  a  more  correct  idea  of  the  site  of  the 
former,  he  must  be  careful  to  remember  that  at  Not- 
tingham there  is  no  North  Loch,  but  the  town  is  con- 
tinued northward  on  a  uniform,  although  very  gentle 
ascent,  till  it  is  terminated  by  a  second  rather  fabrnpt 
elevation,  parallel  with  that  which  overhangs  the  Lene. 
The  rock  on  which  it  so  airily  stands,  is  a  dry,  soft  one, 
overspread  with  a  li.ght  sandy  soil.  Much  of  the  town, 
however,  to  the  production  of  many  singular  and  pleas- 
ing prospects,  is  built  on  \Us  front,  and  along  the  base  of 
the  lengthened  hill  that  ascends  from  the  vale  of  the 
Trent  and  Lene  ;  a  vast  extent  of  which  vale,  smiling 
in  cultivation,  slutUlcd  with  villages,  and  adorned  by 
villas,  is  commanded  from  the  edge  of  the  hill.  The  streets 
of  Nottingham  are  many  in  number,  and  some  of  them 
of  considerable  length  ;  narrowness  is,  however,  charac- 
teristic of  most  of  them.  Castle-gate,  and  the  High 
Pavement,  form  an  exception  to  this  last  remark  ;  and 
the  market-place,  whether  we  consider  the  extent  of  its 
area,  or  (lie  appearance  of  the  buildings  that  range  around 
it,  may  well  claim  the  epithet  of  noble.  Leiand,  despis- 
ing English  grammar,  calls  it  "  the  most  fairest  without 
exception  of  all  England;"  and  Moritz,  a  German  tra- 
veller, accustomed  to  the  splendours  of  Berlin,  writing, 
in  his  account  of  a  pedestrian  excursion  that  he  made  to 
the  Peuk  cavern,  a  description  of  the  town,  is  in  rap- 
tures with  its  market-place.  Of  the  caves,  or  cavernous 
habitations  of  Nottingham,  mention  has  been  already 
made.  Sncinlon,  a  suburban  village,  contains  many  of 
•hem  ;  with  the  singular  appearance  of  which,  the  stran- 
ger entering  the  town  from  the  north  will  be  inuch 
struck.  According  to  some,  indeed,  tl;e  greater  part  of 
Nottingham  stands  on  ground  excavated  into  rooms  and 
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subterraneous  passages;  and  it  is  certain  that,  so  long 
ago  as  the  time  of  Leiand,  many  caves  were  used  as 
cellars  and  storehouses.  Of  some  remarkable  ones, 
mention  will  yet  fall  to  be  made  in  our  article. 

The  charitable  institutions  of  Nottingham  are  nume- 
rous, and,  speaking  generally,  of  an  important  charac- 
ter. Plumptre's  Hospital,  an  interesting  edifice,  ori- 
ginally founded  in  the  reign  of  Richard  the  Second,  for 
two  chaplains,  one  of  whom  was  to  be  master,  and  IS 
poor  widows;  but  since  augmented  by  two  descend- 
ants of  the  founder,  John  Plumpire,  is  situated  at  the 
bridge  end.  Fifteen  shillings  a>month,  with  a  ton  of 
coals,  and  a  gown  annually,  are  received  by  each  pen- 
sioner. Collins's  Hospital,  in  Friar  Lane,  founded  in 
1704,  has  also  claims  to  notice  as  a  building.  It  is  for 
twenty-four  poor  men  and  women,  who  are  comfortably 
lodged,  provided  with  fuel,  and  receive  each  2«.  a-week. 
Besides  these,  and  similar  to  them  in  their  objects,  are 
Willoughby's,  Gregory's,  Handley's,  the  Labourers', 
Warsargate,  Sec.  hospitals;  VVooUey's  Beadhouse  ;  Beil- 
by's  almshouses  ;  the  Peckham  and  Coventry  Charities, 
&c.  In  each  parish,  moreover,  there  is  a  workhouse  for 
the  general  poor.  The  General  Infirmary  is  a  noble 
charity,  and  fine  building.  It  was  founded  in  1781; 
stands  in  the  midst  of  an  agreeable  garden  and  airing 
grounds ;  exhibits  a  centre,  two  projecting  wings,  and 
two  extreme  projections  ;  has  recently  been  enlarged 
very  considerably  ;  it  has  been,  is,  and  in  all  probability 
will  be,  of  mo&t  essential  and  extensive  use.  In  addi- 
tion to  numerous  exceedingly  liberal  benefactions,  it  de- 
serves to  be  recorded,  that  one  individual,  long  un- 
known, but  since  discovered  to  have  been  the  late  Reve- 
rend Tliomas  Gisborne,  author  of  sermons,  poems,  &c. 
subscribed  to  the  Nottingham  General  Infirmary  at  once 
10,000/.  stock,  a  SUIT)  equal  to  6,337/.  Sterling.  He  be- 
stowed, at  the  same  time,  a  like  sum  on  two  other  in- 
firmaries, viz.  on  that  of  Sheffield,  and,  we  think,  that 
of  Leeds.  Another  charitable  establishment,  on  a  very 
extensive  scale,  is  the  Lunatic  Asylum.  Its  benefits  are 
extended  to  paupers,  as  well  as  to  those  whose  circum- 
stances, or  those  of  their  friends,  permit  a  board  to  be 
paid  for  them.  This  edifice,  a  large  one  of  five  stories, 
including  two  basement  ones,  in  height,  is,  although  but 
a  very  little  way  out  of  the  town,  in  the  chapelry  of 
Sneinton.  Great  liberality  has  been  evinced  in  contri- 
buting towards  its  establishment  and  support.  It  was 
opened  in  1812. 

Among  the  institutions  which  have  education  for  their 
object,we  place  first  the  free  Grammar  School,  which  was 
founded  in  1513  by  Agnes  Mellors,  widow  of  an  opulent 
bell-founder  of  Nottingham.  This  is  really  a/ree  school, 
for,  by  a  corporation  act  made  in  1807,  sixty  boys  arc 
admitted  upon  the  foundation,  and  gratuitously  taught, 
or  may  be  taught,  Greek,  Latin,  English,  writing,  and 
aritlimctic.  In  the  High  Pavement  is  a  charity-school 
for  fifty  poor  children  of  both  sexes,  forty  of  whom  are 
clad  in  blue  uniform,  and  to  all  of  whom  instruction  is 
dispensed  in  the  principles  of  Chrisiianiiy,  and  in  Eng- 
lish reading.  Two  other  charity-schools,  both  in  St. 
Mary's  parish,  aR"ord  the  means  of  mstriiction  to  thirty, 
and  sixteen  poor  children  respectively.  Clothing  and  a 
plain  education  are  given  to  poor  children  among  the 
Protestant  dissenters,  in  an  establishment  of  their  own. 
A  national  school,  and  a  Church  of  England  Sunday 
sclinol,  are  also  among  the  educational  establishments  of 
this  flourishing  town;  while,  in  the  other  numerous  Sun- 
day schools  of  the  place,  not  fewer,  it  is  computed,  than 
4  P 
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3000  children  are,  in  a  measure  at  least,  and  gratuitously, 
instructed. 

Of  the  marketplace  mention  has  been  already  made. 
There  is  a  handsome  and  highly  useful  building  con- 
nected with  it,  which,  although  built  about  a  century 
ago,  is  called  the  New  Exchange.  It  is  constructed  of 
brick,  is  four  stories  liigh,  and  has  an  open  corridor  or 
piazza  beneath  it.  Justice,  in  sculpture,  poising  her 
scales,  and  wearing  over  her  eyes  tlic  symbolical  band- 
age, crowns  the  pile;  partly  on  the  groundlloor  of 
which,  and  partly  behind  it,  are  the  sliambies.  Rooms 
in  which  different  corporation  business  is  transacted,  are, 
as  well  as  a  subscription  news-room,  termed  the  Ex- 
change Hall,  contained  in  the  building.  That  the  mar- 
kets of  Nottingham,  although,  like  those  of  most  manu- 
facturing towns,  somewhat  high  as  to  prices,  are  vari- 
ously and  abundantly  supplied,  it  is  almost  superfluous 
to  remark.  As  an  appropriate  symptom  of  the  celebrity 
of  this  town  for  ale,  it  may  be  observed  that  the  malt- 
cross,  one  of  several  crosses,  such  as  the  work-day  cross, 
&c.  now  demolished,  once  stood  at  the  higher  end  of  the 
market-place.  The  market  days  are  Wednesday  and 
Saturday.  On  these  days  also,  but  only  on  the  first  of 
them  in  this  market  place,  an  ancient  cattle  market  is 
held.  Three  fairs  are  held  annually,  viz.  on  the  7th  of 
March,  the  2d  and  3d  of  April,  and  the  2d  of  October, 
the  last  being  a  nine-days'  fair. 

For  the  amusement  of  the  inhabitants,  a  neat  theatre, 
situated  in  St.  Mary's  Gate,  an  assembly  room,  a  riding 
school,  (this,  being  that  of  they  eomanry  cavalry,  is  only 
occasionally  used  as  a  circus  by  itinerant  equestrians,) 
and  annual  races,  held  in  July,  make  provision.  The 
race-course,  belonging  to  which  is  an  elegant  stand,  is 
to  the  north  of  the  town,  adjoining  on  the  east  to  the 
Mansfield  road.  Walks  in  great  variety,  and  affording 
delightful  prospects,  are  also  among  those  appendages 
of  which  relaxation  is  a  principal  object. 

As  a  manufacturing  town,  Nottingham  has  long  rank- 
ed high.  The  making  of  malt  seems  to  have  been  be- 
gun soon  after  the  Norman  conquest,  and  is  yet  exten- 
sively carried  on.  Till  the.  reign  of  Queen  Mary  the 
making  of  coloured  cloths  was  briskly  prosecuted  here, 
but  from  her  time  it  declined,  and  has  fallen  away  al- 
most entirely.  Nottingham  is,  however,  a  principal  seat 
of  the  manufacture  of  hosiery,  especially  of  silk  and  cot- 
ton stockings.  It  is  nevertheless,  remarkable,  that,  in 
the  year  1641,  there  were  in  the  place  only  two  frame 
work  kniiters.  The  machine  now  made  use  of,  origi- 
nally invented  by  William  Lee,  in  the  reign  of  Elizabeth, 
is  characterized  by  equal  simplicity  and  utility  ;  and  the 
quantity  of  goods  produced  is  very  great,  both  for  the 
home  and  foreign  markets.  Industry,  thus  directed, 
pervades,  not  the  town  only,  but  the  surrounding  coun- 
try, and  has  even  spread  itself  to  distant  places  :  such, 
for  instance,  as  Leicester.  So  long  ago  even  as  the 
middle  of  last  century,  1200  frames  were  at  work  in 
Nottingham  alone,  a  number  now,  doubtless,  greatly  in- 
creased ;  especially  as  the  trade  is  understood  to  be  at 
present  in  a  flourishing  state. 

The  making  of  bone  lace,  as  it  was  termed,  has  de- 
clined, but  that  of  frame  lace  has  been  introduced,  and 
is  extensively  carried  on.  Of  patent  net  all  have  heard, 
and  it  is  chiefly  made  at  Nottingham.  Mills  for  spin- 
ning and  twisting  both  silk  and  cotton  are  in  considera- 
ble number.  Tanning,  once  so  great  a  trade  here  as  to 
have  spread  vats  over  almost  all  the  town,  in  which,  in 
16-11,  there  were  forty-seven  master  tanners,  has  greatly 


fallen  off;  although  it  is  not  totally  gone.  The  makin^' 
of  glass  has  ceased,  and  the  earthenware  manufacture 
is  of  small  account.  That  of  white  lead  is  carried  on. 
Cast-iron  goods  are  also  fabricated.  Dyeing  is  not  (|uite 
extinct ;  bleaching  is  one  of  the  branches  of  industry 
exercised ;  brewing  also  gives  employment  to  a  number 
of  persons ;  and  in  the  general  shop-keeping  line,  Not- 
tingljam,  to  the  trade  of  which  at  least  two  Banks,  the 
Trent  Navigation,  and  sundry  vicinal  canals,  afford  great 
facilities,  has  the  supply  of  a  pretty  extensive  surround- 
ing tract,  thickly  strewn  with  populous  villages.  Under 
these  favourable  circumstances,  the  population  of  the 
town  has  kept  steadily  increasing  fur  many  years.  In 
1739,  the  number  of  inhabitants  was  10,010;  in  1751, 
10,061  ;  in  1779,  17,711  ;  in  1801,  28  661  ;  and  in  1811, 
34,363.  See  Thornton's  ATotts,  re/iublished  -witli  addi- 
tions by  Throsby ;  Deering's  JVotcinghamia,  velua  ec 
nova;  I.,eland's  Itinerary;  the  Beauties  of  England  and 
ll'ales,  vol.  XV.  Sec.     {v.  v.) 

NOTTINGHAMSHIRE,  one  of  the  internal  coun- 
ties of  England,  extends  from  52°  50'  to  53°  34'  of 
north  latitude,  and  from  0°  35'  to  1°  14'  of  west  longi- 
tude. It  is  bounded  on  the  north  by  Yorkshire,  on  the 
cast  by  Lincolnshire,  on  the  south  by  Leicestershire, and 
on  the  west  by  Derbyshire.  In  shape  it  resembles  an 
oval,  gradually  tapering  towards  the  north,  where,  for  a 
number  of  miles,  it  is  extremely  narrow.  The  greatest 
length  is  SO  miles,  the  greatest  breadth  27,  the  medium 
breadth  about  16;  the  circumference  measures  above 
140  miles;  the  area  is  estimated  at  837  square  miles,  or 
535,680  acres.  It  is  divided  into  6  hundreds,  which  in- 
clude 160  parishes;  the  number  of  market-towns  being 
9,  and  of  villages  or  hamlets  450.  It  lies  in  the  diocess 
of  York,  and  sends  8  members  to  Parliament. 

In  its  external  aspect  this  county  presents  an  agreea- 
ble inequality  of  surface,  intermediate  in  character  as  in 
situation,  between  the  mountains  of  Derby  and  the  flats 
of  Lincoln.  It  is  generally  covered  with  rich  verdure, 
copiously  sprinkled  with  trees,  contains  abundance  of 
streams,  and  its  varied  scenery  is  enlivened  by  numerous 
mansions  and  cheerful  farm-houses.  A  ridge  of  high 
ground  extends  from  Nottingham  north-eastward  to  the 
extremity  of  the  county,  where  it  terminates  abruptly, 
and  appears  in  the  eyes  of  some  speculative  geographers 
to  have  once  formed  the  shore  of  a  sea,  which  in  those 
distant  ages  yet  overflowed  the  surrounding  fens.  The 
southern  portion  of  the  county  exhibits  the  contrast  be- 
tween the  beautiful  vale  of  Relvoir  and  the  JVolds,  a 
chain  of  bleak  hills  generally  uninclosed,  or  but  partially 
beginning  to  be  covered  with  wood. 

Of  tlie  rivers  of  this  county,  by  far  the  largest  and 
most  important  in  every  point  of  view  is  the  Trent, 
which  rises  near  Biddulph,  in  the  moorlands  of  Stafford- 
shire ;  descends  from  the  hills  in  a  rapid  current,  aug- 
mented by  numerous  rivulets  from  Cheshire  and  Lan- 
cashire ;  enters  Nottinghamshire  near  Radcliffe-upon- 
Soar;  passes  the  county  town  ;  proceeds  by  a  slow  tor- 
tuous course  through  a  highly  cultivated  country  to 
Newark,  where  it  suddenly  takes  a  bend  towards  the 
north  ;  leaves  the  county  at  Heck  Dyke;  and  at  length 
fjlls  into  the  Humber,  after  a  course  of  nearly  (wo  hun- 
dred miles.  It  loses  the  influence  of  the  tide  at  Gains- 
borough, about  eight  miles  above  Heck  Dyke,  and  is  no 
longer  navigable  for  ships  of  any  great  burden  ;  but  ves- 
sels of  a  flatter  construction  are  constantly  occupied  in 
it  as  far  as  Burton  in  Derbyshire.  The  Trent  canal,  a 
side  cut  of  ten  miles,  enables  those  boats  to  avoid  the 
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only  shoals,  (twenty-one  in  number,  which  occur  in 
its  course.  The  Soar,  the  Erewash,  the  Idle,  the  Lcne, 
are  branches  of  the  Trent,  but  present  little  worthy  of 
notice. 

Nottinghamshire  is  distinguished  for  the  salubrity  of 
its  climate,  and  especially  for  its  dryness.  The  Der- 
byshire hills  serve  as  a  rampart  against  the  clouds  pro- 
ceeding from  the  west,  and  rapidly  attract  those  arising 
from  the  east.  At  an  average,  little  more  than  20  inches 
of  rain  falls  in  this  county  during  the  year  ;  a  compa- 
rative lowness  of  level  contributes  to  augment  the 
warmth  arising  from  this  extraordinary  absence  of  mois- 
ture; and  it  is  remarked,  that  seed-time  and  harvest 
occur  almost  as  early  here  as  in  the  most  southern  dis- 
tricts of  the  kingdom. 

In  regard  to  the  qualities  of  its  soil,  this  county  is 
divided  into  four  principal  districts;  the  district  of  coal 
and  limestone;  that  of  sand  and  gravel;  that  of  clay; 
and  that  along  the  banks  of  the  Trent.  The  first  of 
these  divisions  forms  a  narrow  stripe  of  land  contiguous 
to  the  borders  of  Derbyshire,  and  extending  from  the 
latitude  of  Worksop  to  that  of  Nottingham,  with  a  me- 
dium breadth  of  about  two  miles,  the  broadest  part  be- 
ing towards  the  south.  It  is  chiefly  arable,  and  contains 
several  woods.  The  second  district,  that  of  sand  and 
gravel,  runs  parallel  to  the  former,  but  is  much  longer 
and  broader,  stretching  from  Nottingham  by  Worksop 
and  Bawtry,  quite  up  to  the  northern  boundary  of  the 
county,  where  it  occupies  the  whole  extent  of  it  from 
the  Trent  westward.  Its  length  is  about  34  miles  by  a 
medium  breadth  of  seven  :  it  includes  the  whole  of  the 
ancient  forest  of  Sherwood.  The  third,  or  clay  district, 
is  again  subdivided  into  two — the  north  clay,  and  the 
south  clay  :  the  former  extends  from  Nottingham  by 
Taxford  to  a  little  below  Gainsborough  in  Lincolnshire, 
the  length  being  about  34  miles,  the  average  breadth 
about  five;  it  is  bounded  on  the  west  by  the  preceding, 
or  sand  and  gravel  district,  and  constitutes  the  most  fer- 
tile portion  of  the  county,  owing  in  part  to  a  considera- 
ble intermixture  of  sand,  which  renders  the  mould  more 
friable  and  fitted  for  agricultural  labour  than  clay  lands 
usually  are.  The  south  clay  subdivision  reaches  from 
Newark  to  the  borders  of  Leicestershire,  a  length  of  20 
miles,  with  a  medium  breadth  of  five:  it  includes  the 
vale  of  Bclvoir,  or  Beever,  and  the  Wolds.  It  is  sepa- 
rated from  the  north  clay  subdivision  by  the  fourth  prin- 
cipal district,  that  of  Trent-bank,  which  extends  along 
both  shores  of  the  river  during  the  whole  of  its  course 
through  the  county,  the  length  being  30  miles,  the 
breadth  varying  from  one  to  six.  It  is  in  general  a  mel- 
low vegetable  mould,  on  a  bottom  of  sand  or  gravel, 
which  sometimes  shov,-  themselves  on  the  surface.  .South- 
wards it  terminates  in  a  point  at  Sutton-upon-Trent,  the 
two  clay  divisions  being  in  this  place  separated  only  by 
the  river  :  northward,  towards  the  borders  of  Lincoln- 
shire, it  at  length  degenerates  into  a  bleak  barren  soil, 
moory,  and  full  of  swamps. 

Underneath  this  diversified  and  generally  productive 
soil,  there  occur  in  various  places  considerable  beds  of 
useful  minerals.  The  coal-field  of  this  county  has  many 
characteristics  common  to  it  with  the  coal-fields  of  York- 
shire, Northumberland,  Derbyshire,  and  Durham.  It 
begins  at  Teversall,  and  runs  southward  as  far  as  Tro- 
Nvell  and  WoUaton.  Between  the  brook  Erewash  and 
Derbyshire  many  pits  have  been  sunk,  the  produce  of 
Nvhich,  transported  by  land  or  water  carriage,  is  exten- 
sively consumed  in  distant  as  well  as  adjoining  parts  of 


the  country.  Eastward  of  this  tract  is  found  a  large 
bed  of  limestone,  which  seems  to  overlap  the  coal,  and 
is  supposed  to  be  a  continuation  of  the  great  Durham 
bed,  which  terminates  in  the  coast  at  Sunderland.  It  is 
copiously  worked,  both  for  mortar  and  manure.  A  kin- 
dred fossil,  gypsum  or  alabaster,  is  found  in  great  abun- 
dance. It  is  quarried  and  converted  into  plaster  of  Pa- 
ris at  Newark,  Gotham,  Beacon  Hill,  and  several  other 
places.  Marl  and  building  stone  are  also  generally  dif- 
fused :  the  latter  article  forms  a  considerable  branch 
of  trade  at  Maplebeck,  and  also  at  Mansfield,  where  the 
exportation  of  it  has,  since  the  year  1819,  been  much  fa- 
cilitated by  a  fine  rail-way  connecting  the  town  with 
Pinxton  on  the  Grand  Junction  Canal.  The  Mansfield 
stone,  a  species  of  marble,  is  of  a  close  structure,  and  of  a 
white  cream-colour,  durable,  and  fitted  to  receive  a  beau- 
tiful polish.  Its  hardness,  however,  renders  the  working 
of  it  so  expensive,  that  more  generally  it  is  burnt  and 
used  as  lime. 

The  plenty  of  these  minerals,  and  the  various  traffic 
to  wliich  they  give  rise,  communicate  a  new  impulse  to 
the  agriculture  of  the  county,  already  so  highly  favour- 
ed  by  the  nature  of  the  soil.     The  medium  rental  of 
Nottinghamshire,  659/.  to  the  square  mile,  is  not  greatly 
above  the  average  of  England  ;  but  the  country  popula- 
tion live  ill  a  style  of  comfort  and  sufficiency  which  they 
loo  seldom  enjoy  elsewhere.     The  farms  are  generally 
small  ;  the  terms  of  the  contract  simple,  and  advantage- 
ous for  the  weaker  party.     About  Worksop  and  Allar- 
ton,  indeed,  in  one  or  two  instances,  the  rent  reaches  to 
1000/.  at  the  rate  of  about  I/,  per  acre;  but  in  other 
quarters  it  ofien  sinks  as  far  as  20/. ;  and  on  the  whole  it 
is  more  frequently  below  than  above  100/.     Leases  have 
not  yet  become  universal  ;  but  the  humble  agriculturist, 
though,  strictly  speaking,  a  tenant  at  will,  usually  inhe- 
rits his  firm  through  several  generations,  feels  an  inte- 
rest something  like  that  of  property  in  it,  and  evinces 
the  greateat  readiness  to  profit  by  every  species  of  im- 
provement, which  it  lies  within  his  power  to  adopt.  The 
rural  economy  followed  here  presents  little  remarkable. 
The  raising  of  grain,  for  domestic  or  external  consum'p. 
tion,  constitutes  the  chief  employment  of  the  husband- 
man ;  and  grazing,  though  not  by  any  means  neglected, 
forms  only  a  secondary  object.  Turnips  and  other  green 
crops  have  long  been  introduced;   wheat,  barley,  and 
oats  are  extensively  cultivated, — the  latter  of  so  fine  a 
quality,  that  judges  of  grain  are  able  to  distinguish  the 
Nottingham  oats  from  every  other  species.     In  Belvoir 
the  usual  rotation  is  one  of  three  years:  fallow,  wheat 
or  barley,  beans  or  peas.   In  some  of  the  wilder  districts 
are  to  be  seen  considerable  crops  ofskegs,  a  sort  of  oats 
peculiar  to  this  county  :  it  grov.s  on  the  most  barren 
lands,  and  the   produce,  double  in  quantity,  is  at  least 
equal  in  weight  to  that  of  any  other  sort.'    It  yields  a 
sweet  nutritious  food  for  horses;  and  four  quarters  per 
acre  (worth  between  two  and  three  quarters  of  common 
oats,)  can  be  raised  from  land  w  here  nothing  else  will 
come  to  maturity.  Hops  arc  another  article  of  produce: 
they  are  cultivated  in  many  farms  of  the  north  clay  dis- 
trict, particularly  about  Retford,  which  is  farther  noted 
for  the  immense  multitudes  of  its  pigeons,  supposed  to 
be  more  numerous  here  than  any  where  else  in  Britain. 
The  hops  of  this  county  are  nearly  twice  as  strong  as 
those  of  Kent ;  yet  their  flavour  is  by  no  means  so  agree- 
able ;  they  arc  not  favourites  in  the  market,  and  the  cul- 
tivation of  them  is  not  increasing.  Weld,  or  woad,  some- 
times also  called  the  dyers'  weed,  is  reared  in  small 
■i  P  0 
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quantities  about  Scrooby,  and  other  places  in  the  nortli. 
It  has  the  advantage  of  growing  on  land  already  occu- 
pied by  clover  or  barley  ;  and  in  fnvouiablc  seasons  the 
produce  of  an  acre  will  somelimes  amount  to  half  a  ton, 
for  which,  however,  the  price  fluctuates  throus^h  all  the 
intermediate  degrees  from  3/.  to  12/. 

The  quantity  of  pastuie,  we    have  already   observed, 
is  much  inferior  to  that  of  arable  land.     The  Trent-bank 
district  exhibits  a  mixture  of  both  kinds  ;  the  fields  near 
the   river  arc  almost    entirely  unplout;hed,  as  the  fre- 
quent inundations  of  that  stream  would  render  the  sow- 
ing  of  grain  in  its  neighbourhood  a    precarious   enter- 
prise.    The  most  extensive  tract  of  grass  land,  however, 
is  the  space  between  Nottingham  and  Mansfield,  which 
was    once   covered   by  the    forest   of   Sherwood.     This 
venerable  tract,  so  famous  in  the  legendary  history  ol 
Englan<l,  h,is  now  lost  the  greater  part  of  its  sylvan  de- 
corations ;  and  Robin  Hood,  or  any  of  his  "  merry  men," 
would  fail  of  procuring  shelter  or  subsibtence  in  it  even 
for  the  shortest  period.     It  once  extended  25  miles  be- 
tween north  and  south,  with  a  breadth  of  from  seven  to 
nine  :    but  the  continuous   wood    has  now    shrunk  into 
isolated  patches,  and  the  red  deer  have  lotally  vanished. 
The  crown  still  retains  the  rights  oi  vert  and  of  venison, 
or  of  trees  and  game  ;  of  which  llie  lornier  has  been  for 
some  centuries    gr.tdually    declining,   and  the    latter,  as 
we    have  just  observed,  has  within  a  few  years  become 
only  a   name.     The  properly  of  the  soil  is  supposed   to 
be  vested   in  the  owners  of  several  adjoinmg  manors: 
but  it  may  not  be  ploughed,  and  is  at  present  of  little 
value.     The  management  of  the  forest  is  entrusted  to 
the  Justice  in  Eyre  north  of  the  Trent,  and  to  several 
officers  who  are    usually  gentlemen  of  the  neighbour- 
hood.    Under    their  superintendance,  fresh   plantations 
are  rising ;  and  it  may  be  hoped  that  Sherwood  will  in 
time   regain  some  portion  of  its  faded  honours.     That 
the  ground  is  well   adapted  for  limber,  is  still  evinced 
by  the   Parliament  Oak  in  Clipstone  Park,  said  to  have 
been  the  rendezvous  of  a  parliament  in  the  time  of  Ed- 
ward I. ;    by  the  Broad  Oak,  measuring    twenty -seven 
feet  and  a  half  in  circumference,  which  still  flourishes 
in  the  same  vicinity;  and  by  the  Langton  Arbour  (near 
Blidworth,)  a  large  and  ancient  elm,  which,  some  cen- 
turies ago,  was  sufficiently  remarkable  to  give  its  name 
to  one  of  the  forest  walks,  and  to  have  a  keeper  spe- 
cially appointed  for  it. 

The  manufactures  of  this  county  are  vailed  and  ex- 
tensive. The  fabrication  of  stockings  has  long  been  car- 
ried on  at  Nottingham  on  a  great  scale  ;  to  this  are  now 
added  various  preparations  of  silk,  of  thread,  and  British 
lace.  Cotton  mills  have  also  been  established  in  various 
places;  they  work  for  the  hosiers  of  the  neighbourhood, 
and  likewise  produce  a  supply  of  twist  for  the  Man- 
chester trade.  Above  thirty  of  those  mills  have  been 
erected  up  and  down  the  county.  Another  staple  ar- 
ticle of  this  district  is  malt,  extensively  manufactured 
at  Nottingham,  Newark,  and  Mansfield.  It  gives  rise 
to  a  second  branch  of  employment,  that  of  brewing: 
the  ales  of  Newark  are  reckoned  little  if  at  all  inferior 
to  those  of  Burton  ;  they  are  circulated  widely  over  the 
kingdom,  and  exported  in  considerable  quantities.  In 
addition  to  these  general  departments  of  industry,  some 
others  exist  of  a  less  prominent  character,  and  more 
confined  in  their  influence.  Potteries  of  coarse  red 
earthenware  have  been  set  up  with  tolerable  success  at 
Sutton  in  Ashfield.  There  is  a  manufactory  of  starch 
at  Upton,  near  Southwell ;  a   flourishing  one  of  sail- 


cloth at  Retford  ;  and  dyeing  and  bleaching  are  carried 
Oil  both  at  Nottingham  and  Newark. 

Tlie  trade  of  Noiiinghamshire  consists  in  receiving 
and  uaiibiiiiuing  a  variety  of  commodities  prepared  by 
the  skill,  or  required  by  the  wants,  of  several  internal 
counties,  to  the  commerce  of  which  it  serves  as  a 
thorougl.i'jre,  thus  finding  a  lucrative  employment  lor 
many  thousands  of  its  own  population.  The  exports 
which  pass  cither  from  or  through  the  county  are,  lead, 
copper,  coals,  salt  from  Derbyshire  and  Cheshire; 
Staffordshire  ware  in  consideral)lc  quamilies  ;  lime  for 
agriculture  or  building;  coarse  earthenwares;  pis  iron, 
and  cast  melal  goods  ;  oak,  timber  and  bark  ;  stockings, 
sailcloth,  and  the  various  other  articles  of  domestic 
manufacture.  The  imports  for  internal  consumption, 
or  for  tlie  supply  of  the  neighbouring  districts,  arc, 
timber,  hemp,  flax  and  iron,  from  the  northern  parts 
of  Europe;  groceries  of  all  kinds;  cotton  wool;  and 
large  quantities  of  flints  from  Northfleei  and  other  chalk 
pits  near  the  Thames,  for  the  use  of  the  Staffordshire 
potteries. 

The  transport  of  these  commodities  is  facilitated  by 
an  extensive  and  well  organized  system  of  inland  navi- 
gation, the  canals  in  this  county  being  numerous,  and 
the  rivers  excellently  adapted  for  the  purposes  of  com- 
mercial intercourse.     No  fewer  than  four  of  tlicse  canals 
take   their   rise  in  the  Trent,  and  have  a  considerable 
part  of  their  course  within    the    limits  of  this  county. 
The  Nottingham  canal  extends  about  fifteen  miles  in  a 
norlh-west    direction    to  join   that    of  Croml'ord,   near 
Langley    Bridge,   not   far  from  the  termination  of   the 
Erewash  cut ;  and    is  also  connected  by  a  side  branch 
with    the    canal,     which     joins    the    rivers    Trent    and 
Mersey.      Grantham    Canal    is    also    united    with    the 
Trent ;  as  it    terminates  near  Holme  Pier    Point,  and 
sends  a  branch  three  miles  upward  to  the  town  of  Bing- 
ham.    It  falls  no  less  than  eighty-two  feet  within  six 
miles,  after  entering  this  county,  from  Cromwell  Bishop 
through  the   Woltis  till   it  reaches  the  river.     But  the 
most    important    water-communication  is  the  Chester- 
field Canal,  which  commences  in  Derbyshire,  close  to 
the   town  from    which  it    is  named,  crosses  Sherwood 
forest,  and,   after  a   circuitous   course  of   I'oriy  miles, 
passes  into  the  Trent  at  Stocknjili.     At  the  same  point 
likewise  terminates  another  canal,  that  of  the  Idle  river, 
which  commences   at    Bawtry,   and    runs   nearly    cast 
along  the  noMhern  verge  of  the  county,  forming  indeed 
more    properly  a  river  navigation  than   a   cut.     In  one 
ptirt  of  ils  course  it  has  the  name  of  Bycar  Dyke  ;  and 
about  half  a  mile  from  Stockwiih,  its  place  of  junction 
with   the  Trent,  is   Misteitun   Sas,  a  lar^e  sluice,  con- 
trived for  the  purpose  of  drawing  off  the  floods  from  the 
lowlands  through  which  that  river  flows. 

Of  the  ancient  history  of  Nottinghamshire  very  little 
is  known.  Originally  it  formed  part  of  the  settlements 
of  the  Coritani;  in  common  with  the  rest  of  the  island 
it  became  the  prey  of  the  Romans,  and  had  several 
colonies  of  that  enterprising  people  plained  in  it,  as  is 
evident,  not  only  from  written  accounts,  but  also  from 
various  antiquities  discovered  at  different  times,  and 
particularly  from  the  roads,  of  which  considerable  ves- 
tiges still  remain,  leading  to  and  from  their  different 
stations.  Under  the  Saxon  sway  this  district  formed 
part  of  the  kingdom  of  Mercia;  and  after  the  union  of 
the  heptarchy  under  one  monarch,  it  continued  to  be 
governed  by  earls,  bearing  a  similar  tille.  After  the 
conquest  the  same  changes  took  place  here  as  in  oihei 
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districts ;  the  forest  of  Sherwood  became  noted  as  the 
resort  of  various  outlaws,  whose  exploits  liave  long 
formed  the  theme  of  many  popular  ballads;  but  the 
subsequent  history  of  the  county  is  too  closely  con- 
nected with  that  of  the  kingdom  at  large  to  admit  of 
any  particular  exposition  in  this  place. 

Ai  the  close  of  the  seventeenth  century  the  number 
of  houses  ill  the  county  was  17,554;  the  inhabitants 
were  estimated  as  amouniini!;  to  103,300.  In  1801, 
there  were  foui^.d  lo  t.t  68,558  males,  and  71,792  fe- 
males ;  jn  all  140,350  souls;  of  whom  35,513  weic 
employed  in  trade  and  manufactures,  and  23,904  in 
the  various  branches  of  agriculture.  By  the  returns  of 
1811,  the  total  number  was  found  lo  have  increased 
to  162,900;  there  being  79,037  males,  and  83,843  fe- 
males. 

As  to  the  poor,  their  condition,  owin.^  to  the  subdivi- 
sion of  farms,  and  other  causes,  is  said  to  be  preferable 
to  that  of  such  persons  in  most  other  counties  of  Eng- 
land ,  but  of  the  raits  and  mode  of  management  wc 
possess  no  legular  account,  except  fur  the  county  town. 
See  Beauties  of  England  and  IVales,  vol.  xii.  ;  and 
Lowe't  Agricultural  Survey. 

NOVA  SCO'i'lA  is  a  peninsular  province  of  British 
America,  which  stretches  into  the  Atlantic  from  the 
province  of  New  Brunswick.  It  lies  between  43°  30' 
and  48°  4'  of  North  Lat.  and  58'  50'  and  67°  of  West 
Long.  It  is  about  307  miles  long,  154  broad,  and  has 
a  superficial  extent  of  nearly  14,000  square  miles.  It 
is  bounded  on  the  N.  E.  by  llie  Gulf  of  St.  Lawrence, 
on  ihc  E.  the  S.  and  S.  'W.  by  the  Ailantic,  and 
on  the  \V.  by  the  Bay  of  Florida  and  the  province  of 
New  Brunswick,  with  which  it  is  connected  by  an 
isthmus  about  eighteen  miles  wide.  On  the  north-east 
coast,  the  general  aspect  of  the  country  is  bleak  and 
barren,  and  the  south-west  coast,  particularly  in  the 
county  of  Lunenburg,  exhibits  traces  of  industry  and 
cultivation.  The  counties  on  the  bay  of  Fundi  arc  moun- 
tainous, and  the  hills  which  have  not  been  cleared  are 
covered  with  hard  wood  of  various  kinds.  The  sum- 
mit of  the  remarkable  land  of  Aspotageon  is  500  feet 
above  the  level  of  the  sea.  Grain  is  raised  in  great 
abundance  in  the  south-west  counties  upon  a  rich  coarse 
loam.  Iron,  copper,  limestone,  gypsum,  and  freestone, 
are  the  principal  mineial  productions. 

The  principal  rivers  in  Nova  Scolia  are,  the  Anna- 
fiolis  river,  which,  at  high  tides,  is  navigable  for  14  miles 
by  vessels  of  100  tons;  Xh&  Shubenacaddie,  which  flows 
into  Chebequid  Bay,  after  a  course  of  55  miles;  and 
the  Pigaquid,  which  runs  29  miles,  and  falls  into  the 
Bay  of  Minas.  At  high  tides,  vessels  of  400  tons  go 
up  to  Windsor,  and  those  of  100  tons  five  miles  higher. 
The  principal  lakes  are  Rossignol,  Porter's  Lake,  15 
miles  long,  and  half  a  mile  broad,  Potowack  Lake,  and 
Shubenacaddie.  Nova  Scolia  abounds  in  the  finest 
bays,  the  largest  of  which  is  ihe  Bay  of  Fundi,  which 
stretches  about  150  miles  below  New  Brunswick  and 
Nova  Scotia.  Ii  is  about  100  miles  broad  at  its  mouth, 
but  at  the  Gut  of  Annapolis  it  contracts  to  36  miles.  It 
tevminaies  in  two  branches,  the  western  one  of  which 
is  called  Chighecto  Channel,  and  the  eastern  the  Ba- 
sin of  Minas.  In  the  Bay  of  Fundi,  ihc  tides  rise  30 
feet,  40  in  the  Basin  of  Minas,  and  60  in  Chignecio 
Channel. 

This  province  is  divided  into  eight  counties,  which 
are  divided  into  townships.  I'he  chief  towns  arc  Ha- 
lifax, (already   described   under  that  article,)   Pictou, 


containing  about  500  inhabitants,  chiefly  Scotch  ;  Li- 
verpool, containing  about  200  houses;  Lunenburg, 
Barringion,  Argyle,  Yarmouth,  Digley,  Annapolis, 
(already  described  under  that  arlicie,)  and  Windsor. 

At  Windsor,  a  college,  called  King's  College,  was 
established  in  1789,  and  a  charier  was  granted  m  1802. 
The  library  is  good.  It  has  three  scholarships  of  ^30 
per  annum,  for  students  in  divinity.  There  is  a  small 
school  in  almost  every  town,  and  each  mission  has  a 
schoolmaster,  who  receives  a  salary  from  the  Society  lor 
the  Propagation  of  the  Guspel. 

The  population  of  Nova  Scolia  is  about  88  000,  the 
great  body  (.f  which  arc  of  Biiiiso  origin.  Tno  esta- 
blished religion  is  that  of  the  church  of  England. 

In  the  year  1594,  the  coast  of  Nova  Scolia  was  first 
visited  by  one  May,  an  Englishman.  In  1621,  Sir  W. 
Alexander  obtained  from  Jjmes  I.  of  Scotland  a  patent  of 
Nova  Scolia;  and,  in  1763,  the  province  was  finally 
ceded  to  Great  Britain  by  the  treaty  of  Paris.  See 
Morses's  Geogra/ihy,  p.  81. 

NOVA  ZEMBLA,  or,  in  Russian,  JVovaja  Semlj'a,  or 
New  Lund,  is  a  large  island  in  the  Arctic  Seas,  in  the 
Russian  government  of  Archangel,  from  which  it  is  di- 
vided by  Waygalz  shoals.  Its  length  is  stated  at  540 
miles,  and  its  breadth  at  240  ;  and,  according  lo  Has- 
sel,  it  contains  125,264  square  miles. 

This  island  is  uninhabited ;  but  it  is  visited  by  fish- 
ermen and  hunters,  who  are  sent  out  by  the  merchants 
of  Archangel  and  Mezen  lo  obtain  whales  and  walrusses. 
and  to  kill  the  Arctic  bears  and  foxes  for  the  sake  of 
their  furs.  A  naii-ow  and  crooked  point,  called  Ma- 
koschin  Scliar,  traverses  the  island  from  east  to  west. 
Pil-coal,  asphalium,  and  a  salt  lake,  have  been  found 
in  the  interior.  Nova  Zambia  extends  from  69°  to  76° 
of  nortli  latitude. 

NOVEL  Assignment,  in  an  action  of  trespass,  is  an 
assignment  of  time,  place,  Sec.  in  a  declaration,  other- 
wise than  it  is  in  the  writ.     See  Assignment. 

NOVOGOROD  Veliki,  is  an  ancient  city  of  Russia, 
and  the  see  of  an  archbishop.  It  was  once  a  large  and 
flourishing  town,  but  now  consists  of  groups  of  wretched 
wooden  houses,  separated  by  ruins  and  empty  fields.  It 
is  situated  on  a  fine  plain  at  the  north  end  of  the  lake 
Ilmen,  and  upon  ihe  river  Volchow,  which  divides  it 
into  two  pans.  The  Torgaraia,  or  market  town,  stands 
on  the  light  bank  of  the  river;  and  on  the  left  bank  is 
the  Sopliiskaia,  or  quarter  of  Si.  Sophia.  The  latter  is 
about  1|  niiles  in  circuit,  and  is  encircled  witli  a  ram- 
part and  ditch,  flanked  with  old  lowers.  The  principal 
buildings  are  the  Kremlin,  or  ancient  palace  of  the  czars ; 
and  the  cathedral  of  St.  Sophia,  with  lirazen  gates  and 
numerous  sculptures.  There  is  here  some  trade  in  corn, 
and  a  few  manufactures  of  couries  and  other  ariicles. 
Population  about  8000.  East  Long.  31°  19'  39",  and 
North  Lat.  58°  31' 32". 

NUBL\,  or  Nouba,  in  liie  more  extensive  application 
of  the  name,  comprehends  all  llie  countries,  which  are 
included  between  11th  and  24th  degrees  of  north  lati- 
tude ;  which  are  bounded  by  Egypt  on  the  north,  by 
the  Arabian  Gulf  on  the  east,  by  Abyssinia  on  the  south, 
and  by  Bornou  on  ihe  west ;  an  extent  of  territoiy  about 
700  miles  in  length,  and  500  in  breadth.  The  princi- 
pal districts  in  this  division  of  eastern  .Africa,  are  Se- 
naar,  Meroe,  Dongola,  and  Nouba,  or  Nubia  Proper.  It 
is  to  the  last  of  these  that  the  following  short  accouci 
applies. 

Nubia  Proper,  is  the  tract  of  country  between  Upper 
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Egypt  and  Dongola,  lying  along  Ihe  banks  of  the  Nile, 
between  the  I9th  and  2Uh  degrees  of  north  latitude.  It 
is  divided  into  two  parts,  called  Wady  Kenous,  anil  \Vady 
cl  Nouba  ;  the  former  extending  from  Assouan  to  AV'ady 
Seboua,  and  the  latter  from  Scboua  to  Mosha,  on  the 
noithcrn  frontier  of  Dongola.  In  each  of  the  subdivi- 
sions, a  different  language  is  spoken,  but  they  are  both 
inhabited  by  the  same  race  of  men. 

The  present  Nubians    derive  their  origin  from  the 
Bedouin  Arabs  who  invaded  the  country,  after  the  pro- 
mulgation of  the  Mohammedan  creed  ;  and  only  a  few 
descendants  of  the  Christian  inhabitants,  wlio  had  adopt- 
ed the   tenets   of  their    conquerors,  are   to   be  found  in 
one  or  two  places.     Nubia   was  occupied  for  several 
centuries  by  two  of  these  Arab  tribes  ;  but  they  were 
continually  engaged  in  war  with  each  other,  and  were 
at  last  rendered  tributary  to  the  kings  of  Dongola.    The 
tribe   of  el  Gharbye,  the  weaker  of  the  two,  procured 
from  Sultan  Selym  the  Great  a  body  of  Bosnian  soldiers 
for  their  protection,  who  expelled  tlic  other  tribe  and 
their  allies  of  Dongola  ;  and  whose  descendants  are  still 
found  in  the  vicinity  of  the  castles  of  Assouan,  Ibrinn, 
and  Say,  excepted  (according   to  the  privilege  of  their 
progenitors)   from   all    taxes  and  contributions.     They 
call  themselves  the  people  of  the  castle  ;    but  by  the 
Nubians  aie  denominated  Osmanli,  or  Turks;  and  are 
governed  by  their  own  agas,  independent  of  the  Nubian 
chiefs.      The    present   governors  of  Nubia    are   three 
brothers,  descendants  of  the   chief  whom    Selym   had 
placed  over   the   country,   at   the   head  of  the    Bosnian 
troops.     They  bear  the  title  of  Kashef,  which  is  given 
in  Egypt  to  the  governor  of  a  district ;  and  they  pay  an 
annual  tribute  of  about  120/.  to  the  Pasha  of  Egypt,  as 
the  Miry  of  Nubia;  but  not  unfrequently  a  detachment 
of  Turks  from  Egypt  traverses  the  country,  and  levies  a 
second  assessment  upon  the  oppressed  inhabitants.  The 
revenues  of  the  governors  arise  from  a  tax  upon  every 
water-wheel  employed  in  agriculture,  generally  at  the 
rate  of  six  sheep  and  six  measures  of  grain  for  every 
■wheel.     There  are  about  700  of  these  wheels  between 
the  first  and  second  cataracts,  and  in  good  years,  the  land 
watered  by  each  wheel  will  yield  about   1500  bushels  of 
grain.     The  governors,  also,  take  two  clusters  of  fruit 
from  every  date  tree,  and  levy  a  duty  upon  the  dates 
which   are   exported.     They   derive  a  considerable  in- 
come,  likewise,   from    the    administration    of  justice, 
which  they  literally  sell  to  the  best  payer.     It  is  estima- 
ted that  each  of  them  collects  annually  about  3000/ ,  of 
which  he  does  not  spend  300/.     Each  maintains  a  few 
hundred  horsemen,  consisting  principally  of  their  own 
relations,  slaves,  and  armed  negroes.     With  these  they 
are  constantly  moving  from  place  to  place  to  collect  the 
revenues ;  and,  in  the  smaller  villages,  where  the  inha- 
bitants are  unable  to  resist,  they  commit  the  most  op- 
pressive acts  of  injustice.     It  is  only,  howevei',  upon  the 
property  of  the  people  that  these  governors  exercise 
their  tyranny  ;  and  they  seldom  inflict  any  punishment 
beyond  a  fine,  except   in  cases  of  open  rebellion.     To 
extort  money  from  their  more  wealthy  subjects,  these 
governors  demand  their  daughters  in  marriage,  for  them- 
selves or  their  sons,  and  then  contrive  to  get  possession 
of  their  property,  as  presents  to  the  daughters. 

The  capital  of  Nubia,  or  the  usual  residence  of  the  go- 
vernors, is  Dehr.  (or  Derr)  a  village  of  the  larger  class, 
containing  about  200  mud  houses,  with  a  brick  building 
pf  two   stories  for  t)ic    governor.     Its   inhabitants  are 


chiefly  Turks,  the  descendants  of  the  Bosnian  soldiers 
already  mentioned. 

The  climate  of  Nubia  is  extremely  hot  and  dry.  The 
thermometer  of  Fahrenheit  has  been  observed  at  124°. 
The  plague  is  very  rarely  known  in  the  country,  and 
is  never  seen  above  the  second  cataract.  There  are  few 
diseases  of  any  kind,  except  the  small-pox,  which  make-, 
dreadful  ravages,  and  which  is  shunned  as  a  pestilence 
Inoculation,  though  not  unknown,  is  seldom  practised, 
and  the  attempts  to  introduce  vaccination  have  liitherto 
failed. 

After  the  inundation  of  the  Nile,  the  natives  sow  their 
grounds  with  a  grain  called  Dhourra,  upon  which  they 
chiefly  depend  for  subsistence  ;  and  the  dry  stalks  of 
which  supply  their  cattle  as  provender  during  the 
summer.  After  the  Dhourra  harvest  is  ended,  in  De- 
cember and  January,  the  soil  is  irrigated  by  means  of 
water-wheels  turned  by  cows,  and  the  fields  are  then 
sown  for  the  second  time  with  barley,  wheat,  beans,  and 
tobacco.  The  wheat  and  barley  are  ripe  in  the  middle 
of  March  ;  and,  about  the  end  of  April,  after  they  are 
reaped,  the  ground,  when  fertile,  is  sometimes  sown  a 
third  time  with  Dhourra,  and  watered  as  before. 

The  principal  trees  and  shrubs  are  the  palm  or  date 
tree,  the  doum  tree,  a  few  vines,  various  thorny  plants  of 
the  mimosa  species,  the  tamarisk,  the  senna  shrub,  and 
the  cotton  tree. 

The  cattle  of  the  Nubians  consist  of  cows,  sheep,  and 
goats.  Sometimes  a  few  bufl'aloes  are  seen  ;  and  the 
wealthier  inhabitants  have  asses.  There  are  few  ca- 
mels, except  among  the  merchants.  There  is  a  wild 
species  of  goat  and  also  of  sheep  in  the  mountains ; 
and  the  common  grey  gazelles  are  numerous  in  all 
parts  of  the  country.  H<ircs  also  are  frequently  seen, 
which  the  Arabs  hunt  with  greyhounds.  The  princi- 
pal birds  are  partridges  of  a  small  size,  with  red  legs, 
large  wild  geese,  storks,  crows,  a  species  of  lapwing, 
a  white  water  bird  called  kork,  as  large  as  a  goose,  the 
eagle,  the  bird  called  katia,  and  sparrows  in  immense 
flocks,  which  devour  great  part  of  the  grain.  The  insects 
most  commonly  seen  are  beetles  of  various  kinds  ;  but 
generally  a  large  black  species  among  the  sand. 

The  principal  articles  of  commerce  in  Nubia,  are 
cotton  sent  to  Cairo,  and  dates,  which  are  reckoned 
preferable  to  any  in  Egypt,  particularly  those  of  Derr 
and  Ibrim.  Young  date  trees  are  also  exported  to 
Egypt,  as  the  trees  propagated  there  from  seed  soon 
degenerate.  In  exchange  for  these  articles,  the  Nubians 
receive  dhourra,  coarse  linen,  or  Spanish  dollars.  The 
common  currency  of  the  country  is  the  nioud,  or  small 
measure  of  dhourra ;  and  the  dollar  is  rather  an  article 
of  exchange  than  a  current  coin.  Some  other  coins 
have  been  introduced  since  the  Mamelouks  took  refuge 
in  Nubia. 

The  houses  of  the  Nubians  are  built  of  loose  stones, 
or  merely  of  mud  ;  and  are  often  so  low  that  a  person 
cannot  stand  upright,  and  in  some  cases  have  no  roof 
at  all.  The  furniture  consists  of  about  half  a  dozen 
coarse  earthen  jars  for  holding  provisions  ;  a  few  earth- 
en plates,  a  hand-mill,  a  hatchet,  burdocks  for  cooling 
water,  sieves  for  cleaning  the  flour,  a  small  coffee-pot, 
and  some  old  mats  to  lie  upon.  This  enumeration  ap- 
plies  to  the  house  of  an  Aga  ;  and  there  are  still  fewer 
utensils  in  that  of  an  ordinary  person.  Their  chief  ar- 
ticle of  food  is  dhourra  bread,  which  is  extremely  coarse 
and  insipid.     The  f?our  to  be  used  through  the  day  is 
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ground  by  the  women  every  morning,  and  made  inlo 
very  thin  round  cakes,  which  are  usually  eaten  hot  with 
sour  milk.  Alter  becoming  cold,  they  arc  less  palatable, 
and  are  then  broken  down  into  a  bowl,  and  boiled  lentils 
poured  over  them,  which  is  a  frequent  dish  in  the 
country.  The  natives  rarely  taste  animal  food,  and  even 
the  governors  are  not  accustomed  to  use  it  every  day. 
Palm  wine,  sweet  and  thick,  is  commonly  used  in  the 
larger  villages  ;  and  an  intoxicating  liquor,  called  bouza, 
resembling  beer,  is  made  from  dhourra  or  barley.  A 
kind  of  spirit  is  also  distilled  from  the  date,  and  a  kind 
of  jelly  or  honey  extracted  from  the  same  fruit. 

The  dress  of  the  natives  is  usually  a  linen  shirt  only, 
or  the  woollen  cloak  of  the  Egyptian,  with  a  small 
white  linen  cap,  and  sometimes  a  few  rags  twisted 
round  it  as  a  turban  ;  but  in  the  more  southern  parts 
the  men  are  almost  wholly  uncovered.  The  women 
wrap  themselves  up  in  linen  rags,  or  black  woollen  gar- 
ments ;  they  wear  ear-rings  and  glass  bracelets,  which 
the  poorer  classes  form  of  straw.  The  richer  ladies  put 
copper  or  silver  rings  on  their  ankles.  Both  sexes  wear 
amulets  of  different  kinds,  chiefly  mystical  writings,  in  a 
leathern  case.  They  all  besmear  their  heads  with  fat, 
both  by  way  of  ornament,  and  as  a  protection  against  the 
heat  of  the  sun.  Boys  and  girls  are  entirely  naked.  The 
men  are  seldom  unarmed,  and  the  first  article  which 
every  youth  procures  is  a  short  crooked  knife,  which  is 
tied  under  the  left  elbow  beneath  the  shirt,  and  is  drawn 
in  every  quarrel.  Besides  this,  they  carry  upon  any  ex- 
cursion a  long  heavy  stick  covered  with  iron  at  one  ex- 
tremity, or  are  armed  with  a  lance  about  five  feet  long, 
with  a  target  of  a  round  or  oblong  shape,  nearly  four  feet 
in  length,  made  of  the  skin  of  the  hippopotamus,  and 
capable  of  resisting  the  blow  of  a  lance  or  .sabre.  Those 
who  can  afTord  it,  wear  also  a  long  strait  sword,  which 
they  procure  from  Egypt.  Some  have  match-locks,  but 
lire  arms  are  not  common,  and  ammunition  is  remarkably 
scarce  in  the  country. 

The  only  Nubian  manufactures  are  a  coarse  wool- 
len and  cotton  cloth,  made  by  the  women  on  small 
looms;  mats  for  bedding,  formed  of  the  palm  leaves; 
and  earthern  bowls  and  plates,  neatly  made  by  the  hand 
alone. 

The  Nubians  are  rather  of  lower  stature  than  the 
Egyptians,  but  arc  muscular  and  well  made,  with  fine 
animated  features;  but  in  some  of  the  rocky  districts, 
where  food  is  scaniy,  they  are  thin  meagre  figures,  al- 
most like  walking  skeletons.  They  wear  no  mustachios, 
and  the  beard  only  under  the  chin.  The  women  also 
are  well  formed  ;  and,  though  not  handsome,  have  gene- 
rally sweet  countenances  and  pleasing  manners  :  but 
they  are  broken  down  by  early  and  continual  toil.  They 
are  more  virtuous  than  any  females  in  these  eastern  parts 
of  Africa.  No  public  women,  so  common  in  Egypt  and 
other  adjoining  countries,  are  allowed  in  Nubia,  except 
at  Derr  ;  and  there  they  are  not  natives,  but  emancipated 
slaves,  who  betake  themselves  to  this  vile  profession  to 
gain  a  subsistence.  The  Nubians  purchase  their  wives 
from  the  parents,  generally  at  the  price  of  36  piastres. 
When  they  intermarry  with  the  Ababde  Arabs  in  their 
neighbourhood,  they  pay  to  the  father  of  the  bride  six 


camels,  and  he  returns  three  of' them  as  the  common 
property  of  the  new  married  couple.  In  case  of  a  di- 
vorce, half  the  value  of  these  three  goes  back  to  the 
wife. 

If  one  Nubian  kill  another,  he  must  pay  the  debt  of 
blood  to  the  family  of  the  deceased,  and  a  fine  to  the 
governor  of  six  camels,  a  cow,  and  seven  sheep.  Every 
wound  inflicted  by  one  person  on  another  has  its  stated 
fine,  according  to  the  part  of  the  body  injured.  Among 
the  amusements  of  these  people  chess  is  common,  and 
some  other  games.  They  play  very  melodious  airs  on 
an  instrument  resembling  the  Egyptian  taraboura  ;  and 
the  girls  are  fond  of  singing. 

The  whole  population  of  Nubia  from  Assouan  to  the 
frontiers  of  Dongola,  a  tract  of  country  along  the 
banks  of  the  Nile,  about  500  miles  long,  and  half  a 
mile  at  an  average  in  breadth,  is  estimated  only  at 
100,000. 

The  Nubians  have  no  inclination  for  mercantile  pur- 
suits. They  are  strongly  attached  to  their  native  soil ; 
and,  except  those  who  iriivcl  to  Egypt,  seldom  go  be- 
yond the  precincts  of  their  village.  Considerable  num- 
bers go  to  Cairo,  where  they  generally  act  as  porters, 
and  are  preferred  to  the  Egyptians  on  account  of  their 
honesty;  but  after  a  few  years  they  return  to  their  na- 
tive spot  with  the  little  property  which  they  have  rea- 
lized. They  are  a  bolder  and  more  independent  race 
than  the  Egyptians  ;  and  in  the  skirmishes  which  fre- 
quently take  place  among  neighbouring  villages,  even 
the  women  join  in  the  battle,  chiefly  making  use  of 
slings.  They  are  remarkable  for  a  great  degree  of  cu- 
riosity ;  but  are  generally  hospitable  towards  strangers, 
and  may  be  considered  altogether  as  a  people  of  honest 
and  kindly  dispositions.  They  are  all  Mohammedans 
in  reliijinn  ;  but,  excepting  those  who  have  been  in 
Egypt,  they  are  completely  ignorant  of  its  tenets. 

There  are  numerous  remains  of  Egyptian  antiquities 
in  Nubia,  but  the  most  distinguished  is  the  large  temple 
of  Ebsambal,  or  Ypsambul,  about  a  day  and  a  half's 
journey  below  the  second  cataract ;  and  which  was  first 
laid  open  by  M.  Belzoni,  in  August,  1817.  This  temple 
is  cut  out  of  the  solid  rock,  and  is  in  complete  preserva- 
tion. Its  front  is  very  magnificent,  being  117  feet  wide 
and  86  feet  high.  The  door  is  about  20  feet  in  height  • 
and  the  pronaos,  or  first  chamber,  is  5"  feet  long,  and 
52  wide,  having  the  roof  supported  by  two  rows  ot  pil- 
lars, on  each  side  of  which  is  carved  a  figure  about  30 
feet  high.  The  second  hall  is  22  feet  high,  25  long,  and 
37  wide;  the  third  is  37  feet  wide;  and  the  sanctuary 
is  23  feet  by  12.  There  are  in  one  of  the  recesses  of 
the  rock  four  sitting  colossal  figures,  the  largest  in 
Egypt,  except  the  great  sphinx  at  the  pyramids,  to 
which  they  bear  a  proportion  of  two-thirds.  They  mea- 
sure 25  feet  across  the  shoulders,  15^  from  the  shoulders 
to  the  elbow,  and  51  feet  in  height,  exclusive  of  the 
caps,  which  are  U  feet.  The  face  is  7  feet  long,  the 
beard  5^.  and  the  ear  3|.  See  Murray's  History  of 
Discoveries  in  Africa  i  L- gh's  Travels  in  Egyfit  ;  Bel- 
zoiii's  Researches  in  Egyfil  i  Bu»khardl's  Travels  in 
JVubia,  (rj) 
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NUMBERS,  Theoky  of,  a  branch  of  analysis  which 
lias  for  its  object,  ihe  exhibition  and  invesugation  of 
certain  peculiar  numericiil  properties;  the  rclalion  of 
different  orders  of  nuniuers  with  each  other;  the  forms 
of  numerical  divisors ;  the  solution  of  indetermmatc 
equations,  and  the  determination  of  their  possibility,  or 
impossibility,  in  rational  numbers. 

The  theory  of  numbers,  as  a  distinct  branch  of  ana- 
lysis, cannot  claim  an  origin  anterior  to  the  commence- 
ment of  the  present  century,  although  we  may  find 
traces  ot  it  in  the  works  of  some  authors  of  great  anti- 
quiiy,  as,  for  example,  in  the  seventh,  eighth,  and  ninth 
books  of  Euclid,  where  the  subject  is  treated  geometri- 
cally ;  the  "Arenariub"  of  Archimedes,  where  it  as- 
sumes Its  proper  numerical  character,  and  in  which  is 
contained  the  first  hint  of  that  important  relation  be- 
tween an  arithmetical  and  geometrical  scries,  which  con- 
stitutes the  fundamental  principle  of  our  system  of  lo- 
garithms. 

At  this  time,  however,  the  imperfect  notation  em- 
ployed by  the  Greeks  interposed  itself  as  an  insuperable 
bar  to  the  progress  of  this  branch  of  science  ;  and  even 
after  some  ideas  had  been  formed  of  the  more  general 
language  of  algebra,  we  still  find  Diophantus  contend- 
ing with  the  difficulties  the  numerical  notation  of  his 
countrymen  placed  before  him,  and  which  prevented 
him  from  expressing,  in  an  intelligible  manner,  various 
properties  of  numbers  with  which  it  is  obvious  he  was 
by  no  means  unacquainted. 

From  the  time  of  this  ancient  writer,  no  step  seems 
to  have  been  made  till  about  the  beginning  of  the  17th 
century,  when  Bachet,  a  French  analyst  of  considerable 
reputation,  undertook  the  translation  of  the  work  of 
Diophantus  into  Latin,  retaining  also  the  Greek  text. 
This  translation  was  published  in  1621,  interspersed 
with  numerous  notes,  where  the  first  glance  is  caught  of 
our  present  theory  of  numbers.  These  were  afterwards 
considerably  extended  by  Fermat,  in  his  edition  of  the 
samt  work,  published  alter  his  death  in  1670,  where 
we  find  many  of  the  most  elegant  theorems  in  this 
branch  of  analysis  ;  but  ihey  arc  generally  left  without 
demonstration.  This  omission  he  accounts  for  in  one 
of  his  notes,  by  stating,  that  he  was  himself  preparing  a 
treatise  on  the  theory  of  numbers,  which  would  contain 
many  new  and  interesting  numerical  propositions;  but, 
unfortunately,  this  work  never  appeared,  and  most  of 
his  propositions  remained  without  demonstrations  for  a 
considerable  lime,  although  at  present  one  only  has  re- 
sisted the  talents  and  perseverance  of  modern  mathe- 
maticians ;  this  one  may  be  l.rieliy  enunciated  as  follows. 
"  The  formula  x"  — *—  ij"  ZZ  ~"  is  impossible,  in  rational 
numbers,  (or  every  value  of  n  greater  than  2."  The 
demonstiation  of  this  theorem  was  proposed  a  few  years 
back  as  the  prize  subject  of  the  mathematical  class  by 
the  National  Institute  of  France,  but  received  no  satis- 
factory solution 

During  the  latter  part  of  the  last  century,  and  the  be- 
ginning of  the  present,  the  theory  of  numbers  engaged 
the  attention  of  many  very  celebrated  algebraists, 
amongst  whom  are  found  Euler,  Waring,  and  Lagrange. 
The  former,  besides  what  is  contained  in  the  second 
volume  of  his  "  Algebra,"  and  his  "  Analysis  Infinito- 


rum,"  has  various  papers  on  the  subject  in  the  Trans- 
actions of  the  Academy  of  Petersburgh.  What  has  been 
done  by  Waring  will  be  found  in  the  fifth  chapter  of 
his  "  Mediiationes  Algebraicae  ;"  and  Lagrange,  who, 
more  than  any  other  writer,  has  extended  this  branch 
by  the  invention  of  many  new  propositions,  has  several 
interesting  papers  on  the  subject  in  the  Memoirs  of 
Berlin,  besides  what  are  contained  in  his  edition  of  the 
French  Translation  ot  Euler's  Algebra.  It  is,  however, 
only  during  the  present  century  that  the  theory  of  num- 
bers has  been  reduced  to  a  regular  system — a  task  which 
was  first  performed  by  Legendre,  in  his  "  Essai  sur  la 
Theoi  ie  des  Nombres ;"  and,  nearly  at  the  same  time, 
Gauss  published  his  "  Disquisitiones  Arithmeticse,"  in 
which  latter  work  a  new  and  highly  interesting  applica- 
tion of  this  doctrine  is  made  to  the  solution  of  binomial 
equations  of  the  form  x"  —  1~  0,  on  which  depends 
the  division  of  the  circle  into  a  given  number  of  parts, 
as  was  before  known  by  the  Cotesian  theorem.  To 
these  works  we  may  also  add  an  English  treatise  on  the 
same  subject,  by  Mr.  Barlow,  of  the  Royal  Military 
Academy,  which  contains  several  new  theorems,  and  a 
simplification  of  some  of  those  already  alluded  to  in  the 
above  historical  sketch. 

Projiertiea  of  JVumbers. 
(1.)  In  order  to  reduce  the  doctrine  of  numbers  to  a 
regular  system  or  theory,  they  are  divided  into  distinct 
classes,  as  even  and  odd  numbers, /in>«f  numbers,  fioly- 
go7wl  and  Jigurate  numbers,  &c.  Sec.  which  we  shall 
treat  of  separately,  according  to  their  natural  order. 

Even  and  Odd  JVumbers. 

(2.)  The  most  simple  distinction  of  numbers  is  that 
of  even  and  odd,  the  former  class  being  all  such  as  are 
divisible  by  2  without  leaving  a  remainder,  and  the  lat- 
ter those  which  cannot  be  exactly  divided  by  2,  or 
which  cannot  be  separated  into  two  equal  integral  parts. 

For  the  sake  of  conciseness  of  expression,  the  former 
are  said  to  be  of  the  form  2  71,  and  the  latter  of  the  form 
3  n  +  1  ;  and,  to  avoid  the  repetition  of  these  words, 
the  same  is  otherwise  expressed  by  the  symbol  ^  ; 
whence  a  ^sj^  2  n,  or  a  ^  2  n  -f-  1,  is  to  read,  a  of  the 
form  2  n,  or  a  of  the  form  2  n  -)-  1 . 

In  the  same  way,  the  expressions 
a  ^  4  n  =t=  1 
a  ^  6  n  =^  1,  Stc. 
signify,  that  the  number  denoted  by  a,  when  divided  by 
4,  will  leave  a  remainder  +  I,  or  —  1,  or,  which  is  the 
same,  1  or  3  ;  and,  in  the  second  case,  tliat  the  number 
denoted  by  a,  when  divided  by  6,  will  leave  a  remainder 
1  or  5. 

The  properties  of  numbers,  as  divided  simply  into 
even  and  odd,  are  very  few,  and  these  few  of  the  most 
obvious  nature  ;  such,  for  example,  as  the  following. 

1.  The  sum  or  difference  of  two  even  numbers  is  an 
even  number ;  for  if  a  ^  2  n  and  a'  t^b  2  ?i',  then  a  =J= 
a'  ^  2  «  =±=  2  n'  ^  2  n". 

2.  In  the  same  way,  we  may  show  that  the  sum  or 
difference  of  two  odd  numbers  is  an  even  number  ; 

For,  let  a  ^  2  re   -f  1 
a'  ^  '2  n'  +  1 
Then  a=i=a"^{2n+  1)  =±=  (2  n' +  1)  Ssb  2  n". 
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o.  The  product  of  two  even,  or  of  an  even  and  odd 
number,  is  an  even  number,  but  the  product  of  two  odd 
numbers  is  an  odd  number  ;  that  is, 
2  7ix2n'^  2  n" 
2  «  X  (2  »'  +  1)  ^  2  7j" 
(2  ?j'  +   1)  (2  n'  +  I)  fc*  2  n"  +  1,  as  is  obvious. 
4.  If  an  odd  number  divide  an  even  number,  it  will 
divide  the  half  of  it.     For,  by  the  last  proposition,  the 
quotient  mu5t  be  an  even  number ;  that  is,  wc  must 

have  - — —-T  rz  2  «  ' 
2ra'  +  1 

n 

Consequently 


2  7!'  +  1 

Of  Numbers  iirime  to  each  other. 

(3.)  Two  numbers  are  said  to  be  prime  lo  each  other, 
when  they  have  not  a  common  divisor  ;  and  those  num- 
bers which  have  no  divisor  are  called  prime  numbers. 

1.  If  a  and  b  be  two  numbers  prime  to  each  other, 
then  will  their  sum  or  difference  be  prime  to  each  of 
them. 

For  if  (a  +  6)  and  a  had  a  common  divisor  fi,  then  (a 
+  b)  —  a  would  have  the  same  common  divisor ;  that 
is,  b  and  a  would  have  a  common  divisor,  which  is  con- 
trary to  the  supposition  ;  and  the  same  may  be  shown 
for  the  difference  a  — b. 

2.  In  a  similar  manner  it  may  be  demonstrated,  that 
if  two  numbers  arc  prime  lo  each  other,  their  sum  and 
difference  are  prime  to  each  other,  or  will  only  have  2 
for  a  common  divisor. 

3.  If  a  and  p  be  two  numbers  prime  to  each  other, 
there  cannot  be  another  number  b  prime  to/;,  that  ren- 
ders the  product  a  b  divisible  by /;. 

4.  Hence,  neither  the  sum  nor  the  difference  of  two 
fractions,  which  are  in  their  lowest  terms,  and  of  which 
the  denominator  of  the  one  contains  a  factor  not  com- 
mon to  the  other,  can  be  equal  to  an  integral  number. 

Of  the  Factors  and  Divisors  of  Comfiosite  A'uinbers. 

(4.)  The  factors  of  composite  numbers  are,  those 
numbers  the  continued  product  of  which  produces  the 
composite  number.  Thus,  3,5,7  are  the  factors  of  the 
composite  number  105  ;  and  the  divisors  are  those  num- 
bers which  divide  the  given  number,  without  leaving  a 
remainder. 

1.  Every  composite  number  may  be  represented  by 
the  formula  /i  :3  a"  6'"  c»,  &c.  in  which  a,  b,  c,  kc.  are 
its  prime  factors. 

For,  let  /!  be  first  divided  by  the  highest  power  of  a 
contained  in  il,  as  a"  ;  and  the  quotient  by  the  highest 
power  of  b  contained  in  it,  as  b'"  ;  and  this  quotient  again 
by  the  highest  power  c  contained  in  it,  as  c?;  and  so 
on,  as  long  as  division  can  be  made  ;  and  we  shall  thus 
have 

fi  ZZ  a"  b'"  c9,  &c. 

2.  Hence  the  number  of  divisors  of  any  number/;, 
will  be  found  equal  to  the  product 

(n-f  1)  (m  +  1)  (y-f  0  &c. 
For  it  is  obvious  that  /;  will  be  divisible  by  a,  and 
every  power  of  a  to  a™,  or  by  the  terms 
a,  a^,  q3,  &c.  a". 
Also  by  b,  and  every  power  of  6,  to  b"'-  ;  that  is,  by 
each  of  the  terms 

b.  b",  A^  &c.  b"-: 
And,  in  the  same  manner,  it  will  be  divisible  by  c,  and 
every  power  of  c,  to  c?,  and  so  on  ;  as  also  by  every  pos- 
sible combination  of  the  terms  in  the  above  series.  But 
Vol.  XIV.  Part  II. 


every  possible  combination  can  only  be  obtained  by  the 

product 

(a  +  a^  4-  a^  Sec.  q")  X  (i  -f  b''  -f  &^  Sec  b"-)  X  (c  + 

c^  -f  f'  -f  5vc.  c»); 
and  the  number  of  terms  of  this  product  is  obviously 
equal  to 

(«+  ')('»+  0(7+  O^'C. 
which  therefore  expresses  the  number  of  divisors  of  the 
number /i. 

Rxainjile  1.  Required  the  number  of  divisors  of  the 
number  360. 

Here  360  n;  2''.  S^.  5'  ;  consequently  the  number  ol 
its  divisors  will  be  (3  +  1)  (2  -f  1)  (I  -f  V,  r:  4.0.2. 
=  21. 

Kxamjile.  It  is  required  to  find  how  many  numbers 
there  are  which  will  divide  1000,  without  leaving  a  re- 
mainder. 

First,  1000  z:  2'  5^  ;  whence 

(3  +  l)(3-J-  I)  z=  4.4  =  16, 
the  number  of  the  divisors  sought. 

Examfile  3.  To  find  the  least  number  that  shall  have 
a  given  number  of  divisors  ;  as  for  instance,  30. 

First,  30  n:  2.3.5.;  therefore  the  number  must  have 
the  form 

iiZ=.a\  b-.  c*; 
And  it  will  be  the  least  when  that  number  which  has 
the  greatest  index   is  the  least,  and  so   on  in   order  ; 
therefore,  in  the  case  in  question,  if  we  take  c  ZZ.  2,  b 
ZZ.  3,  and  a  =:  5,  we  shall  have 

5  X  3-   X  2*=  720 
for  the  least  number  having  30  divisors. 

It  will  be  observed,  that,  in  all  these  cases,  the  num- 
ber itself  is  considered  as  one  of  the  divisors. 

3.  \i  fi  ZZ  a"  b"'  ct,  &c.  be  taken  lo  represent  any  in- 
tegral number,  the  sum  of  all  iis  divisors  will  be  ex- 
pressed by  the  formula 

-',S.c. 


a"  -f' — 1        A""  -f' — I       c7  +'. 
X        ^      .  ■   X 


-1 


b—\ 


c—\ 


For  we  have  seen  that  every  divisor  of/;  is  contained 
in  the  product 

{a+a^+a\  Sec.  a")  (A  +  6'+6',  Sec.  b"')  (c-f  c^+r",  Sec.  c?) 
and,  by  the  common  rule  for  summing  a  geometrical 
progression. 


a-\-  a~  -\-  a^  —  c"  ^ 


n-''"+'-' 


a—\ 


km  _L  ' 1 

b  +  b^+b^  —  b^=L       '^  ,        ,£cc. 

Consequently  the  above  product  may  also  be  expressed 

and  which  is  obviously  equal  to  the  sum  of  all  the  divi- 
sors oi  ft. 

Examfile  1.  Required  the  sum  of  all  the  divisors  of 
the  number  360. 

First,  350  ^23.3 -.5',  whence 
2*—\      3—1  ■    5^—1 


X 


-=15.13.6=  iiro, 


2—1        3—1  "   5—1 
the  sum  of  all  the  divisors  sought. 

4.  \i  fi  Zla"  6"  O  Sec.  represent  any  number,  a,  b,  r. 
Sec.  being  its  prime  factors  ;  then  will 


P  X 


a —  1 


b—  I 


f  —  1 


express  the  number  of  integers,  which  are  less  than  /;, 
and  also  prime  to  it. 

4  Q 
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Examfik  1.  Find  how  many  numbers  iheix  are  which 
are  less  than  100,  being  also  piime  to  it. 
First,  100  ~  2*  5*  ;  theretore 

2—1        .-i  —  1 

100  X  — r—  X  =  40 

2  3 

tlie  number  souc^ht ;  these  being  as  follow,  viz. 
1      13     27     39     51      63     77     89 
3      17     29     41      53      67     79      91 
7  .  19     31      43     57     69     81     93 
9     21     33     47     59     71     83     97 
11      23     37     49     61     73     87     99 
Jixamftle  2.    How  many  numbers  are  there  which  are 
less  than  360,  and  also  prime  to  it  ? 
Here  360  ~  2^  3^  5*,  wherefore 

o         J        3  __  1        5  1 

360  X  X X zz96,thenumber  sought. 

Of  Perfect  A''um/>ers. 

(5.)  A  perfect  number  is  that  which  is  equal  to  the 
sum  of  all  its  divisors. 

If  2" —  1  is  taken  equal  to  a  prime  number,  that  is,  if 
the  index  n  be  so  taken  as  to  fulfil  this  condiiion,  then 
2"-'  X  (2" — 1)3^  ^^)  will  be  a  perfect  number. 

For,  by  the  preceding  proportion,  the  sum  of  the  di- 
visors of  the  formuk  2"-'  (2" — 1)  will  be  represented 
by 

2"— 1       (2"— 1)^  —  1 

Sin  ^  (2"—!)  — r 

But  in  this  expression,  unity  is  included  as  a  divisor, 
and  consequently  N  also  ;  but  this  last,  by  the  defini- 
tion of  perfect  numbers,  is  to  be  excluded  ;  and,  there- 
fore, in  this  case,  the  expression  becomes, 

on 1        C2" iV 1 

Z I  X  ^- -^ —  2"-'  (2"— 1)  ZI 

2—1        (2"— 1)  _1  "^  ^ 

(2"— I)  (2"— 1  -f  1)  — 2"-i(2"— 1)  = 

2(2"— 1  .  (2"-'— 2"-i  (2"— 1)  =  2"-'  (2"—!)  zi  N. 

That  is  the   sum  of  all  the  aliquot  parts  of  N  n  N  ; 

therefore  N  is  a  perfect  number. 
If  72=2  then  2     (2=   — l)z:6 
n=3  2^   (2^  — 1)=28 

nZZo  2*  (2*   — 1)=:496 

„— r  2"  ?2'  _1)=8128 

71^:13         2"(2»'— 1)=:33SS0336 
„_17  2"'(2"  — 1}=SS89869056 

n=:19  2"'(2'»— 1)=:137438691328 

nzzSl  2  5»(2''  — 1)=2305843008139952128 

which  are  all  perfect  numbers. 

Of  Amicable  A'umbers. 

(6.)  Amicable  numbers  are  those  pairs  of  numbers, 
of  which  each  is  equal  to  the  sum  of  all  the  divisors 
of  the  others. 

1.  To  find  a  pair  of  amicable  numbers  M  and  N. 
Make  M  s=  a"  i"  cP,  &c.,  and  N  n  a"  /?"  v'^,  8ic. ;  then, 
from  the  above  definition,  and  from  what  has  been  al- 
ready delivered  with  respect  to  divisors,  it  follows  that 
we  must  have 

X  — —  X :-  =  N  -f-   M,  and 


numbers.  Or,  niakinp;  2n  ^  w,  we  must  have  3  w  —  1 
^  6,  6  w  —  1  —  f  >  1 8  7u"  —  1  =  d,  all  prime  numbers, 
then  will 

N  zz  2"+'  d  and  M  =r  2„+i  b  c 
be  the  pair  of  amicjb'i:  numbers  sought. 
By  making  ?;  IZ  I,  ■>!•  2"  i^  w  =  2,  we  have 
ow—  1=6^5;  bw—\  izc=ll,  18  w"  — l=d=71, 
and  consf  qui  ';Uy 

2„+i  rf  ^3:  4  X  71  IZ  284  ^  N 
2„+i  6  c  z:  4  X  5  X  1  1  =  220  :=  M, 
which  are  the  least   pair  of  amicable  numbers.      The 
next  two  pairs  are 

17296  and  18416 
9363583  and  9437056 

Of  Figurate  JVumbers. 

(7.)  Figurate  numbers  are  all  those  which  fall  undct 
the  general  expression, 

n  {n+  ])  {n  -f.  2)  (2  +  3)  8cc.  n  +  m) 
i     '.~2      T    3.4         &c.     m 
and  they  are  said  to  be  of  th-"^  1st,  2d,  3d,  Sec.  order,  ac- 
cordingly as  7n  =  1,  2,  3,  Sec.  thus. 


a—  1 

«"+»  —  1 


b—  I 
/3-+1  —  1 


c —  1 
y^«  —  1 


rzN  -f  M. 


a  —  1  /3 —  1  y  —  1 

Hence  it  also  appears,  that  in  order  that  the  numbers 
N  and  M  may  be  amicable,  these  formulse  must  be  equal 
to  each  other,  and  each  equal  to  N  -(-  M.  Now  this  con- 
dition is  fulfilled  by  finding  such  a  power  of  2,  as  2", 
(hat  3.2-' —  1,6.2"  —  l,and  18.2=" —  1,  may  be  all  prime 


Natural  series,  1, 

2,     3, 

4. 

5, 

6, 

&c. 

General  terms, 
n 

1st  order,  1, 

3,    6, 

10, 

IS. 

21, 

&c. 

"(n  +  1) 
1     2 

2d  order,  1, 

4,  10, 

5,  15, 

20, 
35, 

35, 
70. 

56, 
126, 

&c. 
&c. 

n  (n+1)  (n+2) 

1.2.3 
„  («-t-l)...(n.f  3) 

1.  2.   ...  4 

1.  One  of  the  principal  properties  of  these  numbers 
is  as  follows.  If  the  nth  term  of  any  order  of  figurate 
numbers  be  added  to  the  next  term  of  the  next  inferior 
order,  the  sum  will  be  the  next  term  of  the  same  order 
as  the  former. 

2.  Another  property  is,  that  if  the  nih  term  of  the 
natural  series  be  multiplied  by  the  n  +  1  term  of  any 
order  m,  the  product  will  be  equal  to  tw  +  2  times, 
the  nth  term  of  the  order  7«  -f   1. 

Thus,  taking  the  fifth  and  sixth  terms  of  the  foregoing 
series,  we  have, 

5X6=2X  15;  5x21z:3x35;  5x56  =  4x70. 
That  this  property  is  general  may  be  shown  immediate- 
ly from  our  definition;  for 

nCn-fl) 
0  =  2  ——V 
'  1.2 


n  {ji 


(n+l)(«  +  2) 


1 


=  3  X 


n(n  +  l)(n+2) 


1.2.3 
Sec.  Stc. 

It  is  remarkable  that  Fermat,  in  his  enunciation  of 
this  theorem,  speaks  of  it  not  only  as  a  very  simple  and 
elegant  proposition,  but  as  one  also  whose  demonstra- 
tion would  occupy  more  space  and  time  than  he  could 
afford  to  bestow  upon  it.  He  says,  "  Nee  existimo  pul- 
chrius  aut  generalius  in  numeris  posse  dari  theorema, 
cuius  demonstrationem  margiiii  inserere  nee  vacat  nee 
licet."     [J\rotes  on  Diofihantus,  p.  16.) 

Of  Polygonal  JVumbers. 

(8.)  Polygonal  numbers  are  the  sums  of  different  and 
independent  arithmetical  series,  and  are  termed  lineal, 
triangular,  square,  pentagonal,  Sec.  numbers,  according 
to  the  nature  of  the  series  from  which  they  are  gene- 
rated. 

Lineal  numbers  are  formed  from  a  series  of  units  , 
thus, 
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Units  I,  I,  1,  1,  1,  &c. 

JLiTieal  A'umbert    1,  2,  3,  4,  5,  &c. 
Triangular  numbers  are  the  successive  sums  of  the 
terms  of  an  arithmetical  series  beginning  with  unity, 
the  common  difference  of  the  terms  being  1  ;  thus, 
Arith.  aeries,      1,  2,  3,     4,     5,  kc. 
Trian.  num.       1,  3,  6,   10,   15,  Sec. 
Quadrangular,  or  square  numbers,  are  formed  from 
an  arithmetical  series,  the  difference  of  whose  terms  is, 
2  :  thus, 

jirich.  series,         1,  3,  5,     7,     9,  &c. 
Quad.  num.  1,  4,  9,   16,  25,  &c. 

Pentagonal  numbers  are  those  formed  from  an  arith- 
eietical  series  whose  difference  are  3,  thus, 

jlrith.  ser.  1,  4,     7,   10,    13,  kc. 

Pen.  num.  1,  5,   12,  22,  35,  £cc. 

and  universally  the  m-gonal  series  of  numbers   is  form- 
ed from  the  successive  sums  of  an  arithmetical  scries, 
beginning  with  unity,  and  whose  common  difference  ism. 
1.  Every  polygonal   number   of  the  denomination  m, 
or  every  m-gonal  number,  is  expressed  by  the  formula 
(m  — 2)  n^—{m~i)  n 
2 
Hence  the  natural  numbers  are  of  the  form  n. 


triangular  numbers 
quadrangular  numbers       ^ 
pentagonal  numbers  Sjsj 


1.2 
2n^- 


^n 


2 

—  2n 


2 
&c. 


&c.  &c. 

The  most  remarkable  property  of  polygonal  numbers 
may  be  enumerated  as  follows  : 

1.  Every  number  whatever,  is  either  a  triangular 
number,  or  the  sum  of  two  or  three  triangular  numbers  ; 
a  square,  or  the  sum  of  two,  three,  or  four  squares  ;  a 
pentagonal,  or  the  sum  of  two,  three,  four,  or  five  pen- 
tagonal numbers  ;  and  so  on,  for  hexagonal,  heptago- 
nals.  &c.  Or,  the  same  may  be  more  generally  express- 
ed, thus  : 

If  m  represent  the  denomination  of  any  order  of  po- 
lygonals,  then  is  every  number  N,  the  sum  of  m  poly- 
gonals  of  that  order;  it  being  understood  that  any  of 
those  polygonals  may  become  zero.  This  is  one  of  the 
propositions  of  Fermat,  but  left  by  him  without  demon- 
stration. The  second  proposition,  viz.  that  every  num- 
ber is  a  square,  or  the  sum  of  two,  three,  or  four  squares, 
was  first  demonstrated  by  Lagrange  ;  and  afterwards, 
the  first  part  relating  to  triangular  numbers  was  given 
by  Legendre,  in  his  "  Essai  sur  la  theorie  des  Nom- 
bres  :"  and  lately,  the  entire  proposition  has  been  de- 
monstrated by  M  Cauchy,  in  the  Memoirs  of  the  Insti- 
tute of  France,  for  1814.  This  demonstration,  however, 
occupies  loo  much  space  to  attempt  the  exhibition  of  it 
in  this  place.  We  may,  however,  observe,  that  M. 
Cauchy  has,  in  some  measure,  restricted  the  diffici:llies 
of  the  demonstration,  by  first  showing  that  of  tlie  m  po- 
lygonals, whose  sum  makes  up  any  given  number  in — 4 
of  those  polygonals,  may  be  equal  to  unity. 

Of  Prime  JVumbers. 

9.  Prime  numbers  are  those  which  cannot  be  divided 
rnto  any  equal  integral  parts,  greater  than  unity,  or  tlicy 
are  tiumbers  which  cannot  Ix;  produced  by  the  inulii- 
plication  of  any  integral  factors. 

The  problem  of  fir.uing  prime  numbers  was  agitated 


as  far  back  as  the  time  of  Eratosthenes,  who  invent- 
ed what  he  called  his  xo-Axnet,  or  sieve,  for  excluding 
those  numbers  that  are  not  primes,  and,  consequently, 
thus  discovering  those  that  arc.  The  principle  of  this 
method,  which  is  the  same  as  that  employed  by  modern 
■writers  for  ascertaining  those  numbers,  is  as  follows  : 

Having  written  down,  in  their  proper  order,  all  odd 
numbers,  from  1  to  any  extent  required ;  as,  for  exam- 
ple, 100,  thus, 


1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

61 

63 

65 

67 

69 

71 

73 

75 

77 

79 

81 

83 

85 

87 

89 

91 

93 

95 

97 

99 

We  begin  at  3,  and  over  every  third  number  from  that 
place,  we  put  a  point  :  all  those  numbers  being  divisible 
by  3.  Then  from  5,  a  point  is  placed  over  every  5th 
number,  these  being  divisible  by  5.  Then  from  7,  and 
over  every  7th  number,  a  point  is  also  placed,  these  being 
all  divisible  by  7  ;  then  all  the  other  numbers  not  point- 
ed, will  be  primes  ;  because  7  is  the  greatest  prime 
number  less  than  ^100  ;  and  if  a  nuniber  cannot  be 
divided  by  some  number  less  than  the  square  root  of 
itself,  it  is  a  prime  number. 

In  this  way  the  prime  numbers  have  been  obtained 
to  a  very  considerable  extent ;  the  most  extensive  table, 
however,  it  that  of  Mr.  Burckhardt,  which  gives  the 
least  factor  of  all  numbers  from  1  to  3,000,000,  and 
consequently  exhibits  all  the  prime  numbers  within  the 
same  limits.  But  no  general  rule  has  yet  been  given 
for  ascertaining,  in  a  direct  manner,  whether  a  given 
number  is  or  is  not  a  prime.  Prime  numbers  possess 
several  remarkable  properties,  some  few  of  whicl>  we 
may  enumerate,  but  we  cannot  attempt  the  demonstra- 
tions, as  these  would  occupy  more  room  than  we  can 
bestow  upon  the  subject  in  this  place. 

1.  Every  prime  number,  greater  than  2,  is  of  the  form 
4nrlrl. 

That  is,  if  divided  by  4,  it  will  leave  a  remainder  1 
or  3.  But  the  converse  of  the  proportion  is  not  true  ; 
viz.  that  every  number  of  the  above  form  is  a  prime. 

2.  Every  prime  number  greater  than  3,  is  of  the 
form  6  ra±  1. 

3.  No  algebraical  formula  can  be  found  that  will  con- 
tain prime  numbers  only. 

Notwithstanding  the  generality  of  this  proposition, 
certain  formulae  have  been  found,  which  are  remarka- 
ble for  containing  a  great  many  prime  numbers  ;  such 
are  x^-l-x41,  x^-fx+17,  and  2  x^  +  29.  In  the  first 
of  whici),  by  giving  to  x  all  successive  values  in  the 
series  0,  1,2,  3,  &c.  the  first  forty  terms  will  be  prime 
numbers ;  the  second,  in  like  manner,  has  its  first  se- 
venteen terms  primes,  and  the  latter  twenty-nine. 

Fermat  asserted,  that   the  formula  2""+  1,  would  al- 
ways be  a    prime,  while  m  was   taken  any  term   in   the 
series  1,  2,  4,  8,  16,  &c. ;  but  Euler  found  that 
232  _j.  1:^641x6700417  was  not  a  prime. 

4.  The  number  of  prime  numbers  is  infinite  ;  and  if 
N  be  made  to  represent  any  number,  then  will  the  ex- 
pression   —denote<he  number  of  prime 

'  A  log.  N  —  1.08  366 

numbers  tliat  are  lebS  tn^n  N,  'Utry  nearly. 

5.  The  sum  of  any  number  of  prime  numbers  in  arith- 
metical progression  is  a  composite  number. 
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6.  If  a  be  a  prime  number,  then  will  the  expression 

1    .  2  .  3  .  4  .  5,  See.  (n—  1)  +  I 
be  divisible  by  a. 

VVc  have  said,  that  no  rule  has  yet  been  invented  for 
ascertaining  wbciher  or  not  a  given  number  be  a  prime  ; 
but  we  ouglil  in  fact  to  have  made  an  exception  of  the 
above  formula,  wliich  is  true  for  prime  numbers,  and 
for  prime  numbers  only,  and  therefore,  theoretically,  it 
supplies  such  a  rule  as  that  alluded  to;  but  unfortunately 
it  is  only  theoretical,  lor  the  magnitude  of  tlie  product 
is  such,  even  for  a  small  prime  number,  that  is  impossi- 
ble to  make  it  answer  any  practical  purpose. 

This  theorem  was  invented  by  Sir  John  Wilson,  and 
is  published  by  his  friend  Waring  in  his  Meditaliones 
Jlgcbraicx,  p.  380,  but  without  demonstration.  This, 
however,  was  afterwards  supplied  by  Lagrange,  in  the 
.VVw  Mi-moin  of  Berlin  (or  1771. 

7.  If  m  be  a  prime  number,  and  -v  any  number  not 
"^      divisible  by  »:,  then  will  the  formula  .r'"-' — 1  be  divisi- 
ble by  m. 

Oy  square  JVumbera,  and  their  fiossible  and  im/iossible 
forma. 

10.  In  the  indeterminate  and  diophantine  analysis,  we 
are  freriuently  required  to  find  such  values  of  the  inde- 
terminate letter,  or  letters,  as  will  make  some  proposed 
formula  a  square,  and  not  unfrequenily  the  problem  may 
be  in  itself  impossible.  It  is,  therefore,  necessary  for 
us  to  have  some  means  of  determining  a  ftriori  whether 
the  problem  proposed  be  possible  or  impossible,  which 
is  a  question  falling  within  the  range  of  the  theory  of 
numbers.  For  example,  every  square  number  is  of  the 
form  4  n  or  4  7i-\-\  ;  therefore,  if  we  were  required  to 
find  such  integral  value  of  ?j,  that  4n —  1  should  be  a 
square,  we  should  know  the  solution  to  be  impossible, 
and  save  ourselves  the  labour  of  research. 

I.  Ail  square  numbers  are  of  the  same  form  with  re- 
lation to  any  given  modulus  a,  as  the  scries  of  squares 

G\   IS  2\  32,  &c    {hay, 

when  a  is  an  even  number  ;  and  as  the  squares 

la — \  \2 
OS    IS  2S  r-,  «^c.^-— j 

when  a  is  odd. 

From  this  general  proposition  we  may  immediately 
deduce  the  possible  and  impossible  forms  of  square  num- 
bers to  any  extent;  but  it  will  be  sufficient  for  our  pur- 
pose to  give  them  as  far  as  the  modulus  !0  only. 

The  modulus  is  that  number  by  which  the  form  is  de- 
termined. 

Moduli.  Formulit. 

2 2  w,     2  n     " 

3 3  «,     3  n 

4 4  »,     4  7] 

5 5  n,     5  n: 

6 6  n,     6  n 

7 7  n,     7  n 

8 8  n,     8  n 

9 9  71,     9  n 

10 10  n,  «0  n; 

Since  all  square  nunrtoers  must  be  of  one  or  other  of 
the  above  forms,  all  other  formulae  to  the  same  moduli 
must  be  impossible  ;  and  hence,  by  exclusion,  we  have. 


Moduli. 
2... . 


+  I 
+  1 

+  1 

,     6  n  4-  3, 

6  ;j  4-  4 

+  1 

,     7  n  +2, 

7  7!  -f   4 

+  1 

,     8  n  -f  4 

+  1 

,     9  «  -f  4, 

9  71  +  7 

=t=  1 

,    10  «=t=4, 

in  r?-*--  5 

4., 
5., 
6. 
7., 
8.. 
9.. 
10.. 


Impossible  Furmulz. 

...3  n  -\-  2 

...4  n  -f  2,  4  «  -f  3 

...5  n  -t-  2,  5  7J  -f  3 

...6  n  4-  2,  6  7!  -I-  5 

...7  7t  -f  2,  7  71  +  5,     7  71  -}-  6 

..8  7j  ±  2,  S  7!  ±  3,     8  71  -i-  7 

...9  72  +  2,  9  7Z  ±  3,     9  7J  4-  5,  9  )i  -fS 

.10  71  ±  2,  10  7J  i  3? 


No  numbers  falling  under  these  forms  can  be  a  square 
number. 

Since,  by  the  first  table,  every  square  number  divided 
by  10  will  leave  a  remainder  ±1,  iii,  or  ±5,  it  fol- 
lows that  every  square  number  must  terminate  with  one 
of  the  digits,  0,  1,4,  3,  6,  or  9  ;  and  no  number,  whose 
last  dii;it  is  3,  7,  or  8,  can  be  a  square  number.  If  we 
were  to  make  a  similar  examination  of  the  impossible- 
forms  to  modulus  HiO,  we  should  find, 

1.  TIku  a  s(|uarc  number  cannot  be  terminated  with 
an  odd  number  of  ciphers. 

2.  If  the  last  figure  of  a  S!|uarc  be  at  4,  the  last  but 
one  will  be  an  even  number. 

3.  If  a  square  number  terminate  with  a  5,  it  will  ter- 
minate with  25. 

4.  If  a  square  terminates  with  an  odd  digit,  the  last 
figure  but  one  will  be  even ;  and  if  it  terminates  in  any 
even  digit  except  4,  the  last  figure  but  one  will  be  odd. 

3.  No  stjuarc  number  can  terminate  with  two  equal 
digits,  except  two  ciphers,  or  two  4's. 

6.  A  square  number  cannot  terminate  with  more  than 
three  equal  digits,  unless  they  are  ciphers  ;  nor  can  it 
terminate  with  three,  unless  they  are  -I's. 

The  celebrated  calculating  boy,  Zera  Colliurn,  had 
intuitively  acquired  a  knowledge  of  these  and  various 
other  excluding  theorems 

By  means  of  the  above  table,  which  may  be  called 
the  lineal  impossible  forms  of  square  numbers,  we  rea- 
dily demonstrate  various  impossible  quadratic  forms, 
such  as 

'*  ±      6  7l2   i:^  7^2 


2  <'  ±  3  7i2  — 


<2    ±  3    72=!    —  TO  = 
/^   ±   5    7;'    ^  7D-' 

f^  ±  5  71^  ZZ  to' 


2  fS 

5  t^  ±  6  7i2  r:  w2 

2  <2    ±  10  7i>  ^:  7J,2 

3  /2   ±  10   72*  n  TO^ 


which  are  all  impossible  equations  in  integral  numbers; 
and  we  might  have  extended  the  scries  to  any  length  at 
pleasure  :  we  prefer,  however,  giving  the  following  pro- 
position for  ascertaining  the  possibility  or  impossibility 
of  any  proposed  indeterminate  quadratic  form  or  equa- 
tion, a  .r--|- Ai/  ^II^c  z^.  This  is  etTccied  as  follows: 
Find  the  form  of  all  squares  to  modulus  a,  and  if  b  and 
c  are  both  found  in  the  series  of  remainders,  or  if  nei- 
ther of  them  be  found  there,  the  equation  may  be  pos- 
sible ;  but  if  one  of  them  be  found  there,  and  the  other 
not,  the  equation  is  certainly  impossible. 

But  if  one  of  the  two  first  conditions  have  place,  then 
find  the  forms  of  all  square  numbers  to  modulus  b,  which 
must  be  submitted  to  the  same  test  with  regard  to  a 
and  c. 

If  here,  both  numbers,  or  neither  be  found  in  the 
series  of  remainders,  the  equation  may  still  be  possible  ; 
but  otherwise  it  will  be  impossible. 

Supposing  the  former  to  be  the  case,  proceed  in  the 
same  way  with  c  as  a  modulus  ;  and  if  a  and  (c  —  b) 
are  both  or  neither  of  them  found  in  the  series  of  re- 
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maiiukrs,  tlic  cqiiadon  is  possilile,  but  otiicrwisc  it  is 
certainly  impossible,  and  it  would,  therefore,  in  this  case 
be  useless  to  persevere  in  the  solution. 

Of  Cubes  and  higher  Powers. 

(11.)  All  cubes  are  of  the  same  form  in  reference  to 
any  modulus  a,  as  the  series  of  cubes 

03,   13,  2',  33,  Sec.  (a—  1)3 

From  which  general  proposition  we  might  deduce,  as 
in  the  preceding  article,  tables  of  the  possible  and  im- 
possible forms  of  cube  numbers,  both  lineal  and  qua- 
dratic; we  shall,  however,  restrict  ourselves  to  the  fol- 
lowing only,  viz. 

1.  All  cube  numbers  referred  to  modulus  6,  have  the 
same  forms  as  their  roots  ;  thus 


(6«  +  0)^"^ 
{6n  +  \y 
(6ra  +  2y 
{6n  +  sy 
(6?i  +  4)* 
(6n  +  sy 


.are  of  the  same    , 
^         form  as 


1^ 
2' 

O 

4' 
L5' 


^  6  n 

+ 

0 

<5i>  6  n 

+ 

1 

^  6  n 

+ 

2 

^5^  6  n 

+ 

3 

^  6n 

+ 

4 

^  6  n 

+ 

5 

Hence  the  diffL-rence  between  any  integral  cube  and  its 
root  is  divisible  by  6. 

2.  The  sum  or  difference  of  two  integral  cubes  can- 
not be  a  cube  ;  or  the  equation 

is  impossible  in  integers;  and  being  impossible  in  in- 
tegers, it  is  also  impossible  in  fractions. 

3.  The  sum  or  difl'erence  of  two  biquadratics  cannot 
be  a  square,  and  therefore,  a  fortiori,  it  cannot  be  a  bi- 
quadratic; that  is,  the  equation, 

is  impossible  either  in  iniegers  or  fractions. 

4.  And  generally,  ?i  being  any  number  greater  than 
2,  the  equation 

is  impossible. 

It  is  to  be  observed,  however,  that  this  latter  general 
proposition  has  never  yet  received  a  satisfactory  demon- 
stration. The  only  actual  advances  made  towards  it 
has  been  to  show,  that,  if  the  equation  were  possible, 
the  roots  must  have  some  one  of  the  following  forms, 
viz. 

""a-  —  1/  ^  n"-!  r" 

■  or  -^  X  —  z  ^  4" 

ly   4-  z  '^Ji  «" 

C  X  —  t/  ^  rn 

or  -j  JT  —  z  '=5j  «" 

ly   +  z^  «"-'  f> 

which,  however,  does  not  amount  to  a  demonstration  of 
the  impossibility  of  the  equation. 

5.  The  following  is  a  table  showing  the  possible  forms 
of  all  powtrs  from  the  second  to  the  tweltth. 


X  

y  + 

z  ^ 

X 

~"~ 

y  ^ 

z  ^ 

,,71-1 

y 

+ 

z^ 

i" 

^2 

^ 

3  n  or 

3  11 

+   1 

■^ 

5  r^ 

or  5 

n 

-»-   I 

;c3 

'=^ 

^ 

7  n 

or  7 

n 

-*-   1 

x-* 

^ 

5  n  or 

5    7! 

+  1 

^ 

x' 

^ 

^ 

II 

n  or 

11 

X* 

^ 

7  71  or 

7  n 

+   1 

^ 

13 

■n  or 

13 

n  =1^ 

x' 

^ 

^ 

X* 

^ 

•^ 

17 

71  or 

17 

71  =±: 

x» 

^ 

^ 

19 

7j  or 

19 

7i  =26: 

x'" 

^ 

1  1   7!  01 

11 

«  + 

^ 

x" 

^ 

^ 

23 

n  or 

23 

72        *  ' 

x" 

^ 

13  noi 

13 

"  + 

1  ^ 

+  5/')     (-^''  +  !/")  ^x"^+y'^ 


Since  neither  7+1,  nor  .4X7+  I,  is  a  prime  number, 
the  7th  powers  are  not  reducible  to  any  lorm  similar  to 
the  al)ove. 

6.  To  these  properties  of  powers  in  general  we  may 
add,  that  the  ditTerence  of  any  two  equal  powers  is  di- 
visible by  the  difference  of  their  roots ;  and  also  by  the 
sum  of  tlie  roots,  it  the  powers  be  even. 

7.  Tlie  sum  of  any  two  equal  odd  powers  is  always 
divisible  by  the  sum  of  the  roots. 

8    The  TJth  difference  of  any  consecutive  ?2th  powers 
is  constant,  and  equal  to  the  product 
I.  2.  3.  4.  Sec.  n. 

Form  and  Pro/ieriies  of  Products. 

(12.)  The  most  remarkable  properties  of  products  are 
contained  in  the  following  theorems. 

1.  The  product  of  the  sum  and  difference  of  two  num- 
bers, is  equal  to  the  difference  of  their  squares  ; 

that  is,  (x  +  !/)     (x  —  y)  'ZZ  x" —  y'' . 

2.  The  product  of  the  sum  of  two  squares,  by  the 
sum  of  two  squares,  is  also  the  sum  of  two  squares  ; 

Or(,i 
For 

{X        +y        ;(X  +y  )-■^f^^^'_y^'y^(^^y'_^.-^.y^^ 

Hence  it  appears  that  the  product  may  be  resolved  into 
two  squares,  two  different  ways. 

Example,  5  =  2^+  1* 
13  =  3'  +  2' 
65~=  8^  +  1^  or  72  +  4^ 

Consequently,  the  products  of  three  such  numbers  may 
be  divided  into  two  squares,  four  different  ways,  and 
so  on. 

3.  The  product  of  the  sum  of  three  squares  by  the 
sum  of  two  squares,  is  the  sum  of  four  squares. 

Or  (x=+  y=+z')(x'^  +  y'^)  ^  (^,i,"^  +  x"'+y"-  +  z''^ 
For  (x=>  +  7/^  +  z^)     (x'^  +  /^)  = 

(xx'+yy'y+(xy-—yxy+x'^z'+y'z' 
as  will  appear  by  performing  the  operation. 

Example,  14  Z=  3^  +  2^^  +  1« 

5  =  2^  +  1^ 

70  =  (3-2  +  2-l)-+(2-2— 3-l)^+22  +  l  = 
—  8^  +  12  +  2*  +  1^. 

4.  The  product  arising  from  the  multiplication  of  two 
numbers,  each  of  which  is  the  sum  of  four  squares,  is 
also  itself  the  sum  of  four  squares. 

For  {w'  +  x'^+y^  +  z^)   (w'-+x'2  +  i/'*+z'-)  = 

(wTO'+xx'+i/y'  +  zz')"4.(wx' — xw'+yz' — zi/')* 
+  {wy' — xz' — yiu'+zx')-+^wz'+xy' — yx' — ziv')^ 

as  will  appear  from  the  development  of  the  formuls. 

5.  The  product  of  the  two  formulae  x^ — ay^,  and 
x*^ — a;/'^,  is  of  the  same  form  as  each  of  them  ;  that  is 


(x^—arj-)   {x'-—ay'-)'=^(x"^—ay"») 


F'or 


(xe-a,^)(x'^_.,'^)=  ^[-^;;^;)^^i^^r 

and  consequently, 

(x^  — ai/»)  (x"-  —ay')'=:^x-"^  —  ay'"' 

6.  The  two  formulae  x'  +  y*  +  z'  and  x>+y»+2  2», 
are  so  related  to  each  other,  that  the  double  of  either 
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produces  a  quantity  of  the  same  form  as  the  other. 

That  is, 

/^>  +  y2  +  z»)  X  2  !*),  (x'»  +  v"  +  2  r'2) 
(x»  +  y»  +  2  2^)  X  «=^  (x'»  +  !/»  +  2'=') 

l-or  (x»  +  1/2  +  j2)  X  2  =  2  X*  +  2  j/2  +  2  z» 

Ami  (x^  +  y^  +  2  2  =  )  +  2  =  2  x-"  +  2  !/-  +  4  2^^ 

=  {.r  +  yy  +{^-y)\+  (2r)' 
For  example,  14  =  3^  +  2*  +  !« 
2 

\2 
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<i28=:(3+  2)»  +  (3— 2)^  +  2-  l» 

)       _         52    4.  12  4-  2 

15  =  3^  +  2'  +2-  1» 

2 

C50  =  (3  +  23»  +  (.3—  2)'   +  4-  1^ 
^        =       5'  +12  +  2- 


Mult,  by 
The  product 

And 
Mult,  by 

The  product 

and  the  same  of  all  other  numbers  of  thtse  forms. 

7.  The  formulae  x^  —  2y'^,  may  be  always  transform- 
ed into  another  of  the  form  2  ij'^  —  x*,  and  the  latter 
may  be  tiansformed  into  the  former. 
Forx'— 2y'=:2  (x  =d=!/)2— (x±2)  y'  'qs,  2  x*— y'^ 
AndSx*  —  y»  =  (x±2y)»— 2(x±y'  ^x'»— 2y2; 

as  will  be  seen  by  performing  the  operations;  there- 
fore a  number,  which  is  of  one  of  those  forms,  is  also  of 
the  other  form. 

Thus  14=:2  3»  — 2-  =4»  — 2-12 

And    28  =  6»  —  2-5*  —2  4*  —  2'  ; 
and  the  same  is  obviously  true  by  all  other  nutmbers  of 
these  forms. 

In  the  same  manner  it  may  be  shown,  that  every  num- 
ber of  the  form  x*  —  5  y",  is  also  of  the  form  5  x'*  — y'' ; 
and  the  latter  is  of  the  same  form  as  the  former ;  and 
generally, 

8.  II  a  be  a  number  of  the  form  6*  -\-  1,  then  will  the 
formulae  x^  —  a  y'  be  resolvable  into  another  of  the 
form  ax'*  ^y'*  ;  and  conversely,  the  latter  may  be  re- 
duced to  the  former  ;  that  is 

x»  —  (&•  +  l)y*  5^:5  (i-  -f  l)x"  —  y'».  and 
(6-  +  l),x»  — y*fej  x"— (A»-(-   Oy'" 

For     x*  —  (A*  -f  1)  y"  = 

(6-   -f   l)(x±6y)2  —        ^6x±(6'+l)y     l^ 

And         (62  -f-  1)  x'  — y  zz 

^(6-  +  l)x±6y     ^      ■  —  (A*  +  l)(6x+y)» 

The  first  of  which  transformed  formulae  is  of  the 
form  (*•  +  1)  x"  —  y'*,  and  the  latter  of  the  form 
x'»  —  (6»  -1-  1)  y'2. 

This  general  proposition  furnishes  us  with  many  par- 
ticular cases;  which  have  the  remarkable  property  of 
being  reciprocally  convertible  from  the  one  form  to  the 
other ;  such  are, 

5x*  —  2y» 
;2x*  — y- 
5x2  lOj^x 

;  lOx"  —  y' 
Etc. 

The  above  properties  find  a  very  pleasing  application 
in  the  solution  of  various  diophantine  problems. 


Forms  and  Profierties  of  Diviaors. 
(\3.)  In  the  preceding  article  we  have  investigated 


tlie  forms  of  products,  arising  from  multiplying  toge- 
t'lier  numbers  of  particular  and  specified  forms  ;  our  ob- 
ject now  is,  to  ascertain  what  must  be  the  nature  of  a 
numerical  formula,  in  order  that  it  may  divide  a  num- 
ber of  a  given  form;  we  car.not,  however,  in  this  case, 
as  in  that,  enter  into  a  complete  investigation  of  the 
suveral  llieorems,  as  that  would  carry  us  far  beyond  our 
proper  limits ;  we  must  therefore  be  contented  with 
stating  results,  and  referring  for  their  demonstrations  to 
those  works  wholly  devoted  10  such  inquiries,  viz.  Le- 
gtndre,'  "  A'ur  la  Theorie  des  JVombres."  Gauss,  "  £>is- 
guisitiones  Arithmeticie,"  and  to  Barlow's  "  Elementary 
Jnvesligalion  of  the  Theory  of  Mumbers." 

Fro/iusilion  I.  Every  divisor  of  the  formula  t*  +  a 
«",  /  diid  u  being  numbers  prime  to  each  other;  and  a 
any  integral  number  whatever,  positive  or  negative,  is 
also  a  divisor  of  the  formula  g^  -f-  a. 

Consequently,  if  a  number  /;  is  not  a  divisor  of  the 
formula  9*  -f-  a,  where  there  is  only  one  indeterminate 
square,  it  cannot  be  a  divisor  of  the  more  general  for- 
mula /2  -j.  a  u',  in  wliich  there  are  two  indeterminate 
squares  prime  to  each  other. 

2.  Every  divisor  of  the  formula  < 2  _f.  au'',  in  which 
t  and  u  are  prime  to  each  other,  is  of  the  form 
fi  y'  +  2  g  y  u  -\-  r  u',  and  in  which  formula/;  r  g*  iza 
and  2  g  ^.  p.  and  j:C  r,  or  at  least  not  greater  than  either 
of  them.  Therefore,  in  assaying  the  divisors  of  any 
number  of  the  above  form,  it  will  be  sufficient  for  us  to 
employ  only  such  numbers  as  are  contained  in  the  latter 
formula. 

3.  Every  divisor  of  the  formula  t'  -f-  z^',  t  and  u  being 
prime  to  each  other,  is  of  the  same  form  ;  that  is,  the 
sum  of  two  squares,  prime  to  each  other,  can  only  be 
divided  by  numbers  which  arc  also  the  sums  of  two  such 
squares.  For  example,  65,  which  is  the  sum  of  two 
squares,  prime  to  each  other,  can  only  be  divided  by  5 
and  13,  which  arc  both  the  sums  of  two  squares. 

4  Every  divisor  of  the  formula  r*  -j-  2  u' ,  t  and  u 
being  prime  to  each  other,  is  also  of  the  same  form; 
that  is,  a  number  which  is  equal  to  the  sum  of  a  square 
and  double  a  square,  can  only  be  divided  by  numbers 
which  are  equal  to  the  sum  of  a  square  and  double  a 
square.     Thus, 

99  r:  1  -f  2-72 
Can  only  be  divided  by 

3  z=  1-  -J-  2.l2 

9  =  12  -f.  2.2* 

11  =  32  -t-  2  12 

33  =  52  -f  2  22 

And  it  is  the  same  with  every  number  contained  under 
the  above  form. 

5.  Every  divisor  of  the  formula  i~  — 2  u2,  i  and  u  be- 
ing prime  to  each  other,  is  also  of  the  same  form  ;  that 
is,  a  number  which  is  equal  to  the  difference  of  a  square 
and  double  a  square,  prime  to  each  other,  is  itself  equal 
to  the  difference  of  a  square  and  double  a  square. 

For  example,  98  —  I02  —  2.1=,  can  only  be  divided 
by 

2  =22  —  2  l2 

7  =  32  _  2.12 
14=:  42  —  2.12 
49  —  92  — 2.4» 

and  the  same  of  all  o'her  numbers  of  this  form. 

6.  Every  odd  divisor  of  the  formula  t^  f  3  u^,  is  of 
the  same  form  as  itself ;  and 
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7  .  Every  odd  divisor  of  the  lormula  t^  —  5  w^,  is  also 
of.  the  same  form  as  itself. 

Thus  133  =  5*+3.6^  =  7.19,  and 


.1' 


19  =:4^  +  S.r 


7  =  22+: 
Also     95  Z=.  10^  —  5.1^  =  5  19 

5  =  52  —  5.2%  and  19  =  7^—  5.2» 
Remark.  It  Ircquently  happens,  that  a  number  falls 
under  two  or  more  of  the  above  forms  ;  in  which  cases, 
its  divisors  are  also  of  the  same  double  and  treble  lorms. 
And  in  some  cases  we  have  numbers  belonging  to  each 
of  the  above  forms. 

Thus  241  =  15*  +  4'  =  13'  +  2.6=  =  21^  —  3.1C3 
ZZ.     7-  +  3.3-^  =  31^  —  5.123 

Quadratic  fjrma  of  Prime  J^umbers. 
(14.)  We  have  seen  that  all  square  numbers  are  of 
one  of  the  forms  4  n,  8  n  +  1  ;  and  hence  we  may  esta- 
blish at  once  the  following  theorems  : 

1.  Every  odd  number  represented  by  the  formula 

!/2  +  -^  fca,  4  n  -f  1 

2.  Every  odd  numbtr  repiesttiietl  by  the  formula 

y^  +  222  '^  8  7J  +  3 

3.  Every  odd  number  rcpieaenieU  by  the  formula 

y^— 2:'^8n  +  7 
And  from  these  arise,  by  way  of  exclusion,  the  three 
following  : 

4.  No  number  of  the  form  4  n  — 1,  can  be  represented 
by  ifit  lormula  y-  +  r^. 

5.  No  numbcis  ol  the  form  8  n  +  5,  or  8  n  +  7,  can 
be  represented  by  the  formuia  y^  -\-  2  z^. 

6.  No  numbers  of  the  form  8  ra  +  3,  or  8  n  +  5,  can 
be  represented  by  the  formula  y-  —  2  z^. 

The  above  theorems  apply  to  every  odd  number; 
but  the  following  belong  exclusively  to  prime  numbers: 

1.  Every  prime  number  of  the  form  4  n  •{■  1,  is  the 
sum  ol  two  squares,   or  is   contained   in  the  formula 

Thus  5,  13,  17,  29,  37,  and  41,  are  prime  numbers  of 
the  form  4  tj  +  1  ;  and  each  of  them  is  the  sum  of  two 
squares :  thus, 

5  =  2^+12  29  =  5^  +  22 

13  =  3^  +  22  37  ^  6^  +  12 

17=  4^  +   1  41  n  5^   +  42 

and  soon  for  all  other  prime  numbers  of  this  form. 

2.  Every  prime  number  8  n  +  1  is  of  the  three  forms 
j/2  +  zSy"*  +2  z%and  V*— 2^^ 

Thus  41  =5*  +  4^  =  3*  +  2.4=  Z=7'  —  2.22 
and     73  n  8'  +  3-  =:  12  +  2.6=  =9=  — 2.2  = 
and  so  on  wiih  ail  prime  numoers  of  the  form  8  «  +  1. 

3.  Every  prime  number  8  «+  3  is  of  the  form 
y  +  2r= 

Thus  11,  19,  43,  and  59,  are  prime  numbers  of  this 
form,  and  11  =  32  +  2.12;  19  =  1=  +  2.3  = 
41  =  52  +  2  3=  ;  59  =  32  +  2.5  = 
and  so  on  for  all  prune  numbers  of  the  form  8  n  +  3. 

4.  Every  prime  number  8  n  +  7  is  of  the  form  y^ — 2;  =  . 
Thus  31  =7=  —2.3=, and  47  =  72—  2.1' 

and  so  on  lor  all  prime  numbers  of  the  form  8  n  +  7. 
From  the  above  proportions,  it  follows,  that 

5.  That  all  prime  numbers  of  the  form  8  ra  +  1,  and 
8  n  +  5,  are,  exclusively  of  all  others,  containecl  in  the 
formula  y=  +  z=. 

6.  All  prime  numbers  of  the  form  8  ra  +  I,  and  8  ra  +  3, 
are,  exclusively  of  all  others,  contained  in  the  formula. 
V  +  2  22. 


7.  All  prime  numbers  of  the  form  8"  +  •;  =nt". 
8  7j  +  7,  are,  exclusively  of  all  others,  coi\ia!ned  in  the 
formula  y-  —  2  2'. 

8.  All  prime  numbers  of  the  form  8  n  -f  1,  are  at  the 
same  time  of  the  three  forms 

y\    +2^!/'    +2  2  =  ,J,2_2  2". 

By  means  of  the  above  propositions,  we  may  ascertain 
whether  a  given  number  be  a  prime  by  subtraction,  in- 
stead of  the  usual  laborious  operations  by  division. 

JVoCalion,  different   Scales,  (Jfc. 

15.  Our  first  ideas  of  numbers  are  so  interwoven  with 
the  usual  mode  of  expressing  them  by  means  of  our  nu- 
meral digits,  that  unless  our  attention  be  particularly 
directed  to  the  inquiry  of  its  meris,  we  are  likely  to  pass 
it  over  as  a  matter  of  course,  without  ever  being  aware 
of  the  numerous  advantages  which  the  sciences  derive 
from  this  simple  liut  happy  invention.  For  want  of  it, 
the  Greeks,  and  all  the  more  ancient  people,  were  much 
embarrassed  in  their  arithmetical  calculations,  and  very 
limited  in  their  mode  of  expression.  With  36  different 
characters,  the  Greeks  were  at  first  only  able  to  express 
those  numbers  which  were  less  than  a  10000  ;  and  even 
within  this  limit,  their  arithmetical  operations,  such  as 
multiplication,  division,  extracting  the  square  root,  Sec. 
were  attended  with  great  labour  and  complication;  in 
short,  it  is  not  too  m*och  to  say,  that  every  branch  of 
mathematics,  with  the  exception  of  pure  geometry,  has 
derived  more  advantages  from  this  simple  contrivance, 
than  from  any  other  individual  discovery  in  the  entire 
circle  of  the  sciences. 

The  great  merit  of  this  mode  of  expression  does  not, 
however,  depend  upon  the  particular  scale,  or  division  of 
numbers  into  periods  of  10,  which  is  common  to  nearly 
every  known  nation  of  the  globe,  because  other  scales 
might  have  been  employed  which  possess  equal,  if  not 
superior  advantages,  but  to  the  thought  of  giving  to  every 
digit  a  local  as  well  as  its  natural  value,  which  might  still 
have  been  employed,  whatever  number  had  been  assum- 
ed as  the  radix  of  the  system. 

This  will  appear  from  the  following  proposition  s 

1.  Every  number  N  may  be  reduced  to  the  form 

Nzia  r"  +  *  r"-!  -f  c  r"-2  +  U-Cfir^  +  qr  +  w, 

where  r  may  be  any  number  whatever,  and  a,  6,  c,  &c. 
integers  less  than  r. 

For  conceive  N  to  be  divided  by  the  greatest  power  of 
r  contained  in  it,  as  r",  then  the  quotient  o  will  be  less 
than  r,  and  let  the  remainder  be  N' ;  and  we  shall  have 

N=ar"-f  N'. 
In  the  same  war,  we  may  reduce  N'  to  the  form 

N'  =  firn-'+N",  or 
N  =  a  r^+b  r"-!  -f  N". 
In  the  same  manner  divide  N"  by  the  greatest  power  of  r 
contained  in  it,  as  r"~2,  and   let  the  quotient  be  c,  and  re- 
mainder N'",  and  we  shall  thus  have 

N  ZZ  o  r"  -\-  b  r"-»  +  c  r"-*  +  N'"  ; 

and  proceeding  thus  till  the  remainder  is  less  tlian  r,  as 
OT,  the  number  will  be  reduced,  as  stated  in  the  proposi- 
tion to  the  form 

N  IZ:  a  r"  -f  6  r"-'  +  c  r"-^  +  &c.  /;  r"  +  7  r  -f  :;•, 

where  6,  c,p,  &c.  are  either  zero,  or  Itss  than  r. 

If  r=  10,  then  a,  b,c,  &;.  are  the  digits  by  which  a 
number  is  expressed  in  our  common  system  of  notation  : 
thus 
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76034  =  7.10*  +  6.10'  +  0.10-  +  3.10'  +  '1  2)3   ...  Z=  1 

18461  =:  1.10*    +8.10'  +  4.102   ^  6.10'  +  1  2)1    ...  rr  1  • 

wliich  form  is  always  understood  in  cnunieraiing  the  va-  0  ...  i:  1 

lue  of  any  numljcr  ;  ih.it  is,  wc  give  in  every  digit  a  local,  ThcrcforelSlO:^  1 1 100010010  in  the  binary  scale. 
as  well  as  a  naluralor  integral  value,  and  in  tliis  contri-  and  1810:^211  1001  in  the  ternary  scale, 

vance  consists  the  advantages  to  which  wc  li;ive  alluded.         Since  it  appears  that  the  number   of  digits  in  eaci. 

It  is  evident,  thai  in  the  same  manner  we  might  em-  scale  must  be  equal  to  the  number   expressing  the  in- 

uloy  any  other  number  as  well  as    10  for  the  radix  of  a  dex,  we  must,  for  the  duodenary  scale,  have   two  addi- 

systcm  of  notation,  as  2,3,  4,  &c.  and  accordingly  as  lional  characters  for  expressing   10   and    11,  which  we 

we  use  these  ijumbcrs  the  scale  of  notation  receives  the  may  do  as  follows  :  ip  z:  10,  and  a-  :r:  1 1 . 
following  denomination,  viz.  with  the  Examlilc  3.  Willi  these  additional  characters  convert 

Radix  rzi  2  it  is  termed  the  binary  scale.  the  numbers   347556  and   215855   into  the   duodenary 

r:2:3 ternary  scale.  scale. 

r— 4 quarternary.  12)347656  12)215855 

r^ZS quinary.  12)28971 — 4  12)l79b7  —  llr:~ 

r-=lO> senary.  12)2^*14—3  12)  1498— 1  l=:?r 

r=lo dena'ry,  or  common  scale.  12)^-2  12")T2T-10=^ 

r=i:12 duodenary.  12)lj5— 9  12)10—         4 

And  in  each  of  these  scales,  the  number  of  different  di-  12)1 — 4  0 — \0ZZ<P 

gits  lor  expressing  a  proposed  number  is  always  equal  -^ 

to  the  radix  of  the  system  including  the  cipher.  Hence  347656— 149234    ?    .      ,      ,      ,  , 

2.  To  transform  a  given  number  from  the  common  .^^^  2  15855E<Z'4  ?"r 'r  5    '"  ^''^  duodenary  scale, 

scale  to  any  other  proposed  ;  or,  which  is  the  same,  to         3   y^^  convert  a  number  out  any  other  scale  into  the 

convert  a  given  number  mio  the  form  denary  or  common  scale. 

N  ■=:ar"  +  Ar"-'  +  f7''-^+&c./ir2  +  ryr+7U  This  may   be   still  effected  in   the  same   manner,  by 
r  having  any  proposed  value.  dividing   the   number  successively   by  10;   but,  in   per- 
il is  obvious,  that  if  we  divide  the  above  formula  by  fonning    this,  it  is  requisite   to   bear  well   in  mind  the 
r,  we  shall  have  for  ouji-  (|uoiient  radix  of  the  proposed  system,  so  as  to  give  a   proper 
ar"-'-f-6r"  ^^cr^'-^+  U.c.jir-\-q,  value  to   every  dividend  in   succession,   by   multiplying 
and  for  our  remainder  to.  each  leading  digit  by  the  index,  and  adding  the   next 
In  the  same  way,  this  quotient  divided  by  r  will  give  ,]igit  as  units,  which   is  perhaps  a  little  embarrassing  : 
a  quotient  jt  ^in  therefore  be  best  to  perform  the  operation  as  Ibl- 

a  ,'•—=+6  r"— 3+  c'—*+,  &c.  r  lo,^^. 
with  a   remainder  ij  ;  and  by  proceeding  thus  as   long         Examlile  1.  Let  it  be  required  to  convert  the  number 

as  division  can  be  made,  we  shall  have  in  succession,  212542  in  the  senary  sc  ale  into  ihe  common  scale, 
for  our  remainders,  TO,  r/, /I,  &c.  c,  6,  and  a  ;   which  are  Here  212542:z:2.6^-f  1.6*  +  2  63-f  5.62-|-4.6'-f  2. 

the  digits  of  the  number  in  an  inverted  order;  conse-  Therelort  2.6*  ir:  15552 

qnently  those   digits  with  their    proper   order  become  1.6*:^    1296 

known.  2.6^=      432 

iCxam.  1.  Convert  17486  into  the  senary  scale.  •  S.e^m      180 

Here,  by  the  above  proportion,  45  -^        24 

6)17486  '1    ZZ.  2 

6)2914  rem.  2n  w  

6)485   ...  4=1/  Hence  212542  =  17486  in  the  denary  scale. 

g-Tg^  J y;  Our  common  rules  for  performing  operations  in  what 

c>Ah        "  o  —  '*  called  duodecimals,  is  a   mixture  of  the  denary  and 
111  ■  ■  '   ~  ~  '^  duodenary  scales  ;  viz.   the  parts  less  than  feet  are  ex- 
6)2^  ...    1  —  o  pressed    according  to    the   duodenary   system,  but    the 
0  ...  2  r:  a  i'eei  in  the  decimal  or  denary.     But  by  first  changing 
Hence  212542,  in  the  senary  scalc,Js  equal  to  17486  ti,c   number  of  feet  into  the   duodenary   scale,  all   the 
in  the  common  scale.  operations  are  much  siniplilied,  and  the  results  obtained 
Rxam.  2.  Transform  1810  into  the  binary  and  ternary  wjih  much  less  labour,  as  appears  in  the  following  ex- 
scales,  amples. 

Binary.  Ternary.  Jixam.  1.    Multiply    17  feel  3  in.  4  pts.  by    19    feet  5 

2)1810  3)1810  in.  ,  ,  p,3. 

2)905  rem.  =  0  3)603=1  l-'t-    In.  Pts. 

2)452...   =1  sWl^O  Here  15.34=  17      3     4 

-T^TTTT. 17.5ir=19      5    II 

2)226  .  .  .  ZZO  3)67  =  0 

2)113  .  .  .-  =  0  3)22  =0  13^08 

2)56   .  .  .  ZZ\  3)7  =  1  7248 

2)28   ...  mo  3')2  =:  I  <''^'^* 

2)J£  .  .  .  =  0  ""0=2  '^^^ 

2)7   ...  =0  240-9688  =  336  ft.  9' 6"  8"' 8'-^. 
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Exam.  2.  The  area  of  a  rectangle  is  336  ft.  9'  6'' 
8'"  8'",  and  the  breadth  is  17  ft.  3  in.  4  pts.  Required 
the  iength. 

Here   336   ft.  9'  6"   8'"   8'^=  240.9688,   and  17  ft.  3' 
4"~  15  34  ill  the  duodenary  scale  ;   wherefore 
1534)240.9688(I7.STrzl9  ft.5'  11" 
1534 

4)856 

^03-4 


13<?0S 
13(^08 
Besides  the  simplicity  of  this  mode  of  operatien,  it  has 
•also  the  advantage  of  heing  proved  by  casting  out  the 
1  \'s  fiom  the  factors,  the  same  as  we  do  the  9'«  in  our 
common  operations;  for  in  every  scale  this  property 
holds  good,  provided  we  employ  a  number  I  less  than 
the  radix  of  the  system,  as  will  appear  from  the  following 
propositions. 

4.  In  any  scale  of  notation,  if  the  sum  of  the  digits 
by  which  a  number  is  expressed  be  subtracted  from  the 
number  itself,  the  remainder  will  be  divisible  by  the  ra- 
dix minus  1 . 

Let  Nzrar"-}-*'^" — '-4-cr" — 2  +  ,  b.c.fi  r^-f  y  r+w 
represent  any  numbers,  n  +  6  -{-  c  -J-,  Sec.  /^  +  17  +  to, 
being  the  sum  of  its  digits.  Then,  by  subtracting  these 
from  the  foimer,  we  have 

l^ar^ a)  +  («  r" — '—A)  -f  {cr" — ^c)  +,  Sec.  (/ir^— /j) 

-\-(^qr — 9),  which  is  equal  to 

a  (r"— 1)  +  (r" — '— 1)  +  f(/'' — 3—1)  +  /;   (r^—\) 

+ 1  ('•—!) ; 

and  since  the  difference  of  any  two  powers  is  divisible 
by  the  difference  of  tiieir  roots,  it  is  evident  that  each  of 
those  terms  is  divisible  by  r — 1  ;  and  consequently  the 
whole  expression  is  divisible  by  the  same. 


Hence  any  number  divided  by  one  less  than  the  raditc 
of  the  system,  will  leave  the  same  remainder  as  tlie  sum 
of  the  digits  by  which  the  number  is  expressed,  when 
divided  by  the  same  divisor. 

Thus  in  our  common  scale  of  notation,  a  number  di- 
vided by  9,  and  the  sum  of  its  digits  divided  by  9, 
will  leave  the  same  remainder;  and  in  the  duodenary 
scale,  a  number  divided  by  II  will  leave  the  same  re- 
mainder as  the  sum  of  its  digits  divided  by  1 1  ;  and  so 
on  for  any  other  scale  or  system. 

This  constitutes  the  basis  of  onr  method  of  proving 
multiplication  by  casting  out  the  nines  from  the  two 
factors,  and  from  the  product  ;-and  from  the  sum  of 
the  digits  in  each  factor  and  from  their  product,  wliich 
ought  to  leave  the  same  remainder  as  in  the_ former  case, 
when  the  operation  is  correct. 

Let  M  and  N  represent  any  two  factors,  and  m  and  n 
the  sum  of  the  digits  of  each ;  then,  from  what  has  been 
shown  above,  we  shall  have 

M  rz  9  a  +  r         also  m  —  9  a'  -f  r 
N=:96-f-s  ra=:9  6'4-s 

Hence  MN^:8  la  A-f-9  br  +  9  a  s  +  r  a, 

And  m  n  ZZ8  \  a'  b'  +  9'  b  r  +  <3  a'  s  +  r  s. 
Consequently    each  of  these  products,  when  divided  by 
9,  will  leave  the  same  remainder;  and  the  same  is  obvi- 
ously true  of  every  system  by  using  a  number  equal  to 
the  radix  minus  1. 

We  might  have  extended  these  researches  to  a  much 
greater  length,  if  the  nature  of  our  work  would  have 
admitted  of  it  :  as  this  is  not  the  case,  we  must  be  satis- 
fied with  referring  tliose  who  are  desirous  of  farther 
information  on  this  subject,  to  the  works  quoted  in  va- 
rious parts  of  this  article. 

NUMERATION.  Sec  Arithmetic. 

NUMIDIA,  in  ancient  geography,  was  a  country  in 
the  north  of  Afi  ica,  which,  according  to  Slrabo,  compre» 
bended  the  kingdoms  of  the  Massyli  and  Massaesyli. 
It  is  now  occupied  by  th.e  kingdoms  of  Algiers  and 
BiLEDULGERiD,  already  described. 
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NuMisM.VTOLOGY,(from  N«fii(r«£<,  a  coin  or  piece  of  mo- 
ney, and  Ao"/o«.  a  discourse,)  is  that  branch  of  historical 
science  wiiich  treats  of  coins  and  medals.  The  study 
of  numismatology,  especially  of  ancient  coins  and  medals, 
is  of  singular  importance  in  illustrating  the  history;  chro- 
nology, geography,  mythology,  as  well  as  the  manners 
and  customs  of  the  states  of  antiquity.  The  historical 
evidence  which  they  afford  is  superior  to  every  other,  be- 
cause their  testimony  is  contemporaneous;  and,  unlike 
the  works  of  ancient  authors,  thty  arc  not  liable  to  be 
corrupted  by  the  negligence  of  transcribers.  Coins  and 
medals  also  afford  us  a  pretty  certain  criteiion  of  the 
progress  of  the  fine  arts  at  difl'erent  periods,  and  among 
various  nations.  Thus  we  are  enabled  to  determine,  not 
only  from  historical  records,  but  likewise  from  an  ex- 
amination of  ancient  coins,  that  the  golden  age  of  the 
arts  in  Greece  commenced  about  the  time  of  Philip  II. 
of  Macedon,  that  it  continued  under  the  reign  of  his  son, 
Alexander  the  Great,  and  maintained  itself  for  a  con- 
sidtrable  period  under  his  successors.  Farther,  his- 
tory gives  us  little  information  with  respect  to  the  state 
of  the  arts  in  several  ancient  countries,  such  as  Magna 
Grsecia,  Sicily,  &c.  while  with  regatd  to  others,  such  as 
Vol.  XIV.  P.\rt  H. 


BoEotia,  Bithynia,  Sec.  historical  testimony  seems  to 
deny  them  all  pretension  to  taste.  But  we  know  from 
existing  monuments,  that  in  Magna  Grajcia,  and  Sicily, 
the  arts  must  have  flourished  in  a  very  high  degree,  for 
even  their  coins  in  most  common  use  are  executed  in  a 
style  of  singular  beauty.  From  the  same  source  we 
learn  that  the  natives  of  Boeotia  and  Bithynia,  as  well  as 
the  more  celebrated  slates  of  Greece,  possessed  a  fine 
feeling  of  all  that  is  beautiful  in  art. 

But  this  taste  prevailed  not  merely  in  the  larger  cities 
of  Greece,  where  it  might  be  fostered  by  wealth  and  lux- 
ury ;  it  extended  to  their  remotest  colonies,  and  tlicir 
most  inbignilicant  communities.  How  unimportant,  for 
example,  is  the  liistory  of  Sybvitia,  one  of  tiic  smallest 
towns  in  Cictc  1  Yet  the  coins  struck  there  will  stand  a 
comparison  with  the  finest  that  ever  were  executed  in 
Greece.  The  same  may  be  said  of  the  Ionian  colony 
which  established  itself  in  Gaul,  and  founded  the  town 
of  IMarseillcs  ;  of  the  Cyreneans  in  .Africa,  and  of  the 
Macedonian  colony  which  Alexander  the  Great  left  be- 
hind him  in  Bacti  iana. 

After  the  conquest  of  Greece  by  the  Romans,  and  the 
transference  of  its  treasures  to  Rome,  the  arts  and  .sti- 
4  R 
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cnces  in  the  former  country  rapidly  declined.  This  is 
easily  observable  in  the  stale  of  their  coinage  durinj^ 
the  period  of  the  Roman  emperors,  which  scarcely  af- 
fords a  trace  of  the  puie  tase  which  had  been  previously 
exhibited  by  lhj.t  ingenious  people  in  the  fine  arts.  The 
Greek  artists  emigrated  to  Rome,  where  they  sought 
that  encouragement  which  was  no  longer  to  be  found  in 
their  own  country  ;  and  the  arts  revived  and  flourished 
once  more  amidst  the  weallh  and  luxury  of  the  capital 
of  the  western  empire.  So  long  as  Rome  preserved  its 
internal  strength  and  independence,  its  coinage  was,  for 
the  most  part,  exceedingly  beautiful.  This  period  com- 
menced about  the  latter  days  of  the  republic,  and  con- 
tinued down  to  the  reign  of  the  Emperor  Commodus. 
From  that  time,  however,  the  art  gradually  declined, 
until,  under  the  last  emperors,  ilie  taste  displayed  in 
their  coinage  became  perfectly  barbarous. 

Ancient  coins  have  been  found  buried  in  the  earth,  at 
various  times,  in  considerable  quantities.  In  Sicily, 
the  silver  coins  with  the  head  of  Proserpine,  are  said  to 
have  been  found  in  such  numbers  as  to  weigh  600  French 
livres.  In  the  sixteenth  century,  60,000  Roman  coins 
were  found  at  Modena,  supposed  to  have  been  a  mili- 
tary chest  hid  after  the  battle  of  Bedriacum,  when  Oiho 
was  defeated  by  Vitellius.  Laz,  a  trust-worthy  author 
of  Vienna,  mcniions  that,  in  his  time,  that  is,  in  the  reign 
of  the  Emperor  Ferdinand  I.  there  was  found  buried  in 
a  river  in  Transylvania,  a  treasure  consisting  of  upwards 
of  40,000  gold  coins,  most  of  which  bore  the  Greek 
name  of  the  Thracian  king  Lysimachus.  In  the  year 
1760,  near  30,000  Roman  coins  were  found  in  earthen 
vessels,  neai  Brest  in  Breiagne.  By  such  accidental 
discoveries  as  these,  such  a  surprising  number  of  an- 
cient coins  has  come  into  our  hands,  that  it  is  easier  to 
exhibit  one  hundred  coins  of  Augustus,  or  Nero,  or  of 
Dyrrachium,  a  town  once  of  no  great  importance  in 
Illyria,  than  one  of  Charlemagne,  or  any  of  the  other 
German  emperors  of  the  middle  ages. 

The  most  ancient  coins,  the  antiquity  of  which  can  be 
ascertained,  are  those  of  some  of  the  kings  of  Macedo- 
nia, of  whom  Alexander  I.  and  Archclaus  I.  belong  to 
the  fifth  century  before  Christ.  At  the  same  time, 
there  is  a  great  number  of  coins  of  towns,  particularly  in 
Magna  Gracia  and  Sicily,  which  bear  unquestionable 
traces  of  a  much  earlier  origin.  To  these  belongs  the 
coin  (Plate  CCCCXX.  Fig.  1.)  which  bears  the  impres- 
sion of  an  ox,  raised  on  one  side,  and  hollow  on  the  other  ; 
a  style  of  coinage  which  appears  to  have  prevailed  in 
Magna  Grxcia  in  remote  antiquity.  The  inscription 
VM  points  to  those  times  when  M  was  written  instead 
of  2,  and  V  instead  of  T  ;  and  when  the  original  oriental 
practice  of  writing  from  right  to  left  was  still  retained. 
For  VM  is  here  the  same  as  ST,  the  initial  letters  of 
the  well-known  town  of  Sybaris  in  Magna  Gijecia. 
But  of  this  kind  of  coins  nothing  fartlier  can  be  deter- 
mined with  precision,  because  they  afford  no  chronolo- 
gical data  to  enable  us  to  ascertain  their  exact  age. 

The  ancient  numismatology  extends  from  the  earliest 
times  to  the  fall  of  the  western  empire ;  the  numisma- 
tology of  the  middle  ages  commences  with  Charlemagne  ; 
and  that  of  modern  times  with  the  emperor  Maxi- 
milian I. 

The  subject  of  numismatology  has  been  treated,  either 
partially  or  at  large,  by  various  authors,  such  as  Vail- 
lant,  Beauvais,  Le  Blanc,  Banduri,  Beger,  Hancarvilie, 
Cooke,  Sestini,  Pinkerton,  and  others,  to  whose  works 
ive  shall  refer  at  the  end  of  this  article.    But  tlje  most 


distinguished  name  in  this  science  is  undoubtedly  that 
of  Eckhel  of  Vienna,  a  man  of  profound  learning  and 
excellent  judgment,  who  first  reduced  this  branch  of 
knowledge  into  systematic  order,  and  whose  methodical 
arrangement  we  propose  to  adopt,  with  some  slight  de- 
viations, in  the  sequel. 

Before  proceeding,  however,  to  the  classification  and 
description  of  ancient  coins,  it  appears  necessary,  for  the 
better  understanding  of  the  sul)ject,  that  we  should 
make  some  preliminary  observations  on  the  metals  of 
which  they  were  composed,  their  weight,  value,  and 
size,  their  names  and  denominations,  the  languages  in- 
scribed upon  them,  as  well  as  upon  the  various  methods 
of  forging  and  imitating  these  interesting  remains  of  an- 
tiquity. 

The  materials  of  which  the  ancient  coins  were  com- 
posed were,  as  in  modern  times,  gold,  silver,  and  the 
various  modifications  of  copper.  The  laws  of  Lycur- 
gus  also  make  mention  of  iron  coins  being  introduced 
among  the  Spartans  ;  and  tiie  same  has  been  said  of  Bv- 
zantium.  But  experience  has  not  confirmed  this  infor- 
mation; and  even  if  it  had  been  llie  case,  it  is  not  likely 
that  coins  of  a  metal  so  liable  to  be  destroyed  by  rust,  as 
iron,  should  have  been  preserved  to  modern  times.  All 
that  remains  to  us  of  the  ancient  coinage,  is  composed 
of  the  three  metals  above  mentioned  ;  and  that  these 
were  the  only  materials  used,  appears  liiglily  probable 
from  numerous  specimens  of  the  coins  of  the  emperor 
Augustus,  on  the  reverse  of  which  the  triumviri,  who 
had  the  superintendance  of  the  mint,  used  to  denominate 
themselves:  IIIVIR.A.A.A.F.F.  that  is,  jiuro  Argento 
Aere  Flarido  Feriundo.     (Plate  CCCCXX.  Fig.  2.) 

Among  the  Romans  and  Greeks,  the  gold  and  silver 
was  of  the  finest  quality.  Some  important  changes,  how- 
ever, look  place  in  the  Roman  silver  coinage  :  for  its  in- 
trinsic quality  became  depreciated  in  proportion  to  the 
decline  of  the  resources  of  the  empire.  From  the  time 
of  the  emperor  Severus,  the  quantity  of  base  alloy  was  con- 
siderable ;  and  afterwards  the  copper  came  to  predominate 
over  the  silver.  These  coins,  therefore,  were  called 
iiwni  tsrosi,  or  incocciles,  on  account  of  the  great  admix- 
ture of  copper.  From  the  time  of  Claudius  Gothicus, 
to  that  of  Dioclesian,  silver  coins  are  exceedingly  rare  ; 
but  it  was  common  to  wash  over  the  brass  or  copper 
coins  with  silver. 

The  ancient  brass  coins  consist  partly  of  pure  copper, 
and  partly  of  a  mixture  of  that  with  other  metals.  For 
a  long  period,  antiquaries  were  accustomed  to  talk  of 
coins  of  Corinthian  brass  ;  but  this  idea  has  been  justly 
ridiculed  by  the  more  modern  numismatologists,  who 
asseri  that  not  one  coin  has  ever  been  exhibited  of  this 
metal,  which  appears  to  have  been  employed  only  in  the 
manufacture  of  statues,  vases,  and  toys.  It  is  certain, 
that  upon  analyzing  some  of  those  coins  which  were 
said  to  be  of  Corinthian  brass,  no  traces  of  gold  could  be 
found. 

As  gold  is  not  liable  to  be  affected  by  rust,  the  coins 
of  this  metal,  in  general,  are  found  in  a  state  of  excellent 
preservation.  The  silver  coins  have  fared  worse  ;  but 
those  of  brass  worst  of  all.  A  single  circumstance, 
however,  has  frequently  proved  highly  favourable  to  the 
coins  of  brass  and  copper ;  that  is,  when,  by  lying  in  a 
certain  kind  of  soil,  they  have  acquired  a  species  of  fine 
rust,  like  varnish,  which  is  at  once  preservative  and  or- 
namental. This  fine  rust,  says  Mr.  Pinkerton,  which  is 
indeed  a  natural  varnish,  not  imilabic  by  the  art  of  man, 
is  sometimes  of  a  delicare  blue,  like  that  of  a  turquoise  ; 
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faonielinies  of  a  bronze  brown,  equal  to  that  obscivable 
in  ancient  statues  of  bronze,  and  so  highly  prized  ;  and 
someiimes  of  an  exquisite  green,  a  liitle  on  the  azure 
hue,  which  last  is  the  most  beautiful  of  all.  It  is  also 
Ibund  of  a  fine  lairple,  of  olive,  and  of  a  cream  colour,  or 
pale  yellow,  which  last  is  exquisite,  and  shows  the  im- 
pression to  as  much  advantage  as  paper  of  a  cream  co- 
lour, used  in  al!  t;reat  foreign  presses,  does  copperplates 
and  printing.  The  Neapolitan /ia^/'na  (the  rust  in  ques- 
tion) is  of  a  liglit  green;  and,  when  free  from  excres- 
cence or  bleujibh,  is  very  beautiful.  Someiimes  the  pur- 
ple patina  gleams  through  an  upper  coat  of  another 
quality,  with  as  fine  effect  as  a  variegated  silk  or  gem. 
In  a  few  instances,  a  rust  of  a  deeper  green  is  found  ; 
and  it  is  sometimes  spotted  with  the  red  or  bronze 
shade,  which  gives  it  quite  the  appearance  of  the  East 
Indian  stone,  called  the  blood-stone.  These  rusts  are 
all,  when  the  real  product  nf  time,  as  hard  as  the  meta! 
itself,  and  preserve  it  much  better  than  any  artificial  var- 
nish could  have  done  ;  concealing,  at  the  same  time,  not 
the  most  minute  particle  of  the  impression  of  the  coin. 

With  regard  to  the  weighi,  value,  kc,  of  the  ancient 
coins,  we  shall  speak  first  of  the  Roman,  and  afterwards 
of  the  Greek  coinage. 

According  to  the  testimony  of  Pliny,  the  Romans  first 
began  to  coin  money  in  the  reign  of  Servius  TuUius. 
This  coinage  was  entirely  of  copper  or  brass,  and  was 
estimated  by  weight.  The  regulating  weight  was  the 
pound,  (as,  libra,)  which  was  divided  into  twelve  ounces. 
The  half  pound  was  called  semis.  The  mark  of  a  pound 
on  a  piece  of  money  was  a  straight  line,  like  the  letter 
I. ;  that  of  a  half  pound  S,  being  the  initial  letter  of  the 
word  semis.  The  mark  of  an  ounce  was  a  small  ball. 
If  the  piece  contained  1,  2,  3,  4,  or  5  ounces,  this  was 
designated  by  as  many  balls.  For  a  considerable  time, 
the  as,  whether  considered  as  a  pound,  or  as  a  piece  of 
money,  was  of  equal  weight;  but  afterwards  its  weight, 
as  money,  gradually  became  much  depreciated.  The 
impression  on  the  as  was,  on  the  one  side,  the  double 
liead  of  Janus,  and  on  the  other  a  ship.  Plate  CCCCXX. 
Vigs.  3,  4,  5. 

The  Romans  began  to  coin  silver  money  a  few  years 
before  the  first  Punic  war.  It  consisted  of  the  Dena- 
rius, Quinarius,  and  Sestertius.  The  Denarius  was  so 
called,  because  it  contained  denos  asses,  or  ten  pounds 
of  brass;  in  like  manner,  the  Quinarius,  or  half  of  the 
Denarius,  contained  the  value  of  five  pounds ;  and  the 
Sestertius,  or  half  of  the  Quinarius,  two  pounds  and  a 
half  of  brass.  The  mark  of  the  Di-narius  was  X.  that 
of  the  Quinarius  V.  and  that  of  the  Sestertius  IIS.  Plate 
CCCCXX.  Fig.  6,7,  8.  In  the  older  times,  all  the  three 
coins  had  the  same  impressions,  viz.  on  the  obverse, 
the  winged  head  of  Pallas,  and,  on  the  reverse,  the 
mounted  Dioscuri,  or  Castor  and  Pollux.  But  at  a  later 
period  the  subjects  were  chosen  in  an  arbitrary  man- 
ner, as  we  shall  have  occasion  to  show,  when  we  come 
to  treat  of  the  coins  of  the  Roman  families.  On  the 
Quinarii  there  was  generally  impressed  a  goddess  of 
victory,  on  which  account  they  were  frequently  called 
Victoriati. 

The  Romans  reckoned  all  their  sums  of  money  by 
sesterces;  but  the  manner  in  which  they  expressed 
themselves  was  so  confused,  that  for  the  better  under- 
standing of  the  ancient  authors,  it  may  be  proper  to  lay 
down  the  three  following  rules.  1.  When  the  word  ses' 
tertius  is  used  in  the  masculine  gender,  e.  g.  trecenti  ses- 
tertii, the  word  numi  is  understood,  and  as  many  sester- 


ces are  meant  as  arc  expressed  by  the  number:  as  in 
the  present  i[>stance,  300.  2.  When  the  word  sestertius 
is  used  in  the  neuter  gender  and  plural  number,  c.  g. 
trccenia  sestertia,  in  order  to  discover  the  sum  meant 
to  be  expressed,  we  must  multiply  the  number  given 
by  1000  ;  conseqenlly  trecenta  sestertia  make  300,000 
sesterces.  When  the  word  is  used  in  the  neuter  gen- 
der and  singular  number,  and  the  word  denoting  the 
number  is  formed  by  a  termination  in  ies,  e.  g.  dccies 
seslertium,  then  the  number  must  be  multiplied  by 
100,000.  Decies  «f«;frrmm,  therefore,  means  a  million 
In  writing,  these  numbers  are  expressed  thus  :  IIS. 
trecenii,  or  IIS.  trecenta,  or  IIS.  decies.  But  it  is  some- 
times diflicult  to  discover  the  number  when  it  is  ex- 
pressed by  means  of  letters.  Thus,  IIS.CCC.  may  be 
read  in  three  ways:  sestertii  trecenii,  sestertia  trecenta, 
seitertium  trrcenties ;  and  upon  this  ambiguity  was 
founded  the  fraud,  by  which  the  emperor  Tiberius  de- 
prived Galba  of  a  rich  legacy.  Livia,  the  wife  of  Au- 
gustus, had  written  in  her  testament:  Galba  shall  re- 
ceive IIS.D.  :  by  which  she  undoubtedly  meant  II. S, 
fjuingenties  ;  but  Tiberius,  her  son  and  heir,  chose  to 
read  it,  sestertia  rjuingena.  In  general,  however,  the  true 
reading  can  be  easily  determined  by  the  circumstances. 
On  a  beautiful  coin  of  the  emperor  Hadrian,  there  is  re- 
presented a  lictor,  with  the  fasces  in  his  left  hand,  and 
in  his  right  a  torch,  with  which  he  is  setting  fire  to  a 
heap  of  vouchers.  Around  is  the  following  inscription  : 
Relif/ua  Vetera,  IIS.  Novies  IMili.ies  Abolita  ;  which 
means,  that  Hadrian  had  extinguished  the  remaining 
debt  of  the  nation,  to  the  amount  of  IIS.  novies  millies. 
Plate  CCCCXX.  Fig.  9. 

It  is  difficult  to  ascertain  the  precise  value  of  the  Ro- 
man sestertius;  but  it  is  supposed  to  have  been  worth 
about  two-pence  of  our  money.  Numismatologists,  in 
general,  have  been  in  use  to  reckon  the  sestertius  among 
the  number  of  silver  coins;  but  Mr.  Pinkerton  censures 
this  idea,  and  contends,  principally  upon  the  authority 
of  a  passage  from  Pliny,  that  the  sestertius  was  of  brass. 
Is  it  not  possible  that  the  sestertius  may  have  been  coin- 
ed at  different  times,  both  of  silver  and  of  brass  ;  just  as 
our  copper  coins  of  the  present  day  were  of  silver  in  the 
reign  of  Henry  VIII  ? 

The  general  denomination  of  tlie  silver  money  among 
the  Greeks  was  the  drachma,  or  eighth  part  of  an  ounce  : 
which  according  to  Mr.  Pinkerton,  was  about  nine-pence 
Sterling.  The  Roman  denarius,  although  generally  con- 
sidered as  equivalent  to  the  Greek  drachma,  was  only 
worth  eight-pence.  From  the  drachma  were  derived 
the  numi  didrachmi,  tridrachmi,  letradrachnii — coins  of 
the  value  of  two,  three,  and  fourdrachmas.  The  small- 
er silver  coins  were  the  obolus,  diobolus,  triobolus,  and 
hemiobolus,  £cc.  The  most  minute  coin  yet  met  with  is 
the  tetraobolio7i  dichalios,  or  quarter  obolus. 

In  Greece,  large  sums  were  reckoned  by  Minje  and 
Talents.  Theminae  contained  100  drachmas;  and  the  fa- 
lent  60  minae  ;  so  that  the  talent  contained  6000  drach- 
mas. The  mina  is  supposed  to  be  a  pound  weight  of  the 
country  to  which  it  belonged.  The  standard  of  the  ta- 
lent varied  in  different  countries. 

Gold,  according  to  Pliny,  began  to  be  coined  at  Rome 
about  sixty-two  years  after  the  introduction  of  silver- 
money.  During  the  period  of  the  commonwealth  the 
quantity  was  very  inconsiderable;  but  it  increased  preatly 
from  the  lime  of  Julius  Caesar  downwards.  The  Roman 
Aureus,  or  gold  coin,  was  of  the  value  of  25  denarii,  or 
100  sesterces.  Its  weight  and  value,  however,  under- 
4  R  2 
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•went  several  variations.  Of  the  gold  coinage  of  Greece 
little  is  known. 

With  respect  to  their  size,  brass  coins  were  generally 
divided  into  tliree  classes,  corresponding,  in  some  degree, 
to  Nos.  3,  4,  and  5,  in  Plate  CCCCXX.  Tlicy  are  call- 
ed in  Latin,  numi  I.  II.  III.  /or7iia,  or  moduli.  Those 
■which  considerably  exceed  the  first  size  are  called  Me- 
dallions, numi  maxima:  forme,  or  moduli.  Tlie  same 
classification  is  also  adopted  in  silver  and  gold  coins. 

Anciently,  various  names  were  given  to  diflcrent 
classes  of  coins,  in  consequence  of  particular  circum- 
stances. Many  of  them  liave  been  preserved  by  Julius 
Pollux  ;  but  we  shall  merely  notice  a  lew  of  them,  which 
can  be  verified  by  an  inspection  of  the  coins  themselves. 
They  sometimes  received  their  njme  from  the  image 
impressed  upon  them.  Tiius,  the  Aihcniaii  coins  were 
called  owls,  because  this  bird  was  represented  on  their  re- 
verse, (Plate  CCCCXXII.  Fig.  41.)  Hence,  it  was  said 
of  money  concealed  under  the  root  of  a  house  ;  multte 
?toctu<£  su6  ceramico  (id  est,  tegulis)  cubant.  l"'or  the 
same  reason,  there  was  a  species  of  coin  in  the  Pelopon- 
nesus which  bore  the  name  of  Tortoise,  (Plate  CCCCXX. 
Fig.  10.)  Hence  the  proverb — virtutem  et  safdentiam  vin- 
cunt  testudinea.  The  Persians  had  an  archer  on  their 
coins,  (Plate  CCCCXX.  Fig.  11.)  When  Agesilaus, 
king  of  Sparta,  attacked  the  Persians  in  Asia,  the  latter, 
by  a  secret  distribution  of  money,  induced  the  towns  of 
Greece  to  declare  war  against  the  Spartans.  Agesilaus 
being  on  this  account  obliged  to  retreat,  he  complained 
that  30,000  archers  had  forced  him  to  quit  Asij.  In  Asia 
Minor,  there  was  a  small  silver  coin  which  had  the  name 
of  Cistv/i/iorus,  because  it  was  impressed  with  the  mys- 
terious Chest  of  Bacchus,  (Plate  CCCCXXI.  Fig.  12.) 
The  Romans  had  their  victoriati,  from  the  image  of 
^'iclol■y  ;  tlitir  raiili,  from  the  image  of  a  ship,  (Plate 
CCCCXX.  l''ig.  3  ;)  their  bigati aui.]  cjuadrigati,  from  the 
impression  of  a  two  or  four  horse  ch:uiot. 

Coins  sometimes  derived  their  names  from  the  person 
who  first  caused  them  to  be  struck.  Thus,  Philip  U. 
of  Maccdon  introduced  a  gold  coinage;  and  Darius,  king 
of  Persia,  caused  the  urchers,  above  mentioned,  to  be 
coined  of  gold  and  silver.  lience  the  Philipfti  and  Da- 
rice,  which  are  so  often  mentioned  by  the  classical  writ- 
ers ;  corresponding,  in  some  degree,  to  the  modern 
I.ouis-d'or  of  Frahce,  the  Frederic  d'or  of  Prussia,  the 
Caroline  of  Brunswick,  Sic. 

Coins  were  occasionjily  named  from  some  circum- 
btance  attending  their  iurm  or  workmanship.  Thus  tlie 
Komans  !iad  their  7iumi  scrrati — coins  of  silver,  so  called 
because  tlu-y  were  cut  p-ound  the  edge  like  a  saw,  (Plate 
CCCCXXI.  Fig.  1.)  ll  has  been  thought  that  the  Ro- 
mans introduced  this  jjractice,  in  order  to  frustrate  the 
unlawful  designs  of  the  fjlse  coiners.  At  the  same  time, 
it  may  have  been  merely  a  fashion  which  prevailed  for  a 
time  at  Rome;  for,  at  oi.e  period,  saw-edged  coins  of 
brass  weie  struck  in  Syria,  which  could  nol  have  been 
done  with  a  view  to  prevent  fraud.  The  numi  incusi  are 
such  as  have  the  same  li.a;ure  on  both  sides;  on  the  one 
side  raised,  and  on  the  other  hollow.  Of  these  there  are 
two  kinds.  They  aie  cither  intentionally  hollow  on  one 
side — a  practice  which  prevailed  in  many  of  the  cities 
of  Magna  Grsecia  from  the  earliest  times,  as  we  have 
already  observed  with  respect  to  a  coin  of  Sybaris  ;  or 
they  have  become  so  in  consequence  of  an  oversight  of 
the  artist,  who  had  placed  the  coin  to  be  struck  above 
another  coin,  the  impression  of  which  had  been  conmiu- 
nicaled  to  the  under  part  of  the  superincumbent  metal. 


The  contorniatt  were  copper  pieces  of  the  medallion 
form,  so  called  because  of  the  hollow  circle  which  runs 
round  their  edges.  These  were  all  fabricated  at  Rome, 
in  the  latter  limes;  but  instead  of  the  heads  of  the  em- 
perors, they  have  frequently  Uie  portraits  of  foreign  kings, 
or  other  celebrated  personages  of  antiquity.  The  re- 
verses exhibit  a  variety  of  images  ;  most  of  them  hav- 
ing a  reference  to  the  chariot  races  and  public  games. 
We  have  given  a  specimen  of  one  of  tiicin  in  Plate 
CCCCXX.  Fig.  12.  which,  on  the  obverse,  exhibits  the 
portrait  and  name  of  Alexander  the  Great,  and  on  the 
reverse,  Sylla,  in  the  act  of  seizing  some  of  the  compi- 
nions  of  Ulysses  by  the  hair  of  the  head,  and  dragging 
them  out  of  the  ship,  accoiding  to  the  narrative  of  IIo- 
mcr.  Numismatologists  are  not  agreed  as  to  the  use 
and  inlenlion  of  this  siiecies  of  coins.  The  more  pro- 
bable opinion,  however,  is,  that  they  had  a  reference  of 
some  kind  or  another  to  the  Circensian  games. 

The  ancient  coins  contain  figures  and  inscriptions  on 
their  obverse  and  reverse.  It  seldom  happens  that  the 
reverse  is  left  (juiie  blank.  There  frequently  appears 
upon  this  side  an  irregular  indentation,  such  as  we 
formerly  remarked  in  a  coin  of  the  Peloponnesus,  Plate 
CCCCXX.  Fig.  10.;  and  this  is  always  a  sign  of  high 
antiquity,  before  the  art  was  known  of  communicating 
an  impression  to  both  sides  of  the  coin  ;  just  as,  in  the 
infancy  of  printing,  an  impression  was  made  orily  upon 
one  side  of  the  leaf. 

The  obverse  generally  exhibits  the  head,  either  oi 
some  diviiiity,  or  of  an  emperor,  king.  Sec.  The  re- 
verses present  the  most  agreeable  diversity  of  objects, 
which  distinguisli  them  advanl.igeously  from  the  current 
coins  of  the  middle  ages,  and  of  modern  times,  so  tire- 
some from  their  dry  monotony.  Yet  several  towns  and 
sovereigns  of  antiquity  were  partial  to  some  particular 
figure;  as  Athens  to  its  Pallas  and  owl  ;  Apjilonia  and 
Dyrrachium  to  their  sucking  calf;  Sybaris  to  its  ox  look- 
ing backward;  Alexander  to  the  standing  figure  of  vic- 
tory, or  tl-.e  silling  Jupiter  ;  Lysimachus,  king  of  Thrace, 
to  the  sitting  Pallas,  Sec.  To  these  may  be  added  cer- 
tain national  symbols.  'J'hus,  the  Sicilian  towns  fre- 
quently exhibited  their  three  human  feet  bound  toge- 
ther, to  represent  the  three  promontories  of  their  island, 
Pelorum,  Pachynum,  and  Lilybasum,  Plate  CCCCXX. 
Fig.  28.;  the  Bojotians  their  shield,  Plcte  CCCCXXII. 
Fig.  38.  ;  the  Macedonians  their  oval  shields,  set  round 
in  the  form  of  a  garland,  Plate  CCCCXXII.  Fig.  37. 
Other  nations  represented  some  of  the  most  remarkable 
productions  of  their  country,  e.  g.  Egypt,  the  crocodile; 
Phoenicia,  the  pahn-tree  ;  Cyrene,  tlie  precious  plant, 
laaerjiicium.  Sometimes,  too,  the  Greeks  chose  such 
figures  as  con'.ained  a  play  upon  the  names  of  their 
towns.  Thus  Cordia,  in  Thrace,  had  a  heart  ;  Side, 
in  Pamphylia,  a  pomegranate,  Phite  CCCCXX.  Fig. 
15.;  the  island  of  Rhodes,  a  rose,  &c.  It  frequently 
happens,  in  these  cases,  that  the  name  of  the  town  is 
not  even  inscribed  ;  the  figure  being  left  to  speak  for 
itself.  The  Romans,  too,  adopted  this  playful  figu- 
rative language.  Thus,  Publicius  Malleolus  had  upon 
his  coins  a  hammer  ;  Valeiius  Acisculus,  a  sort  of  pick- 
ax, which  was  used  for  splitting  stones  ;  Aquilius  Flo- 
rus,  a  flower:  Furius  Purpureo,  the  sea-cockle,  from 
which  the  purple  dye  was  prepared,  Sec.  The  favourite 
objects  among  the  Giccks,  for  representing  upon  their 
coins,  as  well  as  in  their  other  works  of  art,  were  their 
divinities,  and  every  thing,  indeed,  which  was  connected 
with  their  religion.     Among  ihejr  religious  exercisfs. 
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too,  may  be  reckoned  iheir  solemn  games,  to  which  they 
were  passionaiely  attached.  These  aie  of'cii  represent- 
ed upon  coins  by  means  of  a  vessel  tin  mounted  by  a 
brancii  of  palm,  as  the  piizc  of  the  victory.  The  species 
of  pamcs  is  always  marked  upon  them,  e.g.  OATMITM, 
nt&lA,  AKTIA,&c.  the  Olympic,  P)thiaii,  Action  g..in<.s, 
&c.  A  speciiiicn  of  these  will  be  tound  in  u  coin  of  Pe- 
rinthus  in  Thrace.     Plate  CCCCXX.  Fig.  13. 

In  the  Roman  coins,  on  the  oiher  lund.  there  is  more 
of  the  histoiical  and  tlie  symbolical.  We  shall  have  oc- 
casion to  notice  several  specimens  of  the  historical  in 
the  sequel.  Their  symbolical  consisted  in  representing 
all  the  virtues,  and  indeed  every  tiling  that  promotes  hu- 
man happiness,  by  an  accurate  and  ingenious  personifi- 
cation i  by  which  means  a  collection  of  Roman  coins  ap- 
pears highly  imaginative  and  poetical.  Thus,  Fortune 
is  represented  as  a  woman,  with  a  rudder  in  her  right 
hand,  and  in  her  left  a  cornucopiae  ;  ./innona,  or  the  sup- 
ply of  provisions,  is  represented  as  a  woman  in  a  silting 
posture,  at  whose  feet  stands  a  measure  filled  with  ears 
of  corn,  and  the  prow  of  a  ship  ;  Security  appears  as  a 
woman  sitting  in  an  armchair,  carelessly  supporting  her 
head  with  her  hand;  Eternilij,  as  a  woman,  who  carries 
in  her  hands  the  sun  and  moon,  or  the  phceni.x,  as  em- 
blems of  eternity  ;  and  so  forth. 

The  inscriptions  give,  as  it  were,  animation  to  coins. 
They  not  only  tell  us  when,  where,  and  in  whose  honour 
they  were  struck;  but  likewise  help  to  explain  much 
that  is  otherwise  dark  and  uncertain  in  antiquity.  It  were 
impossible,  within  any  reasonable  compass,  to  notice  all 
the  varieties  of  inscriptions.  We  shall  merely  advert  to 
some  of  the  more  common  and  important. 

The  coins  of  the  emperor  Hadrian  have  the  inscrip- 
tion, Hadrianus  Augustus;  those  of  king  Demetrius, 
BA2UEns  AHMETPIOY;  those  of  Homer,  OMHTOC,  &c. 
By  this  fortunate  circumstance,  we  receive  either  the 
true,  or  at  least  the  ideal  poi traits  of  the  great  men  of 
antiquity  ;  for  it  is  certain  that  the  portraits  of  the  sove- 
reigns and  philosophers  of  the  earlier  ages,  such  as  Mi- 
das, Minos,  Romulus,  Honiei-,  Pythagoras,  Sec.  are 
equally  imaginaiy  with  those  of  Jupiter,  Apollo,  and 
others.  But  still,  ideal  as  they  are,  they  were  conceived 
by  ancient  artists,  and  in  times  of  remote  antiquity. 

With  regard  to  the  names  of  the  countries  and  towns 
v;here  the  coins  were  struck  ;  we  read  upon  those  of  the 
Macedonians  MAKEAONJiN  ;  upon  those  of  the  Syracu- 
sans  ZrrAKOZliiN,  &c.  The  situation  of  the  towns  is 
often  determined  by  the  neighbouring  rivers,  or  moun- 
tains, or  other  circumstances.  Tiiis  is  of  great  advan- 
tage when  there  are  several  towns  of  the  same  name, 
such  as  Laodicea.  Thus,  we  know,  that  coins  bearing 
the  inscription  AAOAlKEnN.  TfiN.  nPOS.  GAAAZZn. 
belong  to  Laodicea  in  Syria,  wliicli  was  situated  on  the  se>.-. 

The  Greek  towns  frequently  showed  their  vanity  by 
the  adoption  of  certain  titles  of  honour,  the  assertion  of 
■which,  however  insignificant,  soinetimes  led  to  the  most 
deadly  enmities.  The  word  melropolia,  in  its  original 
and  literal  meaning,  signified  the  relation  of  a  particular 
town  to  others,  wiiich  had  sprung  from  it.  Thus,  Tyre 
was  the  metropolis,  or  mother  town  of  Carthage  ;  Co- 
rinth of  Syracuse,  Sec.  In  this  signification,  Hcraclea, 
a  powerful  town  on  the  Black  Sea,  inscribed  on  its 
coins  the  following  title,  in  the  Doric  dialect :  M.^TPOS. 
AnoiKCN.  noAinN, — mother  of  the  colonial  towns. 
On  the  other  hantl,  these  colonial  towns  sometimes  ac- 
knowledged their  origin,  by  adopting  on  their  coins  the 
symbols  of  their  parent  cities.    Thus,  Syracuse  had  a 


pegasus  on  its  coins,  i;t-au;S  tiiis  waa  the  acknowledged 
symbol  of  the  parent  city  of  Corinth.  In  later  times, 
the  word  metropolis  came  to  sii^r.ily  a  city,  which  as- 
serted an  acknowledged  precedence  over  other  smaller 
towns  within  a  certain  district,  and  also  exercised  a  spe- 
cies of  jurisdiction;  such  as  Antioch,  in  Syria;  Csesa- 
rea,  in  Cappadocia ;  Nicomcdia,  in  Bithynia,  Uc.  Some 
assumed  the  title  of  nriJTH,  the  first,  or  principal  town 
of  a  district. 

The  towns  of  Greece,  and  particularly  those  situated 
in  Asia  Minor,  boasted  much  of  the  title  of  NEflKO- 
ro2 ;  and  it  is  somew  hat  singular,  that,  even  at  this 
day,  it  has  not  been  precisely  ascertained  what  species 
of  honour  they  attached  to  this  strange  title.  The 
Greek  word  literally  means  nothing  more  than  a  person 
who  is  bound  to  keep  the  temple  clean.  But  it  must 
certainly  have  denoted  some  very  high  privilege,  as  it  is 
often  brought  forward  with  much  solemnity.  Some  towns 
boasted  of  having  enjoyed  this  honour  twice  or  three 
times :  AIS  or  TTIS  NEJiKOrilN.  Nay,  the  Ephesians 
claimed  still  higher  rank  ;  and  by  the  splendid  inscrip- 
tion, EtESinN.  MONiiN.  AOASilN.  TETPAKI2.  NEnKO- 
PHN. — proclaimed  that  they  alone  had  four  times  re- 
ceived the  neocorate. 

Among  other  titles  of  towns,  we  find  the  following  : 
ATT0N0M02,  when  a  town  possessed  the  privilege  of 
being  regulated  by  its  own  laws  ;  EAET0EPA,  free,  when 
the  Romans  had  remitted  the  tribute  in  favour  of  a  Greek 
town  ;  lEPA,  holy  ;  or  lEPA  KAI  ASTAOS,  a  holy  town, 
and  an  asylum.  A  town  was  called  holy  because  of  some 
divinity  who  was  there  principally  worshipped,  and  who 
stood  in  general  reverence.  Thus  Nicopolis  in  Epirus 
was  holy  on  account  of  the  temple  of  Apollo,  and  the 
Actian  games  which  were  celebrated  there.  Thus,  too, 
on  the  Hebrew  coins,  Jerusalem  is  called  the  holy  Jeru- 
salem, as  we  shail  afterwards  see.  An  Asylnm,  or  place 
of  refuge,  was  a  town  which  had  the  privilege  of  protect- 
ing criminals  who  (led  thither.  NATAPXIX  was  a  title 
assumed  by  maiitime  towns,  whose  ports  harboured  a 
Roman  fleet.  Many  Greek  towns,  and  particularly  the 
Asiatic,  assumed  the  name  of  one  or  several  emperors, 
either  on  account  of  some  benefits  conferred  upon  them, 
or  from  mere  flattery.  Thus,  the  city  of  Tarsus,  in  Ci- 
licia,  on  several  coins,  is  called  by  the  names  of  AAPJ- 
ANH,  from  Hadrian  ;  KOM.MOAIAXH,  fiom  Commodus  ; 
SETHPAKH,  from  S,;venis.  ANTiiNEINlANH,  from  An- 
ton-hus  Caracalla;  MAKPEINIANH.  Irom  Macrinus;  and 
AAEHAN.;iPIANH,  from  Alexaiioer  Severus. 

The  names  and  titles  of  magistrates  frequently  ap- 
pear upon  ancient  coins  of  cities.  These  titles  arc  vari- 
ous ;  such  as  APXnN,  STPATHros,  JiPTTAKIS,  &c.  and 
also  Rotnan  magistrates,  who  presided  for  a  time  over 
the  government  of  a  province,  AK&TflATOS,  Proconsul  ; 
or  such  as  were  devoted  to  the  duties  of  religion,  as 
lEPETS,  Priest,  APXIEPETS,  Jlrch-firiest. 

Chronological  dates  on  ancient  coins  are  exceedingly 
useful  to  the  philosopher,  as  they  clear  up  many  doubt- 
ful points  in  history.  These  consist  principally  in  the 
year  of  a  particular  epoch,  or  of  the  reign  of  an  emperor 
or  king. 

Next  to  the  Olympiads,  which,  however,  never  ap- 
pear upon  coins,  the  jirincipal  epoch  among  the  orien- 
tal Greeks  was  that  of  the  Seieucides.  Scleucus,  one 
of  the  most  distinguished  generals  of  Alexander,  pos- 
sessed himself  of  the  city  of  Babylon  in  the  year  312 
B.  C.  The  most  of  the  oriental  Greeks  began  to  com- 
pute from  this  period,     After  the  whole  known  world 
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had  been  subjericd  to  llic  doiiuiiatioii  of  Rome,  many  im- 
poruiit  events  in  the  empire  induced  the  Greeks  to  form 
new  epochs.  'J'lius,  several  Greek  towns  commenced 
a  new  computaiion  from  the  date  of  i!;c  battle  of  Phar- 
salia,  and  that  of  Aciium. 

In  their  computations,  the  C;  reeks,  after  the  primi- 
tive practice  of  tlic  orientals,  made  use  of  the  Icucrs  of 
their  alphabet ;  out  of  which  tliey  formed  INIonads,  De- 
<  ades  and  Centenaries,  (or  units,  tons,  and  hundreds,)  in 
the  following  manner: 

Monads :     A.      )<.     r.     ii.      E.      «-.     z.     H.     ©. 
1.        2.       S.       4.       5.       6.       7.       8.       9. 

Decades :    I.       K.      A.      M.      N.     S.      O.      n.      9. 

!".      :■.'.    30.     40.     50.    60.     70.     80.    90. 

Cent.  r.      2.     T.      y.     o.     x.     +.     ii.     a. 

W-Kj.   200.  300.  400.  500.  600.  "00.800.  900. 

The  characters  representing  6,  90,  and  900,  are  not  to 
be  found  in  the  present  Alphabet.  As  every  letter  de- 
signates of  itself  a  particular  number,  these  three  kinds 
of  numerals  may  be  transposed  at  pleasure.  Consc- 
ijucntly,  to  express  the  number  237,  we  may  set  down 
SAZ,  or  ZA2.  On  coins,  the  word  ETOYS,  annus,  is 
generally  prefixed  to  the  numerical  letter;  or,  instead 
of  it,  the  letter  L  (the  old  form  of  the  Greek  Lambda,) 
as  the  initial  letter  of  the  word  AvKxZ^i,  which  also  sig- 
nifies year.  Thus  we  read  :  ETOTi,  or  L.  E. — L.  AB. — 
L.  Ms-. — L.  PN©,— in  the  year  5.-32 — 46. — 159. 

The  Romans,  indeed,  had  a  peculiar  epoch  of  their 
<.wn,  namely,  the  building  of  tlieir  city,  753  years  B.  C. ; 
but  we  know  only  a  single  coin  in  which  it  occurs.  It 
lias,  upon  the  obverse,  a  head  of  the  emperor  Hadrian, 
r.nd,  upon  the  reverse,  a  woman  silting  on  the  earth  hold- 
ing in  her  right  hand  a  wheel,  and  with  her  left  em- 
bracing three  obelisks,  with  the  inscription  :  Jnno 
DcccLxxiiii.  .Vatali  Urbis  Primum  Circenses  Constituti ; 
that  is,  in  the  year  of  the  building  of  Rome,  S74,  the  Cir- 
cemian  games  ivcrc  first  introduced  in  order  to  celebrate 
the  birth-day  of  the  city.  The  obelisks  represent  the  cir- 
cus, which  had  three  of  them  placed  together  at  both 
ends,  round  which  the  chariots  turned.  The  wheel  re- 
presents the  circus — ftars  firo  toto.  Plate  CCCCXX. 
Fig.  14.  In  general,  however,  the  Romans  marked 
their  dates  by  the  names  of  their  consuls  ;  as  the  Greeks 
did  by  the  names  of  their  archons.  On  the  coins  of  Da- 
cia,  and  the  colony  Viminacium,  the  epoch  is  marked 
thus:  ANKOv—ANno  xi.  &c.  Plate  CCCCXXI.  Fig. 
45. 

On  the  Roman  monuments,  the  years  of  the  reign  of 
their  emperors  are  not  immediately  marked,  but  the 
number  of  the  tribunicia  fiotestas,  which  was  renewed 
every  year,  and  which,  therefore,  comes  to  the  same 
thing.  For  when  we  read  upon  an  imperial  coin  :  Tr. 
Pot.  X.V.  it  means  the  2uih  year  of  his  reign.  The 
Greeks,  however,  marked  direcily  the  years  of  the  reign 
of  the  emperors,  or  of  ihcir  kings  :  Thus,  ETOT2,  or 
L.  r.— L.  1— or  at  full  length,  L.  TPITOT.  AEKATOr. 
i.  f.  in  the  third  or  ten'.h  year  of  the  reign.  Of  this  de- 
scription we  have  the  beautiful  and  extensive  collection 
of  imperial  medals,  from  Ausrusius  to  Dioclesian,  which 
was  struck  at  .Alexandria  in  I'gypt,  and  which  have  the 
year  of  ihe  reign  of  the  emperor  inscribed  upon  them. 
Thus,  on  the  reverse  of  a  coin  of  Trajan,  the  river-god 
Nilus  is  represented  in  a  recumbent  posture,  with  a 
cormtco/iia  in  his  right  hand,  and  in  his  left  a  reed  ;  un- 
der him  is  a  crocodile,  and  at  the  very  bottom  L.  A.  sig- 


nifying the  4ih  year  of  the  reign.  Above  .stands  the 
number  Ir.  or  16,  to  denote  that,  in  that  year,  the  Isilc 
had  risen  16  cUs.  Plate  CCCCXX.  Fig.  15.  But  ol 
this  more  hcrtaficr. 

lieibrc  leaving  this  part  of  the  subject,  it  may  be  pro- 
per to  say  a  few  words  respecting  another  species  of 
coins,  which  have  been  called  counter-marked,  {signa 
iucusa.)  I5y  this  we  understand  a  second,  but  in  com- 
parison much  smaller  inipi  essions  made  at  a  later  period, 
upon  one  or  other  ol  the  sides  of  a  coin  already  struck. 
These  second  impressions,  or  counter-marks,  consist  of 
figures  or  inscripuons,  sometimes  of  both  togetlicr. 
'1  wo  or  three  of  them  were  sometimes  struck  upon  the 
same  side,  often  without  the  smallest  regard  to  propriety, 
in  so  much  that  the  finest  portraits  are  frequently  spoil- 
ed. An  example  of  this  will  be  found  in  the  coin,  Plate 
CCCCXX.  Fig.  16.  That  this  coin  belongs  to  Side  iii 
Pamphylia,  is  evident  from  the  pomegranate.  In  the 
middle  of  ilie  countenance  there  is  a  small  countermark, 
representing  a  bow  and  quiver,  wi;h  the  inscription  ; 
IlEPrA,  being  the  first  letters  of  the  city  of  Pergamus 
in  Mysia.  The  counter-marks  on  Roman  coins  consist, 
for  the  most  part,  merely  of  inscriptions  ;  e.  g-'Vl.  AVG. 
or  VES.  IMP.  that  is,  Tiberius  Augustus,  fea/iasianue 
Iin/tcrcilor.  They  frequently  exhibit  the  puzzling  in- 
scription, NCAPR,  of  which  no  antiquary  has  hitherto 
been  able  to  give  a  satisfactory  explanation.  The  pro- 
bable reason  lor  making  these  countermarks  was  to  ren- 
der a  loreign  coin  current  in  the  country  into  which  it 
was  introduced.  Of  another  description  are  those  me- 
dals which  seem  to  have  been  re-coined,  by  making  a 
fresh  impression  upon  both  sides.  In  them,  the  new 
stamp  took  effect  only  on  the  more  prominent  parts  ; 
and  hence  the  deeper  traces  of  the  old  coin  are  still 
perceptible.  These  coins  are  called,  in  Latin,  tiumi 
recuisi. 

\Niih  regard  to  the  languages  used  in  the  inscripiious 
on  ancient  coins,  those  most  worthy  of  notice  arc  the 
Phoenician,  the  Greek,  and  the  Latin,  not  only  because 
they  appear  upon  the  greatest  number  of  ancient  coins, 
but  also  because  they  were  extensively  employed  in 
foreign  countries.  The  Phoenician  language  was  com- 
monly used  by  the  towns  in  Phoenicia,  before  it  was 
expelled  by  the  Greeks,  under  the  successors  of  Alex- 
ander the  Great,  and  afterwards.  As  the  Phoenicians, 
in  the  most  ancient  limes,  carried  on  an  extensive  trade, 
their  language  was  understood  along  the  greater  part 
of  the  coast  of  the  Mediterranean.  Indeed,  we  have 
coins  of  several  towns  of  Spain,  particularly  of  Gades, 
or  Cadiz,  which  they  founded,  bearing  Phoenician  in- 
scriptions. The  Punic  dialect,  which  was  spoken  at 
Cartilage,  also  founded  by  a  Phoenician  colony,  was  a 
daughter  of  the  Phoenician,  and  is  found  on  the  beauti- 
ful gold  and  silver  coins  which  were  struck  in  the 
Carthaginian  portion  of  the  island  of  Sicily.  We  have 
given  a  specimen  of  one  of  these  in  copper.  Plate 
CCCCXX.  Fig.  17.  No  great  progress,  however,  has 
yet  been  made  in  explaining  the  inscriptions  in  these 
two  languages. 

The  Greeks,  originally  a  small  tribe,  whose  proper 
country  was  bounded  on  the  North  by  Thessaly,  and  or 
the  south  by  the  Peloponnesus,  rapidly  extended  them- 
selves in  all  directions.  They  first  peopled  all  the 
islands  of  the  Archipelago;  then,  proceeding  farther, 
they  occupied  Sicily,  the  coasts  of  lower  Italy,  of  Epirus, 
Illyria,  Thrace,  Asia  Minor,  and  the  Euxine  sea,  as  far 
as  Tauria  and  Colchis,   with   their   colonial  towns.     In 
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Africa,  ibey  founded  the  splendid  Cyrcne  ;  in  (laul, 
Marseilles;  and  in  Spain,  Eiripoiia  and  Ilhoda.  Along 
wiih  their  religion,  their  manners,  and  their  arts,  they 
every  where  introduced  their  own  language  ;  and  nu- 
merous specimens  of  ihe  most  ancient  coins  of  all  these 
colonies  are  still  preserved.  Hitherto,  as  we  have  seen, 
the  Greeks  contented  themselves  with  occupyini^  ihe 
coasi.s.  But,  in  the  course  of  time,  Alexander  the  Great 
penetrated  into  the  very  heart  of  Asia,  and  proceeded 
in  his  wonderful  career  as  far  as  India.  The  Macedo- 
nian generals,  who  divided  his  conquests  amongst  them 
after  his  death,  introduced  every  where  the  Greek  lan- 
guage ;  and  from  this  period,  the  countries  of  Lydia, 
Phrygia,  Cappadocia,  Syria,  Phctnicia,  Egypt,  and  even 
some  of  the  provinces  situated  beyond  the  Euphrates 
and  Tigris,  employed  this  language  in  the  inscriptions 
on  their  coins. 

The  orthography  of  the  Greek  language  suffered 
many  changes,  from  the  period  when  Cadmus  intro- 
duced the  PhcEnician  alphabet,  to  the  time  of  Alexander 
the  Great,  Without  being  aware  of  this,  we  should 
often  be  liable  to  commit  mistakes  in  reading  the  in- 
scriptions upon  ancient  coins.  Thus,  the  word  HI- 
MERA,  which  occurs  upon  the  most  ancient  coins  of 
the  town  of  Himera  in  Sicily,  (Plate  CCCCXX.  Fig. 
18,)  might  easily  be  taken  for  Latin  ;  while,  in  reality, 
it  is  genuine,  though  old,  Greek.  For  among  the  most 
ancient  Greeks  the  H,  before  it  came  to  denote  the  long 
E,  was,  as  in  Latin,  an  aspirate  ;  and  the  old  Greek 
Rho  was  perfectly  similar  to  the  Koman  R.  The  mode 
of  writing  IMEPA,  therefore,  is  more  modern.  Many 
such  examples  are  to  be  found  upon  coins  ;  and  they 
confirm  what  Pliny  asserts,  viz.  that  the  most  ancient 
Greek  characters  were  the  same  as  the  Roman. 

At  first,  only  the  Roman  coins  were  inscribed  with 
the  Latin  language.  But  when  the  Romans,  in  tlie 
course  of  time,  sent  out  colonies  into  tlie  conquered 
provinces,  they  made  their  own  language  predominant. 
In  Corinth,  for  example,  as  soon  as  it  was  converted 
into  a  Roman  colony  by  Julius  Csesar,  the  money  was 
coined  with  Latin  inscriptions,  although  this  town  was 
situated  in  the  centre  of  Greece.  With  this  exception, 
however,  the  Romans  left  the  (ireek  cities  full  liberty 
to  retain  their  own  language  on  their  coins.  During 
the  decline  of  the  empire,  the  Greek  cities  ceased  to 
coin  money ;  and  afterwards  certain  towns  were  ap- 
pointed to  coin  money  for  the  use  of  the  provinces,  and 
the  pay  of  the  soldiers,  and  upon  these  coins  the  Latin 
language  alone  was  employed. 

The  other  languages  anciently  used  upon  coins  in 
Europe  were  the  old  Spanish,  of  which  the  alphabet  is 
unknown;  and  the  old  Gaulic,  composed  of  Latin  cha- 
racters, frequently  mixed  with  Greek,  borrowed  partly 
from  the  Romans,  and  partly  from  the  Greek  colonial 
;own  of  Marseilles,  in  Gaul. 

In  Asia,  the  Hebrew  language  occurs  upon  the  coins 
•of  Judea,  which  consisted  of  shekels,  and  their  subdi- 
visions. The  inscriptions,  however,  are  in  the  Samari- 
tan character,  as  in  the  specimen  we  have  given,  Plate 
CCCCXX.  Fig.  19.  On  the  one  side  is  represented  a 
vase,  with  the  inscription  :  Shekel  Israel,  "  Shekel  of 
Israel;"  and  on  the  other,  a  tripartite  flowering  sprig, 
with  the  words  :  Jerusalem  Kedosclia/i,  "  Jerusalem  the 
holy."  All  those  shekels,  bearing  an  Hebrew  inscrip- 
tion in  Assvrian  characters,  such  as  are  used  in  the 
printed  Bibles,  are  entirely  modern  forgeries.  Tiie 
inscriptions  in  the  Parthian  language,  on  the  coins  of 


the  kings  of  Parthia,  and  the  Persian  on  the  coins  of  the 
kings  of  Persia,  have  not  been  explained  by  antiqua- 
rians. 

In  Africa,  we  have  inscriptions  in  the  Numidian  lan- 
gu.ige  on  the  coins  of  Numidia,  which  perhaps  has  some 
anfinity  with  the  neighbouring  Punic. 

With  regard  to  the  imitations  and  forgeries  of  coins, 
these  are  cither  of  ancient  or  of  modern  execution.  The 
former  are  what  we  might  call  false  or  bad  money:  the 
latter  have  been  executed  with  the  view  of  passing  for 
genuine  antiques.  The  forgery,  in  ancient  times,  ap- 
pears in  coins  of  copper,  iron,  or  lead,  covered  over, 
very  artfully,  with  a  line  coat  of  some  more  precious 
metal.  On  this  account  they  are  called  subaraii,  or 
fielUculaci ;  and  the  base  metal,  which  constitutes  the 
substance  of  the  coin,  is  called  anima  numi.  It  is  sel- 
dom that  we  find  forgeries  of  this  description  in  the 
gold  coin,  because  the  deception  would  be  easily  detect- 
ed by  the  deficiency  of  weight.  But  the  number  of 
forgeries  in  the  Greek  and  Roman  silver  coin  is  enor- 
mous. 

An  immense  deal  of  ingenuity  has  been  employed,  in 
modern  times,  in  counterfeiting  ancient  coins,  so  as  to 
pass  upon  the  inexperienced  connoisseur  for  genuine 
antiques.  He  who  is  not  aware,  that  since,  in  modern 
times,  the  monuments  of  antiquity  began  to  be  prized, 
not  individuals  only  have  devoted  themselves  to  this 
trade,  but  that  in  Italy,  France,  and  even  in  Asia,  regu- 
lar manufactories  have  been  established  for  the  fabrica- 
tion of  these  articles,  must  naturally  be  astonished  at 
the  extraordinary  number  of  these  forgeries.  And  what 
is  still  more  to  be  wondered  at,  not  only  have  those  rare 
pieces  been  imitated,  the  sale  of  which  would  necessa- 
rily insure  a  large  profit;  but  even  the  most  common 
coins  have  been  frequently  forged,  which  can  be  pur- 
chased every  day  for  nearly  their  intrinsic  value. 

In  executing  these  forgeries,  two  different  modes  seem 
to  liave  been  adopted.  The  artist  either  invented  a  coin 
which  never  had  an  existence,  or  he  counterfeited  a 
real  antique.  To  the  first  class  belong  the  coins  of  Ju- 
lius Cxsar,  with  the  inscription  Veni,  Vidi,  Vici ;  those 
of  the  queen  Artemisia  with  her  Mausoleum ;  of  Dido 
with  the  city  of  Carthage  ;  the  heads  of  Miltiades,The- 
mistoclcs.  Sec.  A  very  superficial  knowledge  of  numis- 
matological  science  will  suffice  to  detect  them.  Much 
art  and  ingenuity  has  been  employed  upon  the  second 
species  of  forgeries.  The  most  common  method  is,  to 
form  a  mould  from  a  genuine  coin,  and  to  pour  into  it 
liquid  metal.  But  as  all  ancient  coins,  with  very  few 
exceptions,  are  struck  from  a  die,  all  those  which  are 
thus  cast  may  at  once  be  declared  to  be  forgeries.  But 
this  mode  of  fabrication  is  easily  detected  from  the  ine- 
qualities which  are  observable  on  the  surface  of  a  cast 
coin  ;  for  in  coins  struck  from  a  die  the  surface  is  al- 
was  perfectly  smooth.  Mr  Pinkerton  mentions,  that 
in  order  to  obviate  this,  the  small  sand-holes  in  cast  coins 
were  filled  up  with  mastic,  the  letters  retouched  with  a 
graver,  and  the  whole  covered  with  varnish.  But  in 
gold  and  silver  medals  there  can  be  no  deception  of  this 
kind  ;  and  even  in  those  of  brass  and  copper  the  quality 
of  the  varnish  betrays  the  imposition.  On  cast  coins, 
too,  the  letters  and  figures  are  never  sufficiently  sharp, 
and  on  their  edges  may  be  observed  marks  of  the  file. 
As  this  kind  of  forgery,  therefore,  is  easily  detected, 
other  methods  have  been  adopted.  A  real  antique  has 
been  taken,  and,  with  the  assistance  of  the  giaver,  the 
head  of  an  emperor,  .-^nd  the  inscription,  have  been  s*" 
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altered,  that  a  very  common  imperial  coin  lias  been  con- 
verted into  a  rare  and  precious  coin  of  some  other  em- 
peror. Or  two  s^cniiine  antiques  are  sawed  asunder 
through  the  middle,  and  the  reverse  of  the  one  soldered 
to  the  obverse  of  the  other.  But  the  most  ingenious 
device  which  has  been  fallen  upon,  is  that  of  manufac- 
turing false  dies  after  genuine  antiques, — a  mode  of  for- 
gery which  was  practised  with  great  success  in  the  !6th 
century,  by  Cavino  and  Hassiano  of  Padua,  whose  imi- 
tations are  at  this  day  held  in  high  esteem,  on  account 
of  their  wonderful  execution. 

It  would  be  endless  to  detail  all  the  artifices  which 
have  been  resorted  to,  with  a  view  of  imposing  upon 
connoisseurs,  by  offtiiing  false  antiques  for  sale.  Those 
Avho  wish  for  more  iiil'ormation  upon  this  subject,  may 
consult  Bcauvais  and  Pinkerton.  Nothing,  however, 
can  supersede  correct  knowledge  and  a  practised 
eye.  We  would  only  caution  ignorant  collectors  how 
they  purchase  a  coin  ol  Otho  in  brass,  a  coin  of  Pescen- 
nius  Niger,  or  of  Gordianus  AlVicanus  ;  for  of  these 
there  are  a  thousand  counterfeits  for  one  genuine,  and, 
as  they  are  extremely  rare,  they  are  sold  at  a  very  high 
price. 

ANCIENT  NUMISMATOLOGY. 

The  ancient  coins  and  medals  are  divided  by  Eckhel 
into  two  principal  classes,  of  which  the  first  compre- 
hends those  coins  which  were  struck  at  Rome,  or  else- 
where, under  the  direction  of  the  Romans  ;  and  the  se- 
cond, those  which  were  struck  in  other  countries,  un- 
der the  direction  of  foreign  states.  The  first  class  is 
subdivided  into  two  parts.  The  first  contains  the  con- 
sulur  coins,  that  is,  those  which  were  struck  during  the 
time  of  the  republic,  under  the  Roman  consuls,  which 
have  also  been  called  coins  of  families,  from  having,  for 
the  most  part,  the  name  of  some  Roman  family  inscribed 
upon  them.  The  second  comprehends  the  im/ierial 
coins,  that  is,  those  which  bear  the  portrait,  or  the  name 
of  an  emperor,  an  empress,  or  some  individual  of  the  im- 
perial family. 

The  second  class  contains  the  coins  of  foreign  nations, 
cities,  or  republics,  colonies,  kings,  or  other  princes, 
under  various  names. 

CLASS  I. 

Of  the  Roman  Coins. 
PART  I. 

Of  the  Consular  Coins,  or  Coins  of  Families. 

On  most  of  the  silver  coins  which  were  issued  during 
the  republic,  and  even  some  of  those  under  Augustus, 
we  find  the  names  of  those  individuals  under  whose  su- 
perintendence they  were  struck.  This  class  contributes 
much  to  illustrate  the  mythology,  history,  politics,  anti- 
quities, as  well  as  the  religious  and  profane  ceremonies 
and  usages  of  the  Romans.  The  triumvirate,  who  had 
the  charge  of  the  mint,  were  at  great  pains  to  celebrate 
on  medals  the  antiquity  and  gfcat  actions  of  their  an- 
cestors ;  of  whicli  we  shall  have  occasion  to  notice  va- 
rious examples.  The  following  are  the  principal  pieces 
belonging  to  this  class. 

Gens  Accoleia. 
P.   Accoi.Eivs,    I,Aliisr'oj.t  ?.      Three   young  women, 


ivhose    mrCamor/ihosis    into    trees    is   just  commencing 
Plate  CCCCXX.  Fig.  21. 

This  alludes  to  the  story  of  three  sisters  of  Phaeton, 
who,  inconsolable  at  his  violent  and  untimely  death, 
were  changed  into  trees.  Accoleius,  who  caused  this  coin 
to  be  struck,  here  plays  upon  his  surname,  Lariscolus, 
which  he  had  inherited  from  some  one  of  his  ancestors, 
who  may  have  been  celebrated  for  the  cultivation  of  the 
larch  tree. 

Gens  jEmilia. 

M.  Lepidus.  An.  XV.  Pii.  H.O.C.S.—M.  Mmili- 
us  Le/iidus  on  horseback-.     Plate  CCCCXX.  Fig.  22. 

The  inscription  is  to  bo  explained  thus:  M.  Lfpi- 
Dus  Annorum  XV.  Praetextatus  Ilostem  Occidit,  Ci- 
veni  Servavit.  M.  Le/iidrts,  in  the  15//;  year  of  his  age, 
nvhile  yet  clothed  rjith  the  firatexta,  slew  an  enemy,  and 
saved  the  life  of  a  citizen.  This  requires  no  farther  il- 
lustration. 

Alf.xaxdrea.  The  head  of  a  woman,  with  a  crown  in 
the  form  of  a  tower.  (ISI.  Lepidus,  Pont.  Max,  Tu- 
tor Reg.  S.  C.)  Lejiidus  placing  a  garland  on  the  head 
of  a  boy  standing  near  him.     Plate  CCCCXX.  Fig.  23. 

Ptolemy,  king  of  Egypt,  by  his  testament,  appointed 
the  Roman  people  to  be  the  guardians  of  his  son,  a  mi- 
nor. The  senate  sent  M.  jEmilius  Lepidus  to  Alexandria, 
to  adminislci-  the  guardianship  in  the  name  of  the  people. 
The  head  witli  the  crown  in  the  form  of  a  tower,  on  the 
obverse,  is  the  usual  symbol  of  cities. 

M.  ScAuu.  jEn.  Cun.  Ex.  S.  C.  At  the  bottom,  Rex. 
AuETAS.  King  yJretas  on  his  knees,  holding,  with  his  left 
hand,  a  camel  by  the  rein,  and  in  his  right  an  olive  branch. 
Plate  CCCCXX.  Fig.  24. 

Aretas,  king  of  a  part  of  Arabia,  made  frequent  incur- 
sions into  Syria.  Pompey  the  Great  despatched  M.  Tlimi- 
lius  Scaurus  after  him,  who  soon  compelled  him  to  make 
peace.  The  camel  is  the  symbol  of  Arabia  ;  the  olive 
branch  of  peace. 

Gens  Antistia. 

C.  Antistius  Vetus  FoEdus  P.  R.  Cum.  Gadini?. 
Two  men,  dressed  in  the  toga,  with  their  heads  covered, 
holding  a  sow  over  the  altar.  On  the  obverse  is  the  fior- 
trait  of  Augustus.     Plate  CCC(.;XX.  Fig.  25. 

This  coin  represents  the  manner  in  which  the  Romans 
formed  alliances  with  other  nations.  They  held  in  their 
hands  a  sow,  called  Jupiter  to  witness,  and  slew  the  ani- 
mal with  a  stone.     To  this  Virgil  alludes  : 

Stabant,  et  casa  jmigebiuU  fxdera  porca. 

Livy  describes  this  ceremony  at  great  length.  C.  An- 
tistius Vetus  was  sprung  from  a  very  ancient  family  of 
Gabii;  which  town  the  last  king  Tarquin  took  by  stra- 
tagem, upon  which  a  league  was  formed,  as  is  repre- 
sented on  this  coin. 

Gens  Cauisia. 

Monv.ta.  Head  of  Moncta.)  ( T.  Cahisius.  An  an- 
7'//,  the  ca/i  of  Vulcan,  a  flair  of  tongs,  and  a  hammer. 
Plate  CCCCXX.   Fig.  26. 

Juno  was  called  by  the  Romans  Moneta.  The  head 
of  Moneta  on  the  obverse,  and  the  instruments  repre- 
sented on  the  reverse,  seem  to  allude  to  the  operation  of 
coining. 

Gens  Cassia. 
Q.  Cassius.     The  veiled  head  of  a  woman,  with  th: 
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f     iuscri/UionViLfir.)    (TUe  circular  tem/Ue  of  Vesta,  luii/ia 
'      sella  curulis  in  it ;    on  the   one  Me   a  fiot,  and  on  the 
other  a   tablet,  tuith   the  letters   A.  C.   written  upon  it. 
Plate  CCCCXX.  Fiij.  27. 

This  coin  alludes  to  L.  Caasius  Longfinus,  an  ances- 
tor of  L.  Cassius,  who  obtained  prc.it  celebrity  as  a 
judge.  He  was  called  reorum  sco/iulus,  the  rock  on 
which  the  accused  split.  He  summoned  two  vestal  vir- 
(.^ins  before  the  court,  and  condemned  them.  Hence  the 
tiead  of  Vesta  and  her  temple  are  lepresenitd  on  the  coin. 
He  was  the  author  of  a  law,  by  which  the  citizens  no 
longer  gave  their  suffrages  verbally,  but  by  means  of 
small  tablets,  on  which  the  letter  A.  (absolvo,)  or  C. 
{condemno,)  were  written. 

Gexs  Claudia. 

Mabcellus.  Cos.  QuiNq.  Marcellus  a/i/iroaches  a 
temfile,  bearing  a  martial  fiole.  Plate  CCCCXX.  Fig. 
28. 

M.  Claudius  Marcellus  overthrew  the  Gallic  general 
Virdomar  in  single  combat,  took  from  him  his  armour, 
and  dedicated  it  to  Jupiter  Feretrius.  This  offering  was 
called  ihc  s/iolia  ofiima.  Virgil,  in  his  Mnt'u\,  has  made 
honourable  mention  of  this  deed  of  Marcellus,  (B.  vi.  v. 
869.) 

Gens  Corn'elia. 

Felix.  j1  senator  sealed;  a  man  kneeling,  reaching 
him  an  olive  bra7ich  ;  another  wan  appears  kneeling,  with 
/lis  hands  bound  behind  his  back.  Plate  CCCCXX,  Fig. 
29. 

L.  Cornelius  Sulla  was  called  Felix,  on  account  of  his 
constant  good  fortune.  This  coin  alludes  to  the  deliver- 
ing up  ol  Juguriha  by  king  Bocchus. 

Geks   Herennia. 

PiETAS.  The  head  of  a  female.)  (M.  Herenni.  ^ 
young  man  carrying  his  old  father  upon  his  shoulders. 
Plate  CCCCXX.     Fig.  30. 

At  an  eruption  of  Mount  jEtna,  two  brothers,  Am- 
pliinomus  and  Anapias,  took  their  parents  on  their 
shoulders,  and  carried  them  out  of  the  reach  of  danger. 
This  act  is  often  represented  on  the  coins  of  Catania  in 
Sicily,  where  it  took  place. 

Gen"s  Hostilia. 

The  heads  of  Pallor  and  of  Pavor  on  the  denarii  of 
Hostilius  Saserna.     Plate  CCCCXX.     Figs.  31,32. 

Hostilius  Saserna  placed  these  two  heads  on  his  coins, 
in  order  to  persuade  the  world  that  he  was  descended 
from  king  Tullus  Hostilius,  who,  in  the  midst  of  a  bat- 
tle with  the  inhabitants  of  Veil,  which  assumed  an  un- 
favourable aspect,  vowed  to  build  a  temple  to  Pallor  and 
Pavor,  who  were  afterwards  worshipped  as  deities  at 
Rome. 

Gens  Juki  a. 

1.  Brutus.  Head  of  L.  Brutus.)  (Aiiala.  Head  of 
Mala.     Plate  CCCCXX.  Fig.  33. 

2.  M.  BuuTis.  Imp.  Costa.  Leg.  Head  of  M. 
Brutus.)  (L.  Brutus  Prim.  Cos.  Head  of  L.  Brutus 
with  a  wreath  of  oak.     Plate  CCCCXX.  Fig.  34. 

3.  LiBERTAS.  A  female  head  representing  Liberty.) 
(Brutus  The  Consul  appears  between  two  Lictors,  car- 
rying their  fasces ;  the  Accensus  goes  before.  Plate 
CCCCXX.  Fig.  35. 
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4.  Bkut.  Inp.  L.  Plaet.  Cest.  Head  of  M.  Brutus.) 
(EiD.  Mar.  The  cap  of  liberty  between  two  daggers. 
Plate  CCCCXX.  Fig.  36. 

These  four  coins  allude  to  M.  Junius  Brutus,  who 
killed  Coesar,  and  perished  at  Philippi.  The  first  piece 
presents  us  with  the  heads  of  L.  Junius  Brutus,  (to 
whom  M.  Brutus  traced  his  family,)  whu  expelled  Tar- 
C|uinius  Superbus  from  Rome  ;  and  that  of  Servilius 
Aliala,  who,  with  his  own  hand,  slew  Sp.  Melius,  who 
aimed  at  the  sovereignty.  The  second  exhibits  on  one 
side  the  head  of  INI.  Brutus ;  and  on  the  other  that  of 
L.  Brutus,  the  first  consul,  who  obtained  this  dignity 
through  the  expulsion  of  Tarquin.  The  third  piece  re- 
presents the  manner  in  which  the  consuls  appeared  in 
public.  The  fourth  alludes  to  the  death  of  Caesar,  and 
preserves  the  very  day  on  which  it  took  place  :  Eid. 
Mar.  the  15th  of  March.  The  cap  is  the  symbol  of  li- 
berty. 

Gevs  Mamiha. 

Head  of  Mercury.)  (C.  Mamil.  Limetan'.  Ulysses 
standing  in  the  short  habit  of  a  pilgrim,  with  a  staff  in 
his  hand,  and  at  his  feet  a  dog,  who  fawns  upon  him. 
Plate  CCCCXX.  Fig.  37. 

This  alludes  to  the  well-known  story  of  Ulysses,  as 
related  by  Homer.  C.  Mamilius  placed  the  figure  of 
Ulysses  upon  this  coin,  because  he  pretended  to  be 
sprung  from  that  hero. 

Gens  Plautia. 

L.  Plautius.  a  female  mask  with  serpent  hair.) 
(Plancl's.  The  winged  Aurora  conducting  the  four 
horses  of  the  sun.     Plate  CCCCXX.  Fig.  38. 

The  musicians  who  were  employed  at  Rome  during 
the  public  festivals,  having  been  offended  by  the  censor 
Ap.  Claudius,  withdrew  from  Rome  to  Tibur.  As  the 
Romans,  however,  were  unwilling  to  dispense  with 
them,  the  second  censor,  Plautius,  brought  thein  back 
by  a  singular  stratagem.  He  repaired  to  Tibur,  made 
acquaintance  with  them,  invited  them  to  a  feast,  and 
plied  them  so  long  and  so  hard  with  drink,  that  they 
at  last  lost  all  recollection.  He  then  put  a  mask  upon 
each  of  them,  placed  them  altogether  in  a  carriage,  car- 
ried them  to  Rome,  and  left  them  in  the  open  street. 
When  they  were  discovered  in  this  situation  in  the 
morning,  the  merriment  was  universal,  the  quarrel  was 
made  up  ;  and,  to  commemorate  this  ridiculous  scene, 
an  anniversary  festival  was  instituted  in  honour  of  Mi- 
nerva. This  coin,  struck  by  L.  Plautius  Plancus,  a  de- 
scendant of  the  witty  censor,  alludes  to  the  above  inci- 
dent. On  one  side  of  the  coin  is  a  mask  ;  and  on  the 
other  the  figure  of  Aurora,  to  denote  the  lime  at  which 
the  above  denouement  took  place. 

Gens  Pompeia. 

Sex.  Pom.  Fostlus.  The  twins,  Romulus  and  Re- 
mus, suckled  by  the  wolf  under  a  fig-tree,  on  which  three 
7nagpics  are  sitting  ;  Faustulus,  the  herd,  looks  on  with 
astonishment.     Plate  CCCCXX.  Fig.  39. 

The  story  here  alluded  to  is  well  known.     This  coin 

appears  to  have  been  struck  by  some  supposed  descend- 

ant  of  Faustulus;  which  name  was   sometimes  written 

Fostlus,2i.%  Claudius  and  Clodius,  vinculum  and  vincluni. 
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Gems  Pomponia, 

Hercules  Musarum.  Hercules  playing  on  the  lyre. 
Plate  CCCCXX.     Fig.  40. 

Q.  Po.MPOsi.  MusA.  One  of  ihe  nine  A/uses  represented 
with  her  attributes.     Plate  CCCCXX.     Fig.  41. 

These  coins  contain  a  play  upon  the  surname  Musa. 
The  first  represents  the  Hercules  Musarum,  or  Musa- 
geta,  under  which  designation  he  was  worshipped  both 
in  Greece  and  at  Rome. 

The  other  coins  ol"  Pomponius  Musa  represent  the 
nine  Muses  in  their  order,  and  distinguished  by  their 
respective  attributes.  The  most  remarkable  is  Urania, 
IVom  sfano?,  the  heavens.  As  the  teacher  of  astronomy, 
she  points  with  a  rod  to  the  celestial  sphere. 

Gens  Roscia. 

A  female  head  covered  with  the  skin  of  a  goat  ;  some- 
times with  the  letters  I.  S.  M.  R.)  {A female  in  the  act  of 
feeding  a  serpen t.     Plate  CCCCXXI.  Fig.  I. 

The  obverse  exhibits  the  head  of  Juno,  who  was  wor- 
shipped, under  this  form,  chiefly  at  Lanuvium,  but  after- 
wards also  at  Rome.  She  was  distinguished  by  the 
name  of  Juno  Sisfiila  Magna  Rcgina.  The  reverse  re- 
presents a  priestess  of  Juno  Sis/iila,  whose  duty  it  was, 
at  certain  times,  to  feed  the  serpent  dedicated  to  this 
goddess.  The  whole  ceremony  is  prettily  described  by 
Propertius.     Book  iv.  El.  4. 

Gens  Servilia. 

Floral.  Primus.  Head  of  the  goddess  Flora,  deco- 
rated with  flowers.  On  the  denarii  of  C.  Servilius. 
Plate  CCCCXXI.   Fig.  2. 

The  Romans  held  an  annual  festival  in  honour  of 
Flora,  instituted,  according  to  the  testimony  of  this  coin, 
by  C.  Servilius.  The  inscription  runs  thus  :  C.  Ser- 
vilius pLORALia  PRiMus/fdr.  For  an  account  of  these 
games,  see  Ovid,  Fast.  1.  V.  v.  183. 

Gens  Titukia. 

Sabin.  a  bearded  head,  with  the  inscrf/ition  Ta.)  (L. 
TiTUKi.  Two  Roman  soldiers  in  the  act  of  carrying  off 
the  Sabine  women.  Plate  CCCCXXI.  Fig.  3.  On  ano- 
ther coin,  Tarpeia  sitting  under  a  heap  of  shields,  which 
two  Sabines  are  throwing  at  her.  Plate  CCCCXXI. 
Fig.  4. 

Both  of  these  coins  allude  to  well-known  events  which 
took  place  during  the  infancy  of  Rome.  The  second 
represents  the  history  of  Tarpeia,  daughter  of  the  Ro- 
man general,  who  treacherously  undertook  to  admit  the 
Sabines  into  the  citadel,  on  condition  of  obtaining  that 
which  they  wore  on  their  left  arms,  meaning  their 
golden  bracelets.  The  Sabines  having  obtained  pos- 
session, in  order  to  keep  their  promise,  threw  upon  her 
— not  their  bracelets  indeed,  but — their  shields,  and  in 
such  numbers  as  completely  covered  her.  The  obverse 
of  both  coins  exhibits  the  head  of  Tatius,  king  of  the 
Sabines,  with  the  letters  Ta.  ;  and  L.  Titurius  Sabinus, 
who  was  of  Sabine  extraction,  caused  both  stories  to  be 
represented  on  his  coins. 


CLASS  I. 

PART  II. 
Of  the  Imperial  Coins. 

The  coins  belonging  to  this  division  deserve  the  first, 
rank  in  numismatology,  not  only  on  account  of  the  great 
importance  of  their  subjects,  but  also  on  account  of  their 
great  variety,  and  the  long  period  which  they  occupy. 
From  the  year  18  B.  C.  in  which  Julius  Caesar,  by  his 
victory  of  Pharsalia,  laid  the  first  foundation  of  the  mo- 
narchy, until  A  D.  476,  when  the  wesieni  empire  pe- 
rished under  the  last  emperor  Romulus,  there  are  524 
years;  and  if  we  reckon  the  eastern  empire,  which  sub- 
sisted until  1453,  when  Conslanlinople  was  taken  by 
the  Turks  under  Mahomet  II.  we  have  a  period  of  1300, 
during  which  there  is  an  almost  uninterrupted  series  of 
coins  and  medals. 

We  should  far  exceed  our  limits,  were  we  to  attempt 
to  enumerate  and  illustrate  the  whole  of  this  series  ;  and 
we  shall  therefore  confine  our  remarks  to  a  selection  of 
the  best  pieces,  and  proceed  no  farther  than  the  reign 
of  the  emperor  Caracalla, — a  period  not  only  the  most 
splundid  of  the  empire,  but  most  worthy  of  the  atten- 
tion of  the  numismatologist. 

It  may  be  proper  to  premise,  that  the  Roman  em- 
perors reserved  to  themselves  the  privilege  of  striking 
gold  and  silver  coins,  and  left  the  brass  coinage  to  the 
senate.  On  the  latter,  therefore,  we  always  meet  with 
the  letters  S.  C.  Senatus  Consulto  ;  which  arc  very  sel- 
dom found  on  the  coins  of  gold  and  silver. 

Julius  C^^sar. 

After  he  had  attained  the  supreme  power,  the  senate 
allowed  him  to  place  his  own  portrait  on  coins— a  pri- 
vilege which  had  never  before  been  enjoyed  by  any 
other  individual  in  his  lifetime.  He  appears  with  a  lank 
countenance,  and  a  bald  head  ;  on  which  last  account  he 
was  permitted  to  cover  his  forehead  with  a  wreath  of 
laurel.     Plate  CCCCXXI.  Fig.  5. 

His  titles  were  the  following:  1.  Pontifex  Maxi- 
wvs,  an  honour  which  he  purchased  by  the  distribution 
of  immense  sums  of  money  among  the  people.  2.  Im- 
PERATOR.  This  title  he  bore,  boih  on  account  of  the 
victories  he  had  achieved,  and  as  possessing  the  highest 
authority  in  the  republic.  Even  during  the  period  of 
the  commonwealth,  a  general,  when  he  obtained  a  vic- 
tory, received  the  title  of  Imperator  immediately  upon 
the  field  of  battle.  When  frequently  victorious,  he  was 
called  Imperator  iterum,  tertium,  i/uartum,  &c.  The 
successors  of  Julius  Caesar  adopted  the  title  in  both  of 
its  significations.  3.  Cos.  i.  e.  Consul.  la  the  year  in 
which  he  was  assassinated,  he  was  consul  for  the  fifth 
time.  4.  Dictator.  This  most  distinguished  honour 
was  conferred  upon  him  by  the  senate  after  the  battle  of 
Pharsalia.  In  the  last  year  of  his  life,  he  was  acknow- 
ledged as  Dictator  Perpetuo.  5.  Parens  Patriae. 
This  flattering  title  was  also  conferred  upon  him  by  the 
the  senate.  Hence,  his  assassins  were  called  Paricida, 
and  the  Ides  of  March,  the  day  on  which  he  was  mur- 
dered, Parricidium. 

The  head  of  Venus.)  (Cssar.  Mneas  holding  in  one 
hand  the  Palladium,  or  image  of  Pallas,  arid  with  the 
other  his  father  Anchises  on  his  shoulders.  Plate 
CCCCXXI.  Fig.  B. 


i» 


nuaiismatolo(;y. 


555 


The  Julian  family  at  Rome  claimed  their  descent 
from  Julus,  or  Ascanius,  the  son  of  JEneas,  whose 
grandmother  was  Venus;  hence  Julius  Caesar  always 
carried  the  portrait  of  Venus  in  his  ring;  and  on  the 
day  of  the  battle  of  Pharsalia,  liis  watch-word  was 
Venus  victrix. 

Clementiae  C-esaris.  a  Tem/ile.  Plate  CCCCXXI. 
Fig.  7. 

Csesar  not  only  pardoned  his  enemies,  when  he  got 
them  into  his  power,  but  even  conferred  upon  them 
honours  and  dignities.  On  this  account  the  senate  or- 
dered a  temple  to  be  erected,  in  which  he  should  be  re- 
presented as  a  god,  reaching  his  hand  to  the  goddess 
dementia. 

Divr.  Jui.J.  The  head  of  Cxsar  nuilh  a  Comet  hover- 
ing over  it.  Or,  Divus  Julius.  A  Comet.  Plate 
CCCCXXI.  Fig.  8. 

On  a  number  of  coins,  which  were  struck  after  his 
death,  the  epithet  Divus  is  bestowed  upon  Caesar.  In 
point  of  fact,  he  was  deified  by  a  decree  of  the  senate, 
on  the  motion  of  Mark  Antony,  and  his  adopted  son 
Octavian,  afterwards  Augustus  Caesar.  This  honour 
the  people  readily  allowed  him,  not  only  on  account  of 
his  wonderful  achievements,  but  in  consequence  of 
a  comet  having  appeared  for  seven  days,  during  the  cele- 
bration of  the  funeral  games  which  were  held  in  ho- 
nour of  this  great  man.  This  comet  was  held  to  be 
nothing  else  than  the  soul  of  the  departed  hero,  which 
had  just  been  received  into  heaven.  After  the  example 
of  Caesar,  most  of  the  emperors  were  deified  after  their 
death. 

PoMPEius  Magnus. 

Mag.  Pius.  Imp.  Iter.  The  head  of  Pomfiey  the 
Great.)  (Pr;ef.  Clas.  et.  Orae.  Marit.  Ex.  S.  C. 
A''efitune  standing  with  one  foot  ufxon  a  shiji  ;  on  each  side 
the  pious  brothers  carry  off  their  parents.  On  another 
coin,  Scylla,  surrounded  luilh  dogs,  striking  around  her 
with  an  ujiliftcd  rudder.     Plate  CCCCXXI.    Fig.  9,  10. 

After  the  death  of  Pompey  the  Great,  his  sons 
Cneius  and  Scxtus  continued  the  war  on  the  part  of  the 
republic,  but  were  vanquished  by  Caesar  at  Munda. 
Sextus  alone  escaped,  and  concealed  himself  till  the 
death  of  Caesar,  when  he  again  came  forward,  fitted  out 
a  fleet,  and  so  annoyed  Mark  Anthony  and  Octavian,  that 
they  were  at  length  compelled  to  admit  him  into  their  al- 
liance, and  to  give  up  to  him  Sicily,  with  the  title  Pre- 
fectus  classis  et  ore  maritimis  ex  S.  C. 

The  obverse  exhibits  the  head  of  the  great  Pompey  ; 
but  the  inscription  relates  to  his  son  Sextus.  He  de- 
rived the  name  of  Magnus  from  his  father  ;  that  of  Pius 
he  adopted,  under  the  pretext  that  he  made  war  upon 
the  enemies  of  his  father,  and  afforded  protection  to 
those  Roman  citizens  who  were  proscribed  by  the  tri- 
umvirate. Hence  the  figure  of  the  pious  brothers. 
He  assumed  the  title  of  iMPerator  IxERum,  in  conse- 
quence of  his  twofold  victory  over  his  antagonists. 
The  figure  of  Neptune  alludes  to  his  naval  victories 
over  Octavian  ;  and  he  publicly  proclaimed  himself  as 
the  son  of  Neptune.  To  commemorate  his  victory  over 
Octavian  in  the  Straits  of  Sicily,  he  caused  the  figure 
of  the  monster  Scylla,  as  above  noticed,  to  be  struck  on 
his  coins. 

M.  Antonius. 
The  history  of  this  celebrated  man   is  well  known. 
The  inscription  on  his  coins  is  generally  the  following : 


M.  ANTonius  Auour  IIIVIR.  Reipublioae  Constituen- 
dae.  In  the  character  of  Augur,  he  is  sometimes  repre- 
sented with  his  head  veiled,  and  holding  in  his  hand  the 
LiTuus,  or  Augur's  staff.  The  letters'llIVR.  R.  P.  C. 
allude  to  the  triumvirate  of  Anthony,  Ootavian,  and  Le- 
pidus. 

The  head  of  Mark  Anthony.)  (Pietas.  Ccs. 
The  figure  of  a  ivoman,  with  a  rudder  in  one  hand,  a  cor- 
nucopia in  the  other,  and  a  stork  at  her  feet.  Plate 
CCCCXXI.  Fig.  11. 

The  inscription  on  the  reverse  relates  to  Lucius,  the 
brother  of  Mark  Anthony.  The  word  Pietas  was 
adopted  by  Lucius  Antonius  to  denote  his  affection  for 
his  brother  Marcus.  The  stork  was  the  symbol  of  piety, 
or  natural  affection. 

M.  Antoxius.  I.Mperator  Consul  DESiGnatus  Ite-- 
Rum  ET  TsRTium.  The  head  of  Anthony  with  a  crown 
of  ivy  :  a  wreath  of  ivy  also  goes  round  the  edge  of  the 
coin.  On  the  silver  pieces,  called  Cistophori.  Plate 
CCCCXXI.  Fig.  12. 

The  ivy  garland  properly  belongs  to  Bacchus  ;  but  as 
Anthony  wished  to  be  taken  for  Bacchus,  it  was  placed 
round  his  coins  out  of  flattery.  For  the  same  reason, 
the  ivy  garland  was  placed  round  the  coins  of  Mithridates) 
king  of  PoHtus.     Plate  CCCCXXIII.  Fig.  4. 

Antoni.  Armenia.  Devicta.  The  head  of  An- 
thony, with  an  Armenian  crown  behind  it.)  (Cleopatr.c. 
Regin.e.  Regum.  Filiorum.  Regum.  Head  of  Cleo- 
patra with  the  prow  of  a  ship.  Plate  CCCCXXI. 
Fig.  13. 

This  alludes  to  the  stratagem  by  which  Anthony  de- 
prived Artavasdes,  king  of  Armenia,  of  his  crown,  and 
placed  his  own  son,  by  Cleopatra,  on  the  throne. 

OcTAviANUs  Augustus. 

The  names  inscribed  upon  his  earliest  coins  were  ge" 
ncrally,  Cjesar.  IIIVIR.  R.  P.  C.  Somewhat  later 
Imp.  C^sar.  Divi.  Filius. 

.^GYPTO.  Capta.  a  crocodile.  Plate  CCCCXXL 
Fig.  14. 

This  coin  commemorates  his  conquest  of  Egypt;  a 
crocodile  having  anciently  been  the  symbol  of  that 
country. 

In  the  year  27  B.  C.  the  senate  bestowed  upon  him 
the  title  of  Augustus.  (Greek  StSas-s;,)  a  name  which 
had  hitherto  been  applied  only  to  sacred  things.  This 
title  was  subsequently  assumed  by  all  the  emperors. 
Not  long  afterwards,  the  senate  conferred  upon  him  the 
Sribunitia  potestas,  which  was  also  assumed  by  his  suc- 
cessors, who  used  it  in  marking  the  year  of  their 
reign  ;  thus,  Th.  Pot.  II.  III.  IV.  &c.  After  the  death 
of  Lepidus,  he  assumed  to  himself  the  important  office 
of  Pont fex  Maximus,  as  did  also  the  subsequent  empe- 
rors ;  and  hence  the  letters  P.  M.  which  so  frequently 
occur  upon  their  coins.  At  a  later  period,  the  senate 
gave  him  the  title  of  Pater  Patria,  which  was  likewise 
adopted  by  most  of  his  successors.  His  reign,  com- 
mencing from  the  battle  of  Actium,  continued  forty-four 
years.  Having  left  no  issue,  he  was  succeeded  by  his 
step-son  Tiberius.  The  following  are  the  most  re- 
markable coins  of  this  period. 

CssAR.  Cos.  VII.  CiviBus.  Servatis.  Head  of 
Augustus.)  (Augustus.  S.  C.  An  eagle  holding  in  its 
claws  a  wreath  of  oak,  behind  two  sprigs  of  laurel.  Plate 
CCCCXXI.  Fig.  15. 

Having  conquered  his  enemies,  and  restored  interpal 
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peace,  the  senate  ordered  laurel  trees  to  be  planted  in 
front  of  the  house  of  Augustus,  in  honour  of  liis  vic- 
tories, and  in  the  middle  ;in  oaken  wreath,  as  a  mark 
of  tlie  public  security. 

Acxium.  Imp.  X.  A/ioUo  in  a  long  robe,  with  the 
lyre  in  his  hand.  On  others,  Sicilia  Imp.  X.  Diana 
iviih  her  bow  and  arro-iV.    Plate  CCCCXXI.    I-'ig.  16,  IT. 

These  two  coins  were  struck  to  commemoruic  his 
victories.  The  first  alludes  to  the  battle  of  Aciium, 
where  Apollo  had  a  temple;  the  second  to  the  victory 
over  S.  Pumpeius,  near  Arlemisium,  a  place  sacred  to 
Diana. 

Sign-is.  Receptis.  j1  Parthian  on  his  knees,  deliverinff 
ufi  a  Roman  Standard.  Or,  Ma  us  ULroR,  holding 
in  each  hand  a  field  ensign.  Plate  CCCCXXI.  Fig. 
18,  19. 

CiviBus.  Et.  Sign-is.  Minraribus  A.  P.\bthis  Rk- 
cuperatis.  A  triumjihat  arch.  Plate  CCCCXXII.  Fig.  20. 

In  the  victory  which  the  Parthians  gained  over  M. 
Crassus,  a  number  of  prisoners  and  standards  fell  into 
their  hands,  and  remained  in  their  possession  for  thirty- 
three  years,  until  Augustus,  by  threats,  prevailed  upon 
the  Parthian  king,  Phraates,  to  restore  them.  Here- 
upon, Augustus  built  a  temple  to  Mars  UUor,  in  which 
the  recovered  standards  were  placed. 

A  fiillar,  ivith  the  inscription  S.  P.  Q.  R.  Imp.  Cxsari. 
Quod.  Via;  Muniix  Sum  Ex.  Ea.  PecuniJ.  Qua  in.  Is. 
Ad.  jErarum  Druulit.     Plate  CCCCXXI.  Fig.  21. 

This  coin  alludes  to  the  improvement  of  the  high- 
ways, which  Augustus  effected  with  the  money  levied 
from  the  enemy.  The  simplicity  of  the  inscription  has 
been  much  admired. 

Imp.  XI.     The   sign   Cafiricorn.     Plate    CCCCXXI. 

Fig.  22.  e  •  J 

It  is  represented  as  a  goat  before,  and  a  fish  behind. 
Properly  speaking,  it  is  the  god  Pan,  who,  when  the 
gods,  afraid  of  the  giant  Typhon,  changed  themselves 
into  various  animals,  assumed  this  absurd  form,  and  was 
transferred  to  the  zodiac.  This  figure  appears  very 
frequently  both  in  the  Greek  and  Roman  coins  of  Au- 
gustus, who  was  born  under  the  sign  of  Capricorn. 

As  Augustus  prevailed  upon  the  senate  to  deify  Ju- 
lius Csesar,  his  successor  Tiberius  conferred  the  same 
honour  upon  him.  Hence,  on  the  coins  struck  after  his 
death,  he  often  appears  as  a  god,  under  the  name  of 
Divus.  Augustus.  Pater  ;  and  the  temple  built  in 
honour  of  him  sometimes  appears  upon  the  reverse. 

M.  Agripp.\. 

He  was  one  of  the  most  considerable  men  in  the 
empire,  and  had  performed  singular  service  to  Augus- 
tus in  his  wars  with  S.  Pompeius  and  Mark  Anthony. 
Augustus  gave  him  his  daughter  Julia  in  marriage, 
and  intended  her  two  sons,  Caius  and  Lucius,  to  be  his 
successors  in  the  empire  ;  but  these  died  young.  After 
a  career  of  great  fame,  Agrippa  died,  to  the  great  grief 
of  Augustus,  and  indeed  of  the  whole  empire. 

M.  Agkippa.  L.  F.  Cos.  III.  Head  of  Agri/ifia, 
adorned  ivilh  a  ivreath  of  shifis'  proivs.)  (s.  c.  jVe/itunc, 
holding  a  dolphin  in  his  right  hand,  and  the  trident  in  his 
left.     Plate  CCCCXXI.  Fig.  23. " 

This  coin  alludes  to  Agrippa's  naval  victories.  After 
the  victory  over  S.  Pompeius,  Octavius  presented  him 
with  a  crown  of  ships'  prows,  called,  in  Latin,  navalis, 
classica,  or  rostrala.  Virgil  takes  notice  of  this  in  the 
vi!i.  book  of  the  .fineid. 


Parte  alia  vciilh  et  Dis  A^rifipa  secunJis 
Arduus,  agmen  agens,  ctii,  belli  insigne  superbuin, 
Tempora  navali  fulgent  rostrala  corona. 

Tiberius  Neuo. 

He  was  the  son  of  T.  Claudius  Nero,  and  of  Livia, 
who  was  alienvards  the  wife  of  Augustus.  After  the 
death  of  the  sons  of  Agrippa,  he  was  adopted  by  Augus- 
tus as  his  son,  and  succeeded  him  in  the  empire.  He 
reigned  twenty-two  years. 

His  usual  titles  on  coins  are  :  TI.  Cesar,  Divi.  Aug. 
F.  Augustus.  P.  M. Cos.  Imp.  Tr.  Pot.  Plate  CCCCXXI. 
Fig.  24.  NMih  a  single  exception,  his  coins  possess  lit- 
tle interest. 

CiviT.\TiDus.  Asi.\E.  Restiiutis.  Tihcnus  sitting, 
with  a  sacrificial  cup  in  his  right  band,  and  in  his  left  a 
sceptre.     Plate  CCCCXXI.  Fig.  25. 

Tacitus  and  others  relate,  that,  during  the  rtign  of 
this  emperor,  twelve  cities  in  Asia  Minor  were  almost 
entirely  ruined  by  a  dreadful  earthquake.  Tiberius  ad- 
vanced money  to  rebuild  them;  and  to  this  circum- 
stance the  above  coin  and  inscription  allude. 

Germanicus. 

He  was  the  son  of  Drusus,  who  was  a  younger  bro- 
ther of  Tiberius.  His  noble  character  is  well  known 
from  history.  He  was  generally  believed  to  have  been 
taken  off  liy  poison  administered  at  the  instigation  of 
Tiberius.  Uy  his  wife  Agrippina,  the  dauglitcr  of  Agrip- 
pa, he  had  three  sons,  of  whom  the  two  eldest  were  dis- 
posed of  by  Tiberius;  the  youngest,  Caius,  succeeded 
to  the  empire. 

Germanicus.  Cjesar.  Germanicus  on  a  triumphal 
far.)  (SiGNis.  Ret'eptis.  Devictis.  Germanis.  S.  C. 
Germanicus  holding  in  his  left  hand  a  staff  with  an  eagle 
at  the  point  of  it.     Plate  CCCCXXI.  Fig.  26 

The  obverse  represents  the  triumph  of  Germanicus 
over  the  conquered  Germans.  The  figure  and  inscrip- 
tion on  the  reverse  allude  to  the  recovery  by  Germani- 
cus of  the  Roman  eagles,  which  had  been  lost  in  the 
unfortunate  defeat  of  Quinclilius  Varus  by  the  Ger- 
mans under  Arminius. 

Caius  Cssar. 

The  son  of  Germanicus  by  Agrippina.  He  succeed- 
ed Tiberius  in  the  empire,  and  reigned  nearly  four 
years.  He  obtained  the  nick-name  of  Caligula,  because, 
while  yet  a  boy,  he  used  to  wear  the  shoes  which  were 
worn  by  the  soldiers. 

His  inscription  was :  C.  Cesar.  Aug.  Germanicus. 
P.  M.  &c. 

Agrippina.  Drusilla.  Julia.  S.  C.  Three  females, 
each  holding  in  her  hand  a  cornucopits,  Plate  CCCCXXI. 
Fig.  27. 

On  this  coin  are  represented  the  three  sisters  of  Cali- 
gula, with  their  names  inscribed. 

R.  CC.  Inscribed  in  the  middle  of  small  copper  coins. 
Plate  CCCCXXI.  Fig.  28. 

In  order  to  provide  for  the  necessities  of  the  state. 
Augustus  imposed  upon  all  goods  brought  to  sale,  a 
tax  called  vecCigal  ccntesime,  or  one  ficr  cent.  When 
Tiberius  had  considerably  increased  the  revenue  by  the 
conquest  of  the  kingdom  of  Cappadocia,  he  rfeduced 
the  tax  to  the  vcctigal  ducentesima,  or  one  \\s.\i  per  cent. 
Caligula,  however,  abolished  the  tax  altogether  ;  and 
to  commemorate  this  act,  the  senate  caused  the  letters 
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RCC.  (j.  e.  Remisae  Ducenteaime)  to  be  inscribed  on 
the  public  coins. 

Ti.  Claudius. 

He  was  a  son  of  Drasus,  and  the  younjjci-  brother  of 
Germanicus.  Alter  the  death  of  Calitjula,  he  was  pro- 
claimed em|)eior  by  the  soldiery. 

His  inscription  was  :  Ti.  Claud.  C^sar.  Aug.  Gebm. 
Sec. 

iMPERatore  Recepto.  Inscribed  over  the  gale  of  the 
camfi  of  the  guards.     Plate  CCCCXXI.  Fii;.  29. 

PRAETORJanis  RECEPxis.  The  ein/ieror,  dressed  in  the 
toga,  holding  out  his  hand  to  a  soldier  of  the  PrcCorian 
guard,  ivho  holds  a  Roman  eagle  in  his  left  hand.  Plate 
CCCCXXI.  Fig.  30. 

These  two  coins  allude  to  the  elevation  of  Claudius 
through  the  patronage  of  the  soldiery. 

Nero. 

He  was  the  son  of  Cn.  Domitius  Ahenobarbus,  and 
of  the  younger  Agrippina,  daughter  of  Germanicus. 
He  was  adopted  by  Claudius,  received  the  name  of 
Claudius  Nero,  and  succeeded  to  the  imperial  dignity. 

His  names  appear  thus  upon  coins;  Nero.  Claud, 
Cesar.  Aug.  GERmanicus.  P.  M.  &c. 

CoNGiariuni  I.  Upon  others:  H.  DATum  PopuIo. 
The  emfieror  silting  ufion  an  elevated  stage,  and  dealing 
out  firesents  to  the  citizens.    Plate  CCCCXXI.  Fig.  31. 

The  word  congiariuin  is  derived  from  congius,  a  cer- 
tain measure  for  liquids,  such  as  wine,  oil,  &c.  The 
presents  made  to  the  people,  upon  certain  occasions, 
having  originally  consisted  of  such  ai  tides,  they  were  dis- 
tinguished by  the  name  of  congiaria.  Afterwards,  in- 
deed, they  consisted  also  of  other  articles,  such  as  corn, 
money,  Sec.  but  still  retained  the  original  name.  They 
■were  marked  on  coins  with  the  numbers  I.  II.  III.  &c. 
according  as  an  emperor  lived  for  a  longer  or  shorter 
period,  or  was  more  or  less  liberal.  In  this  respect, 
Nero  was  liberal  even  to  extravagance.  Instead  of  the 
word  congiarium,  the  coins  often  bear  Liberalitas  Aug. 
and  the  addition  of  the  numbers,  with  a  female  figuic, 
holding  in  her  right  hand  a  tessera,  or  ticket  entitling 
the  bearer  to  certain  articles. 

Pace.  P.  R.  Terra.  Mahique  Parta.  Jaxum  Clu- 
siT.  The  tem/ile  of  Janus,  with  the  gates  shut.  Plate 
CCCCXXI.  Fig.  32. 

The  piactice  of  shutting  the  gates  of  the  temple  of 
Janus  at  Rome,  during  peace,  is  well  known.  It  is  only 
from  coins  we  learn  that  such  an  event  took  place  dur- 
ing the  reign  of  Nero. 

Pont.  Max.  Tr.  Pot.  Sec.  J^ero,  dressed  in  a  long 
robe,  and  /^laying  on  a  lyre.  Plate  CCCCXXI.  Fig.  33. 

History  inlorms  us  of  Neio's  parlialily  for  music.  He 
carried  it.  indeed,  so  f.ir,  as  to  exhibit  publicly,  not  only 
at  Rome,  but  in  Greece;  where  medals  were  also  strurk 
to  commemorate  the  event,  with  the  inscription  NEPI2NI. 
AnOAAfiNl.  and  his  portrait,  as  on  the  above  Roman 
coil'. 

PoRTus  OiTiensis.  Augvsti.  S.  C.  The  harbour  of 
Ostia.     Plate  CCCCXXI.  Fig.  34. 

The  emperor  Claudius  rebuilt  the  harbour  of  Ostia 
at  tlie  mouth  of  the  Tiber,  at  great  expense.  It  is  pro- 
bable that  Neio  completed  the  work,  and  that  this  coin 
was  struck  upon  the  occasion. 


Servius  Sulpicius  Galba. 

He  was  Proconsul  in  Spain,  when  he  was  called  to 
supersede  Nero  in  the  government  of  the  empire.  He 
reigned  eight  months,  and  was  assassinated  by  the  Piae- 
lorian  guards. 

His  inscription  is — ServIus  Sulpicius  Galba.  I.mp. 
CiSAR.  Aug.  or  such  like. 

HispANiA  :  ./i  female  figure,  holding  in  her  right  hand 
a  bunch  of  corn-ears  and  a  fio/ifiy,  and  in  her  left  a  round 
shield  luilh  tvjo  lances.     Plate  CCCCXXI.  Fig.  35. 

Galba  was  partial  to  Spain  and  the  Gallic  provinces, 
because  they  were  the  first  to  declare  for  him  against 
Nero.  The  attributes  of  Spain  are  the  bunch  of  corn- 
ears,  to  denote  its  fertility  ;  and  the  round  shield  and 
lances,  the  peculiar  arms  of  the  country. 

M.  Salvius  Otho. 

He  ascended  the  throne,  through  the  influence  of  the 
Praetorian  guards,  after  the  murder  of  Galba.  He  reign- 
ed only  three  months,  having  been  defeated  in  a  san- 
guinary battle  by  his  rival  Vitellius,  upon  which  he  laid 
violent  hands  on  himself. 

The  inscription  on  his  coins  Is—Imp.  Otho.  Cssar. 
Aug.  Sec.  On  Roman  coins  his  head  is  never  surround- 
ed with  the  laurel  wreath,  but  covered  with  a  sort  of 
curly  wig.     Plate  CCCCXXI.  Fig.  36. 

No  reason  has  been  assigned  for  the  uncommon  rarity 
of  the  brass  coin  of  this  emperor.  There  are,  indeed, 
a  good  many  of  this  metal,  which,  however,  were  not 
struck  at  Rome,  but  at  Antioch  in  Syria,  or  at  Alexan- 
dria in  Egypt.  All  the  brass  Othos,  which  have  the 
form  of  the  Roman  coinage,  are  forgeries.  There  are  a 
good  many  of  gold  and  silver,  bearing  his  name  and 
portrait,  wliich  were  struck  at  Rome.  Even  the  genuine 
coins  of  this  emperor  have  nothing  remarkable  about 
them,  excepting  those  which  bear  the  inscription — Vic- 
toria Othonis. 

A.  Vitellius. 

He  reigned  only  eight  months,  when  he  was  assassi- 
nated by  the  soldiers  of  Vespasian. 

His  inscription  is — A.  Vitellius.  Imp.  Germanicus. 

XV'VIR  SacrIs  pAciundis.  A  Trifiod,  •with  a  Dol- 
fihin  lying  ufion  it,  and  a  Raven  below.  Plate  CCCCXXI. 
Fig.  37. 

The  principal  duty  of  the  Quindecemviri  sacris  fa- 
ciundis  was  to  consult  the  Sibylline  books  when  Rome 
was  threatened  with  any  danger.  The  representation 
upon  this  coin,  therefore,  alludes  to  the  soothsayer 
Apollo.  We  have  the  tripod  upon  which  the  priestess 
at  Delphi  sat  when  she  delivered  her  oracles  ;  the  dol- 
phin, because  Apollo  was  chiefly  worshipped  at  Delphi; 
and  the  raven,  because  that  bird  was  supposed  to  have 
the  faculty  of  foretelling  future  events.  This  subject 
seems  to  have  been  chosen  by  Vitellius,  because,  before 
he  became  emperor,  he  had  been  clothed  with  such  a 
priestly  office. 

Flavius  Vespasianus. 

He  was  engaged  in  carrying  on  the  war  against  the 
Jews,  at  the  time  when  he  was  called  to  the  empire  by 
his  legions,  in  opposition  to  Vitellius.  He  reigned  near- 
ly ten  years,  and  built  many  splendid  edifices;  amonjj 
others  the  capitcline  temple,  the  temple  of  peace,  and 
the  amphitheatre. 
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His  usual  inscriplion  is,  Imp.  C^sah.  Vespasiakus. 
Aug. 

JuDXA.  Capta,  or  Devicta,  or  De  Jud.eis,  S.  C. 
■A  female  sitting  under  a  ftalm-tree,  and  su/i/iortinff  her 
head  with  her  hand.     Plale  CCCCXXI.  Fig.  38. 

This  alludes  to  the  conriuest  of  Judsea,  and  the  cap- 
ture of  Jerusalem  by  Titus,  the  son  of  Vespasian,  A.  D. 
70.  The  palm-tree  is  (lie  symbol  of  Judsa,  and  is  also 
found  on  some  coins  of  Nerva. 

The  front  of  a  afilendid  tem/ile,  decorated  with  statues. 
Juftiter  sits  in  the  middle,  Minerva  stands  on  his  right 
hand,  Juno  on  his  left.  Below,  S.  C.  Plate  CCCCXXI. 
Fig.  39. 

During  the  confusion  that  occurred  in  the  latter  days 
of  Vitellius,  the  temple  of  Jupiter  Capitolinus  was  con- 
sumed by  fire.  Vespasian  caused  it  to  be  rebuilt  in  the 
most  splendid  manner,  chiefly  at  the  expense  of  the 
Jews.  The  three  deities  abovementioned  were  placed 
in  the  temple  exactly  as  they  appear  on  the  coin,  Mi- 
nerva occupying  the  most  distinguished  situation,  on 
the  right  hand  of  Jupiter,  in  preference  to  Juno.  For, 
after  Jupiter,  Minerva  was  most  honoured  at  Rome. 
Thus  Horace  : 

/"roxmos  i'Wi  (viz.  Jupiter)  tamen  occupavit 
Pallas  honores. 

Thus,  too,  on  the  coins  of  Antoninus  Pius,  the  birds  sa- 
cred to  these  three  deities  are  represented  in  precisely 
the  same  order:  the  eagle  of  Jupiter  in  the  middle,  the 
owl  of  Minerva  on  the  right,  and  the  peacock  of  Juno  on 
the  left. 

Titus. 

The  eldest  son  and  successor  of  Vespasian.  He 
reigned  two  years.  The  Jewish  warwasterminated  under 
his  conduct.  During  his  reign,  that  dreadful  eruption 
of  Mount  Vesuvius  first  broke  out,  which  overwhelmed 
the  towns  of  Herculaneum  and  Pompeii. 

His  inscription  is,  Imp.  Titus.  Cxs.  Vespasian,  (or 
Divi  VESpasiani  Filius)  Aug.  P.  M.  &c. 

S.  C.  Tit  tis  sitting  on  a  heap  of  arms.)  [The  amphithe- 
atre. Plate  CCCCXXI.  Fig.  40. 

This  coin  represents  the  splendid  amphitheatre,  which 
was  begun  by  Vespasian,  and  finished  by  Titus.  It  still 
remains  a  noble  ruin,  and  is  known  by  the  name  of  the 
Coliseum, 

Domitianus. 

The  second  son  of  Vespasian,  and  successor  of  Titus. 
He  reigned  fifteen  years,  and  was  assassinated  by  his 
freedman  Stephanus. 

His  inscription  is.  Imp.  Cbs.  Domit.  Aug.  Germ. 
P.  M.  Sec. 

Germanicus,  or  Germania.  Capta.  A  mourning 
female,  as  the  symbol  of  Gerniamj,  seated  on  the  long 
shield  of  the  country,  and  beside  her  a  broken  lance. 

Domitian  made  v/ar  upon  the  Chatti,  a  German  tribe 
dwelling  on  the  Rhine,  but  soon  returned  home  without 
effecting  any  thing  of  consequence.  Upon  this  occasion 
he  held  a  mock  triumph,  and  assumed  the  title  of  Ger- 
manicus, to  which  he  was  ever  afterwards  particularly 
partial. 

Cos.  XIIII.  LuDos  S.ECulares  pEcit.  inscribed  ufion 
a  ftillar,  beside  ivhich  stands  a  candlestick,  and  a  herald 
in  his  official  habit.     Plate  CCCCXXI.  Fig.  41. 

There  are  many  coins  of  Domitian  with  this  inscrip- 
tion, alluding  to  the  celebration  of  the  secular  games  in 


his  fourteenth  consulate.  Augu.ilus  was  the  first  of 
the  emperors  who  celebrated  these  games,  in  the  year 
of  the  city  737,  as  we  know  from  coins.  Upon  tliat  oc- 
casion, Horace  composed  his  well-known  secular  ode, 
beginning 

Phirbft  silvarumquc ptilent  Diana, 

In  Strict  propriety,  they  should  have  been  celebrated 
every  hundred  years;  but  this  was  not  attended  to;  for 
we  find  they  were  celebrated  sixty  three  years  after- 
wards (^n.  U.  C.  800)  under  Claudius,  and  again,  forty- 
one  years  after  that,  by  Domitian  ;  for  which  last  we 
have  the  testimony  of  tliis  coin,  and  of  tlie  historian 
Tacitus.  We  also  find  these  games  alluded  toon  coins 
of  the  emperors  Severus  and  Philip. 

Nerva. 

He  was  advanced  to  the  throne  after  the  death  of 
Domitian.  He  adopted  Trajan  as  his  son,  and  died  in 
the  sixteenth  month  of  his  reign. 

His  inscription  is.  Imp.  Nerva.  Cxs.  Aug.  P.  M.  &c 

Fisci.  JuDAici.  Calumnia.  Sup.LArA.  S.  C.  j1  fialm- 
tree.     Plate  CCCCXXI.  Fig.  42. 

The  Jews  were  liable  to  a  tax  of  two  drachmas  for 
the  maintenance  »f  the  temple  at  Jerusalem.  After  the 
conquest  of  Judaea  by  the  Romans,  the  produce  of  this 
tax  was  employed  for  the  support  of  the  temple  of  Jupi- 
ter Capitolinus.  Under  Domitian,  this  tax  was  levied 
by  the  officers  in  a  very  oppressive  manner  ;  but  by  an 
ordinance  of  Nerva  these  abuses  were  rectified  ;  and 
hence  the  inscriplion  on  this  coin. 

Vehiculatione.  ItalijE.  Remissa.  S.  C.  Tmo  mules 
grazing  ;  behind,  a  car.     Plate  CCCCXXI.  Fig.  43. 

The  Vehiculatio  was  a  sort  of  villainage  service,  by 
which  draught  cattle  and  carriages  were  obliged  to  be 
kept  on  the  highways,  in  Italy  and  the  provinces,  fur  the 
exigencies  of  the  state.  This  was  felt  by  the  peasantry 
as  an  oppressive  burden,  which  was  accordingly  alle- 
viated by  this  humane  emperor. 

Tuajan. 

He  died  at  Selinus,  in  Cilicia,  in  the  twentieth  year 
of  his  reign,  having  previously  adopted  Hadrian  as  his 
son. 

His  inscription  at  first  was,  Imp.  CiES.  Neuva.  Tra- 
jan. Aug.  Germ.  At  a  later  period  was  added  Daci- 
cus,  from  his  conquest  of  the  Dacians;  and  Optimus,  a 
title  of  honour  which  was  conferred  upon  him  by  the  se- 
nate. Hence  we  read  upon  the  reverse  of  most  of  his 
coins,  S.  P.  Q.  R.  Optimo.  Principi.  At  last  his  titles 
were  the  following:  Imp.  C.ts.  Ner.  Trajano.  Optimo. 
Aug.  Ger.  Dac.  Parthico.  The  last  epithet  he  took 
from  his  conquest  of  the  Parthians. 

Dacicus.  DAcia.  CAPta.  A  Dacian  firisoner,  with 
his  hands  bound  behind  his  back,  sitting  ufion  three 
shields  ;  behind  him,  two  Dacian  crooked  sabres  ;  before 
him,  two  darts.     Plate  CCCCXXI.  Fig.  44. 

This  alludes  to  the  conquest  of  Dacia,  which  was 
made  a  Roman  province.  Hence  Trajan  took  the  title  of 
Dacicus.  Upon  other  coins  of  Trajan  we  read  Dacia. 
Augusti.  Provincia. 

Danuvius.  a  recumbent  river-god,  holding  his  right 
hand  over  a  shifi,  and  leaning  with  his  left  on  a  vessel, 
out  of  which  water  fows.     Plate  CCCCXXII.  Fig.  1. 

This  figure  represents  the  river  Danube,  which  it  was 
necessary  to  pass  in  order  to  attack  Dacia.  Trajan 
caused  an  expensive  stone  bridge  to  be  thrown  over  it, 
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Jie  diiection  of  the  architect  Apollodorus  of  Da- 
mascus. This  bridge,  however,  was  demolished  by  his 
successor  Hadrian,  under  the  pretence  that  it  aflorded 
easy  access  to  the  barbarians  to  penetrate  into  the  Ro- 
man empire.  Some  remains  of  this  structure  arc  still 
10  be  seen,  near  what  is  called  the  iron  gate,  between 
Servia  and  Wallachia. 

Via  Tr.\jana.  A  female  sitting  on  the  ground,  tvith 
her  right  hand  on  a  ivheel,  and  her  left  on  a  rock.  Plate 
CCCCXXII.  Fig.  2. 

Trajan,  at  great  expense,  made  a  road  through  the 
Pontine  marshes,  which  from  him  was  called  the  Via 
Trajana. 

AuMcnta  iTALiae.  Trajan,  dressed  in  the  toga,  stretch- 
ing  his  hand    over  two   children.     Plate   CCCCXXII. 

Fig.  3. 

This  coin  may  be  illustrated  by  a  passage  from  Pliny's 
panegyric  upon  Trajan  :  Paullo  minus  cjuinijue  millia 
ingenuorumfuerunt,  que  liberalitas  firincifiis  ?ioslri  conqui- 
sivit.  invenit,  adscivit.  Hi  subsidium  beilorum,  ornamen- 
tum  /lacis,  /lublicis  sumfitibus  atantur,  /iacria?nc/ue  non  ut 
patriam  tantum,  verum  ut  altricem  amare  condiscunt. 
Ex  his  castra,  ex  his  tribus  refilebuntur,  &c. 

Forum.  Trajani.  A  s/ilcndid  edifice,  adorned  tvith 
statues,  fiillars  and  ensigns  of  victory.  Plate  CCCCXXII. 
Fig.  4. 

Basilica.  Ulpia.  A  sfUendid  colonnade,  decorated 
luith  statues-     Plate  CCCCXXII.  Fig.   5. 

S.  P.  Q.  R.  Optimo  Principi.  A  s/iiral  jtillar,  tvith 
the  statue  of  the  emperor  at  the  top  :  Plate  CCCCXXII. 

rip;-  6. 

These  coins  represent  the  magnificent  buildings  which 
Trajan  erected  at  Rome.  On  the  first  we  have  the 
celebrated  Forum  Trajanum.  The  second  exhibits  the 
Basilica,  a  large  building  adorned  with  colonnades,  in- 
tended for  public  assemblies.  It  was  called  Utjiia  in 
honour  of  Trajan,  who  was  of  the  Ulpian  family.  The 
third  represents  the  splendid  spiral  pillar  of  while  mar- 
ble, which  is  still  to  be  seen.  It  stood  in  the  Forum  Tra- 
jani,  140  feet  high. 

Parthia.  Capta.  a  pole  for  hanging  armour  between 
two  Parthian  prisoners. 

Rex.  Parthis.  Datus.  S.  C.  The  emperor,  on  an  ex- 
alted seat,  placing  the  diadem  on  the  netvly  appointed 
Parthian  king,  tvhile  a  female,  tvith  a  Parthian  cap, kneels 
before  him.     Plate  CCCCXXII.  Fig.  7. 

Armenia.  Et.  Mesopotamia.  In.  Potestatem.  P. 
R.  Redactae.  S.  C.  Trajan,  tvith  the  lance  in  his  right 
hand,  and  in  his  left  the  stvord,  (parazonium)  stands  ie- 
ttueen  itvo  recumbent  river-gods,  tvho  hold  a  ship  in  one 
hand,  and  tvith  the  other  lean  upon  a  tvater-urn.  Bettveen 
the  emperor  and  one  of  these  river-gods,  a  female,  in  the 
Armenian  habit,  is  sitting  on  the  ground,  looking  behind 
her.     Plate  CCCCXXII.  Fig.  8. 

These  coins  allude  to  the  conquest  of  Trajan,  in  the 
latter  years  of  his  reign,  in  Parthia,  Armeiiia,  and  Meso- 
potamia. The  two  first  relate  to  the  subjugation  of 
the  Parthians.  The  third  commemorates  the  conquest 
of  Armenia  and  Mesopotamia.  Armenia  is  distin,:;u;sh- 
ed  by  the  female  with  the  Armenian  cap  ;  Mcsopoianiia 
by  the  two  river-gods,  denoting  the  two  rivers  Euphra- 
tes and  Tigris,  between  which  that  country  is  situated, 
and  from  which  circumstance  it  derived  its  name. 

Hadrianus. 
His  usual  inscription    is  only  Hadrianus.    Augus- 
tus.   He  was  the  first  of  the  emperors  who  allowed  his 


beard  to  grow,  because,  it  is  said,  he  wished  to  be  taken 
for  a  philosopher.  The  custom  was  continued  by  his 
successors,  until  Constantine  the  Great  laid  it  aside. 

I.  Aegyptos.  a  female  seated  on  the  ground,  hold- 
ing in  her  right  hand  the  sistrum,  and  leaning  tvith  her 
left  on  a  basket  full  of  fruit  :  At  her  feet  is  the  bird  Ibis. 
Plate  CCCCXXII.  Fig.  9. 

Africa.  A  female  seated  on  the  ground,  her  head 
adorned  tvith  the  elephant's  trunk,  holding  in  her  right 
hand  a  scorpion,  or  reaching  totvards  a  lion. 

Dacia.  a  female  sitting  on  a  rock,  holding  in  one  hand 
a  standard,  in  the  other  a  crooked  sabre. 

Hispania.  a  female  seated  ;  in  her  right  hand  a  sprig, 
and  at  her  feet  a  rabbit. 

Mauritania.  A  native  holding  a  horse  by  the  bridle. 

NiLUS  The  bearded  river-god  lying  on  the  ground. 
Several  attributes  are  assigned  him,  such  as  the  Sphinx, 
the  Crocodile,  the  Hip/iopotamus,  and,  in  particular,  little 
dtvarfsh  boys,  tvho  spring  around  and  upon  him.  Plate 
CCCCXXII.  Fig  10.  (And  in  like  manner  are  repre- 
sented :    GeRMANIA.    NlCOMEDlA,  Scc. 

II.  Adventui,  Aug.  A¥v.ic;b..  The  emperor  dressed 
in  the  toga,  and  the  female  genius  of  Africa,  adorned  tvith 
the  elephant's  trunk,  sacrifice  upon  an  altar.  (And  in  like 
manner  :  Adventui,  Aug.  Alexandri.®,  or  AsLiiE,  or 
CiLici^,  &c.)  Plate  CCCCXXII.  Fig.  11. 

III.  Restitutori.  Achai.'e.  The  emperor  dressed  ir. 
the  toga  gives  his  hand  to  the  kneeling  genius  of  Achaia  ; 
bettveen  them  is  a  vessel  tvith  a  palm-branch  stretching) 
out  of  it  (And  in  like  manner:  Restitutori.  Africa. 
Asi^.  Arabi^e.  BithynIjE.  &c  )  Plate  CCCCXXII. 
Fig.  12. 

IV.  Exercitus.  Daoicus.  The  emperor  on  horse- 
back harangues  the  legions.  (And  in  like  manner:  Ex- 
ercitus. Cappadocicus.  Britaxnicus.  &c.)  Plate 
CCCCXXII.  Fig.   13. 

The  coins  of  this  description  are  uncommonly  beau- 
tiful and  instructive.  They  comprehend  almost  all  the 
Roman  provinces,  and  confirm  the  historical  fact,  that 
Hadrian  was  employed,  during  the  whole  of  his  reign, 
in  travelling  through  the  extensive  Roman  territory. 
The  first  class  contains  the  countries,  towns,  rivers,  &c. 
which  Hadrian  visited  ;  the  second  expresses  the  joy 
with  which  he  was  received  ;  the  third  gives  us  an  alle- 
gorical representation  of  the  benefits  he  conferred  on 
the  oppressed  provinces ;  and  the  fourth  alludes  to  the 
legions  distributed  in  the  various  districts.  Here,  too, 
we  have  the  various  attributes  by  which  the  provinces 
were  distinguished.  Egypt  holds  in  her  hand  the  Sis- 
trum, a  musical  instrument  peculiar  to  that  country, 
and  which  was  generally  placed  in  the  hand  of  the  god- 
dess Isis.  Egypt  is  also  distinguished  by  the  basket  of 
fruit,  denoting  the  fertility  of  the  land,  and  by  the  bird 
called  Ibis,  which  was  worshipped  there.  Africa  is 
distinguished  by  the  animals  peculiar  to  tropical  cli- 
mates :  such  as  the  elephant,  the  scorpion,  the  lion. 
Dacia  is  represented  sitting  upon  a  rock,  to  denote  the 
mountainous  nature  of  the  country.  The  crooked  sabre 
was  also  peculiar  to  the  Dacians.  Spain  has  her  rabbit, 
an  animal  which  anciently  abounded  in  that  country. 
Mauritania  (the  modern  Barbary)  is  distinguished  by 
the  horse,  an  animal  for  which  it  is  still  famous.  The 
river  Nile  was  worshipped  as  a  god  in  Egypt,  in  conse- 
quence of  its  annual  overflowings,  which  tended  to  pro- 
mote the  singular  fertility  of  that  country.  His  attri- 
butes are  the  sphinx,  the  crocodile,  and  the  hippopota- 
mus.   But  tbe  most  amusing  representation  of  the  Nile 
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consists  of  ilic  sixteen  spoiiive  dwai fs,  denoting  the  six- 
teen ells  which  it  was  necessary  the  river  should  rise 
above  ils  usual  surface  in  order  (o  insure  an  abundant 
harvest.  On  tliis  subject  Pliny  says  :  Justum  incremcn- 
tum  eat  cubitorum  XVJ.  In  XII.  cubilis  Acgyfitus  fa- 
mem  sentit,  in  XIII.  estiamnum  esttrit,  XIV.  cubita  hilari- 
(atem  adfcrunt,  Xy.  securilalcm,  XFI.  cUlicias.  To  mark 
this  last  increase,  we  fretiuenlly  find  upon  Egyptian  coins 
the  Greek  number  ir  (16.)  indicating  that,  in  that  year, 
the  Nile  attained  that  height. 

P.  M.  'J'u.  P.  Cos.  III.  A  temliUs  in.  ivhich  Hercules 
afjftears  statiding  betvjeen  two  females,  each  of  nvltom  en- 
deavours to  allure  him  to  herself.  Plate  CCCCXXII. 
Fis.  14. 

This  piece  represents  the  well  known  beautiful  moral 
allegory — the  Choice  of  Hercules,  by  Prodicus.  In  re- 
lation to  Hadrian,  it  seems  to  denote  his  activity  and  self- 
denial  in  undertaking  such  troublesome  journies,  in  or- 
der to  promote  the  welfare  of  the  provinces. 

Loci'pLETATORi.  Orbis.  Terrarum.  The  em/ieror 
seated  on  an  elevated  stage,  before  him  the  figure  of  Li- 
berality y-who  pours  out  treasures  from  a  Cunuicopiae  ujion 
two  citizens  standing  below.  Plate  CCCCXXII.  Fig.  15. 

This  was  a  title  conferred  upon  Hadrian,  in  conse- 
quence of  his  great  liberality. 

SAEtulum  AuReum.  P.  M.  Tr.  P.  Cos.  III.  The  fi- 
gUTC  of  a  man,  holding  in  one  hand  a  fihanix,  and  in  the 
other  a  circle,  which  cum/ilctely  surrounds  him.  Plate 
CCCCXXII.  Fig.  16. 

From  the  panegyrical  inscription  upon  this  coin,  it 
would  appear  tliat  the  reign  of  Hadrian  was  considered 
as  a  golden  age.  The  phoenix  was  anciently  the  sym- 
bol of  a  long  continue.1  period;  the  circle  represents 
the  zodiac,  as  the  measure  of  lime  by  the  course  of  the 
sun. 

Antoninus  Pius. 

He  was  adopted  by  Hadrian,  and  succeeded  him  in  the 
government.  In  consequence  of  his  philanthropic  dis- 
position, he  acquired  the  title  of  Pius.  He  reigned 
twenty-three  years. 

His  usual  inscription  was:  Imp.  Caes.  T.  Aelius. 
Hadrianus.  Antoninus.  Pius.  Aug.  The  names  Ae- 
lius Hadrianus  he  derived  from  Hadrian  by  adoption. 

Asia.  A  female  figure  with  a  crown  in  her  right  hand, 
an  anchor  in  her  left,  and  at  her  feet  a  shift.  Plate 
CCCCXXII.  Fig.  17. 

Capi'ADocia.  a  similar  figure,  holding  in  her  right 
hand  a  vessel,  in  her  lift  a  standard,  and  at  her  feet 
the  mountain  Argeus.      Plate  CCCCXXII.  Fig.  18. 

Parthia.  a  Parthian,  holding  in  his  right  hand  a 
crown,  in  his  left  a  bow  and  quiver. 

Phoenice.  a  female  figure,  holding  a  vessel  in  her 
right  hand ;  behind  is  a  fialm-tree.  (And  in  like  manner: 
Africa.  Dacia.  Scythia.  Sicilia.  Sec.) 

On  all  coins  of  this  description,  the  genius  of  a  pro- 
vince is  exhibited  in  the  act  of  presenting  a  crown,  or 
a  small  chest.  Among  the  ancient  Greeks,  it  was  cus- 
tomary to  present  to  princes  and  great  men  golden 
crowns,  with  a  view  to  secure  their  friendship,  or  to 
avert  their  anger.  This  practice  found  a  favourable  re- 
ception among  the  Romatis.  Historians  make  frequent 
meniiun  of  golden  crowns,  presented  by  towns  and  coim- 
tries  to  Roman  generals,  when  they  entered  their  terri- 
tory. These  gifts,  on  the  part  of  the  provinces,  became 
very  frequent  under  the  emperors.  Although  at  first 
voluntary,  they  afterwards  became  compulsory,  and  dif- 


fered from  real  tribute  only  in  the  name.     The  %.^^     j 
not  always  consist  of  a  real  crown,  but  often  of  golu  w^.,. 
or  bullion,  from  which  circumstance  it  was  called  auruin 
coronarium,  or  croiun-gold. 

When  Antoninus  assumed  the  government,  the  depu- 
ties from  the  provinces  immediately  appeared  with  their 
golden  crowns.  The  names  of  the  various  provinces  ap- 
pear on  the  above  coins,  and  they  are  usually  represent- 
ed by  female  figures,  in  the  act  of  picscnting  either  a 
real  crown,  or  a  vessel  containing  (he  crown-gold.  His- 
tory informs  us,  that  tiiis  pliilarithropic  emperor  remitted 
the  gift  entirely  as  to  Italy,  and  reduced  it  to  one  half 
as  to  the  provinces. 

With  respect  to  the  attributes  of  the  provinces,  Asia 
has  a  ship  and  an  anchor,  because  the  Romans  could 
only  get  to  it  by  sea.  Cu/i/iadocia  has  the  mountain 
Argaeus,  which  was  worshipped  by  the  inhabitants  as  a 
god.  Parthia  has  the  bow  and  quiver,  because  the  Par- 
thians  were  esteemed  the  best  archers.  Phznicia  has  a 
palm-tree,  from  which  that  country  derived  its  name. 

Rex.  Armeniis.  Datus.  Antoninus  dressed  in  the 
toga,  placing  the  crown  on  the  head  of  the  Armenian  king. 
Plate  CCCCXXII.  Fig.  19. 

Rex.  Quadis.  Datus.  Antoninus  firesenting  his  hand 
to  the  new  king  of  the  Quadi.  Plate  CCCCXXII.  Fig.  20. 

These  pieces  are  of  the  same  description  with  the 
coins  of  Trajan  formerly  noticed.  It  is  only  from  these 
monuments,  we  may  observe,,  that  we  learn  the  facts 
whicli  they  commemorate. 

Faustina  Senior. 

She  was  the  wife  of  Antoninus  Pius,  but  died  in  the 
third  year  of  his  reign.  Antoninus  made  a  goddess  of 
her,  built  her  a  temple,  and  caused  a  number  of  the  most 
beautiful  medals  to  be  struck  in  honour  of  her. 

Diva.  Aug.  Faustina.  Head  of  Faustina.)  (Pvellae. 
Faustinianae.  Antoninus,  sitting  upon  a  stage,  stretch- 
ing towards  a  child,  firesentcd  to  him  by  a  figure  below. 
Plate  CCCCXXII.  Fig.  21. 

To  explain  the  reverse,  we  must  observe,  that  Anto- 
ninus, following  the  noble  example  of  Trajan,  formerly 
alluded  to,  founded  an  institution  for  tlie  erlucation  of 
poor  girls,  who  were  called  Puellte  Faustiniana. 

M.  AuREHus  Antoninus. 

He  was  adopted  by  Antoninus  Pius,  received  the  title 
of  Cassar,  and  succeeded  to  the  empire.  He  associated 
L.  Verus  with  himself  in  the  government,  so  that  there 
were  then,  for  the  first  time,  two  Augusti.  He  died  at 
Vindobona  in  Pannonia — the  modern  Vienna — in  the 
twentieth  year  of  his  reign. 

His  inscription,  as  Caesar,  was  :  Aurelius.  CjEsar. 
AuGUSti.  Pii.  Filius. ;  as  emperor:  I.mp.  C^s.  M.  Au- 
REL.  Antoninus.  Aug.  Afterwards  he  assumed  other 
titles  from  his  conquests  ;  such  as  :  Armeniacus,  Par- 
THicus  Maxi.mus,  and  on  some  of  his  rarest  coins,  Me- 
Dicus,  from  his  conquest  of  the  Modes;  and  finally, 
Germanicus.  Sarmaticus. 

Concordi.;e.  Augustou.  Tr.  P.  XV.  Cos.  III.  The 
two  emperors,  Aurelius  and  Verus,  present  their  hands  to 
each  other.     Plate  CCCCXXII.  Fig.  22. 

De  GERManis.  or  De  SARMatis.  A  heap  of  German 
arms,  or  a  trophy  between  two  Sarmatian  prisoners. 
Plate  CCCCXXII.  Figs.  25,  24. 

These  heaps  of  arms  denote  the  victories  obtained  over 
the  Germans  and  Sarmatians,  by  which  Aurelius  pro- 
cured the  titles  Germanicus  and  Sarmaticus, 
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Faustina  Juxiou. 

The  ilauglUer  of  Antoninus  Pius,  and  wife  of  M.  Au- 
lelius  ;  a  woman  of  a  most  abandoned  character.  Xever- 
Uieless  she  was  deified  after  her  death. 

Faustixa  Augusta.  Head  of  Faustina.')  (Fon- 
ruNAE.  MuLiEBRi.  Fcrtunc,  in  a  sitting  posture,  hold- 
ing in  her  right  hand  a  rudder,  and  in  her  left  a  cornu- 
co/iia.     Plate  CCCCXXII.  Fig.  25. 

Fortune  was  a  favourite  diviniiy  at  Rome,  where  she 
had  many  temples,  and  was  worshipped,  indeed,  both  as 
a  male  and  a  female,  under  various  appellations. 

COMMODUS. 

The  son  of  M.  Aurelius,  and  of  the  younger  Faus- 
tina. 

His  inscription  is  very  variable.  He  sometimss  took 
the  finenomen  of  Lucius,  sometimes  of  Marcus.  His 
o'.her  names  were  :  Melius  Aurelius  Antoninus  Commo- 
dus  Pius  Felix,  and  also  Britannicus,  from  the  conquer- 
ed Britons, 

CoLonia  Lucia  Astoniniana,  CoMmodiana.  P.  iVI.  Tr. 
P.  8cc.  Commodus,  veiled,  conducts  a  {dough  yoked  with 
oxen.     Plate  CCCCXXH.  Fig.  26. 

History  informs  us,  that  Commodus,  in  one  of  his  wild 
freaks,  resolved  to  change  the  name  of  the  imperial  city, 
and  to  convert  it  into  a  colony,  under  the  designation  of 
Colonia  Commodiana.  The  truth  of  this  foolish  idea  is 
confirmed  by  the  above  coin,  The  reverse  gives  us  a 
representation  of  the  manner  of  founding  a  Roman  co- 
lony. Its  limits  were  marked  out  by  a  furrow  made  by 
a  plough  drawn  by  a  bullock  and  a  cow.  This  act  was 
accompanied  with  religious  ceremonies  ;  for  he  who  con- 
ducted the  plough,  Tiras  always  veiled  after  the  manner 
of  the  priests. 

Herculi  Romano  Augusto.  Hercules  holding  his 
right  hand  over  a  trofihy,  and  in  his  left  the  club  and 
lion's  skin.  Upon  other  coins,  instead  of  the  figure  of 
Hercules,  we  find  only  his  usual  attributes.  Plate 
CCCCXXH.  Fig.  27. 

HercuU  RoMse  CoNoitori.  Cos.  VH.  P.  P.  Hercu- 
les holding  the  Jdough.  On  the  obverse  is  the  head  of 
Commodus  covered  with  the  lion's  skin.  Plate  CCCCXXH. 
Fig.  28. 

Commodus  possessed  great  bodily  strength,  and  dei- 
fied himself  under  the  name  of  Hercules.  He  laid  aside 
the  laurel  wreath,  which  had  hitherto  adorned  the  heads 
of  the  emperors,  and  assumed  the  lion's  skin.  In  this 
form  he  was  frequently  represented  in  statues  and  on 
coins. 

P,  Helvius  Pertinax. 

He  was  a  man  of  low  extraction,  but  was  raised  to 
the  imperial  dignity  after  the  murder  of  Commodus, 
He  was  himself  assassinated,  however,  by  the  praEtorian 
guards,  in  the  third  month  of  his  reign. 

His  inscription  was  :  Imp.  Ces.  P.  Helv.  Pertinax. 
Aug. 

Jano  CoNSERVATori.  Janus  holding  in  his  right  hand 
a  lance. 

Pertinax  probably  chose  Janus  for  his  tutelary  god,  in 
consequence  of  his  having  been  appointed  emperor  in 
the  month  of  January. 

Men'ti.  Laldandae.  a  female,  with  a  crown  in  her 
right  hand,  and  m  her  left  a  lance.  Plate  CCCCXXII. 
Fig.  29. 

Under  the  word  Mens,  was  understood  the  disposi- 
tion, which  is  capable  of  receiving  a  good  or  a  bad  di- 
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rection.  The  Bona  Mens  had  actually  a  temple  at 
Rome,  and  was  worshipped  as  a  goddess.  As  the  tnala 
mens  seemed  to  prevail  during  the  whole  reign  of  Com- 
modus, Pertinax  wished  to  restore  the  mens  bona,  or, 
which  is  the  same  thing,  the  mens  laudanda,  to  her 
former  honour?. 

After  the  violent  death  of  Pertinax,  Didius  Julianus 
bought  tiie  empire  from  the  Prastorian  guards.  Several 
competitors,  however,  started  up,  in  the  persons  of  Seve- 
rus  in  Paniionia,  Clodiiis  Albinus  in  Gaul,  and  Pescen- 
nius  Niger  in  the  East ;  all  of  whom  assumed  the  title 
of  emperor.  Severus  advanced  with  his  legions  to  Rome, 
and  prevailed  upon  the  senate  to  deliver  over  the  cow- 
ardly Julian  to  execution.  He  afterwards  gradually  over- 
came Albinus  and  Pcscennius,  and  again  united  the  em- 
pire under  one  head. 

There  is  nothing  remarkable  in  the  coins  of  Julian 
and  Albinus.  Those  of  Pescennius  are  much  valued 
on  account  of  their  rarity.  Most  of  them,  however,  like 
those  of  Otho,  are  forgeries.  On  his  genuine  denarii, 
he  generally  has  the  title  of  Justus,  and  the  inscription  : 
Imp.  Ces.  Pesc.  Niger.  Just.  Aug.  The  figures  on 
the  reverse  are  generally  of  a  mythological  description. 
One  of  the  most  rare  coins  of  Pescennius  is  that  in  the 
imperial  cabinet  at  Vienna,  on  which  there  is  a  basket 
filed  with  corn  ears,  gra/ies,  and  other  fruits,  with  the  in- 
scription :  Felicitas  Temporu.m.  Plate  CCCCXXII 
Fig.  30. 

L.  Septimius  Severus. 

He  was  born  in  Africa,  and  died  during  the  war  in 
Britain,  in  the  19th  year  of  his  reign. 

His  inscription  was,  L.  Septimius  Severus  Aug. 
sometimes  with  the  addition  of  Pertinax.  From  his 
conquests  he  assumed  the  tiile  of  Parthicus  JIaximus, 
and  also  of  Britaxkicus. 

The  bust  if  Severus.)  (Felicitas.  Saeculi.  771^ 
head  of  a  female  between  two  youthful  male  heads.  Plate 
CCCCXXII.  Fig.  31. 

The  obverse  of  this  coin  exhibits  the  portrait  of  Se- 
verus ;  the  reverse  that  of  his  wife  Julia  Domna,  and 
her  two  sons,  Caracalla  and  Geta,  wlio  both  succeeded 
to  the  impeiial  dignity.  Some  of  the  coins  of  this  de- 
scription have  also  the  inscription,  JLternit!  Imperii. 

Divi.  Marci  Pii.  Filius.  P.  M.  Tr.  P.  HI.  Cos.  II. 
P.  P.  S.  C.  Severus,  holding  the  globe  a>id  the  goddess 
of  victory  in  his  right  hand,  and  a  lance  in  his  left,  is 
crowned  by  Courage  (Virtus)  vjho  carries  a  club.  Plate 
CCCCXXII.  Fig.  32. 

Severus  publicly  held  himself  out  as  the  son  of  M.  Au- 
relius, although  there  was  no  relationship  whatever  be- 
tween him  and  the  Anionines.  On  public  monuments, 
however,  we  find  him  designated  as  the  son  of  M.  Aure- 
lius, the  brother  of  Commodus,  the  grandson  of  Antoninus 
Piusf  &c.  He  also  gave  his  son  Bassianus  the  name  of 
Antoninus.  AH  this,  no  doubt,  was  done  from  policy, 
for  the  memory  of  the  Anionines  was  held  sacred  at 
Rome. 

M.  AuR.  Antoxixus  Caracalla. 

He  was  the  eldest  son  of  Severus  and  Julia  Domna. 
When  scarcely  ten  years  old,  Severus  gave  him  the 
title  of  Augustus,  and  assumed  him  as  co-regent.  His 
father  intended  that  the  two  biothcrs,  Caracalla  and 
Gtta,  should  be  joint  emperors  ;  but  Caracalla  murder- 
ed his  brother,  and  reigned"  six  years  alone,  when  he 
was  assassinated  in  Mesopotamia,  at  the  instigatioa  of 
Macrinus. 
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His  inscription  is,  M.  Aukelius.  Antoninus.  Pius. 
Felix.  Aug.  The  name  Caracalla  never  appears  on 
public  monuments.  From  his  father  he  derived  the  titles 
of  Partliicua  Maximua,  and  he  ultimately  assumed  also 
that  of  Gcrmanicus. 

P.  M.  Til.  P.  XVII.  Cos.  nil.  P.  P.  JEaculafiiue, 
holding  in  his  righc  hand  the  serfienC  rod;  beside  him 
slands  the  little  Teles/ihorus,  and  at  his  feet  lies  the  globe. 
Plate  CCCCXXIl.  Fi^.33. 

./l/tollo  holding  a  branch  in  /;ia  right  hand,  and  leaning 
with  his  left  on  the  lyre,  which  lies  u/ion  a  tri/iod.  Plate 
CCCCXXIl.  Fi.i.  34. 

Hercules  holding  a  branch  in  his  right  hand,  and  in 
his  left  the  club  and  lion's  skin.  Plate  CCCCXXIL  Fig. 
35. 

These  coins  were  struck  during  the  latter  years  ot 
his  reign,  and  allude  to  the  bad  slate  of  his  health. 
Hence  we  find  upon  them  the  figures  of  such  deities 
as  wtre  supposed  lo  preside  over  medicine  and  health, 
viz.  iEscuiapius,  Apollo,  Hercules,  and  Telesphorus. 

Divo.  Antonino.  Maono.  Head  of  Caracalla)  (Con- 
aecratio.     An  eagle.     Plate  CCCCXXIl.  Fig.  36. 

After  his  death,  Caracalla,  notwithstanding  the  base- 
ness of  his  character,  was  placed  among  the  gods  by  a 
decree  of  the  senate.  To  this  circumstance  the  above 
coin  alludes. 

CLASS  II. 

OF  THE  COINS  STRUCK  OUT  OF   ROME. 

The  coins  belonging  to  this  class  are  equally  nume- 
rous, and,  in  many  respects,  still  more  interesting,  than 
those  of  the  former.  Their  number,  indeed,  must  be 
eKceedingly  great,  as  almost  every  Greek  town,  how- 
ever insignificant,  had  its  own  coinage;  and  the  same 
may  be  said  of  foreign  kings.  It  is  certain,  that  the 
mere  names  of  the  nations,  towns,  kings,  kc.  whose 
coins  are  still  e.xtant,  amount  to  2000.  Their  excellence 
consists  partly  in  the  extraordinary  beauty  of  those 
which  were  executed  during  the  happiest  times  of  art, 
and  partly  in  the  interesting  materials  they  present  to 
the  study  of  the  philosopher.  As  the  Romap  class  is 
now  nearly  exhausted,  it  is  chiefly  to  this  latter  class 
ihat  the  attention  of  the  skilful  collector  is  at  present 
directed. 

The  coins  of  this  class  are  subdivided  into,  1.  The 
coins  of  nations  and  cities  ;  and  II.  the  coins  of  kings 
and  princes  under  various  titles. 

PART  I. 

Coins  of  Nations  and  Cities. 

These  are  either  of  the  description  called  Autono- 
MES,  that  is,  coins  on  which  neither  the  portrait  nor 
the  name  of  an  emperor  or  king  appears  ;  or,  imfierial 
coins  of  cities,  such  as  have  the  portrait  and  the  name 
of  a  Roman  emperor  upon  them;  or,  lastly,  colonial  coins. 


1.  Autonomic  Coins. 
Macedonia. 
Head  of  Diana,  encircled  by  a  wreath  of  Macedonian 


shields.)  (MAKEAONHN.  nPnTHZ.  The  club  of  Her- 
cules in  the  middle  o/an  oaken  wreath.  Plate  CCCCXXIl. 
Fig.  37. 

Alter  the  conquest  of  Macedonia  by  the  Roman  ge- 
neral .fimilius  Paulus,  he  divided  the  country  into  four 
parts.  The  inscription  on  the  reverse  of  the  above  coin 
shows  that  it  belonged  lo  the  first  division.  There  are 
a  great  number  now  extant  of  the  silver  coins  of  this 
division  ;  while  those  of  the  second  and  fourth  are  rare  ; 
and  of  the  third  none  have  yet  been  found.  The  club, 
on  the  reverse,  alludes  to  Hercules,  who  was  particular- 
ly honoured  in  this  country,  as  its  kings  were  supposed 
to  be  descended  from  him. 

Beotia. 

A  shield)  (BOIarav.  A  vase  ;  in  the  field  a  bunch  o/ 
grapes  and  a  club.     Plate  CCCCXXIl.  Fig.  38. 

The  shield,  with  the  circular  incision  on  both  sides, 
was  peculiar  to  the  Bcotians.  The  grapes  and  club 
allude  to  Bacchus  and  Hercules,  who  were  both  borr 
at  Thebes,  the  capital  of  Beotia. 

Tarentum  Calabriae. 

TAPA2.  A  youth  riding  ufion  a dol/ihin.)  [Two  youths 
on  horsrback.     Plate  CCCCXXIl.  Fig.  39. 

TAPAS  IS  the  Greek  name  of  Tarentum,  once  a 
wealthy  and  powerful  city  in  Calabria.  The  youth 
borne  on  the  dolphin  is  Taras,  a  son  of  Neptune,  from 
whom  the  city  received  its  name.  The  reverse  alludes 
to  the  Tarentine  cavalry,  which  was  famous.  The 
wealth  of  tliis  city  appears  from  the  great  number  of 
its  beautiful  gold  and  silver  coins. 

SvRACUSiB  SiCILIiE. 

APE00SA.  A  beautiful  female  head,  tuith  the  hait 
sticking  out  on  all  sides.)  (STPAKOSIliN.  A  youth 
in  a  chariot  and  four,  in  full  career,  crowned  by  a  winged 
goddess  of  victory.     Plate  CCCCXXIl.  Fig.  40. 

Syracuse  is  still  the  Peru  of  the  collectors  of  coins. 
No  Greek  city  presents  us  with  so  many  gold  and  sil- 
ver pieces,  and  of  such  weight.  Its  coins,  too,  excel 
all  antiquity  in  the  taste  and  beauty  of  their  workman- 
ship. The  obverse  of  this  coin  represents  the  cele- 
brated fountain  of  Arethusa,  situated  near  the  town  and 
the  sea;  a  divinity  in  the  eyes  of  the  Syracusans,  and  a 
favourite  theme  with  many  an  inspired  poet.  The  figure 
on  the  reverse,  which  always  appears  upon  the  Sicilian 
coins,  contains  an  allegorical  representation  of  their  vic- 
tories. The  inscription,  it  will  be  observed,  is  in  the 
Doric  dialect. 

Athenje  ArTiCiE. 

Head  of  Minerva.)  (A©E.  NESTliP.  MNASEAS.  An 
owl  standing  u/ion  a  vase;  and  a  slag  ;  round  the  edge  a 
wreath  of  olive.     Plate  CCCCXXIl.  Fig   41. 

This  was  the  common  silver  coin  of  Athens.  Miner- 
va was  the  tutelary  goddess  of  the  Athenians;  hence 
they  placed  her  favourite  bird,  the  ov/l,  upon  their  coins. 
Considered  as  specimens  of  art,  they  are  but  indifferent. 
On  the  reverse,  we  generally  find  the  names  of  various 
magistrates  ;  as,  upon  the  present,  those  of  Nestor  and 
Mnaseas. 

LacED^MON  LACONIiE. 

Head  of  Hercules  crovtned  with  laurel.)     (AA  Ksfxiiit- 
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tim  rEl    ITlTln.vl  vase  bet-ween  the  caps  of  the  Dioscuri. 
Plate  CCCCXXII.  Fig.  42. 

This  is  a  silver  coin  of  Lacedsmon.  Their  great 
lawgiver  Lycuigus,  indeed,  allowed  only  iron  money ; 
and  we  have  no  very  ancient  silver  or  brass  coins  ol  this 
people.  But  afterwards,  when  they  departed  from  the 
laws  and  institutions  of  Lycurgus,  they  coined  money 
of  various  metals.  The  obverse  of  this  coin  exhibits 
the  head  of  Hercules,  from  whom  their  kings  were  de- 
scended. The  caps  on  the  reverse  belong  to  the  Dios- 
curi, Castor  and  Pollux,  who  were  particularly  reve- 
renced at  Sparta,  being  born  of  Leda,  a  Spartan. 

Smyrna  Ioni^e. 

OMnPOC.  Homer  seated,  holding  in  his  hand  a  roll 
of  writing.)  (cMTrNAIfJN  inscribed  ivithin  an  oaken 
■wreath.     Plate  CCCCXXII.  Fig.  4.".. 

Tliis  copper  coin  belongs  to  Smyrna,  a  considerable 
town  in  Ionia,  and  alludes  to  its  pretensions  to  the  birth- 
place of  Homer.  A  temple  was  erected  to  him  in  this 
town,  and  medals  were  struck  in  honour  of  him,  which, 
from  bearing  his  portrait,  were  called  the  Homeric. 

Ctrene  Cyren.\1c£. 

KTPA.  a  bearded  fiortrait, -with  a  ram's  horn.)  (7i4e 
filant  Laserfiicium.     Plate  CCCCXXII.  Fig.  44. 

This  coin  was  struck  at  Cyrene,  {dorice  Cyrane,)  a 
town  founded  by  a  colony  of  Spartans  on  the  African 
coast.  The  coins  struck  here,  of  gold  and  silver,  are 
distinguished  for  the  great  beauty  of  their  execution. 
On  the  obverse,  we  find  the  head  of  Jupiter  Ammon, 
with  his  attribute,  the  ram's  horn.  His  celebrated  tem- 
ple was  situated  at  no  great  distance  from  Cyrene.  On 
the  reverse  is  the  famous  plant  Laserfiicium,  (thec-iA^/o? 
of  the  Greeks,)  of  the  virtues  of  which  the  ancients  had 
a  great  idea.  It  was  much  cultivated  here  ;  and  hence 
it  was  employed  by  the  Cyrenaeans  as  the  national  sym- 
bol. 

2.  Imperial  Coins  of  Cities. 

The  coins  of  this  description  are  very  numerous  ;  but 
they  become  rare  from  the  time  of  Gallienus.  The  fol- 
lowing is  a  single  specimen. 

Ephesus Ionix. 

A.  AYP  KOMOAOC.  KAICAP.  The  unadorned  head 
of  the  young  Commodus.)  (APTEMIC.  EOECION.  The 
Diana  of  £/ihesus  between  two  stags  ;  above  are  the  sun 
and  moon. 

This  coin  belongs  to  Ephesus,  a  well  known  town  in 
Ionia.  On  the  obverse,  Commodus  appears  without  the 
laurel  wreath,  as  he  had  not  yet  obtained  the  title  of 
Augustus.  On  the  reverse  is  the  Diana  of  the  Ephe- 
sians,  whose  magnificent  temple  is  well  known. 

3.  Colonial  Coins. 

The  coins  of  this  description  were  struck  in  those 
towns  which  were  converted  into  Roman  colonies ;  af- 
ter which  the  inscriptions  were  generally  in  Latin,  even 
although  the  Greek  were  the  native  dialcrt.  The  let- 
ters CoL.  or  KOA.  were  always  prefixed  to  the  name  of 
the  town.  There  are  in  this  class  also  some  .Tutonomic 
coins  ;  but  these  are  not  numerous.  The  following  is  a 
specimen  of  this  class  : 


VlMINACIl/M   M(ESI£. 

Imp.  Gordianus.  Pius.  Fel.  Aug.  Head  of  the  em- 
peror  Gordianus,  with  a  radiating  crown.)  (P.  M.  S. 
CoL  Vim.  A  female  genius,  holding  in  her  right  hand 
a  standard,  with  the  number  VII.  inscribed  on  it,  in  her 
left  another,  with  the  number  IIII.  ;  at  her  feet  are,  on 
the  right  a  bullock,  and  on  the  left  a  lion,  belozv  An 
IIII.     Plate  CCCCXXII.  Fig.  45. 

The  inscription  on  the  reverse  is  completed  thus  : 
Provincia  Masics  Sufieriori.i  Cotonia  ViMinacium.  The 
colony  of  Viminacium  was  situated  in  upper  Moesia  on 
the  river  Ister.  The  privileges  of  a  Roman  colony  were 
conferred  upon  it  by  the  emperor  Gordian,  who  caused 
it  to  be  occupied  by  two  legions,  the  seventh  and  the 
fourth.  Hence  the  numbers  upon  the  reverse,  and  the 
bullock  and  lion,  which  were  the  respective  symbols  ol 
these  two  legions.  The  number  at  the  bottom  indi- 
cates that  this  coin  was  struck  in  the  fourth  year  of  the 
colony,  A  great  number  of  the  coins  of  this  colony  are 
found  in  the  Austrian  tcrritoiies,  especially  in  Hungary. 

Of  the  same  description  are  the  coins  with  the  in- 
scription Provincia  Daoica. 

PART  n. 
Coins  of  Kings  and  Princes. 

We  have  very  few  coins  belonging  to  those  inoiiai  ■ 
chies  which  existed  before  the  time  of  Alexander  the 
Great.  The  greatest  part  are  of  those  kingdoms  which  fell 
to  the  lot  of  Alexander's  generals.  Of  these  the  most 
remarkable  are  Macedonia,  Egyfit,  and  particularly  Sy- 
ria. We  shall  notice  a  few  specimens  of  the  numerous 
collection  of  coins  of  this  description. 

Gelo  R.  Syracusahum. 

Head  of  king  Gelo  encircled  with  the  diadem.)  (BA. 
TEAIiNOS  STPAKOSIOI.  An  eagle  standing  ufion  a 
thunderbolt.     Plate  CCCCXXII.  Fig.  46. 

This  coin  was  struck  in  honour  of  Gelo,  king  of  Sy- 
racuse, whose  valour  and  other  virtues  procured  for  him 
the  attachment  of  his  subjects  during  his  life,  and  their 
reverence  for  his  memory  long  after  his  death.  His 
reign  occurred  nearly  500  years  before  the  Christian  aera. 

Philippus  II.  R   Macedoni.«. 

Head  of  A/iollo.)  ("WAinnOT.  A  man  in  a  chariot 
and  fiair  in  full  career  ;  a  vase  between  the  feet  of  the 
horses.     Plate  CCCCXXII.  Fig.  4r. 

Such  was  the  gold  coin  which  Philip  II.  of  Macedon 
caused  to  be  struck,  in  great  quantities,  after  his  con- 
quest of  the  Thracian  gold  mines,  and  which  was  every 
where  known  by  bis  name.  The  reverse  alludes  to  the 
victories  which  Philip  had  obtained  on  the  Olympic 
course. 

Alexander  Magnus. 

Head  of  Minerva.)  (BASIAEHZ.  AAESANAPOr.  The 
goddess  of  x'ictory^  holding  in  her  right  hand  a  wreath, 
and  in  her  left  a  trident.     Plate  CCCCXXIII.  Fig.  1. 

Head  of  Hercules  with  the  lion's  skin)  (AAEEANA- 
POT.  Jupiter  seated,  holding  in  his  right  hand  an  eagle, 
in  his  left  a  lance  ;  in  the  field  a  lyre,  and  near  it  KOAO. 
Plate  CCCCXXIII.  Fig.  2. 

In  the  first  of  these  pieces  we  have  the  common  gold 
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coin  ;  in  the  second,  the  common  silver  coin  of  Alex- 
ander the  Gi-eal.  On  the  latter,  we  lind  the  letters  KO- 
AO.  denoting  Colophon,  a  considerable  town  of  Ionia, 
where  the  coin  was  struck.  The  lyre  is  its  symbol,  be- 
cause Apollo  was  principally  worshipped  there. 

MiTIIRIDATES   VI.    R.    PONTI. 

Head  of  the  king  ivith  the  diadem.)  (BASlAEfii; 
.MI0PAAATOY  ETnATOPOs.  Pegasus  grazing  ;  in  the 
field,  the  year  es  (209.)  An  ivy  mreath  goes  round 
^the  edge.     Plate  CCCCXXIll.  Fig.  3. 


in  the  12ih  century,  or  before.  In  1252,  t!ic  first  gold 
coins  struck  in  F.urope,  after  tiic  eii;;ht!i  ceiuiuy,  made 
their  appearance  here,  and  were  called  //on>u,  from  Uie 
llower  of  the  lily  upon  them, — an  emblem  which  was 
afterwards  adopted  by  France. 

The  most  early  series  of  Spanish  coins  consists  al- 
most entirely  of  trienics,  finely  executed.  On  one  side 
they  have  the  head  of  the  king,  with  his  name,  and  on 
the  other  a  cross,  with  the  name  of  the  town,  common- 
ly in  Uoctica,  or  the  southern  part  of  Spain.  The  Mo- 
resque coins  of  Spain  have  nothing  but  insipid  inscrip- 


The  obverse  has  the  portrait  of  the  celebrated  king  of    tion.  on  both  sides.     The  inscriptions  on  the   ancient 


Pontus,  Miihridalcs  Eupator.  The  figure  of  Pegasus 
leads  to  the  svipposition  that  coins  like  this  were  struck 
at  Amisus,  one  of  the  principal  towns  of  Pontus,  of 
which  this  figure  was  the  symbol.  The  number  ©2  de- 
notes the  209ih  year  of  the  Poniic  aera.  The  ivy  wreath 
is  placed  here,  because  this  king  was  flattered  with  the 
appellation  of  Bacchus,  who  generally  wore  a  garland 
of  ivy. 

Antiochus  R.  Syui-e. 

King's  head  with  the  diadem.)  (BASIAEns.  ANTIO- 
XOT.  J/iollo,  holding  in  his  right  hand  an  arrow,  and 
in  his  left  a  bow,  sitting  on  a  covered  tri/iod.  Plate 
CCCCXXIll.  Fig.  4. 

On  the  obverse  is  the  head  of  Antiochus.  The  figure 
on  the  reverse  is  generally  found  on  the  coins  of  the 
first  Syrian  kings,  and  represents  Apollo  the  soothsayer. 

PrOLEMiEUS  I.  R.  jEgyi'ti. 

King's  head  with  the  diadem.)  (nXOAEMAlOT  SliTH- 
P02.  .4>i  eagle  standing  ufion  a  thunderbolt  ;  in  thejield 
the  year  AT.  (33.)     Plate  CCCCXXIll.  Fig.  5. 

This  coin  belongs  to  Ptolemy,  the  son  of  Lagus,  one 
of  the  most  distinguished  of  Alexander's  generals,  and 
the  founder  of  the  Egyptian  monarchy.  The  number 
AT.  denotes  the  33  1  year  of  his  reign. 

There  are  other  coins  of  princes,  with  various  titles. 
Herod  the  Great,  before  the  Romans  raised  him  to  the 
royal  dignity,  had  on  his  coins  the  inscription,  HPnAHc. 
E0NAPXOC.  i.  e.  ruler  of  the  fieople.  His  son,  Herodes 
Anlipas,  called  himself  Tetrarch,  HPOAOT  TETPAPXOr. 
The  titles  of  Tojiarch  and  Dynast  occur  less  frecjuently. 

MODERN    NUMISM.VrOLOGY. 

We  propose  to  discuss  this  branch  of  our  subject  with 
great  brevity,  as  it  does  not  possess  nearly  so  much  in- 
terest as  that  which  we  have  just  been  considering. 

With  regard  to  the  Italian  coinnge,  besides  some 
coins  of  the  Gothic  princes,  the  exarchs  of  Ravenna 
struck  money  with  the  inscription,  Felix  Rave.nna,  S:c. 
The  papal  coinage  originated  with  Hadrian  I.  consisting 
of  silver  pennies,  with  the  pope's  naine  on  one  side,  and 
Scos  Petkus  on  the  other.  There  are  no  coins  from 
975  to  1099,  excepting  of  Leo  IX.  There  are  groats 
of  Clement  V.  with  his  portrait  ;  but  the  side-head  bc- 
eins  with  Sixtus  V.  in  1470.  Gold  was  first  coined  by 
.Tohn  XXII.  in  1316.  The  coins  of  Alexander  VI.  Ju- 
lius II.  and  Leo  X.  are  remarkable  for  their  elegance 
and  beauty.  The  coinage  of  Milan  began  with  Churle- 
rnagne  ;  that  of  Naples  in  840  and  880,  with  Duke  Ser- 
gius  and  Bishop  Athanasius.  Gold  was  first  coined  at 
Venice    in   1280,  and  copper   in   1471;    but   the   silver 


Spanish  coins  are  in  the  Cufic  or  old  Arabic  characters. 
It  would  lead  us  into  a  wide,  and  by  no  means  a  very- 
interesting  field  of  research,  were  we  to  attempt  a  de- 
scription of  the  coins  of  Germany,  and  the  northern 
kingdoms  of  Europe  ;  we  shall  therefore  conclude  with 
an  account  of  the  coins  of  France,  England,  and  Scot- 
land. 

The  I'rcnch   coins  during   the  race   of  Clovis,  from 
490  to  751,  arc  chiefly  gold   tricnies,  with  some   solidi 
and  semisscs.     The  former  are  of  good  execution,  hav- 
ing the  heads  of  the  kings  on  the  obverse,  and  a  cross, 
with  the  name  of  the  town  where  they  were  struck,  on 
the  reverse.  The  coins  of  the  second  race,  from  Pepin, 
in   751,  to  Hugh  Capet,  in  987,  are  of  inferior  work- 
manship.    Those  of  Charlemagne  are  generally  rude  ; 
those  of  Louis  le  Debonnaire  arc   better  done.     With 
regard  to  the  third  race,  beginning  with  Hugh  Capci  in 
987,  it  may  be  observed,  that  the  coinage  did  not  begin 
to  improve  until  the  introduction  of  the  g-rosse,  or  groat, 
under  St.  Louis,  in   1225.     Many  base  coins  were  cir- 
culated after  the  conquest  of  France   by  the   English ; 
and  copper  was  first  introduced  into  the  F'rench  coinage 
in   the    time    of  Henry    III.   in    1574.       The    ecu  d  la 
couronne,  or  gold  crown,  was  struck  by  Charles  VI.  in 
1384,  and  by  Ann  of  Bretagne  in  1498;  the  tcston,  with 
the  king's  head,   by  Louis   XII.  ;  the  Henri,  with  Gaul 
sitting  in  armour,  and  a  Victory  in  her  hand,  by  Hen- 
ry II.     There  are  many  coins  of  Cardinal   Bourbon,  in 
1589;  and   in    1642,  Louis  XIV.  assumed  the  title  of 
Catalonle  Princefis.     The   first  Louis  d'or  appeared  in 
1640.     The  medals  of  Louis  XIV.  are  also  remarkable. 
The  coins  of  the  Heptarchy  were  of  two  sorts  ;  the 
sk-catta,  or  penny  of  silver,  and  the  s^vcc  of  copper.  Few 
of  the  pennies  appear   till   after  the  year   700;  though 
some  are  found  as  old  as  56),  which  bear  the   name  of 
Elhclbert  I.  king  of  Kent.    At  first  they  had  ojily  rude 
figures  of  serpents,  but   in  latter  times  legends  were 
also   added.     The   styca  was  coined  only  in  Northum- 
berland,  being   a  very  small   piece,  about  the  value  of 
half  a  farthing.     The  coins  of  the  monarchs  in  England 
form  almost  a  complete  series  from  the  time  of  Egbert, 
in  832,  to  that  of  Edgar,  who  reigned  in  959  :  the  only 
monarch  of  whom  there  are  no  coins  is  Ethelbald,  who 
reigned  in  8  57.     Most  of  those   coins   have  rude   por- 
traits ;  but  the  reverses  arc  sometimes  curious  and  in- 
teresting.    There   are  also  ecclesiastical   coins  of  the 
archbishops  of  Canterbury  ;  Walfred  in  801,  Coolnoth 
in  830,  and  Plcgmund  in  889. 

The  silver  penny,  which  had  commenced  during  the 
heptarchy,  continued  to  be  the  common  coin  after  the 
kingdom  had  been  united  under  one  head  ;  and  it  ex- 
tends in  a  continued  scries  from  Egbert  almost  to  the 
present  time.  The  only  kings  wanting  are,  Edmund 
Ironside,   Richard  I.   and  John.       The   weight   of  the 


geoats  are  as  old  as  1192.    Silver  was  coined  at  Florence     penny  was  originally  22A  grains:  but  it  was  gradually 
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tliniinish.sd,  until,  in  Uie  reign  ol  Eiizabeih,  it  was  on- 
ly 7  »  .  Silver  halfpennies  and  farthings  were  first 
struck  by  Edward  I.  in  r28u.  The  former  continued 
to  the  time  of  the  commonwealtii  ;  but  the  latter  ceased 
with  Edward  VI.  The  groat  was  introduced  by  Ed- 
ward III.  in  1354  ;  and  the  half  groat,  or  two-pence,  is 
of  the  same  date.  Shillings  (from  the  German  schilling) 
were  first  coined  by  Henry  VII.  in  1503.  They  were 
originally  called  tcsCnons,  from  the  teste  or  head  of  the 
king  upon  them.  Th.c  crown,  which  had  formerly  ap- 
peared only  in  gold,  was  first  coined  in  its  present  form 
by  Henry  VIII.;  the  half-crown,  sixpence,  and  three- 
pence, by  Edward  VI.  In  1558,  Queen  Elizabeth  coin- 
ed three-halfpenny,  and,  in  1561,  three-farthing  pieces; 
but  these  were  discontiucd  in  1582. 

A  gold  penny  was  coined  by  Henry  III.  in  1257  ;  but 
the  series  of  gold  coinage  in  England  properly  com- 
mences with  Edward  III.,  who,  in  1344,  first  struck 
florins,  in  imitation  of  those  of  Italy.  These  coins,  when 
first  issued,  bore  the  value  of  only  six  shillings,  though 
now  intrinsically  worth  19  shillings.  The  half  and  quar- 
ter florin  were  struck  at  the  same  time,  but  the  latter 
only  has  been  found.  The  fiorin  gave  way  to  the  noble, 
of  the  value  of  6s.  8d.,  which  had  its  name  from  the  no- 
bility of  the  metal ;  the  gold  of  which  it  was  coined  being 
of  the  finest  kind.  It  was  sometimes  called  rose  7ioble, 
from  both  sides  being  impaled  in  an  undulating  circle. 
There  were  also  half  and  quarter  nobles.  In  1165,  the 
gold  coinage  was  augmented  by  the  angels  of  Edward 
IV.,  so  called  from  being  stamped  with  the  figure  of 
Michael  and  the  dragon.  The  angelets,  of  the  value  of 
3s.  4d.  were  afterwards  substituted  in  their  place.  In 
1527,  Henry  VIII.  added  to  the  coined  gold,  crowns 
and  halt-crowns,  at  their  present  value  ;  sovereigns,  at 
22s.  6d. ;  ryals,  at  1  Is.  3d.;  angels,  at  7s.  6d.  ;  and  no- 
bles at  their  old  value.  In  15  46,  he  coined  sovereigns 
at  20s.  and  half-sovereigns  in  proportion.  All  the  coin- 
age of  this  monarch,  however,  is  much  debased  ;  and  it 
was  with  much  difficulty  that  Edward  VI.  brought  it 
back  to  its  former  standard.  Besides  sovereigns,  James 
I.  coined  rosc-ryals,  of  30s.  value,  s/izir-ryals,  of  15s,  an- 
gels of  10s.,  and  angelets  of  5s.  The  sovereign  con- 
tinued until  il  was  superseded  by  the  guinea,  so  called 
from  being  coined  of  Guinea  gold,  which  was  at  first 
intended  to  go  for  20s.,  though,  by  universal  but  tacit 
consent,  they  have  always  passed  for  21b.  Half-guineas, 
double-guineas,  and  five-guinea  pieces  were  also  coin- 
ed ;  as  were  quarter-guineas  by  George  I.  and  HI. ;  but 
these  last  were  soon  stopt  on  account  of  the  inconve- 
nience of  their  small  size.  A  few  pieces  of  73.  have 
likewise  been  coined.  The  value  of  the  guinea  gradu- 
ally increased  until  it  was  as  high  as  Sos. ;  but  after  the 
recoinage  in  1697  and  1698,  it  fell  by  degrees,  and  in 
1717  it  was  at  its  old  standard  of  21s.  The  sovereign  of 
20s.  has  again  been  issued  by  his  present  majesty. 

There  is  nothing  very  remarkable  in  the  copper 
coinage  of  England,  which  frequently  consisted,  in  a 
great  measure,  of  private  tokens.  The  farthings  of 
Queen  Anne,  however,  form  an  exception.  These  are 
of  exquisite  workmanship,  and  superior  to  most  an- 
cient or  modern  copper  coins  ;  the  one  having  on  the 
reverse  Peace  in  a  car,  Pax  missa  per  orbem,  is  the 
most  esteemed  ;  -nd  next  to  it  the  Britaknia  under  a 
portal. 

With  regard  to  the  coinage  of  Scotland,  it  is  believ- 
ed that  there  exist  silver  pennies  of  Alexander  I.  who 
reigned  in  1 107  ;  and  there  certainly  are  some  of  Alex- 


ander II.  in  1214,  as  also  of  David  in  1 124.  There  arc 
many  coins  of  William  I.  in  1 165  ;  and  a  large  hoard  of 
his  pennies  was  found  at  Inverness  in  1780.  The  money 
of  Scotland  was  of  the  same  value  with  that  of  England, 
until  the  vast  drain  occasioned  by  the  enormous  ran- 
som of  David  II.,  after  which  its  size  was  reduced ; 
and  its  value  continued  to  diminish  to  such  a  degree, 
that,  in  1600,  it  passed  only  for  a  twelfth  part  of  the 
English  money,  and  remained  at  that  low  ebb  until  the 
union  of  the  two  kingdoms. 

The  only  silver  coin  was  the  penny,  until  the  year 
1293,  when  Alexander  HI.  coined  also  half-pence;  and 
there  arc  silver  farthings  of  Robert  I.  and  David  II. 
The  groat  and  half-groat  were  also  introduced  by  the 
latter,  which  completed  the  set  of  Scottish  silver.  These 
all  ceased  to  be  coined  in  the  time  of  Queen  Mary; 
when  shillings  were  first  coined,  with  the  bust  of  the 
queen  on  one  side,  and  the  arms  of  France  and  Scot- 
land on  the  other.  The  silver  crown,  of  the  value  of  30s. 
Scots,  was  first  coined  in  1565  ;  smaller  pieces  of  20s. 
and  10s.  were  likewise  struck,  and  marks  of  silver, 
worth  3s.  4d.  English.  These  coins  have  the  mark 
XXX.  XX.  X.  upon  them,  to  denote  their  value.  The 
motto  Nemo  me  impune  lacesset  first  appears  on 
Scottish  coins  in  1578.  The  crown  of  an  ounce  weight 
gradually  increased  in  nominal  value,  until,  in  1601, 
the  mark  was  LX.  In  the  time  of  Charles  I.  half 
marks,  40  and  20  penny  pieces,  were  coined.  In  1665, 
the  Scottish  dollars  first  appeared,  in  value  56s.  Scots, 
with  the  half  and  quarter  of  proportional  value.  In 
1686,  James  VII.  coined  60s.  40s.  20s.  10s.  and  5s. 
pieces  ;  but  only  those  of  40s.  and  10s.  are  known.  At 
the  union  of  the  kingdoms,  all  the  Scottish  coins  were 
called  in  and  recoined  at  Edinburgh,  with  the  mark  E 
under  the  bust.  In  general,  the  Scottish  silver  coins  are 
equal,  if  not  superior,  in  execution,  to  the  English. 

Gold  was  first  issued  in  Scotland  by  Robert  II.  The 
pieces  were  at  first  called  St.  Andrews,  from  the  figure 
of  that  tutelar  saint  upon  the  cross.  The  lion  was  ano- 
ther name  for  the  largest  gold  coins,  from  the  arms  of 
the  kingdom  upon  it-  Then  comes  the  unicorn,  under 
James  III.  ;  which  was  followed  by  the  bonnet-pieces  of 
James  V. ;  which  last  are  of  admirable  workmanship. 
The  last  gold  coined  in  Scotland  consisted  of  the  pistole 
and  half  pistole,  of  twelve  and  six  pounds  Scots,  which 
have  the  sun  under  the  head. 

The  Scottish  copper  coinage  is  of  an  earlier  date 
than  that  of  England.  It  was  preceded  by  money  of 
billon,  called  black  money,  consisting  of  copper  wash- 
ed with  silver.  The  true  copper  coinage  began  in  the 
time  of  James  VI.  The  6oclle,  so  called  from  Both- 
well  the  mint-master,  was  worth  two  pennies  Scots. 
The  baiu-bcc  {bus  piece)  was  also  coined,  corresponding 
with  the  English  halfpenny.  Some  pieces  called  At- 
kinsons were  also  coined  by  James  VI.  in  1582,  which 
went  for  a  third  more  than  the  valiie  of  the  baw-bee. 
Besides  these,  there  were  the  bardie  and  the  plack,  the 
former  worth  three,  the  latter  four  pennies  Scots.  The 
Scottish  coins  of  Charles  I.  are  very  rare. 

Besides  the  repular  coinage,  there  are  various  Scot- 
tish medals  deserving  of  notice.  The  first  modern  me- 
dals of  gold  were  those  of  David  II.  struck  between 
the  years  1330  and  1370,  of  which  only  two  are  known 
to  exist.  In  1487,  there  is  a  medal  of  James  HI.  sent 
to  the  shrine  of  St.  Ambroise  in  France.  There  is  also 
a  medal  of  James  IV.  in  the  collar  of  St.  Michael,  which, 
however,  is  by  some  suspected  to  be  a  forgery.    There 
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are  various  remarkable  medals  of  the  unfortunate  Queen 
Mary,  most  of  which,  however,  appear  to  have  been 
executed  in  France.  The  fine  crown  of  Mary  and  Hen- 
ry, in  1565,  is  exceedingly  rare.  The  coronation  medal 
of  Charles  II.  struck  at  Edinburgh,  18th  June  1663,  is 
the  only  one  ever  coined  of  Scottish  gold. 

For  the  reasons  already  given,  we  have  not  thought 
it  necessary  to  enter  more  minutely  into  the  history  and 
description  of  modern  coins  and  medals.  We  must 
therefore  refer  such  of  our  readers  as  are  desirous  of 
more  particular  information  upon  this  branch  of  the 
subject  to  some  of  the  works  we  have  noticed  below. 

V'aillant,  History  of  the  Kingn  of  Syria.  Hradouin, 
Herodiadts.  Froelich,  ylnnaUs  Rcgmn  et  Rerum  Syria. 
Corsiiii,  De  Minnifari  aliorumijue,  jtrmenie  Ri-ffum, 
JVummis,  Sec.  Gary,  Histoire  des  Rots  de  Thrace,  et  du 
Bosfihore  Cimmerien  eclaircie  fiar  les  Mcdaillea.  Beau- 
vais,  Hintoire  abregee  des  emfiereura  Romains  et  Grecs, 
&c.  /tour  les  queltes  on  a/ra/i/ie  des  medailles,  Sec.  Cooke, 
Medallic  History  of  Imperial  Rome.  Le  Blanc,  TraiCe 
historique  des  Alonnoies.  Banduri,  ATumistnata  Imfie- 
rat.  Rom.  8cc.  1718.  Republished  at  Hamburgh,  by 
J.  A.  Fabricius,  1719.  Beger,  Thesaurus,  sivc  Gem- 
ma, JVumismata,  &c.  3  vols.  Fol  Ejusd  Regum  et  Im- 
fierat.  Roman.  A^'urmamaca,  a  Rubenio  edita,  1700.  Ejusd. 
De  nummis  Cretensium  serfientiferis  1702.  Ejusd.  Aa- 
mismata  Ponlificum  Roman.  1703.  Sesthii,  Descrijitio 
nummorum  -veferum,  Sec.  Lips.  1796.  Ejusd.  Classes  ge- 
nerales,  &c.  ibid.  1797.  Raschii,  Lexicon  universe  ret 
nummaria.  Lips.  1785-1805  ^ckhc),  Doctrina  nummo- 
rum veterum.  8  vols.  4to.  and  the  other  works  of  this 
author.     Pinkerton  on  Medals,     (z) 

NUNEATON,  a  market  town  of  England,  in  the 
county  of  Warwick,  is  situated  on  the  river  Anker, 
and  consists  chiefly  of  four  streets,  which  meet  at  the 
market-place.  The  houses  are  in  general  neat  and 
well  built.  The  church  is  a  respectable  Gothic  build- 
ing, though  too  small  for  the  population.  There  is  an 
excellent  free  school  here,  founded  in  the  6th  of  Edward 
VL  who  endowed  it  with  three  closes  of  ground.  The 
manufacture  of  ribbons  is  carried  on  here  to  a  consi- 
derable extent.  A  portion  of  the  ancient  monastery  of 
Nuneaton,  comprehending  an  entire  arch,  and  large 
fragments  of  walls,  still  remains.  Population,  in  1811, 
1095  houses,  and  4,947  inhabitants.  See  the  Beauties 
of  England  and  Wales,  vol.  xv.  p.  312. 

NUREMBERG,  Mons  JVoricorum  of  the  ancients,  is 
a  large  town  of  Germany,  formerly  in  the  circle  of  Fran- 


conia,  but  now  in  the  province  of  Retz,  and  kingdom 
of  Bavaria.  It  is  situated  in  a  sandy,  though  well  culti- 
vated and  fertile  plain,  and  is  divided  by  the  river  Pig- 
nitz,  which  is  crossed  by  a  number  of  wooden  and  stone 
bridges.  The  town  is  about  three  miles  in  circum- 
ference. It  is  of  a  quadrangular  shape,  and  is  encircled 
with  an  old  wall,  flanked  with  round  towers.  The 
streets  are  wide,  but  very  irregular  and  crooked.  The 
houses,  which  are  of  stone,  have  often  their  end  fronts 
to  the  street.  The  principal  public  buildings,  &c.  are, 
the  church  of  St.  Marguerite  ;  the  church  of  St.  Sebalde, 
containing  a  crucifix  of  brass,  weighing  1878  lbs,  a 
crucifix  of  wood,  sculptured  by  Veil  Stofs,  and  several 
other  curiosities  ;  the  church  of  St.  Egidien,  rebuilt  in 
1718,  and  containing  elegant  columns,  and  a  beautiful 
altar-piece,  by  Van  Dyke  ;  the  church  of  the  New  Hos- 
pital, where  the  relics  and  ornaments  of  the  empire 
were  formerly  preserved  ;  the  church  of  Saint  Catherine, 
where  the  great  navigator  Martin  Boeheim  is  buried ; 
the  cathedral  and  parish  church  of  St.  Lawrence,  con- 
taining many  admirable  paintings  upon  glass,  particu- 
larly those  of  Voikmar  ;  the  church  of  Saint  Claire,  con- 
taining the  most  ancient  painting  on  glass  which  exists, 
bearing  the  date  of  1278  ;  the  chapel  of  Mendel;  the 
seven  pillars  of  Adam  Kraft,  a  religious  monument  of 
the  15th  century;  the  Holzschoucherian  chapel  of  St. 
Sepulchre ;  the  imperial  chateau,  containing  many  pic- 
tures and  articles  of  great  variety  and  interest,  and  hav- 
ing in  the  front  court  a  well  of  unusual  depth  ;  the  Ho- 
tel de  Ville,  adorned  with  many  valuable  paintings  of 
Albert  Durcr,  a  native  of  Nuremberg  ;  the  arsenal ;  the 
fountain,  in  imitation  of  that  of  Bologna ;  the  house  of 
correction  ;  the  foundling  hospital ;  the  Tour  d'eau,  and 
the  mills  for  driving  the  machinery  of  the  copper  works. 
There  is  at  Nuremberg  an  academy  of  painting,  a  col- 
lege of  medicine,  a  society  for  promoting  industry,  and 
other  useful  institutions. 

Nuremberg  possesses  many  important  manufactures. 
Articles  of  jewellery  and  toys  are  exported  to  a  great 
amount :  pottery,  tobacco,  playing-cards,  and  various  ar- 
ticles in  copper,  brass,  and  ivory,  are  made  here.  It 
possesses  also  manufactories  of  woollen.  Nuremberg 
covers  67,443,136  square  feet.  Its  streets  are  said  to  be 
500  in  number;  its  houses  8000,  and  its  population  only 
about  27,000.  East  Long.  11°  4'  15";  North  Lat.  49° 
26' 55". 

NUTATION.     See  Aberration  and  Astrono.my. 
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OAKHAMpTON,a  borough  and  market  town  of  England, 
in  the  county  of  Devon,  is  situated  in  a  secluded  valley, 
surrounded  with  hills,  near  the  source  of  the  river  Oke, 
which  flows  through  it.  The  only  building  within  the 
town  is  an  old  Chantry  chaptl,  which  stands  in  the  mar- 
ket-place. It  is  used  for  holding  the  (juarterly  sessions, 
and  belongs  to  the  corporation.  The  parish  church 
stands  on  an  eminence  at  some  distance  from  the  town. 
The  ruins  of  the  castle,  which  is  mentioned  in  Domes- 
day Book,  arc  situated  on  a  huge  mass  of  rock,  about 
one  mile  south-west  of  the  town:  they  occupy  an  ex- 
tensive  area,  and  exhibit,  by  their  solidity  of  structure, 
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the  former  strength  and  importance  of  the  castle.  A 
lofty  peak  rises  in  a  magnificent  manner  from  a  large 
conical  elevation,  opposite  to  which,  on  the  other  side  of 
the  river  Oke,  is  a  steep  wooded  bank.  The  town  is 
governed  by  eight  burgesses,  from  whom  is  chosen  a 
mayor,  who  is  also  portreeve,  eight  assistants,  a  recor- 
der, and  a  town-clerk.  The  principal  manufacture  of 
the  town  is  that  of  serges.  Population,  in  1811,  264 
houses,  and  1430  inhabitants.  Sec  ihe  Beauties  of  Eng- 
land and   Wales,  vol.  iv.  p.  239. 

OAX.'VCA.     SeeGuAXAcA. 

OBAN,  a  town  of  Scotland,  in  the  county  of  Argyle, 


OBA. 


OBL 


567 


iS  situated  on  the  Sound  of  Mull,  in  a  fine  semicircular 
bay,  from  12  to  24  faihoms  deep,  and  capacious  enough 
to  contain  upwards  of  500  sail  of  merchantmen.  This 
bi.y  has  two  openings,  one  from  the  north,  and  the  other 
from  the  south,  and  is  protected  from  the  violence  of 
the  west  wmds  by  the  islands  of  Kerrara  and  Mall. 
About  60  or  70  years  ago,  it  was  used  as  a  trading  sta- 
tion by  a  company  from  Renfrew,  who  built  the  first 
house  in  it.  It  was  some  time  afterwards  constituted 
on-;  of  the  ports  of  the  custom- liouse  ;  and  some  build- 
ing leases  were  granted  by  the  Duke  of  Argyle  and  Mr, 


Campbell,  of  Dunstaffnage.  Since  liiat  time,  the  town 
has  increased  with  much  rapidity.  In  the  year  1778,  ii 
derived  great  advantage  from  the  activity  and  enterprise 
of  two  brothers,  of  the  name  of  Stevenson,  who  esta- 
blished different  branches  of  traffic.  There  is  a  regu- 
lar ferry  from  Oban  to  Kerrara  Island,  and  thence  to 
Auchnacraig  in  the  Island  of  Mull.  Population  1000. 
Distance  from  Inverary  about  38  miles  west.  West 
Long.  5°  32'.  North  Lat.  56°  25'. 

OBLIQUE  ARCHES.  See  N.^vigation  Inland. 
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A  PLACE,  as  its  name  imports,  destined  for  observing 
the  heavenly  bodies;  or,  a  building,  usually  erected  on 
an  eminence,  for  the  purpose  of  making  astronomical 
observations. 

Almost  all  nations,  in  every  age,  have  had  their  ob- 
servatories, either  public  or  private,  in  various  degrees 
of  perfection.  The  determination  of  the  length  of  the 
year,  and  of  the  return  of  the  seasons  for  the  purposes 
of  husbandry,  and  other  objects,  both  civil  and  religious, 
were  absolutely  necessary  in  every  well  regulated  so- 
ciety. These,  therefore,  would  be  among  the  first  re- 
sults deduced  from  astronomical  observations. 

When  the  early  navigators  were  prompted  by  their 
spirit  for  enterpiise  to  visit  distant  countries,  or  were 
driven  by  storms  out  of  sight  of  land,  the  only  resource 
which  they  then  possessed  for  ascertaining  their  situa- 
tion, was  a  knowledge  of  the  places  of  the  heavenly 
bodies.  But  the  places  of  the  sun,  planets,  and  fixed 
stars,  for  any  future  period,  can  only  be  computed  from 
a  series  of  observations  previously  made  with  that  view; 
and  it  is  by  astronomy  that  they  are  deduced  from  ob- 
servation and  calculation,  and  arranged  in  tables,  which 
are  absolutely  necessary  for  reducing  observations  taken 
at  sea,  in  order  to  ascertain  the  latitude  and  longitude  of 
the  ship,  and  the  variation  of  the  compass. 

As  navigation,  therefore,  essentially  depends  on  the 
determinations  made  in  regular  observatories,  establish- 
ments of  this  kind  have  been  considered  of  great  na- 
tional importance,  more  especially  in  maritime  states, 
and  have  therefore  been  liberally  endowed  by  their  dif- 
ferent governments.  Even  private  observatories  have, 
in  many  places,  been  erected  at  considerable  expense. 
Tlie  number  of  these  has  of  late  years  greatly  increas- 
ed; a  circumstance  which,  while  it  marks  the  progress 
of  science,  does  honour  to  the  enterprising  character  of 
the  age. 

Regular  observatories  are  those  where  instruments 
are  fixed  in  the  meridian,  by  which,  with  the  assistance 
of  asironomical  clocks,  the  right  ascensions  and  declina- 
tions of  the  heavenly  bodies  are  determined  ;  and  thus 
motion,  time,  and  space,  are  made  to  measure  each 
«ther.  Such  buildings  and  apparatus  only  are  called 
regular  observatories,  though  very  useful  operations  are 
sometimes  performed,  and  important  discoveries  made, 
in  situations  where  no  instruments  can  be  fixed  in  the 
meridian. 

History  of  Observatories. 

Though  the  information  which  can  be  drawn  from  an- 
cient history  is  often  imperfect ;  yet  we  find  that  all 


nations,  among  whom  astronomy  has  been  cultivated, 
have  had  their  observatories  at  a  very  early  period.  It 
cannot  indeed  be  supposed,  until  considerable  progress 
had  been  made  both  in  astronomy  and  mechanics,  that 
their  attempts,  either  in  constructing  instruments,  or 
erecting  edifices  for  astronomical  purposes,  would  be 
very  successful.  The  instruments  of  ancient  astrono- 
mers were  in  general  large,  and  of  the  rudest  construc- 
tion, and  were  formed  mostly  of  wood,  and  sometimes  of 
stone.  They  consisted  chiefly  of  gnomons,  dials,  astro- 
labes, and  long  tubes  like  telescopes  to  assist  the  sight. 
For  tiie  same  purpose  also  deep  wells  were  sunk  in  high 
and  dry  places,  from  the  bottom  of  which  the  stars 
might  be  seen  in  the  day  time.  Most  of  the  buildings 
for  astronomical  purposes  were  of  great  height,  and 
erected  chiefly  in  very  high  situations. 

We  are  informed  by  the  ancient  historians,  that,  in 
Chaldea,  a  country  highly  celebrated  in  the  early  annals 
of  astronomy,  the  lofty  temple  of  Belus  was  used  as  an 
observatory.  In  Egypt,  too,  the  famous  tomb  of  Osy- 
mandias  was  applied  to  the  same  purpose.  This  build- 
ing is  said  to  have  contained  a  golden  circle,  adapted  to 
celestial  observations,  which  was  365  cubits  in  circum- 
ference, and  one  cubit  in  thickness.  It  has  also  been  said, 
that  the  pyramids  of  Egypt  were  employed  for  astrono- 
mical purposes,  though  this,  we  think,  appears  doubtful. 
In  support  of  this  opinion,  it  is  affirmed,  that  they  were 
built  to  face  the  four  cardinal  points.  The  great  height 
of  these  pyramids,  no  doubt,  is  favourable  for  making 
astronomical  observations,  whether  they  be  used  as 
gnomons,  or  for  the  purpose  of  ascertaining  accurately 
the  times  of  the  rising  and  setting  of  the  stars.  How- 
ever this  may  be,  it  is  certain  that  astronomy  was  much 
cultivated  in  Egypt,  particularly  in  the  famous  school  of 
Alexandria,  where  an  observatory  was  built  300  years  be- 
fore the  Christian  era,  and  continued  to  flourish  for  more 
than  five  centuries,  under  a  succession  of  celebrated 
names,  such  as,  Hipparchus,  Ptolemy,  &c. 

The  Chinese  boast  of  their  having  made  a  very  early 
progress  in  astronomy,  both  in  theory  and  practice,  but 
their  accounts  are  to  be  received  with  much  caution.  In 
Hindostan,  loo,  traditions  relative   to,  and  vestiges  of, 
ancient  observatories,  on  which  ingenious  disquisitions 
have  been  written,  are  said  to  abound.     About  260  years 
ago,  five  different  observatories  were  constructed  by  thfr 
Hindoos  under  the  reign  of  the   Emperor  Mahommed' 
Shah,  with  a   view  to  reform  the  calendar  by  means  of 
astronomical  observations;  for  the   accomplishment  of 
which,  Jeysing,  or  Jayasinha,  Rijah  of  Ambhere,  was- 
chosen  chief  astronomer.  These  observatories  were  built 
at  Delhi,  Benares,  Matra,  Oujein,  and  Suvai  Jeypoor,  and 
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all  uiultr  t!ic  dircciion  of  Jeysiiig.  The  obscrvaloiy  of 
Uenaves  will  be  fully  described  in  a  succeeding  part  of 
this  article,  and  as  all  the  others  were  built  and  furnish- 
ed on  the  same  plan,  the  description  of  one  will  be  suf- 
ficient to  give  a  tolerably  clear  idea  of  the  whole. 

The  Chinese  erected  an  imperial  observatory  at  Pe- 
kin,  on  the  city  walls,  in  the  thirteenth  century  ;  and,  in 
1668,  Father  Verbiest,  a  missionary  Jesuit,  having  been 
made  president  of  the  tribunal  of  mathematics,  and  chief 
observer,  obtained  permission  from  the  Emperor  Cam-hi 
to  furnish  it  with  proper  instruments. 

Other  observatories  were  afterwards  built  in  China  by 
the  Trench  missionaries,  and  by  the  Portuguese  Jesuits, 
who  distinguished  themselves  very  much  by  their  la- 
bours and  improvements  in  astronomy.  The  instru- 
ments of  the  Pekin  observatory  are  said  to  be  very  large, 
but  the  divisions  less  accurate,  and  the  construction  less 
commodious,  than  those  of  the  instruments  made  at  that 
time  in  Europe.  The  chief  instruments  of  the  Pekin 
observatory  consisted  of  a  sextant  eight  feet  radius,  a 
quadrant  six  feet  radius,  an  azimuthal  horizon,  a  celestial 
globe,  and  an  armillary  sphere,  each  six  feet  in  dia- 
meter. 

The  celebrated  Copernicus,  about  1540,  is  said  to 
have  been  the  first  European  who  set  an  instrument  in 
the  meridian,  though  the  first  regular  ot)servatory  was 
erected  at  Cassel  in  1561,  by  William,  Landgrave  of 
Hesse,  who  furnished  it  with  the  best  instruments  that 
the  age  could  produce.  Here,  it  is  said,  he  made  very 
accurate  observations,  in  conjunction  with  his  friend  and 
correspondent  Tycho  Brahe,  then  rising  into  fame.  The 
next  observatory  in  Europe,  which  deserves  particular 
notice,  was  that  of  Tycho  Brahe  himself.  It  owed  its 
origin,  it  is  said,  to  the  appearance  of  a  new  star  of  the 
first  magnitude  in  the  constellation  Cassiopeia.  Tycho 
lirali^  was  so  impressed  with  the  appearance  of  this  ex- 
traordinary phenomenon,  that  he  formed  the  resolution  of 
making  a  new  and  accurate  catalogue  of  all  the  stars,  as 
there  had  been  nothing  of  the  kind  done  since  the  time 
of  Hipparchus,  who  had  been  stimulated  to  the  same 
undertaking  by  a  similar  cause. 

For  this  purpose,  Tycho  Brahe  proposed  to  settle  at 
Basle,  which  had  a  pure  atmosphere,  and  afforded  a 
ready  communication  with  the  learned  men  of  Germany, 
France,  and  Italy.  But  the  Landgrave  of  Hesse  wrote 
to  Frederick  II.  king  of  Denmark,  entreating  him  to 
encourage  the  astronomer  to  remain  in  his  own  country. 
In  consequence  of  this  application,  the  king  assigned  to 
him  the  small  but  fruitful  island  of  Huen,  in  the  Sound, 
as  a  fit  situation  for  an  observatory,  and  conferred  on 
him  other  favours.  His  majesty,  besides,  undertook  to 
defray  the  expenses  of  building  and  furnishing  the  ob- 
servatory, with  a  munificence  which  has  immortalized  his 
name.  The  first  stone  of  the  observatory  was  laid  on  the 
8th  of  August,  1576,  and  the  place  was  called  Urani- 
burg.  It  consisted  of  a  building  of  sixty  feet  square, 
and  seventy  feet  high,  with  four  towers,  all  adapted  to 
astronomical  purposes. 

It  was  furnished  with  a  valuable  collection  of  instru- 
ments, many  of  which  were  invented  by  the  astronomer 
himself.  He  had  numerous  assistants,  whom  he  sup- 
ported and  instructed.  Among  his  instruments  was  a 
celestial  globe  of  six  feet  diameter,  said  to  have  cost 
one  thousand  pounds.  It  was  after  his  death  carried  to 
Prague  ;  afterwards  to  Neis  ;  and  lastly,  to  Copenhagen, 
where  it  was  burnt  in  the  great  conflagration  of  1728. 
Many  of  the  instruments  of  this  great  astronomer  were 


long  carefully  preserved,  but  have  been  gradiially  losl  • 
and  his  favourite  residence  Uraniburg,  which  in  his  time 
was  visited  by  kings  and  princes,  has  been  long  a  heap 
of  ruins,  so  that  its  correct  situation  is  but  imperfectly 
known.  Uclaiive  to  this  place,  Delambrc  has  written 
an  interesting  memoir  in  the  Connaissaiice  dcs  Terns,  foi 
1816. 

liis  celebrated  sextant  has  been  consecrated  in  the 
heavens  as  a  constellation,  under  the  breast  of  the  lion. 
On  large  globes  and  ailasses,  it  is  marked  Sextans 
Uranise,  but  on  common  ones  Sextans. 

English  Observatories. 

The  royal  observatory  at  Greenwich,  from  the  im- 
portance of  the  observations  and  discoveries  made  there, 
claims  our  first  attention.  It  was  built  and  endowed  by 
king  Charles  II.  who,  as  Bailly  observes,  knew  well  how 
essential  a  knowledge  of  astronomy  was  to  a  maritime 
and  commercial  people.  It  was  erected  on  the  site  of 
the  ancient  moated  tower  of  Duke  Humphrey,  the  un- 
cle of  Henry  VI.  and  the  first  stone  of  it  was  laid  on 
the  lOth  of  August,  1675,  by  Mr.  Flamsteed,  who  had 
been  appointed  astronomer-royal.  The  words  of  his 
commission  were,  "  To  apply  himself  with  the  utmost 
care  and  diligence  to  the  rectifying  the  tables  of  the 
motions  of  the  heavens,  and  the  places  of  the  fixed  stars, 
in  Older  to  find  the  so  much  desired  longitude  at  sea, 
for  perfecting  the  art  of  navigation."  Every  scientific 
navigator  knows  with  what  success  this  commission  has 
been  fulfilled  by  the  labours  of  each  succeeding  astro- 
nomer-royal. It  is  situated  on  the  highest  part  of 
Greenwich  Park,  at  about  160  feet  above  low  water 
mark,  where  the  soil  is  peculiarly  favourable  for  such 
an  institution,  being  of  a  flinty  gravel,  through  which 
the  rain  readily  passes,  thereby  rendering  the  atmos- 
phere generally  dry,  which  contributes  very  much  to 
the  preservation  of  the  instruments,  as  well  as  to  the 
unifomity  of  the  refraction. 

The  whole  of  this  establishment  comprehends  two 
principal  buildings,  one  of  which  constitutes  the  obser- 
vatory, and  the  other  the  dwelling-house  of  the  astro- 
nomer-royal. The  observatory  is  a  low  oblong  edifice, 
running  east  and  west,  and  containing  four  principal 
apartments  on  the  ground  floor.  The  most  easterly 
room  has  been  lately  fitted  up  for  the  reception  of  a  very 
fine  transit  circle,  by  Troughton,  and  a  valuable  clock 
by  Hardy. 

The  next  apartment  is  the  transit  room,  having  a 
double  sloping  roof,  with  sliding  shutters,  opening  both 
north  and  south,  with  great  ease,  by  means  of  pulleys. 
The  transit  instrument  is  eight  feet  long,  having  an 
axis  of  three  feet,  and  is  suspended  on  two  stone  pillars. 
This  instrument  is  rendered  famous  in  the  history  of 
astronomy,  as  having  been  used  by  Halley,  Bradley,  and 
Maskelyne.  It  was  made  by  Bird  originally,  and  has 
been  successively  improved  by  Dollond  and  Troughton. 
The  astronomical  clock,  in  the  same  room,  attached  to 
a  stone  pillar,  was  made  by  Graham,  and  has  been  im- 
proved by  Earnshaw. 

The  third  apartment  is  at  present  the  assistant  ob- 
server's library,  and  place  for  calculation.  The  most 
westerly  apartment  of  the  whole  building  is  the  qua- 
drant room,  in  which  is  erected  a  stone  pier,  running 
north  and  south,  to  which  are  attached  two  mural  qua- 
drants of  eight  feet  each.  That  on  the  eastern  face, 
intended  to  observe  objects  on  the  southern  part  of  the 
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meridian,  was  made  by  Bird;  and  tlie  other,  for  ob- 
servint;  on  the  northern  part  of  the  meridian,  was  made 
by  the  celebrated  Graham.  On  the  western  wall  is  sus- 
pended the  famous  zenith  sector,  with  which  Bradley 
made  the  observations  at  Kew,  that  led  him  to  the  dis- 
coveries of  the  aberration  of  light,  and  the  nutation  of 
the  earth's  axis. 

To  the  south  of  the  quadrant  room  is  a  small  wooden 
building  for  making  occasional  observations  in  any  di- 
rection, where  the  use  of  a  simple  telescope,  and  an  ac- 
curate knowledge  of  time  only,  are  required.  It  is  fur- 
nished with  sliding  shutters  on  the  side  and  roof,  to 
view  any  part  of  the  hemisphere,  from  the  prime  ver- 
tical down  to  the  southern  horizon.  It  contains  some 
good  telescopes,  particularly  a  forty-inch  achromatic, 
with  a  triple  object  glass,  and  a  five  feet  achromatic,  by 
Doilond  ;  also  a  six  feet  reflector,  by  Sir  William  Her- 
schel. 

To  the  north  of  the  observatory,  and  east  of  the  house, 
are  two  small  buildings,  covered  with  hemispherical 
sliding  domes,  in  each  of  which  is  an  equatorial  sector 
by  Sisson,  and  a  clock  by  Arnold,  which  are  chiefly  used 
for  observing  comets.  The  lower  apartments  of  the 
dwelling-house  are  occupied  by  the  astronomer-royal, 
over  which  is  a  large  octagonal  room,  which  contains  a 
great  variety  of  astronomical  instruments,  with  a  library 
consisting  chiefly  of  scarce  and  scientific  books.  On 
the  top  of  the  house  is  a  camera  obscura,  very  well  si- 
tuated for  exhibiting  views  of  many  interesting  objects. 

In  Flamsteed's  lime  a  well  was  sunk  in  the  south-east 
corner  of  what  now  constitutes  the  garden,  behind  the 
observatory,  for  the  purpose  of  seeing  the  stars  in  the 
day  time,  and  observing  the  earth's  annual  parallax.  It 
was  a  hundred  feet  deep,  with  stone  stairs  down  to  the 
bottom  ;  but  it  has  been  long  arched  over,  as  the  im- 
provements in  the  telescope  have  rendered  it  unneces- 
sary for  astronomical  purposes. 

The  observations  which  have,  in  general,  been  made 
at  the  Royal  Observatory,  in  later  times,  are  universally 
allowed  to  possess  an  unrivalled  degree  of  accuracy,  and 
the  fine  instruments  executed  by  the  celebrated  Trough- 
ton,  now  in  the  hands  of  Mr.  Pond,  will,  we  confidently 
expect,  maintain  their  former  character.  Indeed,  the 
number  of  accurate  astronomical  observations  which 
liave  been  made  here  are  enormous.  "  In  short,"  it 
may  be  said,  with  Delanibre,  "  of  the  four  volumes  of 
observations  which  Maskelyne  has  published,  that  if,  by 
a  great  revolution,  the  sciences  should  be  lost,  and  that 
this  collection  only  were  saved,  there  would  be  found  in 
it  materials  sufficient  to  rear  almost  an  entire  new  edi- 
fice of  modern  astronomy."  One  cannot  indeed  enter 
this  place  without  being  impressed  with  a  feeling  of  re- 
verence for  it,  as  a  temple  dedicated  to  the  noblest  and 
most  sublime  of  all  the  sciences. 

Subjoined  are  the  names  of  the  astronomers  who  have 
officiated  here  in  succession  :  Flamsteed,  43  years  ; 
Halley,  23  years  ;  Bradley  20  years;  Bliss,  two  years; 
and  Maskelyne  46  years. 

Oxford  observatory  is  a  most  magnificent  structure, 
worthy  of  the  celebrity  of  that  distinguished  university. 
It  was  begun  in  the  year  1772,  from  very  ample  funds 
bequeathed  by  Dr.  Radcliffe,  and  upon  a  piece  of  land 
given  for  that  purpose,  by  the  Duke  of  Marlborough. 
The  transit  instrument,  which  is  ten  feet  long,  shows 
very  small  stars  in  the  day  time,  and  is  said  to  have  cost 
150  guineas.     The  zenith  sector  also  is  a  fine  insiru- 
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ment,  and  cost  200  guineas ;  and  there  are  two  mural 
quadrants  of  600  guineas  value. 

Herschel  and  DoUond  have  also  furnished  it  with  very 
admirable  telescopes,  and  Skelton  with  a  clock  of  ex- 
cellent workmanship.  It  was  built  under  the  directioa 
of  Dr.  Hornsby,  professor  of  Astronomy  in  the  univer- 
sity, who  observed  here  for  many  years.  He  has  been 
succeeded  by  Dr.  Abram  Robertson,  the  present  wor- 
thy Savilian  professor  of  astronomy. 

The  observations  are  all  registered,  and  consist  chiefly 
of  the  right  ascensions  and  zenith  distances  of  the  sun, 
moon,  planets,  and  fixed  stars.  In  Dr.  Hornsby's  time, 
the  series  of  observations  was  sometimes  broken  off"  from 
ill  health;  but  as  an  assistant  observer  has  been  lately 
added,  the  observations  will  not,  in  future,  be  liable  to 
interruption. 

It  has  been  proposed  to  erect  a  splendirl  observatory 
at  Cambridge,  every  way  worthy  of  that  distinguished 
university ;  and  the  necessary  funds  have,  in  a  great 
measure,  been  provided  for  that  purpose.  The  obser- 
vatory syndicate,  it  appears,  have  reported  to  the  senate 
of  Cambridge,  that  the  arrangements  with  St.  John's 
College,  for  the  site  of  the  observatory,  although  not 
completed,  are  yet  considerably  advanced,  and  will  pro- 
bably be  soon  brought  to  a  termination ;  that  Messrs. 
Munday  and  Bushell  have  entered  into  a  contract  with 
the  syndics,  by  which  they  engage,  before  the  end  of 
October,  1823,  to  complete  the  buildings,  faced  with 
stone  throughout,  agreeably  to  Mr.  Mead's  plans  and 
specifications,  for  the  sum  of  8497/.  8*.  6rf.  The  ex- 
cavations and  levelling  of  the  ground  for  the  new  ob- 
servatory have  just  commenced. 

We  have  not  been  able  to  ascertain  when  such  a  va- 
luable appendage  to  that  university  will  be  completed. 
It  is  only,  however,  by  multiplying  the  places  at  which 
very  accurate  astronomical  observations  are  made,  that 
the  science  of  astronomy  can  be  now  perfected,  and  we 
sincerely  wish  success  to  the  completion  of  this  useful 
undertaking. 

The  observa-tory  at  Slough,  near  Windsor,  where  Sir 
William  Herschel  observes,  will  forever  claim  a  place 
in  the  history  of  distinguished  astronomical  institutions. 
In  its  plan  and  apparatus  it  differs  from  all  other  obser- 
vatories, and  exceeds  them  all  in  the  number  and  im- 
portance of  its  discoveries. 

It  may  be  remarked,  in  describing  this  observatory, 
that  the  labours  of  Sir  William  Herschel  have  a  pecu- 
liar interest,  from  the  circumstance  that  his  discoveries 
are  all  the  result  of  his  own  inventions.  For,  to  a  pro- 
found knowledge  of  astronomy,  he  adds  that  of  optics  in 
a  very  eminent  degree,  both  in  theory  and  practice,  by 
which  he  has  been  enabled  to  cast  and  polish  mirrors 
for  reflecting  telescopes,  greatly  superior  to  any  other, 
not  only  in  magnifying  power,  but  in  collecting  or  pre- 
serving light,  by  which  vision  is  wonderfully  extended, 
and  which  he  very  expressively  denominates  "  the  power 
of  penetrating  into  space."  The  telescopes,  whicli  are 
all  made  under  his  direction,  are  of  various  sizes,  from 
two  to  forty  feet  in  length,  and  the  apparatus  and  ma- 
chinery upon  which  they  are  mounted  are  also  of  his 
own  contrivance,  and  exhibit  a  very  ingenious  display  of 
mechanical  invention. 

As  his  larger  instruments  could  not  l".e  conveniently 
managed  within  the  coverof  a  building,  they  aremounied 
in  the  open  air,  where  they  stand  pointing  to  the  hea- 
vens in  diflerent  directions,  and  make  a  most  magnifi- 
cent and  impressive  appearance. 
4   U 
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His  largest  telescope,  forty  feet  long,  and  five  feet  in 
Jiametcr,  has  been  fully  explained  in  our  ariicle  Optics, 
in  this  volume,  and  reprcbcined  in  Plate  CCCCXLl. 
Two  of  his  smaller  telescopes  will  always  be  famous  in 
the  history  of  astronomical  discovery.  The  first  is  a  two 
feet  Newtonian  rcllcctor,  with  which  his  sister,  Miss 
Caroline  Hcrschel,  discovered  six  comets ;  and  the 
other  is  his  seven  feet  reflector,  with  which  he  disco- 
vered the  Georgian  planet,  or  Uranus,  at  Bath,  in  1781. 
This  telescope,  in  consequence  of  the  discovery,  has 
been  made  a  constellation  in  the  heavens,  with  the  uni- 
versal approbation  of  astronomers.  It  is  placed  between 
Gemini,  the  Lynx,  and  Auriga,  and  contains  81  stars. 
In  Bode's  Atlas  it  is  engraved  with  its  apparatus,  and 
marked  Telescopium  Herschelii.  Sir  William  Her- 
schel  is  now  in  his  eighty-firtirth  year,  and  was  born  at 
Hanover,  on  the  15th  of  November,  1738,  a  period 
which  will  be  ever  memorable  in  the  history  of  astro- 
nomy. 

It  cannot  be  supposed  that  this  eminent  astronomer 
can  coriuibute  much  more  to  the  improvement  of  his 
favourite  science  ;  but  we  look  forward  with  sanguine 
hopes  that  his  son  will  continue  to  follow  his  father's 
footsteps  with  that  distinguished  success  with  which  he 
has  commenced  his  scientific  labours,  and  which  his  emi- 
nent analytical  powers  and  patient  habits  of  research, 
entitle  us  to  expect. 

The  observatory  in  Richmond  Gardens  is  a  very  beau- 
tiful structure,  and  has  an  excellent  apparatus.  It  was 
built  in  1768,  by  order  of  his  late  majesty,  George  III. 
who.  it  is  said,  made  several  observations  here,  parti- 
cularly the  transit  of  Venus  in  1769.  It  contains  a  fin 
transit  instrument,  a  zenith  sector,  and  a  mural  arc,  to- 
gether with  several  Rood  telescopes,  particularly  a  ten 
feet  reflector  of  Sir  William  Herschel's.  There  is  a 
superb  equatorial  on  the  top  of  the  building,  which  is 
covered  with  a  moveable  roof  There  are  also  two  fine 
orreries,  with  an  excellent  collection  of  philosophical 
instruments,  and  some  cases  of  minerals  and  other  na- 
tural curiosities.  It  was  built  under  the  direction  of  Dr. 
Demainbray,  and  has  been  for  some  years  under  the 
care  of  Mr  Rigaud. 

There  is  an  observatory  at  the  Royal  Naval  College 
at  Portsmouth,  under  the  direction  of  Professor  Inman, 
which  is  found  to  be  very  useful  in  teaching  the  stu- 
dents practical  astronomy,  and  in  finding  the  rates  of 
marine  chronometers. 

At  Christ's  Hospital  in  London,  Mr.  Wales,  who  had 
served  under  Dr.  Maskelyne  and  Captain  Cook,  erected 
a  small  obsL-rvatory  at  his  own  expense,  when  he  be- 
came master  of  the  royal  mathematical  school  there. 

At  Somerset  House,  too,  the  Royal  Society  have  a 
small  observatory,  which  is  generally  superintended  by 
the  clerk  for  the  time  being. 

Besides  the  above,  there  are,  and  have  been  several 
excellent  private  observatories,  as  that  at  Blarkheath, 
where  Stephen  Gvoombridi;^,  Esq.  observes,  to  whom 
astronomers  are  indebted  for  several  correct  tables  of 
atmospherical  refr.u  tions.  Blenheim,  belontjing  to  the 
Duke  of  Marlborough  ;  the  Rev.  Mr  Cation's,  at  Cam- 
bridge ,  Chisel  Hurst,  tlie  Rev.  Francis  Wollaston; 
Derby,  Williim  Slrutt,  Esq.;  East  Sheen,  the  Rev. 
William  Pearson;  Einsbury  Square,  Dr.  Kelly;  God- 
wood,  the  Duke  of  Richmond  ;  Gosport,  Dr.  William 
Buiney ;  Hackney  Wick,  Colonel  Bcaufoy  ;  Hayes, 
William  Walker,  Esq.  ;  Hicjhbury  Terrace,  Captain 
Huddart;  Hoddesdon,  William  Hodgson,  Esq.;  Isling- 


ton, Gavin  Lowe,  Esq. ;  Paragon,  Southwark,  James 
Strode  Butt,  Esq. ;  Park-lane,  Sir  Henry  Englefield, 
Bart. ;  Rose  Hill  Sussex,  John  Fuller,  Esq. ;  Shcrburn, 
Earl  of  Macclesfield  ;  St.  Ibbs,  Hilchin, Professor  Lax; 
and  Woolwich,  Royal  Military  Academy.  Mr.  South 
and  Mr.  Bailey  have  also  established  observatories,  and 
furnished  them  with  excellent  instruments. 

Seottish  Observatories. 

The  New  Edinburi^h  Observatory  is  built  from  a  de- 
sign of  William  Henry  Playfair,  Esq.  architect,  nephew 
of  the  late  celebrated  Professor  Playfair;  and  it  shows, 
in  its  exterior  appearance,  as  well  as  his  other  works, 
that  he  jjossesses  no  small  share  of  the  classical  elegance 
of  his  distinguished  relative.  From  an  inspection  of  the 
plan  and  description,  we  think  it  will  be  found  to  be 
ecjuully  commodious  and  well  fitted  for  the  purposes  foi 
which  it  is  intended,  as  it  is  remarkable  for  its  elegant 
simplicity  of  design.  It  is  situated  on  the  top  of  the 
Calton  Hill,  a  considerable  eminence,  which  may  be  now 
considered  as  within  the  city  of  Edinburgh.  Proposals 
had  been  early  made  for  founding  an  observatory, 
though  the  first  scheme  for  erecting  a  building  of  this 
kind  was  actually  formed  in  the  year  1736;  but  the 
commotion  occasioned  by  the  execution  of  Captain  Por- 
teous  by  the  populace,  a  circumstance  now  immortalized 
by  our  great  novelist  in  the  "  Heart  of  Mid-Lothian," 
prevented  the  completion  of  the  design.  It  was  again 
revived  in  1741,  at  which  time  the  Earl  of  Morton  gave 
the  sum  of  luo/.  Sterling,  for  the  purpose  of  erecting  an 
observatory  ;  and  the  celebrated  Maclaurin,  with  the 
Principal  and  some  of  the  Professors  of  the  university, 
were  appointed  trustees  for  managing  this  sum,  together 
with  what  might  be  otherwise  collected.  Mr.  Maclaurin 
himself,  with  a  liberality  characteristic  of  an  enlarged 
mind,  added  to  the  above  sum  the  profits  arising  from  a 
course  of  lectures  that  he  read  on  experimental  philoso- 
phy, which,  with  other  small  sums,  amounted  to  about 
300/.  The  lamented  death  of  this  eminent  professor  in 
1746,  however,  put  a  stop,  for  the  second  time,  to  the 
execution  of  the  design. 

The  famous  James  Short,  well  known  for  his  improve- 
ments in  the  construction  of  reflecting  telescopes,  in 
conjunction  with  his  brother,  now  attempted  to  erect  the 
building  ;  but  the  progress  of  the  unfortunate  observa- 
tory was  again  interrupted  by  the  death  of  Mr.  Short, 
which  happened  in  1768. 

About  the  year  1776  the  money,  which  had  accumu- 
lated to  400/.,  was  proposed  to  be  expended  in  building 
the  observatory,  A  plan  of  the  intended  edifice  was  de- 
signed by  Mr.  Crait,',  architect,  and  the  foundation  stone 
of  the  building  was  laid  by  Mr.  Stodart,  Lord  Provost  of 
Edinburgh,  on  the  25th  of  August,  1776.  It  stood  in 
this  situation  for  many  years,  when,  in  1792,  it  was  com- 
pleted by  the  magistrates ;  but  in  a  style  far  inferiot'  to 
what  the  utility  of  such  an  institution  deserved.  Being 
possessed  of  few  instruments,  and  provided  with  no  funds 
for  procuring  any,  it  remained  almost  in  a  ruinous  state 
till  1812,  when  a  more  fortunate  attempt  was  made  to  es- 
tablish an  observatory  on  a  respectable  footing,  by  the  for- 
mation of  an  astronomical  institution  in  Edinburgh.  The 
Astronomical  Institution  took  its  origin  from  a  few  pub- 
lic-spirited individuals,  who  formed  themselves  into  a 
society  under  this  title  on  the  30th  of  May,  1812;  and 
the  magistrates  gave  to  the  association  the  ground  and 
buildings  on  the  Calton  Hill,  formerly  destined  for  an  ob- 
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servatory,  on  the  condiiion  of  ilieir  not  being  applied  to 
atiy  other  purpose,  at  the  same  time  granting  a  seal  of 
cause,  to  enable  them  to  hold  property,  and  to  enjoy  the 
privileges  of  a  corporation. 

The  objects  of  this  institution  are  to  establish,  1st, 
A  scientific  observatory,  furnished  with  all  the  instru- 
ments required  for  the  nicest  purposes  of  astronomy. 
2d,  A  popular  observatory,  furnished  with  instruments 
connected  with  astronomy,  of  general  and  easy  use,  cal- 
culated for  students  and  amateurs  ;  and  also  with  globes, 
maps,  atlasses,  charts,  and  bucks,  adapted  to  the  pro- 
motion of  nautical  and  geographical  science.  And,  3d, 
A  physical  cabinet,  furnished  with  a  complete  meteor- 
ological apparatus,  and  with  such  other  instruments  and 
books  as  may  be  deemed  useful  for  the  advancement  of 
physical  science. 

The  property  of  this  institution  is  held  in  transferable 
shares  of  25  guineas  each,  which,  besides  his  own  ad- 
mission to  the  popular  observatory  at  all  times,  entitles 
a  proprietor  to  introduce  a  friend,  who  may  also  be  ad- 
mitted on  his  written  order.  The  second  class  of  sub- 
scribers, who  pay  by  annual  instalments,  have  only  the 
right  of  personal  admission.  The  management  is  vested 
in  a  council,  consisting  of  a  president,  vice-president, 
treasurer,  secretary,  and  an  observer,  with  18  directors, 
six  of  whom  go  out  annually  by  rotation. 

In  pursuance  of  these  objects,  the  directors  fitted  up 
the  top  story  of  the  old  building,  a  little  to  the  west  of 
the  original  observatory,  now  taken  down,  with  a  camera 
obscura,  which  forms  the  chief  object  of  attraction  to 
visitors;  and  the  room  under  it  contains,  among  other 
things,  a  four  feet  achromatic  telescope  by  Tulley,  some 
smaller  ones,  and  a  pair  of  twenty-one  inch  globes. 
The  celebrated  Troughton  was  also  engaged  to  make  a 
mural  circle  of  five  feet  diameter,  and  a  transit  instru- 
ment of  ten  feet,  of  which  the  estimated  cost  is  about 
1000  guineas. 

The  magistrates  of  Edinburgh  having  deposited  a 
small  transit  instrument,  which  they  had  procured  from 
Troughton,  for  regulating  the  city  clocks,  in  the  apart- 
ments of  the  institution,  a  room  was  erected  for  its  re- 
ception in  1814,  in  which  was  also  placed  an  astronomi- 
cal clock,  by  Mr.  Thomas  Reid. 

The  new  observatory,  a  little  to  the  east  of  the  former, 
was  founded  on  the  25lh  of  April,  1818,  by  Sir  George 
Mackenzie,  Vice-President,  in  the  absence  of  Professor 
Playfair.  In  the  foundation  stone  were  deposited  copies 
of  the  Edinburgh  newspapers,  almanack,  and  current 
coin  of  the  country,  and  a  platinum  plate,  on  one  side  of 
which  were  engraved  ilie  names  of  the  members,  and  on 
the  other  this  inscription  : 

SPECUIAE 

Ad  SIDIKCM  census  ALIAaUE  COELESTIA  CONTEMPliiniA 

Sr.MPTIBVS  SCIS  EXTimE>iI)AE 

PRIMVM  LAl'lDEM  PO^ESDrM  cmillUST 

fcrSTITCTIONIS  ASTROXOXICAE  EDHTENSIS  SoUALES  ; 

Til.  CAl.  MaJ    AERAE  TllniSTIASAE  AS.  MDCCCXVIir. 

Geokcio  Tertio  a.v.  iriii.  eegvante, 

I'EHIOII.  JCHAX.  lOOCDXXXI. 

GcMZLMO  Hexbico  Platpaib,  ABcuiTEC-re; 
Ne  didtics  ' 

UnBI  CLARISSIMAE 

SCIESTICM  OMXIC-M  PCLCRERRIMAM  ATaCE  AMPLISSI.'IAX 

ESCOLENDDM  PACCITAS  DEESSET. 

The  observatorv,  of  which  we  have  given  an  eleva- 
tion ii>  Plate  CCCCXXV.  Fig.  1.  and  a'l^round  pbn  in 
Fig.  2.  is  a  cross  of  sixty-two  feet,  with  iuur  projecting 


pediments  of  twenty-eight  feet  each,  supported  by  six 
columns  of  the  Doric  order  fronting  the  four  cardinal 
points.  In  the  centre  is  a  moveable  dome,  thirteen  feet 
in  diameter,  under  which  is  a  pillar  of  solid  masonry,  of 
a  conical  form,  six  feet  in  diameter  at  the  base,  and 
nineteen  feet  high,  intended  for  a  portable  astronomical 
circle,  or  equatorial,  for  making  obiervations  out  of  the 
meridian.  To  the  east  are  stone  piers  for  the  transit  in- 
strument and  clock  ;  and  in  the  west  end  others  for  the 
mural  circle  and  clock.  All  these  are  founded  upon  the 
solid  rock.  A  small  gallei7  is  formed  round  the  cen- 
tral pillar  for  the  accommodation  of  the  observers,  who 
have  also  a  room  in  the  northern  side  of  the  building. 

In  the  ground  plan  on  the  east  side,  a,  a,  are  the  slits 
or  openings  in  the  walls  and  roof,  through  which  the  ce- 
lestial bodies  are  obseived  by  the  transit  instrument 
when  in  the  meridian ;  b,  6,  are  the  stone  pillars  on 
which  the  transit  is  supported  ;  c  the  stone  to  which  the 
transit  clock  is  attached;  d  a  block  of  stone,  on  which 
an  artificial  horizon  may  be  placed,  when  observations 
are  taken,  by  the  method  of  reflexion,  as  described  by 
Sir  Thomas  Brisbane  in  the  Edinburgh  Philosofihical 
Transactions,  vol.  ix.  p.  1,  and  which,  when  not  used, 
is  covered  by  a  board  fitted  into  the  lloor.  In  the  west- 
ern side,  e,  e,  are  openings  or  slits  as  before  ;  y  the  stone 
pier,  to  which  the  great  mural  circle  is  to  be  fixed  ;  g, 
the  clock  pier;  /;,  a  place  for  an  artificial  horizon  as  be- 
fore :  i,  is  the  conical  pillar,  over  which  is  placed  the 
moveable  dome,  having  an  opening,  I,  in  the  elevation,  as 
usual,  for  the  purpose  of  observing  ;  k,  is  the  observer's 
room  ;  and  m,  is  tlie  entrance  in  the  front. 

It  is  sincerely  to  be  regretted  by  every  friend  to  sci- 
ence, as  well  as  to  the  scientific  reputation  of  Edinburgh, 
that,  from  want  of  funds,  proper  instruments  have  not 
yet  been  provided,  nor  a  salary  for  an  observer,  that 
might  enable  him  to  devote  his  attention  entirely  to  the 
pursuits  of  astronomy. 

In   the  year    1307,   a   number   of  gentlemen  formed 
themselves  into  a  society  for  the  promotion  of  astrono- 
mical science,  and  have  since  received  a  Seal  of  Cause 
from  the  Magistrates  and  Council  of  Glasgow,  erecting 
them  into  a  corporate  body  for  that  purpose.    The  funds 
of  this  society    have    been    raised  by    230   transferable 
shares  of  20  pounds  each,  wliich   are  held  as  heiitable 
properly.       The    observatory    stands   on    Garnet    Hill, 
about  a  mile  north-west  from  the  cross.     The  situation 
is  unquis;ionably  the  best  which  could  have  been  chosen 
in  the  ncij^hbouihood  of  Glasgow.     The  designs,  which 
areiir  the  Egyptian  style  of  architecture,  were  furnished 
by  Mr.  Webster  of  London.     The  building  is  divided  in- 
to three  compartments;  the  centre  one  constitutes  the 
scientific  observatory,  and  is  surmounted  by  a  revolving 
cupola;  the  east  division  forms  the  popular  observatory, 
where  the  subscribers  have  the  use  of  instruments,  and 
treatises  connected  with  the  science  ;  and  the  west  coip- 
parinienl  is  fitted  up  for  the  acconimod.sti.jn  of  the  ob- 
server, and  other  purposes.     In  the  scientific  observa- 
tory there  arc  three  massive  stone  pedestals  ;  to  one  of 
which  a  sidereal  clock  is  attached;  on  another  pedestal, 
twenty  feet  high,  rising  withont  the  buse  of  the  revolv- 
ing cupola,  is  placed  an  excellent  azimuth  and  altitude 
instrument,  which  is  capable  of  beinif  fitted  u;)  as  an 
equatorial ;  on  the  other  pedestal  is  to  be  placed  a  large 
mural  circle,  prepared  by  Troughton.     The  popular  ob- 
servatory is  provided  with  a  complete  set  of  instruments 
for  making  astronomical  observations  of  the  more  ordi- 
nary  kind.     A  Herschelian  telescope,  ten  feet  long,  is 
4  U  2 
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used  in  the  tcri'acre,  in  front  of  tlie  centre  compartment 
of  the  observatory,  where  the  projecting  wings  of  the 
building  afford  a  shelter  from  the  wind.  There  are  se- 
%'eral  other  telescopes  of  different  kinds,  as  well  as  globes, 
sextants,  theodolites,  kc.  in  this  part  of  the  observatory  ; 
a  fourteen  feet  Heischelian  telescope  is  placed  on  the 
roof;  an  anti-room  is  occupied  by  a  camera  obscura, 
and  a  solar  microscope  ;  and  other  useful  instruments 
are  to  be  immediately  added  to  this  department  of  the 
observatory.  This  valuable  institution  has  been  honour- 
ed by  the  approbation  of  the  most  eminent  astronomers 
in  the  country,  and,  we  hope,  will  tend  to  the  more  ge- 
neral diffusion  of  a  knowledge  of  astronomy. 

There  is  also  in  the  College  Gardens  a  small  observa- 
tory, provided  with  the  usual  instruments,  for  the  use  of 
the  professor  of  practical  anatomy,  but  which  do  not  re- 
quire any  separate  description. 

The  observatory  of  Sir  Thomas  Brisbane  has  already 
been  noticed,  in  our  history  of  Astronomy. 

At  Aberdeen,  in  1694,  a  lofty  square  lower  was  erect- 
ed upon  the  top  of  the  west  wing  of  the  College,  for  the 
purpose  of  an  astronomical  observatory,  though  we  are 
not  certain  whether  it  ever  was  provided  with  proper  in- 
struments. 

Soon  after  the  appointment  of  Dr.  Copland  to  the  na- 
tural philosophy  chair,  he  formed  the  design  of  erecting 
an  observatory;  and  in  1781,  succeeded  in  raising,  by 
subscription,  a  fund  for  defraying  the  expence  of  the 
building  and  necessary  apparatus,  which  was  expended 
in  the  erection  of  one  on  the  Castle-Hill.  In  1794,  this 
was  taken  down,  in  consequence  of  government  wanting 
the  ground  for  barracks;  and  in  1797,  a  new  one  was 
constructed  on  the  west  wing  of  the  college,  to  which 
the  instruments  were  removed.  The  principal  room  is 
40  feet  by  18,  and  adjoining  to  this  is  a  small  balcony  for 
niaking  observations  out  of  the  meridian. 

Belonging  to  this  observatory  there  are  several  good  in- 
struments ;  a  transit  of  four  feet  by  Ramsden ;  a  quad- 
rant of  two  feet  radius  by  Troughton;  an  equatorial  by 
Sisson  ;  a  clock  with  a  gridiron  pendulum  ;  an  assistant 
clock  ;  a  good  achromatic  telescope  of  four  feet  by  Dol- 
lond,  with  a  divided  object  glass  micrometer ;  a  reflect- 
ing telescope  of  ten  feet ;  a  fine  theodolite  of  sixteen 
inches  by  Troughton,  constructed  on  the  same  princi- 
ples as  that  used  in  the  trigonometrical  survey  of  Bri- 
tain. There  is  also  here,  executed  by  Troughton,  a 
very  fine  scale  of  equal  parts,  divided  by  micrometer 
microscopes,  to  ten  thousandths  of  an  inch,  similar  to 
those  of  Sir  George  Shuckburgh,  and  Professor  Pictet 
of  Geneva,  the  only  three  ever  executed  by  that  artist. 

Irish  Observatories. 

In  Ireland,  there  have  been  two  observatories  fitted 
up  and  finished  on  a  great  scale;  the  one  at  Dublin,  and 
the  other  at  Armagh. 

The  observatory  belonging  to  Trinity  College,  Dub- 
lin, was  begun  in  1783.  It  was  founded  by  Dr.  F.  An- 
drews, provost  of  that  college,  who  bequeathed  a  large 
sum  for  that  purpose.  The  apparatus  consists  of  a 
transit  of  six  feet  focal  length,  with  a  four  feet  axis,  hav- 
ing an  aperture  of  4}  inches,  and  provided  with  three 
different  magnifying  powers,  extending  as  far  as  600. 
There  is  also  an  entire  circle  of  eight  feet  diameter  and 
moving  on  a  horizontal  axis,  for  measuring  chiefly  me- 
ridian altitudes.  In  addition  to  these,  there  are  an  equa- 
torial instrument,  with  circles  of  five  feet  in  diameter, 


and  an  achromatic  telescope  mounted  on  a  polar  axis, 
and  carried  by  a,  heliostatic  movement.  The  clocks 
were  furnished  by  Mr.  Arnold,  without  any  limitation  of 
price. 

The  situation  chosen  for  the  observatory  is  upon  an 
elevated  ground,  about  four  miles  north-west  from  Dub- 
lin. The  foundation  is  a  solid  rock  of  limestone,  of  se- 
veral miles  in  extent,  and  the  soil  is  of  the  most  favour- 
able description,  being  a  calcareous  substance,  called 
limestone  gravel,  which  absorbs  the  rain  remarkably 
fast,  and  thus  contributes  to  render  the  atmosphere  gene- 
rally dry.  The  plan  of  the  edifice  unites  at  once  ele- 
gance and  convenience.  In  the  centre  is  a  magnificent 
dome,  three  stories  high,  with  a  moveable  roof  for  the 
equatorial  instrument,  which  is  placed  on  a  pillar,  six- 
teen feet  square,  of  the  most  substantial  masonry,  and 
suirounded  by  a  circular  wall  at  a  foot  distance,  sup- 
porting the  moveable  dome  as  well  as  the  floors,  which 
in  no  part  touch  the  pillars,  to  prevent  any  motion  be- 
ing communicated  from  the  floor  or  wall  to  the  instru- 
ment. The  aperture  for  observation  in  the  dome  is  two 
feet  and  a  half  wide. 

But  the  most  important  erection  belonging  to  this 
establishment  is  behind  the  principal  building,  and  at 
right  angles  to  it,  in  order  to  obtain  an  uninterrupted 
view  of  the  horizon  both  towards  the  north  and  south. 
This  is  the  meridian  and  transit  room,  which  contains 
both  the  transit  instrument  and  circle.  The  dimensions 
of  this  room  are  37  feet  long,  23  feet  broad,  and  21  high. 
For  the  purpose  of  supporting  both  instruments  on  a 
firm  basis,  five  pillars  of  Portland  stone  have  been  erect- 
ed, and  the  floor  is  so  constructed  as  to  let  all  the  pil- 
lars rise  through  it  totally  detached.  The  clocks  are 
also  attached  to  pillars  of  the  greatest  steadiness.  They 
were  made  by  Arnold,  who  exerted  all  his  skill  in  their 
construction,  and  finished  them  in  a  masterly  style.  The 
pallets  are  of  ruby,  and  all  the  last  holes  of  the  move- 
ments are  jewelled.  The  suspension  springs  are  of 
gold,  with  Arnold's  five-barred  pendulum,  and  cheeks 
capable  of  experimental  adjustment,  so  as  to  make  all 
the  oscillations  isochronous,  whatever  may  be  the  ex- 
cursion of  the  pendulum. 

The  Rev.  Dr.  Usher,  the  first  astronomical  professor, 
did  not  long  enjoy  the  pleasure  arising  from  his  labours 
in  astronomy,  but  died  in  1790,  before  the  instruments 
had  been  all  fitted  up.  lie  was  succeeded  by  the  Rev. 
Dr.  Brinkley,  who  had  for  some  lime  been  a  pupil  of 
the  late  Dr.  Maskelyne.  Dr.  Brinkley  studied  at  Cam- 
bridge, and  had  distinguished  himself  there  by  his  pro- 
found analytical  investigations.  He  has  since  greatly 
enriched  the  Philosofihicat  Transactions,  and  the  Trans- 
actions of  the  Royal  Irish  Academy,  by  his  valuable  ma- 
thematical and  asironomical  papers. 

From  observations  made  with  a  new  eight  feet  circle, 
by  Ramsden  and  Berge,  important  results  have  been 
expected,  particularly  on  annual  parallax,  the  aberration 
of  light,  and  astronomical  refraction.  Dr.  Brinkley  has 
been  for  some  time  engaged  in  a  series  of  observations, 
with  a  view  to  explain  the  cause  of  those  variations 
which  he  has  found  in  the  zenith  distances  of  certain 
stars  at  different  times,  which  do  not  seem  explicable 
by  any  cause  yet  known.  He  has  found  a  difference 
between  the  zenith  distances  of  «  Lyrae,  when  in  oppo- 
sition and  conjunction,  which  may  be  explained  by  a 
parallax  of  about  two  seconds. 

The  new  transit,  or  meridian  circle,  erected  lately  at 
Greenwich,  possesses  considerable  advantages  for  such 
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purposes,  and  great  hopes  have  been  formed  of  the 
combined  operations  of  these  two  instrumeins.  In  a 
letter  to  the  writer  of  this  article,  however.  Dr.  Brink- 
ley  expresses  great  confidence  in  his  having  determined, 
with  accuracy,  on  principles  which  appear  unexception- 
able, \he  parallax  of  some  of  the  fixed  stars.  He  also 
thinks,  that  a  circle  with  a  vertical  axis  possesses  several 
advantages  over  the  murul  circle,  and  that  the  method 
of  referring  each  star  to  the  zenith  point,  is  preferable 
to  that  of  comparing  them  v.  ith  furidamenlal  stars  as 
practised  at  Greenwich. 

At  Armagii,  the  metropolitan  city  of  Ireland,  and  for- 
merly the  seat  of  a  large  university,  an  observatory  was 
erected  and  endowed,  in  1793,  by  the  Most  Reverend 
Richard  Lord  Rokeby,  then  primate  of  Ireland.  It  is 
erected  on  the  summit  of  a  gently  rising  hill,  about 
ninety  feet  above  the  general  level  of  the  town.  In  the 
tower  adjoining  the  dwelling-house,  there  is  a  very  fine 
equatorial  by  Troughton,  fixed  in  a  large  pillar,  which 
is  raised  to  such  a  height  that  the  instrument  in  the 
dome  overlooks  all  the  buildings.  To  the  east  of  the 
house  there  is  a  range  of  buildings,  adapted  for  a  transit 
room,  and  other  astronomical  purposes.  The  other 
principal  instruments,  besides  the  equatorial  and  transit, 
are,  a  ten  feet  sextant  by  Troughton  ;  a  ten  feet  reflect- 
ing telescope  by  Sir  William  Herschel ;  a  five  feet  triple 
object-glass  achromatic  telescope  by  Dollond  ;  and  a 
fine  night  glass,  on  an  equatorial  stand.  The  clocks  are 
the  workmanship  of  Earnshaw  of  London,  and  Cross- 
thwaithe  of  Dublin. 

In  this  establishment,  a  liberal  income  is  allowed  the 
principal  astronomer,  and  a  good  salary  to  his  assistant. 
It  has  been  superintended,  from  its  commencement,  by 
the  Rev.  James  Archibald  Hamilton,  D.D.Dean  of  the 
cathedral  church  of  St.  Coleman,  Cloyne.  The  regis- 
tered observations  are  those  made  with  the  transit  in- 
strument and  equatorial,  accompanied  with  an  account 
of  the  state  of  the  barometer  and  thermometer.  Of 
these,  a  series  of  about  18  years  is  preserved.  The  right 
ascension  of  the  sun  and  moon,  compared  with  the  fixed 
stars,  are  regular  and  unbroken  ;  but  their  north  polar 
distances  have  not  been  so  regularly  taken,  as  they  are 
only  observed  by  the  principal  astronomer,  whose  pas- 
toral duties  must  occasionally  interfere  with  his  astrono- 
mical labours. 

French  Observatories. 

The  Royal,  or  Imperial  Observatory,  as  it  is  some- 
times called,  of  Paris,  was  built  in  1667.  It  is  160  feet 
in  front,  by  120  in  breadth,  and  90  feet  in  height.  Its 
vaults  are  also  90  feet  deep,  so  that  it  is  180  feet  from 
top  to  bottom.  A  particular  description  of  the  building 
is  given  by  Blondel,  and  the  arrangement  and  disposi- 
tion may  be  found  in  Bernoulli's  Lellrea  Astroiiomiquea, 
in  L?.lande's  Astronomic,  and  in  Monnier's  Jiiatoire 
Celeste, 

In  addition  to  the  original  building,  new  rooms  have 
been  constructed,  close  by  the  side  of  the  observatory, 
where  a  large  transit  and  circle  by  Ramsden  have  been 
fitted  up.  In  1788,  new  vaults  were  made,  and  a  small 
observatory  formed  on  the  top  of  the  building,  which 
commands  an  extensive  view  of  the  horizon.  There 
Louis  XVI.  established  three  observers,  in  order  to 
prevent,  as  much  as  possible,  an  interruption  in  the 
series  of  observations. 

In  1792,  Lalande  gave  the  following  account  of  other 


observatories,  which  may  be  noticed  here  as  interesting 
in  the  history  oi  practical  astronomy. 

The  astronomers  of  the  academy  had,  besides  the 
Royal  Observatory,  several  private  ones  erected  in  dif- 
ferent parts  of  Paris,  as  the  former  was  not  sufficient  for 
the  accommodation  of  all.  That  of  Monnier  has  been, 
since  the  year  1742,  in  the  garden  of  the  Capuchins. 
That  of  the  Marine,  which  Joseph  de  Lisle  used  in 
1748,  at  the  Hotel  de  Clugny,  has  been  occupied  by- 
Messier.  That  of  Lacaille  is  still  in  existence  at  the 
Mazarine  College.  That  of  the  palace  of  Luxembourg 
is  above  the  Port  Royal,  where  Joseph  de  Lisle  once 
observed,  and  which  Lalande  occupied  also  for  some 
time.  M-  Pingre's,  at  the  Abbey  of  St.  Genevieve,  was 
built  in  1756.  Cagnoli's  is  in  the  Rue  de  Richlieu, 
which  that  able  and  active  astronomer  built,  at  his  own 
expense,  in  1785,  when  he  resided  at  Paris. 

The  observatory  of  the  military  school  was  built  for 
M.  Jeaurat  in  1768,  and  was  afterwards  occupied  by 
M.  d'Agelet.  The  late  M.  Bergcret,  Receiver-General 
of  Finances,  had  constructed,  in  1774,  a  large  mural 
quadrant,  of  eight  English  feet,  the  last  and  best  instru- 
ment made  by  the  celebrated  Bird.  This  instrument 
was  obtained  by  the  Military  Academy,  as  well  as  an 
excellent  transit  instrument,  and  a  parallactic  telescope. 
M.  d'Agelet  made  a  great  number  of  observations  there, 
from  1778  to  1785,  when  he  left  it  to  make  a  voyage  of 
discovery  with  La  Perouse.  In  1788,  the  changes  made 
in  the  Military  School  occasioned  the  demolition  of  this 
observatory  ;  but  it  has  been  re-built  a  little  more  to  the 
west,  with  all  necessary  attention,  so  that  it  is  now  the 
most  complete  observatory  at  Paris.  Lalande,  having 
received  the  direction  of  it,  began,  in  1789,  to  make  a 
series  of  observations.  M.  le  Fran9ois  Lalande,  his  re- 
lation and  pupil,  has  also  made  a  prodigious  number  of 
observations,  and  he  observed,  in  1791,  more  than  ten 
thousand  northern  stars,  with  excellent  instruments.  An 
observatory  was  built  in  1775,  at  the  College  Royal,  for 
the  use  of  the  Professor  of  Astronomy  in  this  celebrated 
school.  M.  Geoffroy  d'Assy  built,  in  1788,  an  observa- 
tory at  his  house.  Rue  de  Paradis,  which  was  used  for 
some  time  by  Delambre. 

Such  was  the  state  of  the  observatories  at  Paris  in 
1792.  At  present,  Delambre  is  the  chief  of  the  impe- 
rial university.  Messier  succeeded  him  at  the  Royal 
College,  now  the  College  of  France.  M.  Burckhardt  is 
astronomer  at  the  Military  School ;  Le  Frangois  La- 
lande resides  at  the  Place  de  Cambray  ;  and  Bouvard 
and  Arago  superintend  the  Imperial  Observatory.         , 

The  Marseilles  Observatory  has  been  rendered  fa- 
mous by  the  observations  of  Sylvabelle,  and  by  the 
number  of  comets  observed  in  it  by  M.  Pous. 

The  Toulouse  Observatory  is  deserving  of  notice 
from  the  zeal  and  ability  with  which  M.  Darquier  cul- 
tivated astronomy.  In  this  city,  too,  observatories  have 
been  built  by  M.  Gaupuy  and  M.  Bonrepos.  Here, 
indeed,  astronomy  has  been  more  successfully  cultivat- 
ed than  in  any  other  provincial  city  of  France.  The  prin- 
cipal observatory  is  under  the  superintendence  of  M. 
Vidal. 

At  Lyons,  the  College  Observatory,  which  was  built 
by  Father  St.  Bonnet,  is  a  very  fine  edifice,  on  an  ele- 
vated situation. 

At  Dijon,  M.  Necker,  about  the  year  1780,  converted 
the  tower  of  the  King's  Lodge  to  an  observatory,  where 
the  Abbe  Bertrand  made  very  accurate  observations. 
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At  Montpellier  there  has  long  been  an  observatory 
on  one  of  the  towers  of  the  city,  in  which  M.  Ratte  and 
Poitevin  have  distinguished  themselves  as  very  accurate 
observers. 

At  Beziers,  the  bishop's  palace  was  converted  into  an 
observatory,  where  some  interesting  observations  have 
been  made  by  M.  Bouillet,  particularly  on  ihc  ring  of 
Saturn. 

At  Avignon,  an  observatory  was  built  by  Father 
Bonfa,  in  1683.  He  has  been  succeeded  by  a  number 
of  able  observers. 

At  Strasbourg,  Brackenhoffer,  Professor  of  Mathe- 
matics, had  an  observatory,  in  which  he  has  been  suc- 
ceeded by  Herrenbchneider  in  1790. 

At  Bordeaux  there  is  an  observatory,  75  feet  high, 
and  20  feet  square.  It  is  situated  in  the  finest  part  of 
Tournay,  and  here  M.  Turgot  procured  a  complete  set 
of  observations  to  be  made  on  the  length  of  the  pendu- 
lum oscillating  seconds,  upon  which  Boscovich  has 
written  an  interesting  memoir. 

At  Brest,  a  small  observatory  was  built  for  the  Naval 
Academy,  and  plans  have  been  set  on  foot  for  erecting 
a  more  considerable  edifice. 

At  Rouen,  there  is  an  observatory  belonging  to  M. 
Bouin,  in  which  there  has  been  made  a  number  of  good 
observations. 

At  Montauban,  the  Due  de  la  Chapelle  founded  an 
observatory,  where  he  himself  has  made  many  accurate 
and  interesting  observations,  particularly  of  the  transit 
of  Venus  over  the  sun  in  1769. 

German  Observatories. 

In  Germany,  a  great  number  of  observatories  have 
been  established,  and  that  country  has  produced  several 
very  able  astronomers. 

At  Berlin,  Frederick  I.  King  of  Prussia,  founded  an 
observatory  in  1711,  under  the  direction  of  Leibnitz,  at 
that  time  President  of  the  Academy  of  Sciences  there. 
It  consists  of  a  large,  steady,  square  tower.  It  was  here 
where  Grischow  and  Kies  made  various  observations, 
and  where  Lalande  observed  about  1752.  He  raised 
great  stone  pillars,  to  which  were  attached  the  north 
and  south  mural  quadrants.  Frederic  II.  added  a  very 
fine  building  to  it,  in  which  the  meetings  of  the  Aca- 
demy of  Sciences  of  Prussia  were  held.  M.  Bode,  who 
has  been  many  years  the  astronomer  royal  here,  has  dis- 
tinguished himself  as  an  accurate  observer,  and  as  the 
publisher  of  the  most  complete  celestial  atlas  extant, 
accompanied  with  a  well  arranged  catalogue  of  the  stars, 
and  an  interesting  history  of  the  constellations. 

At  Konigsberg  there  is  an  observatory  under  the  able 
direction  of  M.  iiessel,  who,  to  his  former  instruments, 
has  added  a  great  meridian  circle  by  Reichenbach,  of 
which  a  plan  and  description  is  given  in  the  first  volume 
of  Bessel's  astronomical  observations.  He  has  given  a 
small,  tliough  very  accurate,  catalogue  of  the  principal 
fixed  stars. 

At  Vienna,  the  Empress  Maria  Theresa  built  an  ob- 
servatory for  the  university,  about  the  year  1755,  and 
furnished  it  with  many  excellent  instruments.  There 
is  also  one  belongini;:  to  the  college,  built  and  endowed 
by  the  Jesuits  in  1735,  furnished  with  very  fine  instru- 
ments, chiefly  made  by  British  artists,  and  superintend- 
ed by  very  able  observers.  The  reputation  of  the  uni- 
versity observatory  was  maintained  for  many  ye'rs  by 
the  Abbe  Maximilian  Hell,  who  .conducted  the  Ephe- 


meris  of  Vienna,  which  is  now  continued  by  M  Treis- 
necker,  his  successor. 

At  Goitingen  there  is  an  observatory,  memorable  by 
the  labours  of  Tobias  Mayer,  and  by  those  more  recently 
of  Harding,  who  discovered  Juno  in  1804.  Here,  too, 
that  able  mathematician  and  astronomer,  M.  Gauss, 
observes,  who  has  been  lately  provided  with  new  instru- 
ments, particularly  a  fine  repeating  circle  by  Reichen- 
bach, which,  without  doubt,  he  will  turn  to  good  account. 
At  Manheim  there  is  an  observatory,  containing  ex- 
cellent instruments,  though  the  building  is  inadequate. 
There  is  a  three-feet  repeating  circle  by  Reichenbach, 
an  eight-feet  mural  quadrant  by  Bird,  a  six-feet  transit 
by  Ramsden,  &c.  M.  Schumacher  was  superintendent 
of  it  from  1813  to  1815,  when,  at  the  death  of  Bugge, 
the  King  of  Denmark  called  him  to  Copenhagen.  It 
is  now  under  the  care  of  M.  Nicolai. 

At  Nuremberg  an  observatory  was  built  in  1678,  and 
another  in  1692,  where  Zimmert  and  Wuzzelbau  have 
distinguished  themselves  as  observers. 

At  Cassel  an  observatory  was  built,  in  1714,  by 
Charles  I.  Landgrave  of  Hrsse,  heir  to  the  lands  and 
taste  of  William,  the  early  friend  of  Tycho  Brah6. 

AtGriessen  there  was  built  an  observatory,  in  1740  ; 
and  another  in  1768,  at  Outsburg,in  Franconia. 

At  Leipsic,  in  1788,  another  was  built  upon  an  old 
tower  of  great  stability.  Observatovies  have  also  been 
erected  and  supported  with  credit  at  Cremsmunster, 
Lambach,  Polling,  Prague,  and  Gratz. 

At  Bremen  there  is  an  observatory  belonging  to  Dr. 
Olbers,  an  eminent  physician,  who  has  immortalized  his 
name  by  the  discovery  of  two  new  planets,  Pallas  and 
Vesta. 

At  Lilienthal,  near  Bremen,  M.  Schrocter,  governor 
of  that  district,  erected  an  observatory  about  the  year 
1786,  and  furnished  it  with  excellent  instruments.  Ho 
is  highly  celebrated  as  an  accurate  and  interesting  ob- 
server, particularly  of  the  surfaces  and  rotations  of  the 
planets  and  of  the  moon. 

At  Seeberg,  near  Gotha,  a  very  considerable  obser- 
vatory was  built  in  the  year  1788,  by  the  Duke  of  Saxe 
Gotha,  of  wiiich  M.  Zach,  now  Baron  Zach,  was  ap- 
pointed superintendant,  who  has  distinguished  himself 
as  a  profound  and  accurate  astronomer.  This  observa- 
tory is  reckoned  one  of  the  most  beautiful  and  complete 
in  Europe,  and  is  situated  on  a  fine  elevation  about  a 
league  from  the  town.  There  is  here  a  large  transit, 
with  two  mural  quadrants,  of  eight  feet  radius,  and  a 
circle  of  eight  feet  in  diameter,  all  by  Ramsden  and  his 
successor  Berime. 

At  BiuiiswiLk  there  is  an  observatory  that  belonged 
to  M  G;iuss,  now  of  Gottingen,  well  known  for  his 
determinations  of  the  orbits  of  the  i.ew  planets,  and  other 
important  labours. 

Italian  Observatories. 

In  Italy,  practical  astronomy  has  been  cultivated  with 
much  assiduity  and  success  dining  the  last  century; 
chiefly  by  ecclesiastics,  and  particularly  by  the  Jesuits. 

At  Rome,  Cardinal  Zelada  constructed,  at  his  own 
expense,  on  the  southern  part  of  the  Roman  College,  a 
very  fine  observatory,  witli  the  large  sector  of  Father 
Boscovich,  and  other  instruments,  by  Ramsden  and 
Dollond.  The  Abbe  Calandrelli  obscrvtd  here  with 
great  attention  and  accuracy  for  many  years.  Other 
buildings  of  a  siniiU;r  description  have  been  erected  in 
dift'ercnt  parts  of  Rome. 
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At  Bologna  a  magnificent  observatory  was  built  in 
1714,  ill  the  Palace  ol  tlie  Institute,  by  the  muniticence 
of  tne  celebrated  Count  Marsigli;  and  Pope  Benedict 
XIV.  afterwards  gave  a  large  sum  of  money  towards 
the  purchase  of  instruments.  Here  a  succession  of  able 
astronomers  have  observed,  among  whom  may  be  enu- 
merated Manfredi,  Zanotli,  Canterzani,  Sec. 

At  Pisa  an  observatory,  in  the  form  of  a  spire,  was  built 
in  1730,  at  the  expense  of  the  university,  and  supplied 
with  excellent  apparatus  made  by  Sisson,  Short,  Graham, 
&c.  Perelli  observed  here  for  many  years,  and  had  for 
a  successor  M.  Slop,  who  published  an  excellent  collec- 
tion of  observations  in  1789. 

At  Milan  there  is  an  observatory,  which  is  reckoned 
one  of  the  most  useful  in  Italy.  It  was  built  in  1765, 
at  the  cost  of  the  College  of  the  Jesuits,  chiefly  through 
the  zeal  of  Father  Pallavicini,  and  under  the  direction 
of  Boscovich,  who  also  contributed  liberally  to  the 
expense.  The  instruments  have  been  made  with  great 
care  by  the  principal  English  and  French  artists.  Among 
the  observers  may  be  reckoned  Reggio,  Oriani,  and 
Cesaris. 

At  Florence,  Father  Ximenes  erected  an  observatory 
at  the  College  of  Jesuits,  which  contains  a  quadrant  by 
Toscanelli,  larger  than  any  other  known,  with  which 
he  made  observations  to  prove  the  secular  diminution 
of  the  obliquity  of  the  ecliptic.  At  his  death  he  be- 
queathed the  whole  to  the  college.  In  1772  the  Grand 
Duke  Leopold  built  an  observatory,  which  was  super- 
intended by  Fontana  ;  and  several  fine  instruments,  by 
Ramsden,  were  added  to  it  in  1786. 

At  Turin,  Father  Beccaria  ertcted  a  small  observa- 
tory for  his  bwn  use  :  but  in  1790  a  large  one  was  built, 
at  a  very  considerable  expense,  by  the  King  of  Sardinia, 
at  the  Royal  College  of  Nobles,  and  the  direction  of  it 
given  to  the  Abbe  Caluso. 

At  Venice  an  observatory  was  constructed  by  Father 
Panigai.  and  a  small  one  near  the  town  by  M.  Miotti. 
One  was  also  built  at  Parma  by  Father  Belgrado,  and 
another  at  Brescia  by  Father  Cavalli. 

At  Verona,  Cagnoli,  eminent  both  as  a  mathemati- 
cian and  an  astronomer,  erected  an  observatory  at  his 
own  expense,  in  1787,  and  placed  in  it  the  best  instru- 
ments, with  which  lie  has  made  very  accurate  and  im- 
portant observations,  particularly  on  the  precession  of 
the  equinoxes,  and  on  the  places  of  473  northern  stars, 
and  28  southern,  of  which  he  has  made  a  catalogue.  In 
these  determinations  he  has  been  perhaps  more  attentive 
than  any  other  astronomer,  to  the  minute  changes  of  re- 
fraction, and  to  the  aberration  of  light. 

At  Padua  there  is  an  observatory,  which,  in  1778, 
was  furnished  with  instruments,  chiefly  made  by  Rams- 
den. It  has  been  many  years  under  the  direction  of 
Toaldo,  who  has  published  several  useful  works,  espe- 
cially a  Treatise  on  Meteorology,  which  gained  him  a 
prize  at  the  Academy  of  Montpellier. 

At  Naples  there  is  an  observatory,  executed  accord- 
ing to  the  directions  of  M.  Piazzi,  of  which  a  plan  is 
given  in  Plate  CCCCXXV.  Fig  3  It  has  stone  pil- 
lars for  supporting  the  transit,  meridian  circle,  repeating 
circle,  clock.  Sec.  together  with  convenient  apartments 
for  equatorials,  telescopis,  &c.  and  is  very  complete. 

In  some  of  the  islands  of  liie  Mediterranean,  observa- 
tories have  been  established. 

To  Malta,  in  1783,  the  Grand  Master,  Emmanuel  de 
Rohan,  an  amateur,  and  cnligh'.ened  protector  ol  science, 
invited  the  Chevalier   d'Angos,  a   skilful    astronomer. 


He  converted  a  tower  of  the  palace  into  an  observa- 
tory, which  was  furnished  with  the  finest  instruments 
which  could  be  procured.  In  a  few  years  he  made  a 
great  number  of  valuable  observations,  which  he  in- 
tended to  publish;  but  in  March,  1789,  the  observa- 
tory having  caught  fire,  the  instruments  were  destroyed, 
and  the  papers  burnt ;  a  serious  loss  to  astronomy,  par- 
ticularly as  this  was  the  most  southern  observatory  in 
Europe. 

At  Palermo,  in  Sicily,  an  observatory  was  constructed 
in  the  palace  of  the  Viceroy,  under  the  direction  of  Fa- 
ther Piazzi,  who,  in  1787,  went  to  Paris  to  study  as- 
tronomy, and  afterwards  visited  England,  to  consult  the 
principal  artists  on  the  proper  construction  of  instru- 
ments. Ill  1789,  he  returned  to  Palermo,  and  added 
to  the  apparatus  a  fine  transit  instrument,  and  a  com- 
plete circle,  by  Ramsden.  His  first  labours  were  di- 
i-ected  to  the  formation  of  a  correct  catalogue  of  stars  ; 
and,  as  a  foundation,  he  chose  Wollaston's  Catalogue, 
and  particularly,  as  his  chief  points  of  reference,  Mas- 
kelyne's  35  stars.  The  positions  of  some  of  the  larger 
stars  he  verified  by  nearly  a  hundred  observations,  and, 
in  the  prosecution  of  this  task,  in  1801,  he  discovered 
a  new  planet,  which  he  named  Certs,  in  honour  of  Si- 
cily, as  that  island  was,  on  account  of  its  fertility,  an- 
ciently consecrated  to  the  goddess  Ceres.  This  disco- 
very was  the  more  important,  as  it  excited  the  curiosity 
and  research  of  other  astronomers,  by  which  three  more 
planets  have  been  since  discovered. 

Observatories  in  various  parts  of  Eurofie. 

In  Hungary,  there  are  observatories  at  Buda,  Tyrnau, 
and  Erlau.  There  are  also  similar  establishments  at 
Grieffswalde,  in  Pomerania,  and  at  Mittau  in  Courland. 

In  Poland,  there  is  an  observatory  at  Cracow,  and 
another  at  Wilna.  The  latter  was  built  and  richly  en- 
dowed by  the  Countess  of  Puzynina,  a  lady  of  fine 
genius  as  well  as  liberality.  It  was  finished  in  1753, 
and  the  instruments  with  which  it  was  furnished  were 
of  great  variety  and  value.  In  1765,  the  king  of  Po- 
land, by  letters  patent,  gave  it  the  title  of  Royal  Ob- 
servatory, and  appointed  the  learned  Jesuit  Poezobut, 
astronomer-royal,  who  in  1788,  added  another  observa- 
tory, which  he  furnished  with  new  instruments,  chiefly 
made  by  Ramsden. 

In  Sweden,  observatories  have  been  built  at  Stock- 
holm and  Upsal.  That  at  Stockholm  was  founded  in 
1746,  by  the  Academy  of  Sciences.  In  17j3,  Wargen- 
tin  was  appointed  astronomer  to  it,  and,  in  1783,  he 
was  succeeded  by  Nicander.  This  obseivatory  is  situ- 
ated on  a  hill  north  of  the  town,  and  contains  a  good 
collection  of  instruments,  all  made  by  English  artists. 

The  observatory  at  Upsal  was  built  and  endowed  in 
1739,  by  the  king  of  Sweden.  It  was  first  superin- 
tended by  the  celebrated  Celsius,  who  has  been  followed 
by  a  succession  of  able  astronomers,  particularly  Hook- 
er and  Wargenlin.  The  latter  is  well  known  as  the 
author  of  a  set  of  tables  of  Jupiter's  Satellites.  At  Dant- 
zic,  there  was  an  old  observatory,  celebrated  as  having 
been  used  by  Hevelius,  which  is  fully  described  in  his 
Machina  Celesiia.  A  new  observatory  was  built  in  that 
city  ill  the  year  1778,  and  superinlended  by  Dr.  Wolff". 

At  Copenhagen,  the  famous  astronomical  tower  was 
finished  in  1656.  It  was  built  by  Christian  IV.  at  the 
recommendation  of  Ldiigomontanus,  and  was  for  many 
years  under  the  management  of  M.  Bugge,  a  very  able 
astronomer.     He  has  been  succeeded  by  M.  Schuma- 
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cher,  a  very  distinguished  astronomer,  and  accurate 
observer,  at  present  at  Altona,  where,  for  some  years, 
he  has  resided  for  the  purpose  of  carrying  on  a  trigo- 
nometrical survey,  to  be  combined  with  several  others  of 
the  same  kind,  instituted  in  Europe  for  ascertaining  the 
true  figuic  and  magnitude  of  the  earth. 

In  Holland  some  attention  was  paid  to  practical 
astronomy  while  it  was  a  maritime  state,  but  the 
science  has  of  late  been  much  neglected.  In  I  690,  an 
observatory  was  erected  for  the  university ;  and  at 
Utrecht,  an  ancient  tower  was,  in  1726,  converted  into 
an  observatory,  where  the  celebrated  Muschenbroek  ob- 
served for  many  years  with  great  accuracy,  and  he  was 
succeeded  by  M.  Hennert. 

In  Spain,  observatories  have  been  built  at  Madrid, 
Cadiz,  Seville,  and  Carthagena.  The  observations  made 
in  the  Marine  Academy  at  Cadiz,  by  Miguel  and  Va- 
rilla,  have  been  published  in  two  volumes,  which  con- 
tain also  a  catalogue  of  the  instruments  of  the  obser- 
vatory, constructed  chiefly  by  French  artists.  Of  late 
years,  however,  English  instruments  have  been  in- 
troduced. 

At  Lisbon,  in  1728,  John  V.  had  an  observatory 
erected  at  his  palace.  It  was  furnished  with  excellent 
instruments,  and  accurate  observations  have  been  made 
there  by  the  Jesuits.  They  also  erected  an  observa- 
tory at  their  own  college  of  St.  Anthony,  where  Father 
Carbon,  in  1726,  made  some  good  observations  on  the 
Satellites  of  Jupiter. 

At  Lisbon,  in  1787,  a  royal  observatory  was  con- 
structed at  the  Chateau  de  St.  George,  which  was  su- 
perintended by  M.  Custodio  Gomez.  At  Coimbra,  too, 
there  is  one  which  contains  a  fine  equatorial  by  Trough- 
ton. 

At  Petersburg,  an  observatory  was  built  in  1725,  by 
Peter  the  Great,  who  showed  great  zeal  for  science  in 
general  and  for  astronomy  in  particular.  When  he  was 
in  England,  some  years  previous  to  that  period,  he  visited 
the  royal  observatory  at  Greenwich,  where  he  examined 
both  the  building  and  the  instruments  with  great  atten- 
tion. The  observatory  which  he  built  afterwards  is  one 
of  the  most  magnificent  in  Europe.  It  appears,  how- 
ever, to  be  too  high,  being  about  130  feet,  with  three 
stories,  all  fitted  up  for  astronomical  purposes,  in  which 
case  the  upper  stories  must  be  too  much  agitated  in 
high  winds  for  accurate  observations.  M.  Delisie  has 
made,  according  to  Lalande,  a  great  number  of  excel- 
lent observations  here,  which  are  preserved  in  manu- 
script at  the  Marine  Depot. 

At  Moscow,  an  observatory  was  built  a  few  years 
ago,  and  furnished  with  some  excellent  English  in- 
struments, chiefly  by  Cary  ;  but  most  of  them  have 
been  destroyed  in  the  late  conflagration  of  that  city. 
We  have  been  informed,  however,  that   a  new  one    is 

now  erecting For  the  plans  of  the  several  observaloiies, 

see  Plates  CCCCXXV.  he. 


A  Table  of  the  Latitudes  and  Longitudes  of  some  of  the 
Princi/ial  Observatories  tn  the  World,  from  the  latest 
and  most  accurate  Observations. 


Names  of  Places. 


M. 


Latitude. 


l.onj^itude. 


A.msterdam 
Armagh  -  - 
Bativia  -  .  - 
Berlin  -  -  - 
Bologna  -  -  - 
Bremen  -  -  - 
Bresluw  ... 
Brunswick  •  - 
Buda  ...  - 
Cadiz  ... 
Cambridge    (St. 

Steeple)  .... 

Cassel 

Coimbra .  -  .  -  - 
Constantinople  (St.  So. 

phia)  .... 
Copenhagen  ... 
Cracow  -  .  .  -  - 
Uantzic  .  -  -  .  . 
Dorpat  -  .  -  -  - 
Dresden .    -    -    .     . 

Dublin 

Edinburgh  .... 
Florence  .... 
St.  Gall  (Switzerland) 
Genoa  .  .  -  -  . 
Glasgow  -  .  -  -  - 
Gotha  (Seeberg)  -  - 
Gottingen  -  .  -  - 
Greenwich  .... 
Hyeres  ----- 
Kew  .-..-. 
Leipsic  .  -  .  -  . 
Leyden  .  -  .  -  . 
Lilienthal  -  .  -  . 
Lisbon  .  .  .  .  - 
London  (St.  Paul's)  - 
Madrid(Grand  Square) 
Malta  (Valelta)  -  . 
Manbeim  .... 
Marseilles    .    .    -    - 

Milan 

Mirepoi.x      .... 

iMiltau 

Montaulian  .... 
Montpellier      ... 

Moscow 

Munich 

Naples  ..... 
Nuremberg      •     -     - 

Oxford 

I'adua     ..... 

Palermo 

Paris 

Pekin 

Petersburg  .... 
Pisa  ..--.. 
Plymouth  .... 
Portsmouth      -     .     . 

Prague 

Rati-.bon  .... 
Richmond  .... 
Rome  (College)  -  - 
Slougb  (Herschel's)  - 
Stuckbolni  .... 
Strasbourg  .... 
Toulouse  .... 

Turin 

Upsal 

Utrecht 

■  Venice  (St.  Mark's)  - 
Verona  ..... 
Vienna  ..... 
Viviers  -  .  .  .  . 

jVVeimar 

hvilna 


52 

54 
6 
52 
44 
53 
51 
52 
47 
36 

52 
51 

4U 

41 

55 
50 
54 
58 
51 
53 
55 
43 
47 
44 
55 
50 
51 
51 
43 
51 
51 
52 
53 

8 
51 
40 
35 
49 
43 
45 
43 
56 
44 
43 
55 
48 
40 
49 
51 
15 
38 
48 

9 
59 
43 
50 
50 
50 
49 
51 
41 
51 
59 
48 
43 
45 
59 
32 
45 
45 
48 
44 
50 
54 


22  17  N 
21  15  N 

9  0S. 

31  45  N 

30  12  N 

4  38  N. 

6  30  N. 

16  29  N 

29  44  N. 

32  0  N, 

12  43  N 

19  20  N. 
12  30  N 

1  27  N 

41  4  N 

3  38  N 

20  48  N 
2  J  47  N 

2  50  N. 

23  IJ  N. 
57  J~  N 
46  41  N 
25  40  N. 
25  0  N. 
51  32  N. 
56  8  N. 

31  50  N. 
28  39  N. 

7  2  N 

28  o7  N, 
20  16  N. 

9  30  N 

8  30  N 

42  24  N. 

30  49  N. 

24  57  N. 
53  0  N, 

29  18  N 

17  49  N, 
28  2  N, 

5  7  N. 
39  6  N. 

0  55  N 

36  16  N. 

45  45  N 

8  20  N. 

50  15  N. 

55  N 

i9  N. 

2  N. 

44  N 

14  N 

N 

N, 


In  llrgrecs.  |  In  Time. 


4  53  15  E. 

6  37  30  W 

106  51  43  E. 

13  22  15  E. 

11  21  30 

48 

2 

2 

2 
17 


8 

17 
10 
19 

6 


0 
18 

0 
30 

22 


0  7  34  E. 
9  35  18  E 
8  24  42  W 


II.  m. 
0  19 

0  26 
7 

0  53 
0  45 
0  35 
8 

0  42 

1  15 
0  25 


0  0 
0  38 
0  Zi 


28  55 

12  35 
19  57 
18  38 
26  42 

13  43 
6  20 

3  10 

11  15 
9  22 

8  58 

4  16 
10  44 

9  56 
0  0 
6  7 
0  15 

12  21 
4  29 

8  54 

9  8 


2b 
45 
24 
6 
50 

54  13 
56  23 


28 
53 


43  11  N. 

22  20  N 
48  3  N. 

5  19  N. 

0  53  N 
8  N. 
54  N. 
30  20  N. 
20  31  N. 
35  56  X. 
35  46  N. 

4  14  N. 
51  50  N. 

5  31  N 

25  32  N 

26  7  N, 
12  40  N 
29  14  N 
59  12  N, 
41  2  N. 


14  30 

8  28 
5  22 

9  U 
1  52 

23  43 
1  2(i 

3  52 
o7  33 
11  34 
14  15 
11  4 

1  15 
11  51 

13  22 

2  20 
116  27 

30  18 
10  21 

4  7 
1  5 

14  25 
li     4 

0  Hi 
U   29 

0  36 
18  3 

7  44 

1  26 
7  40 

17  39 


1  E. 
30  W. 
21  \\. 
45  E. 
15  E. 

0  E. 

0  W. 

0  E 
30  E. 

0 
55  E 
45  W, 
45  E. 
13  E. 
15  E. 
30  AV 
47  VV, 
15  W 
35  E. 

0  E. 
15  E 


45  E 
40  E. 

0  E. 
40  E 
45  K. 
15  E. 
22  VV 
32  E. 

0  K. 

15  E. 
45  E 
45  E 

0  E. 

16  W 
59  W 
15  E. 
30  E. 
45  \\ 
47  E. 

0  V», 


33  E 
3iJ  W 
27  E. 

29  E. 
26  E. 
12  E. 

y  E. 

8  E. 
10  E. 

9  W. 

30  E. 
21  E, 
39  W, 


1  55   41  E. 

0  50  .1  E. 
19  49  E. 

1  14  32  E. 
1  46  48  E. 
0  54  52  E. 
0  25  22  VV- 
0  12  41  W- 
0  43  3  E. 
0  37  29  E. 
0  35  52  E. 
0  17  4  W 
0  42  56  E. 
0  39  46  E. 
0  0  0 

0  24  32  E. 
0  13  \V. 
0  49  27  E. 
0  17  57  E. 
0  35  37  E. 
0  36  34  W, 
0  0  23  W. 
0  14  49  W. 
0  58  2  E. 
0  33  52  E 
0  21  29  E 
0  36  46  E. 

0  7  30  E. 

1  34  54  E. 
0  5  23  E. 
0  15  31  E. 

2  30  12  E. 
0  46  18  E. 
0  57  3  E. 
0  44  17  E. 
0  5  1  VV 
0  47  26  E 
0  53  28  E. 
0  9  21  E. 
7  45  51  E. 
2  1  15  E. 
0  41  36  E. 
0  16  29  VV, 
0  4  24  VV 
0  57  41  E 
0  48  18  E 
0  1  15  VV 
0  49  59  E, 
0  2  24  W 

12  14  E 
0  30  59  E. 
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OCIiILL  Hills.     See  Clackmannanshire. 

OCHOTSK,  a  station  or  sea-port  town  in  trie  circle 
of  the  same  name,  and  the  government  of  Irkoutsk,  in 
Asiatic  Russia.  Tlie  town,  which  is  upwards  of  three 
miles  long,  and  only  from  100  to  300  feet  broad,  is  situat- 
ed on  a  long  and  narrow  ridge,  stretching  between  the 
river  Okhoia  and  the  sea  of  Ochotsk.  There  are  about 
130  indifferent  houses  in  the  town,  a  church,  some  ma- 
gazines, a  double  row  of  shops,  and  a  harbour  scarcely 
deserving  the  name,  in  which  M.  de  Lesseps  counted 
seven  or  eiglit  small  vessels  or  galiots,  some  of  which 
belonged  to  the  government,  and  others  to  traders  in  furs 
to  America. 

This  town  being  the  channel  of  trade  between  Irkoutsk 
and  Kamtschatka,  the  articles  of  commerce  are  convey- 
ed to  Yakoutsk  down  the  Lena  ;  thence  up  the  Aldane 
to  its  conflux  with  the  Judomay ;  then  up  the  latter  river, 
and  over  to  Ochotsk  by  a  short  land  carriage.  This 
journey  is  performed  only  in  spring,  and  the  goods  are 
carried  on  pack-horses  or  by  men.  East  Long.  143°  13' 
45",  and  North  Lat.  59°  20'  10".  See  La  Perouse's 
Voyage,  vol.  ii. 

ODESSA,  a  sea-port  town  of  Russia  in  Europe,  situ- 
ated on  the  Black  Sea,  in  the  government  of  Cherson. 
It  stands  between  the  mouths  of  the  Dniester  and  the 
Dnieper,  at  the  south-west  corner  of  the  bay  of  Ad- 
schai,  and  on  a  declivity  in  the  midst  of  extensive 
and  productive  plains.  The  streets,  which  are  wide  and 
straight,  intersect  each  other  at  right  angles,  and  the 
houses  are  in  general  neatly  built.  There  are  seven 
churches,  an  exchange,  a  theatre,  and  near  the  harbour 
an  admiralty  court,  a  custom-house,  and  an  hospital. 
The  warehouses  for  salt  and  salted  provisions  stand  to 
the  north  of  the  town,  and  the  water  reservoirs  are  at 
some  distance  to  the  west.  There  are  here  a  lyceum, 
schools  for  trade  and  navigation,  and  also  for  the  in- 
struction of  girls. 

The  harbour  of  Odessa,  formed  by  two  large  moles, 
contains  about  300  vessels.  It  has  regular  parapets  and 
embrazures  for  cannon,  and  is  commanded  by  the  cita- 
del on  the  east  side.  The  barracks  stand  between  the 
harbour  and  the  town,  and  the  lighthouse  has  been 
built  on  a  point  on  the  south  side  of  the  bay.  Public 
baths  have  been  erected  for  the  use  of  the  Polish  fami- 
lies who  come  here  occasionally  for  sea-bathing.  The 
chief  imports  into  Odessa  are  sugar  and  colonial  pro- 
duce ;  and  the  great  export  is  corn,  from  tlie  Ukraine 
and  the  neighbouring  countries.  Tallow,  hides,  flax,  and 
timber,  are  also  exported  to  a  small  extent.  About  800 
vessels,  of  which  one-third  are  British,  and  one-half  Rus- 
sian, ariive  annually.  There  are  breweries  and  distille- 
ries here,  and  some  manufactures  of  woollen  goods,  silk, 
gunpowder,  and  soap.  In  1804,  the  population  was  1  5.000, 
and  now  amounts  to  abovit  36,000.  East  Long.  30°  45' 
22".  North  Lat.  46°  29'  30",  according  to  astronomical 
observation. 

ODOMETER,  or  Waywiser,  from  om?,  a  road,  and 
/«£Tf£(»,  to  jneasure,  is  an  instrument  for  measuring  the 
length  of  road  travelled  by  a  wheel  carriage,  from  the 
number  of  rotations  performed  by  the  wheel  in  a  given 
time. 

The  construction  of  such  an  instrument  presents  no 
difficulties,  the  only  point  of  importance  being  to  regis- 
ter the  number  of  revolutions  without  error,  and  count 
ihem  off  with  facility  and  accuracy.  The  odometer 
which  we  think  best  fitted  for  this  purpose  was  invent- 
ed, we  believe,  by  the  Rev.  Mr.  Wollaston,  and  is  re- 
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presented  in  Plate  CCCCXX.  Fig.  i,  where  ABC  is  an 
arm  of  steel,  having  the  teeth  of  an  endless  screw  cut 
on  the  end  AD.  The  teeth  of  this  screw  engage  in  the 
teeth  of  two  wheels  K,  L,  the  one  L  lying  behind  K  ; 
both  its  teeth  and  its  circumference  being  concealed, 
from  view.  The  wheel  K  has  100  teeth,  and  L  101  ; 
and  therefore,  since  the  same  endless  screw  turns  both 
wheels,  it  is  obvious  that  when  K  has  performed  one 
complete  revolution  of  100  teeth,  100  teeth  of  L  will  also 
have  passed  forward  ;  but  as  L  has  101  teeth,  the  zero 
of  K  will  have  separated  from  the  zero  of  L  1  tooth, 
and  will  consequently  point  to  1  on  the  scale  of  L.  Af- 
ter a  second  revolution  of  K,  its  zero  will  point  to  2  on 
the  scale  of  L.  Hence  when  the  index  of  K  points  to 
101  on  the  scale  of  L,  the  endless  screw  ABC  will  have 
performed  10,100  revolutions.  When  the  odometer  is 
to  be  used,  the  arm  ABC  may  be  fixed  to  the  moveable 
axle  of  the  carriage. 

Mr.  Hunter,  of  Thurston,  has  proposed  to  apply  the 
odometer  to  a  light  iron  wheel,  for  the  purpose  of  mea- 
suring roads,  hedges,  walls,  and  ditches.  This  applica- 
tion of  it  is  shown  in  Fig.  2.  where  A  is  a  light  iron  wheel 
two  yards  in  circumference.  It  is  divided  into  feet  by 
six  spokes,  one  of  which  is  painted  white.  The  handle 
B  is  divided  at  C  like  a  fork,  and  embraces  each  end 
of  the  axis  of  the  wheel  by  its  elasticity.  There  is  a  hole 
through  the  middle  of  the  axis,  into  which  is  inserted 
the  end  BC  of  the  odometer,  which  is  held  fast  in  its 
place  by  the  nut  C. 

The  following  is  the  method  of  using  it  given  by  Mr. 
Hunter.  «' The  wheel  K,  Fig.  1.  shows  the  number  of 
turns  made  by  the  iron  wheel  A,  Fig.  2  ;  and  the  wheel 
A  is  divided  into  six  feet,  commencing  at  the  white 
spoke.  It  is  advisable  always  to  commence  with  the 
waywiser  set  at  0.  To  do  this,  unscrew  the  nut  I,  and 
draw  out  the  screw  BC,  when  the  brass  wheels  K  and 
L  can  both  be  set  at  0,  and  the  screw  and  nut  I  repla- 
ced. Set  the  wheel  A,  Fig.  2,  on  the  ground,  with  the 
■white  spoke  undermost,  and  fix  the  waywiser  into  the 
wheel  by  means  of  the  nut  C,  always  observing  to  pat  it 
on  the  left  side,  as  shown  in  Fig.  2.  at  E.  At  any  pe- 
riod of  measuring,  you  can  tell  exactly  how  far  you 
have  gone,  and  proceed  without  again  setting  the  way- 
wiser  at  0. 

Suppose  the  spoke.  No.  2.  at  the  ground,  as  in  the 
figure,  the  index  M  pointing  at  26  of  K,  and  the  index 
of  K  pointing  to  78  of  L,  then  the  distance  measured 
is  7826  turns  of  A  and  2  feet ;  and  as  A  measures 
2  yards,  7826  X  2  =1  15652  yards,  to  which  add  the  2 
feet. 

In  reading  off,  particular  care  must  be  taken  always 
to  read  the  large  figures  (viz.  those  on  the  wheel  L) 
first,  and  afterwards  to  add  the  small  figures,  (viz.  those 
on  the  wheel  K,)  and  if  the  figures  on  K  amount  to  less 
than  10,  a  0  must  be  prefixed,  so  that  K  shall  always 
show  two  figures  ;  for  instance,  L  being  at  46,  and  K  at 
4,  the  sum  is  4604.  The  easiest  way  to  guard  against 
error  is  to  read  46,  and  add  the  word  hundred;  thus 
forty-six  hundred  and  four,  and  not /our  thousand  six 
hundred  and/our.  For  my  own  use,  I  have  preferred  a 
wheel  measuring  6.6  feet,  or  6;^^,  which  is  exactly  the 
tenth  part  of  an  English  chain,  and  my  iron  wheel 
is  divided  into  10  parts;  so  that  all  my  calculations  are 
in  decimals.  If  the  waywiser  stands,  as  before,  at  7826, 
and  the  spoke  No.  2.  on  the  ground,  then  the  measure- 
ment is  7825  turns  and  -%,  or  7826.2  turns,  equal  to 
782.62  chains,  equal  to  78.262  furloDtrs,  which  may  also 
4X 
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be  read  78  lur.  2  cli.  6/5  turns;  so  that  by  using  deci- 
mals there  is  no  more  calculation  recfuired  than  if  tlie 
wheel  measured  one  yard. 

Eight  hundred  turns  ol'  the  wheel  are  a  mile.  Any 
person  preferring  Scotch  measure  m.iy  have  the  wheel 
made  to  measure  7.4  feet."* 

OHIO,  a  state  of  the  UniiccI  Stales;  bounded  by 
Ohio  liver  or  Virc;inia,  sout!i-tast  ;  Ohio  river  or  Ken- 
tucky, south  ;  Indiana,  west ;  Mii.  Iiisjiin  territory  and  lake 
Erie,  north  ;  and  Pennsylvani.\,  norlh-east. 

Ohio  has  an  interior  boundary,  on  Ohio  river,  from  tlie 
mouth  of  Little   Heaver,  to  that  of  the  Gicat   Mimia, 

440  miles. 
Due  north  from  the  mouth  of  Great  Miama, 

north  latitude  39°  07',  to  north  latitude  41" 

35', 170 

Thence  due  east  to  Lake  Erie,  -  -  -  -  80 
Thence  alont^  the  south-east  shore  of  Erie,  150 
Thence  along  the  western  boundary  of  Penn- 


sylvania, 


Having  an  outline  of  933 

Area  40,000  =  23,600,000  acres.  North  latitude  38° 
29'.  41°  59'. 

The  longest  line  in  the  state  of  Ohio,  north-east  and 
south-west,  is  300  miles.  Its  width  between  Pensacola 
and  Indiana  227  miles. 

Though  not  marked  by  any  of  those  bold  and  sublime 
features  which  are  peculiar  only  to  mountainous  coun- 
tries, Ohio  presents  some  very  remarkable  traits,  which 
call  forth  the  utmost  attention  of  the  statist  and  philoso- 
pher. 

In  my  introductory  view,  I  gave  a  general  outline  of 
this  part  of  the  Ohio  valley,  in  order  to  account  for  the 
structure  of  its  exterior.  To  which  remarks  we  may 
again  recur. 

When  it  is  known  that  the  vale  in  which  the  Ohio 
flows  is  from  300  to  400  feet  below  the  common  level  of 
the  adjacent  country,  and  when  it  is  also  known,  that  an 
immense  table  land  e.\tends  through  the  state  in  nearly 
a  noilh-east  and  south-west  direction,  the  origin  of  the 
phenomena,  which  serve  to  form  its  pliysiognomy,  is 
easily  traced.  Tlie  rugged  appearance  of  the  Ohio 
banks  in  all  their  extent  give  an  idea  of  uncvenness  to 
the  state,  which  an  examination  of  its  interior  must  cor- 
rect. 

Like  all  other  sections  of  the  United  States,  Ohio  can- 
not be  designated  by  any  general  characler;  and  similar 
to  every  newly  settled  part  of  our  country,  from  the  at- 
tention of  early  emigrants  being  naturally  turned  towards 
the  best  soil,  the  river  alluvion  and  rich  prairie  margins 
have  contributed  to  give  too  high  colouring  to  descrip- 
tions of  its  lands. 

As  far  as  a  general  view  can  be  adopted,  the  following 
may  exhibit  the  great  outlines  of  the  state. 

Fifty  or  sixty  miles  from  the  Ohio  river  hilly,  and  in 
part  very  rugged  ;  formed  by  abrasion  of  water. 

Th.e  legion  in  (he  rear  of  the  hilly  is  not  level,  though 
not  rising  into  hills  ol  any  considerable  elevation  ;  it  is 
rolling  land,  and  presents  features  in  exact  accordance 
with  what  must  arise  from  the  tlieory  we  have  adopted. 
The  country  becoming  more  level  ypproacliing  llie  ii- 
terior   table  land  j  until  finally  smoothing  into  the  elJ- 


vatcd  plaui  from  which  the  rivers  llow  into  Lake  Erie, 
or  into  Ohio  river. 

The  third  variety  is  that  of  the  plains,  or  table  land. 
This  naluial  section  contains  very  various  species  of  soil, 
from  rich  river  alluvi(jn  and  prairie  to  sterile  oak 
barrens  and  marshes  :  the  latter  to  considerable  extent. 

Another  remarkable  natural  section  ol  Ohio  lies  along 
Ljke  Erie.  The  slope  of  the  country  rises  gradually 
from  Oiiio  river  towards  the  sources  of  Muskingum, 
and  Cuyahoga.  On  the  latter,  a  sudden  and  much  more 
inclined  flepression  falls  towards  the  lake.  This  divid- 
ing line,  for  ridge  it  cannot  be  called,  does  not  conform 
to  the  bearings  of  Erie.  At  the  norlh-east  angle  of  the 
state  its  apex  is  within  three  miles,  whilst  towards  the 
sources  of  Maumee,  it  has  receded  above  100  miles  from 
the  hike. 

A  series  of  falls  interrupt  every  river  of  Oliio  flow- 
ing into  Erie.  Those  which  flow  into  Ohio  river,  except 
Muskingum,  though  all  are  rapid  in  their  descent,  none 
have  falls.  The  small  cataract  at  Muskingum,  in  Zanes- 
ville,  is  the  last  water-fall  in  any  stream  of  magnitude 
worthy  notice,  on  the  north-western  slope  of  tlie  Oliio 
basin.  It  may  not  be  irrelevant  to  reinark,  that  on  all 
the  vast  extent  west  from  Zanesville  to  the  sources  of 
the  Plate  and  Kansas  rivers,  and  north-west  to  the  sources 
of  Yellow  Stone  and  Missouri  rivers,  no  cataract  worthy 
notice  has  been  discovered.  Below  the  Great  Kenhawa, 
on  the  south-eastern  slope,  their  occunence  is  equally 
rare.  The  rapids  of  Oliio  and  Muscle  shoals,  in  Ten- 
nessee, are  the  only  approaches  to  falls,  and  both  are 
merely  strong  rapids;  the  latter  only  obstructing  up- 
stream, both  admitting  down-strtam  navigation.  Indeed 
exemption  from  impcdiments'to  commercial  intercourse 
may  be  constantly  kept  in  view,  as  one  of  the  most  feli- 
citous features  of  the  whole  Mississippi  basin.  An  ex- 
emption found  10  an  equal  extent  no  where  else  on  the 
globe,  exce])l  in  the  basins  of  the  Plate,  Amazon,  and 
Oronoco  rivers,  in  South  America. 

It  would  be  a  very  interesting  solution  to  determine 
the  relative  extent  of  the  various  natural  sections  of 
Ohio.  Such  an  estimate  would  be  so  vague,  upon  the 
uncertain  data  we  possess,  that  no  satisfactory  result  can 
be  obtained.  It  may  be  observed  that  the  three  sec- 
tions, hilly,  rolling,  and  level,  arc  nearly  of  equal  ex- 
tent, or  about  13  300  square  miles  each;  and  that  the 
whole  state  is,  though  unctjually  so,  habitable.  The  re- 
sult of  the  settlement  of  this  slate  proves  iis  general 
productiveness. 

I  have  been  myself  over  a  large  part  of  the  southern 
and  northern  frontiers  of  Ohio,  and  have  every  where 
found  the  soil  favourable  to  the  pui  poses  of  agriculture. 
No  part  of  what  is  called  barrens,  or  swamp=,  in  Ohio, 
are  so  irreclaimable  as  the  sandy  shores  of  the  Caroli- 
nas  and  Florida,  the  sea  marshes  of  Louisiana  and  Texas  ; 
or  so  unproductive  as  the  interminable  pine  tracts  which 
reach  from  the  Roanoke  to  Red  river. 

In  point  of  position,  its  local  is  in  many  respects  fa- 
vourable ;  but  its  advantages  are  more  appropriate  to  an 
interior  than  exterior  communication.  Tlie  quantity  of 
its  arable  soil  will,  no  doubt,  combined  as  it  is  by  many 
moral  causes,  superinduce  a  very  dense  population  in 
Ohio  ;  circumstances,  however,  common  to  all,  will  pro- 
duce in   Ohio,  Indiana,    Illinois,  and   Michigan,   a  ma=s 


•  These  odometers,  complete  with   one  iron  wheel,    are   made  by   Messrs,  Ilowdens,  watchmakers,  No.  9,  South    Bridge, 
Edinburgh. 
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of  population  by  far  exceeding  that  of  ar.y  other  etjual 
cor.tinuous  extent  in  llie  United  S'atcs. 

The  most  conimon  mineral  productions  of  Oliio  arc, 
coal  and  iion.  Coal  is  found  alo:i;<  tlie  Ohio  and  Mus- 
kJTiguin  rivers,  and  iron  ore  in  various  parts  of  the  state. 
Water  impregnated  v/ith  muriate  of  soHa,  common  salt, 
lias  been  found,  but  not  in  any  quantity  to  render  the 
manufacture  of  salt  an  object  of  any  considerable  value. 

The  staples  of  tliis  state  are  numerous  and  impnrtant, 
consisting  of  wheat,  rye,  oats,  Indian  corn,  whiskey,  ap- 
ples, cider,  live  stock,  and  salted  provisions.  The  most 
frequented  commercial  outlets  are,  by  the  Ohio,  and 
Mississippi  river,  to  New-Orleans;  by  L:;ke  Erie  and 
Detroit  river,  to  Detroit ;  by  bkes  Erie  and  Ontario, 
and  St.  Lawrence  river,  lo  Montreal  ;  and  by  land,  to 
Pittsburg,  New  York,  Philadelphia,  and   Baltimore. 

The  seat  of  government  is  at  Columbus,  but  by  far 
the  largest  town  in  the  state,  is  the  city  of  Cincinnati, 
containing,  at  present,  above  10,000  inhabitants.  Steu- 
benville,  Zanesville,  CleavelantI,  and  several  olliers,  are 
flourishing  places,  containing  a  population  of  from  500  to 
1300. 

The  civil  and  political  subdivisions  ofOhio  are  the  fol- 
lowing, with  the   result  of  the  census  of  1820  annexed. 


Ctimtiet. 

InliabaatUs. 

S^are  milet. 

To  square  mile. 

Adams, 

10,406 

400 

26 

Allen, 

Ashtabula, 

-,382 

roo 

10 

Athens, 

6,338 

750 

8 

Belmont, 

20,329 

500 

40 

Brown, 

13,356 

470 

30 

Kuller, 

21,-46 

480 

45 

Champaign, 

8,479 

460 

18 

Clark, 

9,533 

400 

24 

fUermont, 

15,820 

416 

38 

Clinton, 

8,085 

360 

22 

Columbiana, 

22,033 

864 

25 

Coshocton, 

r,086 

900 

6 

Crawford, 

540 

Cuyahoga, 

6,328 

468 

9 

llarke, 

3,rir 

672 

H 

Deluuare, 

7,639 

650 

12 

Fairfield, 

16,633 

540 

30 

Fayette, 

6,316 

450 

14 

Franklin, 

10,292 

520 

191 

Gallia, 

-,098 

500 

14 

Geauga, 

7,791 

600 

13 

Greene, 

10,529 

400 

26 

Guernsey, 

9,292 

470 

19 

Hamilton, 

31,764 

400 

r9 

Hancock, 

578 

Harrison, 

14,345 

450 

31 

Henry, 

630 

Highland, 

12,308 

420 

30 

Hardin, 

570 

Hocking, 

3,130 

432 

5 

Huron, 

6,675 

900 

7 

.Tackson, 

3,746 

490 

'i 

.Tefferson, 

18,531 

500 

27 

Knox, 

8,326 

600 

14 

Lawrence,    - 

3,499 

430 

8 

Licking, 

11,861 

700 

19 

J.ogan, 

3,181 

500 

6 

Madison, 

4,799 

400 

12 

Marion, 

530 

Medina, 

3,082 

760 

4 

Meigs, 

4,480 

400 

11 

Miami, 

8,851 

410 

21 

Monroe, 

4,645 

518 

9 

Montgomery, 

15,999 

480 

33 

Morgan, 

5,297 

500 

lOi 

Muskingum, 

17,824 

660 

27 

Faulding, 

432 

l'err>. 

8,429 

400 

21 

Pickaway, 

Pike, 

Portage, 

Preble, 

Putnam, 

Ivichland, 

Ross, 

Sandusky, 

Sciota, 

Seneca, 

Shelby, 

Starke, 

Trumbull, 

Tuscarawas, 

Vanwert, 

Union, 

Warren, 

M  ashington, 

Wm  ne, 

Williams, 

Wood, 


13,149 

4 -'53 

1U,095 

10,237 

9,169 

20,619 

852 

5,750 

2,106 
12,405 
15,546 

8,328 

1,996 
17,837 
10,425 
11,933 

581,434 


A79 
400 
750 
430 
575 
900 
650 
600 
575 
540 
418 
800 
870 
680 
432 
500 
40O 
600 
720 
6'JO 
750 


38,260 


30 
10 
13 

23j 

10 

31 
6iit 
10" 

5 
15| 

12 

S4 

44f 
17* 
16J 
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Ohio  is  calculated  by  Mr.  Kilbourn,  in  his  G:izettcerv 
to  contain  40,000  square  miles.  That  calculation  is, 
no  doubt,  neatly  correct  :  therefore,  allowing  for  water 
suiface,  irreclaimable  swamps,  and  other  uncultivable 
tracts,  the  aggregate  of  the  counties  will  approach  very 
closely  lo  the  real  arable  land  of  Ohio. 

The  counties  of  Crawford,  Hancock,  Hardin,  Henry, 
Marion,  Paulding,  Putnam,  Seneca,  Vanwert,  and  Wil- 
liams, have  been  formed  subsequent  lo  the  last  census, 
and,  being  mostly  in  the  new  purchase,  remain  in  great 
part  uninhabited.  These  counties,  taken  together, 
amount  to  5427  square  miles.  The  aggregate  of  the 
census  of  1820  was  but  little  influenced  in  its  amount 
by  the  few  inhabitants  then  upon  this  surface  ;  an  area 
approaching  one-seventh  part  of  the  superficies  of  the 
state.  Deducting  5427  square  miles  from  38,260,  leaves 
32,833,  as  the  really  uninhabited  surface  of  Oiiio.  The 
latter  area  has,  therefore,  a'  present,  if  we  make  but  a 
moderate  allowance  for  the  augmentation  since  the  cen- 
sus was  closed,  upwards  of  18  to  the  square  mile.  The 
uninhabited,  or  thiidy  peopled  counties,  more  than  equal, 
in  point  of  fertility  of  soil,  the  general  aggregate  sur- 
face of  the  stale,  and  will  consequently  admit,  at  least, 
an  equal  density  of  population,  or  permit  the  addition 
of  nearly  100,000  inhabitants  to  the  state. 

The  progressive  population  of  Ohio  is  an  unmatched 
phenomenon  in  the  history  of  colonization.  In  1783, 
the  ground  now  embraced  within  its  limits  was  one  wide 
waste.  In  1790,  3000  civilized  inhabitants  were  cnly 
found  on  its  surface.  In  1800,  they  had  increased  to 
42,156.  In  1810,  the  census  presented  an  abstract  con- 
taining 227,843.  In  1820,  the  state  possessed  581,434 
inhabitants.  It  demands  a  very  limited  knowledge  of 
the  relations  of  Ohio,  its  admirable  position,  its  exube- 
rant soil,  and  above  all,  the  cfi'ecls  which  must  ensue 
from  opening  the  western  canal  of  New-York,  to  fore- 
see an  augmentation  of  people  on  Ohio  more  rapid  in 
the  next  ten  years  than  in  any  equal  antecedent  period. 

Ohio,  in  1820,  contained  576,572  white  inhabitarits, 
and  4723  free  coloured  persons.  In  point  of  classifica- 
tion, the  inhabitants  were  composed  cf : 

Foreigners  not  naturalized,     -----  3,495 

Number  of  persons  engaged  in  agriculture,      1 10,921 
Ditto  do.  manufactures,     18  956 

Ditto  do.  commerce,  1,459 

Oiiio  became  a  state  of  the  United  States  in  1803. 

OHIO,  a  river  of  the  United  States.     Sec  Mississjp- 
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PI  basin,  section  O/iio;  and  Navigation  Inlanuj  from 
page  323  to  332. 

Darby. 

OILS.     See  Chemistry. 

OISE,  the  name  of  one  of  the  departments  of  the 
northern  region  of  France,  derived  from  the  river  Oise, 
which  waters  it,  and  which  joins  the  Seine,  five  miles 
south  of  Pontoise.  It  is  bounded  on  the  north  by  the 
department  of  the  Somme;  on  tlie  west  by  the  department 
of  the  Lower  Seine  and  the  Lure  ;  on  the  south  by  those 
of  the  Seine  and  Oise,  and  the  Seine  and  Marne,  and  on 
the  cast  by  the  depai  tment  of  the  Aisne.  It  is  27  French 
leagues  iotii^,  and  18  broad,  and  contains  308  square 
leagues,  or  6082  kilometres.  The  surface,  which  con- 
sists of  plains  and  eminences,  has  a  soil  of  different  qua- 
lities, wliich  is  in  general  fertile.  The  productions  are, 
corn,  wine,  hemp,  flax,  wood,  soda,  cattle,  and  mineral 
waters.     The  principal  towns  arc, 


Beauvais 
Clermont 


Population. 

13000 

1995 


Scnlis 
Compiegne 


Pupulation. 
4312 
6359 


Beauvais  is  the  capital  of  the  department.  Population, 
360,086.  Acres  of  wood,  90,500.  Contributions  in  the 
year  1803.  4  714,895  francs. 

OLIBANUM,  Is  ihe  name  of  a  gumresin,  supposed 
to  be  the  frankincense  of  the  ancienls.  It  is  obtained 
in  Persia  and  Arabia,  as  well  as  in  India.  The  quantities 
imported  by  the  East  India  Company  were — 


Cwt. 

Value. 

Average  per  Csvt. 

1804 

78 

714/. 

9/.  2      6 

1806 

287 

1136 

3    19     2 

1807 

617 

1902 

3      1      6 

1808 

146 

173 

I      3     7 

18  cwt.  are  allowed  to  a  ton,  and  the  permanent  duty  is 
U.  lOs.  per  cwt.  See  Chemistry,  and  Milburn's  Orj- 
enlal  Commerce,  vol.  p.  i.  139. 

OLYMPIADS.     See  Chronology, 

OLYMPIC  Games.     See  Athlet.e,  and  Greece. 
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Reptiles  belong  to  the  great  division  of  vertebral 
animals  which  have  cold  blood.  They  differ  in  ap- 
pearance from  quadrupeds  in  the  absence  of  hair,  and 
from  birds  in  being  destitute  of  feathers,  and  from  both 
in  the  heart  not  being  quadrilocular,  nor  the  blood  warm. 
They  agree  with  fishes  in  having  their  body  either  na- 
ked, or  covered  with  scales— in  the  temperature  of  tlieir 
body  corresponding  with  that  of  the  medium  in  which 
Ihey  reside — in  the  brain  not  filling  the  cavity  of  the 
cranium — and  in  the  cerebellum  being  destitute  of  the 
arbor  vilae.  They  differ  from  fishes  in  the  nature  of 
their  circulation.  In  fishes,  the  whole  circulating  fluid 
is  poured  into  a  pulmonic  heart,  consisting  of  a  single 
auricle  and  ventricle,  through  which  it  is  conveyed  to 
the  gills.  The  whole  blood,  thus  serated,  is  taken  up 
in  the  gills  by  vessels  which  serve  the  place  of  the  pul- 
monary veins  in  quadrupeds,  and  which  carry  the  red 
blood  directly  to  all  parts  of  the  body,  without  the  inter- 
vention of  a  systemic  auricle  or  ventricle.  In  reptiles, 
on  the  other  hand,  the  blood  collected  from  different 
parts  of  the  body  is  again  transmitted  through  a  syste- 
mic auricle  and  ventricle,  and  a  part  only  of  this  fluid  is 
conveyed  to  the  lungs  or  gills.  This  serated  blood,  in 
returning  from  the  gills  or  lungs,  is  either  conveyed  di- 
rectly to  the  branches  of  the  aorta,  to  mix  with  the  cir- 
culating mass,  or,  after  being  collected  into  a  separate 
auricle,  enters  the  common  ventricle.  The  partitions 
which  occur  in  the  common  ventricle  probably  prevent 
the  blood,  already  aerated,  from  being  again,  even  in  the 
smallest  quantity,  returned  along  with  the  limited  portion 
;o  the  lungs  or  gills. 

The  differences  which  prevail  between  reptiles  and 
ilshes  are  not  greater  than  those  which  characterize 
the  different  groups  into  which  the  former  may  be  di- 
vided. In  one  group,  including  the  frogs,  the  heart  is  of 
the  most  simple  kind,  and  possesses  only  one  auricle. 
In  the  other,  the  heart  possesses  two  auricles.  Among 
ihese  the  turtles  are  enveloped  in  an  osseous  shield, 
which  is  wanting  in  the  lizards  and  serpents.  The  lizards 
are  furnished  with  two  or  four  feet,  with  which  they  exe- 


cute progressive  motion,  while  the  serpents  are  truly 
apodal. 

In  the  article  Herpetology,  the  characters  of  three 
of  these  groups  (viz.  the  Chelonian,  including  turtles — 
the  Saurian,  including  lizards — and  the  Batracian,  in- 
cluding frogs)  have  been  given  in  considerable  detail. 
The  fourth  group,  containing  the  serpents,  was  there 
omitted,  and  a  reference  made  to  the  present  article,  in 
which  their  peculiar  structure  and  classification  fall  to 
be  illustrated. 


CHAP.  I. 

Anatomy  and  Physiology  of  Serpents. 

The  skin  of  serpents  consists  chiefly  of  a  cuticle  and 
corium.  The  cuticle  exhibits  considerable  differences 
in  thickness,  and,  as  happens  to  the  lizards,  is  periodi- 
cally cast  off  and  renewed.  The  corium  is  destitute  of 
a  villous  svirface,  and  intimately  connected  with  the 
muscular  web  underneath.  The  appendices  of  tiie  skin 
consist  exclusively  of  scales.  These  arc  divided  by  na- 
turalists into  two  kinds.  The  true  scales,  or  sguamic, 
are  usually  produced  longitudinally,  and  pointed  or 
rounded  posteriorly.  They  have,  in  general,  some  as- 
perities on  the  surface.  The  shields  or  scutx  are  of  much 
larger  dimensions,  and  produced  vransversely.  In  some 
cases  they  embrace  the  whole  of  the  body,  forming 
rings  ;  in  other  cases  a  half  or  a  quarter  of  one  side  only. 
They  usually  present  a  smooth  surface,  and  occur  chiefly 
on  the  belly,  between  the  throat  and  vent.  They  differ 
considerably  in  number  in  different  species,  and  even  in 
individuals  of  the  same  genus,  so  that  the  character  fur- 
nished by  their  number,  should  be  employed  with  cau- 
tion in  the  discrimination  of  species.  There  does  not 
appear  to  be  any  well  marked  secretion  from  the  skin, 
nor  are  there  many  species  which  have  glands  from 
which  it  couid  proceed.  Between  the  nose  and  the  eye, 
indeed,  on  each  side,  there  is  a  bag  or  crumen  in  some 
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bpecies,  not  uiilike  ihe  bags  which  occupy  the  same  po- 
sition in  some  of  the  ruminating  animals.  Here,  how- 
ever, there  is  no  appearance  of  glandular  stiucture  yet 
uiscovered,  and  the  cuticle  witli  which  ihey  are  lihed 
appears  continuous,  and  falls  oft'  along  with  that  which 
covers  the  rest  of  the  body.  Dr.  Tyson  first  observed 
these  cruinens  in  the  rattlesnake  ;  and  Dr.  Rus->el  and 
Sir  E.  Hiime  have  since  attended  to  ihtir  s,li  ucture  more 
pailicularly.  The  last  of  these  observers,  when  consi- 
dering their  use,  offers  the  following  remarks  :  •'  As 
aiiiphihious  animals,  in  general,  have  no  glands  to  supply 
the  skin  with  moisture  from  within,  but  receive  it  by 
coming  in  contact  with  moist  substances,  it  is  possible 
the  bags  in  the  snaKe  may  be  supplied  in  that  manner, 
and  the  more  so,  as  the  cuticular  lining  appears  perfect. 

"  Another  peculiarity  is  remark.ible  in  snakes  fur- 
nished with  the  bags  described  above,  namely,  an  oval 
cavity,  situated  between  the  bag  and  the  eye,  the  open- 
ing into  which  is  within  the  inner  angle  of  the  eye-lid, 
and  directed  towards  the  cornea.  In  this  opening  there 
are  two  rows  of  projections,  which  appear  to  form  an 
orifice  capable  of  dilatation  and  contraction.  From  the 
situation  of  these  oval  cavities  they  must  be  considered 
as  reservoirs  for  a  fluid,  which  is  occasionally  to  be  spread 
over  the  cornea  ;  and  they  may  be  filled  by  the  falling 
of  the  dew,  or  the  moisture  shaken  from  the  grass 
through  which  the  snake  passes."  P/iil.  Trans.  1804, 
p.  74. 

The  osseous  system  of  serpents  is  chiefly  character- 
ized by  the  articulation  of  the  vertebrae,  the  number  of 
ribs,  and  the  absence  of  the  extremities.  The  head  is 
connected  with  the  atlas  by  a  single  tubercle,  having 
three  articular  surfaces.  The  posterior  articular  sur- 
face of  each  vertebra  is  in  the  form  of  a  rounded  emi- 
nence, which  is  received  into  a  corresponding  depres- 
sion in  the  anterior  end  of  the  one  which  follows.  There 
is  thus  throughout  the  vertebral  column  a  series  of  ball 
and  socket  joints,  admitting  a  great  extent  of  flexure,  in 
some  cases  restrained  by  the  spinous  or  articular  pro- 
cesses. The  ribs  in  some  species  amount  to  nearly  three 
hundred  pairs.  The  dorsal  extremities  of  the  ribs  are 
enlarged  with  a  terminal  depression,  which  receives  a 
rounded  protuberance  of  the  vertebrae.  Each  vertebra, 
therefore,  has  a  rib  on  each  side,  united  by  a  modified 
ball  and  socket  joint.  These  ribs  are  not  continued  be- 
yond the  anus.  They  embrace  a  great  part  of  the  sides, 
and  terminate  in  cartilaginous  processes  united  to  the 
scales  of  the  belly.  M.  Lacepede  has  remarked  in  the 
viper,  boa,  and  rattlesnake,  that  there  are  uniformly  two 
ribs  and  one  vertebra  corresponding  to  each  shield  of  the 
belly.  In  one  small  group  some  of  the  ribs  are  united 
by  cartilaginous  productions  on  the  belly  ;  and  there  is 
even  the  rudiment  of  a  sternum. 

The  progressive  motion  of  serpents  is  executed  by 
the  assistance  of  the  ventral  scales.  The  body  is  raised 
up  into  one  or  more  arches,  and  then  suddenly  unbent  is 
pushed  forwards,  the  posterior  edges  of  the  scales,  op- 
posed to  the  ground  at  the  hinder  extremity  of  the  circle, 
offering  sufficient  resistance.  By  thus  alttrnutely  ele- 
vating and  unbending  the  body,  serpents  move  in  their 
characteristic  manner,  backwards  or  forwards,  with  an 
astonishing  degiee  of  rapidity.  When  at  tht-ir  utmost 
speed,  they  appear  scarcely  to  touch  the  ground.  In 
their  more  ordinary  movements,  the  ventral  piaies  or 
scales  serve  as  feet.  These  scales  slide  under  each 
other  by  a  kind  of  inclusion,  so  as  to  permit  the  ventral 
surface  to  shorten  or  lengthen  at  the  will  of  the  animal. 


Wnen  some  of  the  foremost  scales  arc  pressed  on  the 
ground,  those  belimu  are  brought  forward,  and  in  their 
turn  supporting  the  body,  enable  the  fore  part  to  ad- 
v.mce.  To  assist  the  scales  to  do  this  with  greater  ad- 
v..ntage,  Ihey  are  connected  with  one  aiiother  by  means 
of  muscular  tnreads  and  a  longitudinal  band,  and  arc 
likewise  aided  by  the  peculiar  mechanism  of  the  ribs. 
These  last,  we  have  seen,  are  connected  with  the  ven- 
tral scales  by  a  flexible  cartilage.  They  are  capable  of 
moving  on  their  veitebral  joint  either  ventrally  or  dor- 
sail),  anteriorly  or  posteriorly.  These  motions  are  aided 
by  :he  muscles  which  are  inserted  into  them,  and  origi- 
nate in  ribs  contiguous  to  those  to  be  moved,  and  in  the 
vertebrae.  The  body  in  general  is  of  a  rounded  form  ; 
but  when  preparing  for  progressive  motion,  the  ribs  are 
drawn  somtwiiat  dorsally,  so  as  to  flatten  the  scales  ot 
the  belly,  and,  by  moving  anteriorly  or  posteriorly,  give 
to  the  scales  with  which  they  are  connected  a  corres- 
ponding degree  of  motion.  The  ribs  in  this  case  act  as 
limbs  to  the  scales,  which  may  be  compared  to  feet. 
This  singular  use  of  the  ribs  of  snakes  in  assisting  pro- 
gressive motion  was  detected  by  the  acute  Tyson,  in  his 
admirable  anatomical  examination  of  the  rattlesnake. 
Phil.  Trans.  No.  144,  copied  by  Ray  into  his  Synojisia 
Jtnimalium,  p.  291  ;  and  it  was  still  farther  illustrated  by 
Sir  Everard  Hone,  in  his  dissections  of  the  boa  con- 
strictor.    Phil.  Trans.  1812,  p.  163. 

Besides  the  capabilities  of  executing  progressive  mo- 
tion, many  serpents  can  twist  their  bodies  round  the 
branches  of  trees,  or  suffer  a  considerable  portion  to 
hang  down.  In  this  attitude,  the  larger  kinds  are  ready 
to  fall  down  upon  their  prey  passing  beneath,  such  as 
deers  and  antelopes.  Such  animals  are  not  only  retard- 
ed by  their  weight,  but  incommoded  by  the  foe  twisting 
itself  in  wreaths  round  their  body,  and  by  contractile  ef- 
forts crushing  it  to  death. 

This  method  of  seizing  their  prey  is  confined  to  the 
larger  kinds.  The  smaiier  sorts  are  able  by  their  mouth 
and  teeth  to  seize  and  retain  their  victims.  There  is  no 
mastication,  the  food  being  swallowed  entire.  To  facili- 
tate the  deglutition,  the  under  jaws  consist  of  two  bones, 
as  in  birds,  and,  like  these  animals,  they  are  joined  to 
the  cranium  by  the  intervention  of  a  bone  similar  to  the 
OS  quadratum.  The  upper  jaw  is  also  loosely  connect- 
ed with  the  head,  and  in  some  species  admits  of  consi- 
derable motion  at  the  point  of  junction.  The  mouth 
can  thus  be  opened  very  wide,  and  larger  animals  ad- 
mitted, than,  from  the  ordinary  size  of  the  devourer,  one 
would  be  led  to  suppose. 

The  armature  of  the  mouth  is  of  two  kinds  ;  com- 
mon teeth,  and  poison  fangs.  The  common  teeth  form 
a  single  row  on  each  side  in  the  lower  jaw,  and  usually 
a  double  row  in  the  upper.  The  external  row,  above,  is 
connected  with  the  maxillary  bone ;  the  inner  row  is 
supported,  as  in  many  fishes,  on  the  palatine  bones. 
These  both  are  subulate  and  recurved. 

The  fioiaon  fangs,  vulgarly  termed  the  sting,  are  con- 
fined to  the  upper  jaw,  and  occur  on  each  side  towards 
the  extremity.  In  some  the  fang  is  the  largest  tooth, 
the  foremost  in  the  row,  and  is  followed  by  several  com- 
mon teeth  in  the  maxillary  bone.  In  others,  the  maxil- 
lary bone  is  abbreviated,  and  the  deficiency  at  its  proxi- 
mal end  is  supplied  by  a  long  moveable  peduncle  desti- 
tute of  teeth.  The  large  fang  is  placed  in  this  short 
maxillary  bone,  and  is  followed  by  a  few  other  teetli  of 
similar  form.  These  fangs  arc  to  be  viewed  as  the  os- 
seous openings  of  the  ducts  from  the  poison  bags  which 
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are  siUiatcd  al  ihe  base.  Tlicy  contain  a  tubular  cavity 
from  ihcir  base,  passini^  through  the  looth  on  its  convex 
side  to  the  apex,  which  ends  in  a  narrow  slit.  When  the 
serpent  bites  an  animal,  the  po  s')n  flows  from  the  bag 
Ihrougli  this  slit  into  the  bottom  of  the  wound,  where  to 
most  advantage  it  c;in  produce  its  deletericnis  effects. 
Whether  this  dreailfui  apparatus  of  venom  is  to  be  con- 
sidered as  connected  wiili  the  digestive  sye:lcni,  as  an  in- 
strument for  conf|iicring  the  prey,  and  procuring  food, 
or  for  defensive  purposes,  has  not  been  salisfacloriiy  de- 
termined.    The  latter  conjecture  is  the  most  plausible. 

The  true  structure  and  mode  of  formation  of  the  poi- 
son fangs,  appear  to  have  been  first  investigated  with  care 
by  Mr.  Smith.  He  found  that  the  poison  tube  was  form- 
ed by  a  fold  on  the  surface,  the  edges  of  which  met  in 
the  middle,  but  continued  scpara'.e  at  the  point  and  base. 
The  hollow  in  the  iniddle  of  the  tooth  in  which  the  se- 
creting pulp  was  siiua'ed,  can  easily  be  traced  as  un- 
connected with  this  tubular  external  fold.  The  same 
observer  found  several  of  the  common  teeth  having  the 
rudiments  of  this  external  groove.  (.Mr.  Smith  On  the 
Structure  of  the  Poisonous  Fangs  uf  Ser/ients.  Fliil. 
Trans.  1818,  p.  471  )  It  is  usually  supposed,  that  upon 
Ihe  first  iangs  being  destioyed,  others  are  developed  to 
supply  their  place.  There  is,  however,  some  difficulty  in 
accounting  lor  the  manner  in  which  the  poison  duct,  in 
such  cases,  can  change  its  course.  It  is  probable,  that 
the  grooves  in  the  adjoining  common  teeth  have  given 
rise  to  the  opinion.  More  accurate  observation,  how- 
ever, can  alone  determine  the  point. 

The  poison  itself  has  much  the  appearance  of  oil  ; 
but  in  its  general  properties  it  resembles  gum.  Its 
noxious  qualities  continue  even  after  it  is  dried. 

From  the  structure  of  the  fangs,  the  poison  is  instil- 
led into  the  bottoin  of  the  wound,  and  if  in  any  quantity 
it  enters  any  of  the  larger  vessels,  death  speedily  fol- 
lows. In  other  cases,  there  is  previously  great  pain 
produced ;  the  part  swells  and  becomes  discoloured, 
and  exhibits  maiked  indications  of  violent  local  action. 

The  virulence  of  the  poison  depends  not  only  on  the 
species  of  serpent,  but  on  its  condition  at  the  time, 
and  the  habit  of  body  of  the  animal  which  has  received 
the  bite. 

The  remedies  which  have  been  suggested  to  destroy 
the  influence  of  the  venom  alter  the  bile,  are  numerous, 
but  few  of  them  can  be  s.ifcly  relied  on.  Some  recom- 
mend making  an  incision  into  the  part  wounded  by  the 
fangs,  and  sucking  out  the  venom  and  contaminated 
blood.  Others  advise  the  unfortunate  patient  to  com- 
press the  part  by  ligature,  and  thus,  by  retarding  the 
circulation,  give  time  for  the  poison  to  become  diluted 
and  neutralized  by  the  local  fluids..  These  remedies  are 
obviously  such  as  in  ordinary  cases  should  be  resorted 
to.  On  the  other  hand,  some  recommend  the  internal 
and  external  use  of  ammonia,  the  external  application 
of  caustic  potash,  or  of  heated  turpentine.  .Many  ve- 
getables have  likewise  been  employed  as  antidotes.  Tiie 
subject,  however,  though  one  of  great  interest,  is  in 
some  measure  unexplored,  and  can  only  receive  useful 
illustration  from  the  researches  of  those  who  reside  in 
Ihe  districts  where  the  larger  and  more  venomous  species 
so  frequently  prove  destructive  to  human  life. 

The  tongue  is  usually  slender,  divided  at  the  extre- 
mity, and  sheathed  at  the  base.  The  alimentary  canal 
is  short  in  proportion  to  the  size  of  the  body.  The 
gullet  and  stomach  are  cap^'.ble  of  great  dilatation,  to 
receive  the   large  animals  which   are   swallowed.     Di- 


gestion takes  place  slowly.  The  liver  is  in  general 
uniform  in  its  appearance,  and  nearly  entire.  The  gall 
bladder  is  present.  The  spleen  is  of  a  lengthened  form, 
and  placed  at  tne  comuiencement  of  the  intestines. 

Tlie  heart  possesses  two  auricles,  and  one  ventricle. 
The  portion  of  blood  transmitted  for  aeration,  is  return- 
ed by  a  systemic  vein  to  the  systemic  auricle,  from, 
which  it  passes  into  the  common  ventricle,  which  re- 
ceives through  the  other  auricle  the  blood  returned  from 
the  body. 

All  serpcnis  breathe  air.  Though  many  species  can 
dive,  they  are  compelled  to  return  at  intervals  to  the  sur- 
face of  the  water  in  order  to  respire.  The  larynx  is  too 
simple  and  membranaceous,  to  admit  of  the  existence  of 
voice.  A  hissing  sound,  however,  can  be  produced. 
The  trachea  is  a  membranaceous  tube,  terminating  di- 
rectly in  the  lungs  without  the  usual  bronchial  divisions. 
The  lungs  are  single,  in  the  form  of  an  t'.<jiigated  bag, 
with  large  cells  on  the  walls.  This  bag  lies  in  the  ca- 
vity of  the  abdomen. 

The  kidneys  are  lengthened  and  labulated.  The 
ureters  terminate  usually  by  a  single  orifice  in  the 
cloaca,  in  the  form  of  a  papilla,  directed  towards  the 
bag,  which  may  be  considered  as  the  bladder  of  urine. 
This  bladder  is  formed  by  a  fold  of  the  coats  of  the  in- 
testine :  it  receives  the  contents  of  the  ureters  unmixed 
with  the  faeces. 

In  this  receptacle,  the  urine  frequently  becomes  in- 
spissated, and  is  voided  in  lumps  at  distant  intervals, 
which  have  frequently  been  mistaken  for  faeces.  In  its 
ordinary  state.  Dr.  John  Davy,  to  whom  the  public  is 
indebted  for  several  valuable  observations  on  the  urinary 
organs  of  the  amphibia,  {Phil.  Trans.  1818,  p.  304.) 
describes  it  as  of  a  butyraceous  consistence,  becoming 
hard,  like  chalk,  by  exposure  to  the  air,  and  consisting 
of  pure  uric  acid. 

The  repioductive  organs  of  serpents  present  few  pe- 
culiarities. The  external  organs  of  the  male  are  double, 
each  short,  and  surrounded  with  bristles.  These,  in  the 
rattlesnake  and  viper,  are  bifid,  and  beset  with  bristles. 
They  appear  in  a  pouch  near  the  anus.  In  the  female 
the  external  openings  are  double,  corresponding  with 
the  conditions  of  the  male  organs.  Impregnation  takes 
place  internally.  Some  species  are  oviparous,  others 
are  ovoviviparous.  The  young  do  not  undergo  any  re- 
markable metamorphosis. 

Serpents  are  found  in  the  greatest  numbers,  both  in 
reference  to  species  and  individuals,  in  tropical  coun- 
tries. In  such  regions,  likewise,  they  attain  the  largest 
size.  Few  species  are  found  in  the  temperate  and 
colder  districts.  In  all  cases  they  seem  greatly  invigo- 
rated by  heat,  and  in  its  absence  speedily  sink  into  a  tor- 
pid state. 

AV  herever  man  takes  up  his  abode,  there  the  serpents 
have  to  engage  in  an  uneq  a.tl  combat,  which  ends  in  their 
extirpation.  Man  not  only  attacks  them  in  open  com- 
bat, with  the  lance,  the  sword,  or  the  muskei,  but  he 
falls  upon  them,  when  gorged  with  food,  and  prepared 
only  for  slumber,  or  when  in  a  lethargic  state,  in  consc- 
cjucnce  of  cold.  He  likewise  drains  the  marshes  where 
the.y  procure  their  food,  and  cuts  down  the  forests  to 
which  ihey  were  accustomed  to  retire. 

lint  while  man,  as  their  personal  foe,  wages  against 
them  a  war  of  extermination,  and  thus  greatly  iiifaiences 
their  geographical  distribution,  he  icctives  powerful 
support  from  many  of  the  domestic  animals  which  ac- 
company him  in  his  dispersion  over  the  globe.     The  hog 
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IS  not  alraid  to  give  battle  even  to  tlie  most  venomous, 
and  in  general  comes  ofi'  victorious.  The  t;oai,  like- 
wise, readily  devours  the  smaller  kinds  of  serpents,  and 
hence  the  Gaelic  pioverb,  '•  Cleas  na  gaoi  thtr  ,t;iiheadh 
nathrach,"  like  the  goat  eating  the  serpent,  importing  a 
querulous  temper  in  the  midst  of  plenty.  Statistical  ^Ic- 
count  of  Scotland,  vol.  xii.  p.  449. 

When  unrestrained  by  opposition  from  man,  and  the 
pliysical  conditions  of  their  life,  serpents  are  well  quali- 
fied for  extending  their  geographical  limits.  Neither 
forest,  mountain,  marsh,  nor  rivulet,  can  retard  their  pro- 
gress. Almost  all  the  species  can  swim,  and  many  of 
them  with  the  greatest  ease.  Indeed  it  is  probal)le  that 
many  of  those  stories  which  have  been  propagated  re- 
garding -vast  sea  snakes,  have  originated  in  the  appeal - 
ance  of  some  of  the  larger  serpents  at  sea,  where  they 
have  been  driven  by  accident.  Some  of  the  Asiatic  spe- 
cies reside  almost  constantly  in  the  waters,  either  fresh 
or  salt. 

Independent  of  the  claim  which  serpents  have  to  our 
notice,  as  constituting  an  extensive  division  of  the  ani- 
mal kingdom,  they  furnish  an  interesting  subject  of  in- 
quiry, from  the  superstitious  opinions  which  have  been 
entertained  concerning  them,  and  the  strange  properties 
with  which  credulity  has  invested  them.  It  is  not  our 
province  to  give  a  history  of  the  errors  of  the  human 
mind,  when  untutored  by  that  philosophy  which  gives 
precedence  to  accurate  observation,  but  to  unfold  those 
characters  which  the  different  species  exhibit,  and  by 
which  they  may  be  recognized.  In  this  inquiry  it  is  in- 
deed painful  to  consider,  that  human  ingenuity  has  hither- 
to failed  to  convert  serpents  into  any  thing  that  is  use- 
ful ;  for  it  is  not  worth  while  to  regard  them  in  this 
light,  when  occasionally  furnishing  a  repast  to  a  few  na- 
ked savages,  or  serving  to  amuse,  when  dancing  to  the 
signals  of  a  juggler,  before  a  few  indolent  Asiatics.  It 
is  still  more  painful  to  consider  the  destruction  of  hu- 
man life  by  their  venomous  fangs,  or  the  quantity  of 
misery  which  they  have  occasioned  to  those  who  have 
survived  the  noxious  bite.  « 

Having  made  these  preliminary  observations  on  the 
peculiarities  of  structure  of  serpents,  as  constituting  a 
natural  division  in  the  class  Reptiles,  we  shall  now 
proceed  to  give  a  brief  exposition  of  the  characters  by 
which  they  are  distributed  into  subordinate  groups, 
enumerating  all  the  genera,  and  taking  notice  of  at  least 
one  species  belonging  to  each. 


CHAP.  II. 
CLAssincATioN  OF  Reptiles. 

Serpents  admit  of  a  very  natural  distribution  into  two 
sections,  according  as  the  scales  on  the  belly  are  simi- 
lar or  dissimilar  to  those  on  the  back.  0:hcr  charac- 
ters, correlative  with  these,  intimate  the  propriety  of  the 
arrangement. 


Di 


ION   I. 


Scr/icnts  with  the  Ventral  and  Dorsal  Scales  nimilar. 

The  serpents  of  this  division  which  are  destitute  of 
ventral  shields  have  the  lower  jaws  intimately  united, 
and  supported  at  the  base  by  two  ossa  quadraia,  which 
are  articulated  immediately  to  the  cranium.  The  up- 
per maxillary  bones  are  united  to  the  cranium  and  to 


the  intcnnsxillaries.  This  arrangement  limits  t'ne  pow- 
er of  gaping  or  of  swallowing  objects  larger  than  the 
ordinary  aperture  of  the  mouth.  The  body  is  nearly  of 
equal  thickness  at  both  extremities.  Progressive  mo- 
tion is  chieliy  accomplished  by  unbending  the  arches 
into  which  the  body  is  successively  thrown.  The  body 
can  advance  or  retreat  by  either  extremity,  with  nearly 
equal  readiness.  The  eyes  are  so  small,  that  with  many 
they  have  passed  unobserved. 

Subdivision  I. 

Ser/ients  with  a  Third  Eyelid. 

In  the  animals  of  this  group  the  teeth  are  small  and 
nearly  of  equal  size.  The  tongue  is  notched  in  a  cres- 
cent form.  The  ribs  are  more  or  less  united  to  supply 
the  place  of  a  sternum.  When  irritated,  the  body  is 
thrown  by  the  muscles  into  a  very  rigid  state,  in  which 
condition  it  breaks  into  fragments  by  the  slightest 
stroke.  None  of  the  species  are  considered  venomous. 
The  condition  of  the  rudiments  of  some  of  these  organs, 
possessed  by  the  Saurian  reptiles,  which  may  here  be 
detected,  justify  the  subdivision  of  the  three  genera 
here  contemplated. 

Section'  I. 

Traces  of  scapular  and  clavicular  bones  occur  under 
the  skin.  There  is  likewise  a  minute  sternum  and  an 
imperfect  pelvis.  Though  the  rudiments  of  the  extre- 
mities can  be  detected  within  the  skin,  there  are  no  ves- 
tiges of  legs  or  feet  on  the  outside. 

Genus  I.    Ophisaurus. 

The  tympanum  is  externally  visible.  The  maxillary 
teeth  are  conical,  and  besides  these  there  are  two  groups 
on  the  palate. 

Sfi.  1.  0/ihisauriis  ventralis.  This  is  the  Anguis  ven- 
iralis  of  Linnaeus.  It  inhabits  the  United  States.  The 
tail  is  longer  than  the  body,  to  which  it  is  joined  by  a 
hollow  circular  furrow.  On  account  of  its  brittleness,  it 
is  termed  by  Catesby  the  glass  snake. 

Genus  II.     Axguis  Snake. 

The  tympanum  is  concealed.  No  palatine  teeth.  The 
maxillary  teeth  are  compressed  and  recurved. 

Species  1.  ylnguisfragilis.  Blind-worm.  This  spe- 
cies is  ovoviviparous.  It  feeds  on  beetles,  mice,  and 
frogs.  It  resides  in  holes  near  woods  and  heaps  of  rub- 
bish. It  varies  considerably  in  its  colour  markings.  In 
its  young  state  it  has 'been  regarded  as  a  distinct  spe- 
cies, under  the  title  ./inguis  cn'x,  or  Aberdeen  snake. 

Section  II. 

No  vestiges  internally  of  pelvis,  scapula,  clavicle,  nor 
sternum  ;  the  anterior  ribs,  however,  are  united  by  inter- 
vening cartilaginous  productions,  which  serve  instcrid 
of  a  sternum. 

GeNIS    III.       ACOXTIAS. 

The  teeth  are  conical.  There  is  the  rudiment  of  a  se- 
cond lobe  of  the  lungs. 

S/i.  1.  Acuniias  mcleagris — the  Anguis  meleagris  of 
Linnaeus.  It  is  a  native  of  India.  In  the  distribution  of 
the  colours  on  the  body,  it  resembles  the  Guiiita-fowl. 
Hence  the  origin  of  ;tb  trivial  n:.nie. 
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Subdivision  It. 


Subdivision  I. 
Destitute  of  Poison  Fangs. 


Ser/ients  Destitute  of  a  Third  Eyelid. 

The  serpents  of  this  division  arc  likewise  destitute  of        ^he  serpents  of  this  division,  like  those  of  the  ure- 
al! vestiges  of  sternum,  pelvis,  or  shoulder  bones,  nei-     ceding, are  not  venomous.  There  are  four  regular  rows 

of  entire  teclii  above,  and  two  below. 


ther  do  the  ribs  unite  to  complete  the  circle. 


Section  I. 

Body  covered  with  scales. 

1.  Scales  in  rings. 

Genus  IV.     Amphisbjena. 

Scales  quadrangular,  and  disposed  in  circular  bands 
round  the  body.  Before  the  vent  there  is  a  row  of  per- 
forated tubercles,  the  openings  of  excretory  ducts.  Ovi- 
parous. 

Sfi.  1.  jtmfihiiibena  fuliginosa.  This  species  inhabits 
India,  is  of  a  sooty  black  colour,  and  rarely  exceeds  two 
feet  in  length. 

2.  Scales  imbricated. 

Genvs  V.    Typhlops. 

Scales  small,  and  placed  in  an  imbricated  order. 
Snout  depressed  and  produced  ;  tongue  long  and  fork- 
ed. 

Sfi.  1.  Tijfihlojis  lumbricalis.  This  is  the  Anguis  lum- 
bricalis  of  Linnaeus.  It  is  a  native  of  the  West  Indies 
and  America.  The  vent  is  near  the  extremity,  which 
terminates  in  a  hard-pointed  scale. 

Genus  VI.     Tortrix. 

Ventral  scales  slightly  enlarged  ;  tongue  thick  and 
short. 

Sfi.  1.  Tortrix  scy tale.  This  species,  formerly  includ- 
ed in  the  Genus  Anguis,  has  three  large  scales  on  the 
head.  It  inhabits  America. 

Section  II. 
Body  uniformly  covered  with  tubercles. 

Genus  VII.     Acrochohdus. 

The  tubercles  may  be  viewed  as  modifications  of 
scales  ;  they  have  each  three  ridges;  the  top  of  the  head 
is  flat,  and  covered  by  small  imbricated  scales. 

Sfi.  1.  Jcrochordus  Javanerisis.  This  singular  snake 
was  found  by  Mr.  Hornstedt  in  the  Island  of  Java.  It 
is  ovoviviparous. 

Division  II. 

Serfienta  with  the  Ventral  and  Dorsal  Scales  dissimilar. 

The  ventral  scales  of  this  division  constitute  those 
shields  or  scuix  which  have  been  already  described. 
The  lower  jaw  bones  are  loosely  connected  ;  and  the 
ossa  quadrata  have  a  free  motion  on  the  skull,  or  are 
supporied  on  cartilaginous  or  osseous  peduncles.  The 
upper  maxill<\ries  are  likewise  loosely  connected  with 
the  skull  and  the  intermaxillary  bones.  This  condition 
of  the  jaws  increases  greatly  the  power  of  gaping,  and 
enables  the  serpent  to  take  into  the  mouth  animals 
much  larger  than  the  ordinary  thickness  of  the  body. 
The  palatine  bones  are  likewise  loosely  connected,  and 
armed  with  recurved  pointed  teeth. 


Section  I. 
Shields  under  the  tail  simple,  like  those  on  the  belly. 

Genus  VIII.     Erpeton.  Jb 

This  genus,  instituted  by  Lacepede,  is  characterized 
by  two  soft  eminences,  covered  with  scales,  seated  on 
the  extremity  of  tlie  snout.  The  shields  under  the  tail 
arc  small.     Head  with  large  plates. 

S/i.  1.     Ju/ieto7i  tentaculatus. 

Genus  IX.     Boa. 

Snout  destitute  of  soft  eminences.  Vent  furnished 
with  a  hook  on  each  side. 

S/i.  1.  Boa  constrictor.  This  is  the  largest  species  of 
serpent.  It  is  upwards  of  twenty  feet  in  length,  or,  ac- 
cording to  some  travellers,  it  even  exceeds  double  that 
length.  It  is  capable  of  swallowing  deer,  goats,  and 
men,  entire.  When  resistance  is  offered  by  its  prey,  it 
crushes  it  to  death  by  embracing  it  in  the  wreaths  of 
its  body.  By  thus  crushing  the  bones,  it  is  able  to  re- 
duce a  buffalo  to  such  a  soft  state  as  to  be  swallowed 
whole.  It  suspends  itself  from  the  branches  of  trees  by 
means  of  its  prehensile  tail,  and  in  this  manner  is  pre- 
pared to  drop  upon  any  animal  passing  beneath.  Some- 
times it  fixes  itself  by  the  tail  to  a  tree,  and  suffers  its 
body  to  float  in  the  stream  at  those  places  where  oxen 
and  other  animals  come  to  drink,  which  it  then  seizes 
in  its  fatal  embrace.  Whether  we  consider  the  great 
extent  of  gape  and  dilatable  gullet,  and  consequent  power 
of  swallowing,  the  enormous  crushing  force  which  it 
can  exert  when  twisted  round  its  prey,  its  courage,  or 
its  locomotive  powers,  being  capable  of  climbing  trees 
and  suspending  itself  from  the  branches,  or  entering 
rivers,  lakes,  and  the  sea,  and  swimming  with  great  ce- 
lerity, we  have  reason  to  regard  it  as  one  of  the  most 
formidable  monsters  of  the  equatorial  regions.  To  at- 
tack it  when  in  an  active  slate  would  be  madness  ;  but, 
when  gorged  with  food,  the  victory  is  easy.  Tlie  ab- 
sence  of  poison  fangs,  however,  prevents  it  from  inspir- 
ing so  much  dread  as  the  larger  venomous  kinds. 

Section  II. 

Shields  under  the  tail  divided,  or  forming  a  double 
row. 

Genus  X.  Coluber.  (Python  of  Daudin.) 

Vent  furnished  with  lateral  hooks  like  the  Boa.  The 
ventral  shields  are  narrow. 

S/i.  Coluber  Javencnsis.  This  species  sometimes  ex- 
ceeds thirty  feet  in  length. 

Several  genera  have  been  contemplated  which  are 
nearly  related  to  Python,  as  the  Hurria  of  Daudin,  in 
which  the  shields  under  the  tail  are  only  in  a  double 
row  towards  the  extremity  ;  and  the  Difisas  of  Laurenti, 
in  which  there  is  a  row  of  larger  scales  on  the  ridge  of 
the  back.     The  body  is  compressed. 
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Genus  XI.    Natbix. 

Destitute  of  anal  hooks.     Oviparous. 

Sfi.  I.  jVatrix  torquata.  Ringed  snake.  This  liarm- 
less  species  is  a  native  of  Britain.  It  I'requents  moist 
ground ;  is  easily  tamed,  and  feeds  on  frogs,  mice,  and 
small  birds.  It  is  oviparous,  and  usually  deposits  its 
eggs,  which  are  united  in  a  cluster  by  a  gluey  matter, 
in  dunghills  :  they  seldom  exceed  twenty  in  number. 

Subdivision  II. 
Furnished  with  Poison  Fangs. 

Section  I. 

Poison  fangs  single,  followed  by  a  row  of  common 
maxillary  teeth.  These  last  are  not  so  numerous  as  in 
the  harmless  kinds  of  the  preceding  section. 

1.  Body  behind,  and  tail  rounded. 

Genus  XII.     Pseudoboa. 

Shields  of  the  belly  and  lower  side  of  the  tail  single. 
Head  covered  with  large  plates.  A  swelling  at  the  oc- 
ciput. Back  carinaied,  and  covered  with  a  row  of  en- 
larged scales. 

Sfi.  Pseudoboa  fasciata.  This  species  inhabits  India, 
and  sometimes  attains  to  eight  feet  in  length. 

Genus  XlV.     Trimeresura. 

Shields  under  the  tail  near  the  vent  single,  but  to- 
wards the  extremity  double.  Dorsal  scales  not  en- 
larged. 

Sfi.  1.  Trimeresura  viridis.  This  species  and  the 
others  of  the  genus  which  are  known,  are  natives  of 
India. 

2.  Body  behind,  and  tail  much  compressed.  This 
form  enables  the  species  to  swim  with  ease.  They  fre- 
quent arms  of  the  sea,  lakes,  and  rivers.  Head  covered 
with  large  plates. 

Genus  XV.     Pelamis. 

Hind  head  swollen.  Scales  rather  reticulated  than 
imbricated.    Ventral  shields  minute. 

Sfi.  I.  Pelamis  bicolor.  A  native  of  the  South  Sea 
Islands. 

Genus  XVI.     Hidrophus. 

Head  not  swollen.  The  shields  are  more  distinct  than 
in  Pelamis. 

Sft.  1.  Hijdrofihis  aijspesurus.  From  the  Indian  seas. 

To  this  ciiyision  of  water  serpents  iM.  Cuvier  (Peg-ne 
Animal,  u.  p.  75  )  has  added  a  genus  Chersydrus,  con- 
taining the  Acrocl.ordus  fasciatus  of  Shaw.  The  head  is 
destitute  of  large  plates,  and  the  scales  on  the  body  are 
minute. 

Section  II. 

Upper  maxillary  bones  destitute  of  common  teeth,  sup- 
porting only  the  poison  fangs  on  each  side. 

I.  Tribe. — The  shields  entire  on  the  belly,  and  under 
the  tail  beyond  the  vent. 

A.  The  entire  shields  under  the  tail  continued  to  the 
extremity. 

Tailfurnished  with  a  rattle,  (crtfiitaculum.) 

This  very  remarkable  organ  occurs  as  an  appendage 
to  the  tail,  the  last  vertebra  of  which  is  enlarged  to  serve 
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as  a  mould  for  its  production.  This  vertebra  is  some- 
what conical,  rounded  at  the  extremity,  subquadrangu- 
lar,  with  three  rounded  circular  ridges,  the  largest  of 
which  is  next  the  body.  The  first  formed  cup  of  the 
rattle,  which  in  substance  is  similar  to  the  scales,  exhi- 
bits the  form  of  the  vertebra,  from  which  hcAvever  it  is 
separated  by  a  thin  membrane.  It  is  connected  directly 
with  the  scales  on  the  back,  and,  by  the  intervention  of  a 
row  of  small  scales,  with  the  shields  on  the  belly.  Thus 
formed,  the  cup  has  three  ridges  externally,  with  cor- 
responding grooves  internally. 

When  this  first  cup  has  arrived  at  maturity,  a  second 
begins  to  form  underneath.  The  terminal  and  middle 
ridges  of  the  second  grow  within  the  grooves  of  the 
middle  and  basilar  ridges  of  the  first.  As  these  ridges 
of  the  second  increase  in  size,  they  push  from  the  veite- 
bra  the  first  formed  joint,  and  the  second  cup  appears, 
with  its  basilar  ridge  only  visible  externally;  its  middle 
and  terminal  ones  being  covered  by  the  basilar  and 
middle  regions  of  the  first.  In  this  manner  are  the  rat- 
tles formed,  to  the  number  of  twelve,  or,  if  certain  rela- 
tions are  to  be  credited,  to  the  number  of  twenty  or 
even  thirty  cups. 

As  the  middle  and  terminal  ridges  of  the  last  formed 
cup  are  rather  less  in  diameter  than  the  grooves  of  the 
basilar  and  middle  ridges  of  the  preceding  one  in  which 
they  are  contained,  a  kind  of  ball  and  socket  joint  is 
formed  at  each  division,  admitting  an  imperfect  degree 
of  motion  when  the  body  moves. 

Each  cup,  when  covering  the  vertebra,  appears  to  be 
nourished  in  the  same  manner  as  the  skin.  When  de- 
tached from  the  vertebra,  however,  though  still  connect- 
ed with  the  last  formed  one,  it  dries,  and  becomes  brittle 
and  elastic.  When  the  serpent  moves  its  body,  the  cups 
of  the  rattle,  likewise  moving  upon  one  another,  make  a 
noise  not  unlike  the  folding  of  dried  parchment.  This 
noise  is  said  to  be  audible  at  the  distance  of  twenty  yards, 
and  is  thus  useful  in  giving  warning  of  the  approach  of 
the  destructive  reptile  to  which  it  is  attached.  As  the 
cups  of  the  rattle  consist  merely  of  dried  matter,  which 
in  the  dry  season  is  brought  into  a  condition  to  make  a 
Doise  when  the  animal  moves,  so  in  like  manner,  under 
the  influence  of  external  circumstances,  the  rattle  in  the 
wet  season  is  soft  and  mute. 

It  does  not  appear  to  be  as  yet  determined,  whether  a 
new  cup  is  formed  with  each  renewal  of  the  skin,  or  whe- 
ther the  succession  of  the  cups  takes  place  in  a  different 
order.  The  number  of  cups  found  in  a  rattle  can  scarcely 
be  considered  as  the  number  which  have  actually  been 
formed,  but  merely  as  the  number  of  those  which  have 
outlived  accidents. 

There  are  two  nasal  bags  or  crumens,  and  two  scent 
bags  at  the  vent. 

Genus  XVII.     Caudisona.     Rattlesnake. 

The  head  in  this  genus,  (the  title  of  which  is  derived 
from  the  old  trivial  name  of  the  most  remarkable  species,) 
is  covered  with  scales  similar  to  those  on  the  back. 

Sfi.  1.  Caudisona  horrida.  Boguira.  This  species  is 
distinguished  by  its  dark-coloured  transverse  bands.  In 
size  it  exceeds  four  feet  in  length,  and  even  according 
to  some  travellers  it  reaches  to  nine  feet.  It  inhabits 
the  extensive  forests  of  America,  and  feeds  on  birds 
and  squirrels,  and  other  small  animals.  Its  bite  is  so 
dangerous  as  to  produce  death,  in  some  cases,  in  a  few 
minutes.  This  snake,  however,  seldom  bites  unless 
when  irritated ;  the  noise  of  its  rattle  gives  warning  of 
4  Y 
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its  approach,  and  its  foeiid  odour  is  readily  perceived  Uy 
horses  and  oxen. 

S/i.  2.  Caudiaona  durissa.  Durissus.  This  species  is 
characterized  by  its  dark  lonijiiudinal  dorsal  lines  and 
Thomboidil  spots. 

Genus  XVIII.     Chot.vltjs.  Millet. 

Head  covered  with  large  plates. 
Sfi.  1.  Crotalus  miliaria.     This  species  inhabits  Caro- 
lina. 

Tail  destitute  of  a  Rattle. 

Genus  XIX.     Scytalus. 

Destitute  of  nasal  bat^s. 

Tne  species  of  this  genus,  natives  of  India,  are  but  im- 
perfectly known. 

B.  The  entire  shields  under  the  tail  not  continued 
to  the  extremity. 

Genus  XX.     Acanthophis. 

Shields  double  towards  the  exiremity  of  the  tail, 
which  terminates  in  a  spinous  process. 

There  are  two  species,  Acanthofihia  flalbebrosus  and 
Acanlhofihia  Sroivnii. 

Genus  XXI.     Langaia. 

Shields  behind  the  vent,  forming  rings,  which  sur- 
round the  body.  The  under  side  of  the  tail,  towards 
the  extremity,  covered  with  small  scales.  Snout  pro- 
duced. 

S/i.  1.  Langaia  nasuta.  The  head  is  covered  with 
large  plates.  This  species,  the  only  one  known  of  the 
genus,  is  a  native  of  Madagascar. 

I.   Tribe. Shields  behind  the  vent  divided. 

A    Tail  round. 
(I)   Ht  'd  behind  larger  than  the  neck. 

Head  furniahed  with  crumena. 

Genus  XXII.     Trigonocephalus. 

Head  much  enlarged  behind.  Tail  frequently  armed 
with  a  spinous  process. 

Sfi.  1.  Trigonocefihatus  lanceolatua.  The  head  of  this 
species,  from  the  eyes  to  the  nose,  is  subtriangular. 
The  body  is  usually  of  a  yellow  colour.  The  length 
sometimes  reaches  to  six  feet,  and  the  diameter  to  three 
inches.  The  female  is  ovoviviparous,  the  period  of  ges- 
tation six  months,  and  the  number  of  young  from  twenty 
to  six.y. 

This  species  is  frequent  in  Maitiiiique,  frequenting 
the  plantations  of  the  sugar-cane.  Its  bite  is  ex- 
ceedingly dangerous,  and  much  dreaded.  The  animal, 
however,  seldom  attacks  a  man  unless  previously  ir- 
ritated. 

There  are  many  other  species  belonging  to  this  ge- 
nus, which  may  afttrwartis  be  raised  to  the  rank  of  ge- 
nera, and  which  may  be  distinguished  by  the  arrange- 
ment of  the  scales  on  the  head,  and  those  at  the  extre- 
mity of  the  tail. 

Deatitute  of  crumena. 

(a.)   Hind-head  furnished  with  a  hood. 

Genus  XXIII.     Naja. 
Head  covered  with  large  plates. 


Sfi.  1.  A'o/a  luteacena.*  This  species  is  a  native  of 
India.  It  is  between  three  and  four  feet  long,  fierce, 
and  exceedingly  venomous.  The  jugglers,  however, 
have  frequently  succeeded  in  taming  it.  There  are  se- 
veral other  species,  inhabitants  of  South  America. 
(b.)  Hind  head  destitute  of  a  hood. 

(aa.)  Furnished  with  cuticular  appendices  on  the  fore- 
head. 

Genus  XXIV.     Cerastes. 

Scales  on  the  head  similar  to  those  on  the  back. 

Sfi.  1.  Ceraatea  vulgaris.  This  species  carries  a  small 
corneous,  quadrangular,  pyr.imidal  process  immediately 
above  each  eye.  These  processes  are  connected  with 
the  skin  merely,  consist  of  different  layers,  and  are  co- 
vered at  the  base  with  minute  scales. 

Sfi.  2.  Ceraates  Ammodytea.  On  the  point  of  the 
snout  there  is  a  soft  moveable  process,  covered  with 
small  scales,  and  two  tubercular  processes  at  each  nos- 
tril. This  species  seems  to  be  the  type  of  a  new  ge- 
nus. 

(bb.)  Forehead  destitute  of  appendices. 
1.  Head  covered  with  small  plates. 

Genus  XXV.     Chesroea.  Aesping. 

Head  covered  in  the  middle  with  three  plates. 

Sfi.  1.  Cheraea  vulgaria.  The  scales  on  the  back  have 
each  a  longitudinal  ridge.  There  is  usually  a  heart- 
shaped  mark  on  the  crown.  The  colour  is  reddish, 
but  subject  to  vary.  By  some,  the  Black  Adder,  (Colu- 
ber Prester)  is  regarded  as  a  variety  of  this  species, 
while  others  refer  it,  along  with  the  chersea,  to  the  Vi- 
pera  berus. 

This  species  inhabits  Sweden,  and  is  reckoned  ex- 
ceedingly venomous.  It  appears  probable,  from  the 
observations  of  the  Rev.  Thomas  Racket,  {Linnean 
Transactiona,  vol.  xii.  p.  349,)  that  it  is  a  native  of  Dor- 
setshire, and  there  known  under  the  name  of  the  red 
viper. 

Genus  XXVI.     Hemachatus. 

Head  covered  with  four  rows  of  large  plates. 

Sfi.  I.  Hemachatua  vulgaria.  This  species,  first 
figured  and  described  by  Seba,  is  a  native  of  Persia  and 
Japan.      The  scales  on  the  back  are  smooth. 

2.  Head  covered  with  common  scales. 

Genus  XXVII.     Cobra. 

Scales  on  the  head  carinated.  The  head  itself,  from 
the  eyes  to  the  snout,  subtriangular. 

Sfi.  1.  Cobra  atrofioa.  The  general  colour  is  whitish, 
with  four  rows  of  brown  spots,  each  with  a  white  dot  in 
the  centre.     Inhabits  America. 

Genus  XXVIII.     Vipera.  Viper. 

Scales  on  the  liead  rough. 

Sfi.  1.  Vipera  berua.  Common  Viper,  or  Adder.  The 
usual  length  is  about  two  feet.  The  colour  is  greyisli, 
with  a  chain  of  irregularly  shaped  spots  along  the  back. 
The  scales  on  the  back  are  furnished  with  a  long  me- 
dial ridge. 

The  viper  is  ovoviviparous,  and  brings  forth  from 
twelve  to  twenty  young  ones  at  a  birth.     It  feeds  on  in- 


•  When  the  animals  of  this  group  are  irritated,  the  skin  on  the  neck  is  extended  and  drawn  forwards,  and  .ippears  behind  the 
head  as  a  kind  of  hood.  This  motion  is  produced  by  the  cuticular  muscles  of  the  neck,  aided  by  the  moveable  ribs.  This  mechan- 
ism, as  displayed  in  the  common  Cobra  di  capello,  is  exhibited  by  Sir  Everard  Home,  in  bis  "Lectures  on  ComparatiTe  Anatomy," 
Tol.  ii.Tab.  ii.  iii.  iv. 
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sects,  lizards,  and  frogs,  and  is  capable  of  surviviiii^  a  long 
lime  wiihout  food,  li  is  found  widely  dispersed  tiuough- 
out  the  different  countries  of  the  old  world. 

This  species  is  subject  to  considerable  variation  in 
its  colour  markings,  a  circumstance  which  has  given 
rise  to  the  establishment  of  several  spurious  species. 
The  coluber  coeruleus)  of  Sheppard  [Linnean  Transac- 
tions, vol.  vii.  p.  56.)  does  not  possess  any  marks  of 
sufficient  importance  to  distinguish  it  from  the  common 
viper. 

(11.)  Head,  behind,  of  the  same  size  as  the  neck. 

This  uncommon  narrowness  of  the  head  arises  from 
the  shortness  of  the  os  quadratum,  and  the  os^^eous  pe- 
duncle, by  which  it  is  united  with  the  skull.  The  power 
of  swallowing  large  objects,  is  consequently  limited,  as 
the  jaws  have  but  little  motion. 

Genus  XXIX.     Elaps. 

Head  covered  with  large  plates. 

Sfi.   1.  Etafis  lacteus.    Milky  viper.    The  general  co- 
lour is  white,  beautifully  marked  with  bright  black  spots 
arranged  in  pairs.     The  head  is  black,  with  a  narrow 
white  stripe  from  the  snout  to  the  neck. 
B.  Tail  compressed. 

Geni;s  XXX.     PuTURUs. 

Head  covered  with  large  plates. 

Sfi.  1.  Plalurus  la'.icaudatus.  The  tail  is  thin,  like  the 
blade  of  a  knife.  The  extremity  is  blunt,  and  terminates 
in  two  round  scales.  This  is  an  aquatic  species,  and  is 
found  in  the  Indian  seas. 

Serpents  require  little  preparation  for  a  museum.  They 
may  be  skinned  by  first  making  a  small  opening  at  the 
side,  and  turning  back  the  skin  both  ways  to  the  head 
and  tail,  taking  out  the  contents  of  the  body,  and  fiiiing 
the  skin  again  with  tow  or  straw.  The  brain  and  eyes 
are  extracted  in  the  same  manner  as  is  practised  in  pre- 
paring quadrupeds  or  birds.  In  general,  however,  when 
the  specimens  are  of  a  small  size,  it  is  advisable  to  keep 
them  in  spirits. 

Description  of  Plate  CCCCXXVII.  connected  with 
this  article.  Fig.  I.  Cerastes  vulgaris.  Fig.  2.  Trigo- 
nocephalus  lanceolatus,  exhibiting  the  long  forked 
tongue,  the  poison  fangs,  and  the  entry  to  left  cru- 
men  between  the  nostril  and  eye,  of  a  venomous  ser- 
pent. Fig.  3.  A  poison  fang  of  the  Naja  iutescens,  or 
Cobra  di  capello,  a  little  magnified,  exhibiting  the  lateral 
told  or  tube  for  the  conveyance  of  the  poison,  and  a  sec- 
lion  of  the  same  tooth  near  the  base.  Fig.  4.  8.  The 
rattle  of  the  Caudibona  borrida,  with  one  of  the  joints  se- 
parated. 5.  The  stomach,  with  part  of  the  gullet  and 
duodenum  of  the  common  viper.  6.  Two  veitebiae  and 
a  rib  of  the  Boa  constrictor,  illustrating  the  articulation 
of  the  spine  and  ribs,   (j  f.) 

OPIU.M.  is  the  name  given  to  the  inspissated  juice  of 
the  Avhite  poppy.  In  our  articles  Chemistrv.  sn;i  Ma- 
teria Medica,  we  have  already  given  an  account  of  the 
method  of  preparing;  opium,  and  of  its  chemical  and  me- 
dical properties.  The  following  Table  shows  the  quan- 
tities imported  into  England,  the  quantities  exported,  ant! 
the  quantity  consumed,  from  1786  to  1801.  ' 


Imporu, 

Yearj. 

I!«ng>J. 

Europe. 

Total. 

EspoR, 

Home 
CoiuujnptioD. 

lbs. 

Hb. 

lbs. 

Ibi. 

lbs. 

1786 

750 

7,702 

7,752 

1,217 

6,5J7 

1787 

5,873 

5.873 

1,655 

4.218 

1788 

4,692 

4,692 

1,685 

3,007 

1789 

. 

13923 

13.923 

377 

13,546 

1790 

1,500 

6,389 

7889 

1,237 

6,652 

1791 

. 

9,073 

9,073 

1,104 

7,969 

1792 

2,100 

19  6»3 

21,783 

7,775 

14,008 

1793 

1,554 

32,008 

33,562 

1,261 

32,301 

1794 

14857 

14,857 

1,413 

13,444 

1795 

. 

2,083 

2,083 

999 

1  084 

1795 

8,164 

12,527 

2.),69  1 

859 

19,832 

1797 

1,522 

5,661 

7,183 

2.371 

4,812 

1798 

395 

9  310 

9,535 

1.237 

8,288 

1799 

7,295 

17,153 

24,4  4  8 

3.223 

21.2,9 

1800 

19,190 

29,492 

48.682 

1,874 

46  8   8 

1801 

14,951 

39,304 

54,255 

10,361 

43,894 

In  the  year  1809-10,  the  revenue  which  the  Bengal 
government  derived  from  the  sale  of  opium  was  58(',0u0/. 
The  opium  shipped  from  Bengal  in  the  year  1805-6 
had  the  following  value,  and  was  sent  to  the  following 
riaces. 


China         .         .         .         , 
Penang,  and  eastward 
Coast  of  Sumatra 
Manilla       .         .         .         . 
Coast  of  Coromandel 
Pegu  .         .         .         . 

.\rabian  and  Persian  Gulf 
Coast  of  Malabar 


sicca  Rupees. 

3,294  570 

2,125,209 

320,748 

27.661 

61,968 

15,110 

1,755 

15,515 


In  the  year  1809,  1991  lbs.  of  opium  sold  at  the  East 
India  Company's  sale  in  England  for  2249/. 

A  very  interesting  account  of  the  preparation  of 
opium  in  Scotland,  by  Mr.  Young,  will  be  found  in  the 
Edinburgh  Phihso/iliical  Journal,  vol.  i.  p.  258.  427.  See 
also  Ksempfer's  Amanitates  Exoticx,  fasc.  3  obs.  IS. 
Millburn's  Oriental  Commerce,  vol.  i  p  219.  Dr. 
Crump's  Inquiry  into  the  Kature  and  Proficrties  of 
Ofiium.  Parliamentary  Refiorts,  vol.  vii.  p.  23.  Kerr's 
Medical  Observations  and  Inquiries,  vol.  v.  p.  28. 
Transactions  of  the  Society  of  Arts,  vol.  xvi.  p.  273, 
Desrosnes,  Ann.  de  Chim.  Ixv   p.  270.  279. 

OPOPONAX,  the  name  of  an  inspissated  vegetable 
juice,  which  has  been  already  described  in  our  article 
Chemistry.  The  purest  opoponax  is  in  grains,  from 
the  size  of  a  pin's  head  lo  that  of  a  pea.  The  clear 
pieces  are  the  best,  and  those  that  are  black  and  hard 
should  be  rejected.  This  is  esteemed  one  of  the  most 
valuable  gums,  and  is  obtained  chiefly  from  Turkey. 
The  price  of  it  is  from  36/  to  40/.  per  cwt.  The  per- 
manent duty  is  2«.  3c/.  per  pound.  Specific  gravity, 
1.622. 

OPORTO,  a  city  of  Portugal,  in  the  province  of 
Entre-Douro-fe-Minho.  It  is  situated  about  two  miles 
from  the  mouth  of  the  river  Douro,  and  on  its  north 
bank.  The  town  is  chiefly  built  on  a  steep  hill,  which 
rises  very  abruptly  from  the  bank  of  the  river,  and  at 
some  distance  presents  a  very  striking  and  romantic 
appearance.  The  houses  being  wliitc-washed,  give  it 
an  appearance  of  excessive  cleanliness ;  but.  on  a  closer 
inspection,  manv  of  the  streets  are  found  to  be  narrow 
4  Y  2 
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and  very  dirty ;  some,  however,  are  wide  and  airy,  ex- 
hibiting many  new  and  handsome  houses.  In  one  of  the 
principal  streets  is  situated  the  English  factory-house, 
a  large  handsome  building,  erected  about  twenty  years 
ago,  in  which  the  British  consul  lias  his  oflicc,  and  in 
which  are  also  a  library  and  reading  room,  and  a  spacious 
ball  room.  Many  of  the  houses  have  gardens  attached 
to  tliem,  and  these  hanging  among  the  rocks,  and  filled 
wilh  orange  trees  and  vines,  add  much  to  the  beauty  of 
the  city.  The  sleep  declivity  of  the  hill,  on  which  the 
city  is  built,  renders  walking  and  riding  on  horseback 
or  in  carriages  more  laborious  than  in  Lisbon.  On  the 
east  side  of  the  town  are  houses  built  against  so  steep  a 
part  of  the  declivity  over  the  stream,  that  they  can  only 
be  entered  by  steps  cut  out  of  the  rock.  This  inconve- 
nience is  indeed  compensated,  at  least  to  a  stranger,  by 
the  romantic  prospect  they  enjoy  of  the  finest  part  of 
the  opposite  bank,  with  its  towns,  villages,  monasteries, 
and  pine  woods. 

To  the  westward,  along  the  declivity  of  the  hill,  are 
a  number  of  detached  houses,  forming  the  market  town 
of  Ciaya,  a  place  remarkable  both  for  its   situation  and 
name.     Here,  in  former  times,  a  place  called   Cate,  of 
which  the  ancients  speak,   is  said  to  have  stood  ;  but 
Oporto  being  afterwards  built,  or  being  more  convenient 
for  ships,  from  the  greater  depth  of  the  water  along  the 
bank,  it  was  called  Partus  Cale,  or  the  harbour  of  Cale, 
whence   was   derived    Portucal,    and  at  last   Portugal. 
Portus  Cale  was  at  length  called  O  Porto,  {tlie  Harbour) 
which  name   the  town  of  Oporto  afterwards  received. 
Advancing  to  the  eastward,  and  closely  connected  with 
the   former,   is  the   town  called  Villa  Nova  do  Porto, 
chiefly  inhabited  by  wine  coopers,  and  others  employed 
by  the   wine  merchants  of  Oporto,  in   their  immense 
magazines  or  lodges,  as  they  are  called  there,  where  all 
the  wine  is  kept  from  the  period  of  its  being   brought 
down  the  Douro  until  it  is  exported.     These  magazines 
are  all  situated   in   that   village,    between    which  and 
Oporto  there  is  a  communication  across  the  river  by  a 
bridge   of  boats,  the  expense  of  wliich  is  defrayed  by 
each  person  paying  a  small  copper  coin  as  he  passes  and 
repasses.     These  boats  are  removed  during  a  few  weeks 
in  spring,  when  the  river  is  swollen  from  the  rains,  and 
the   melting   of  the  snow  in   the   mountains  of  Spain, 
which  is  there  called  a  fresh,  and  by  which  the  water 
rises  sometimes  to  a  very  great  height.    In  1820  it  rose 
eighteen  feet,  and  did  much  damage  to  the  shipping 
then  in  the  inver.     On  a  rocky  eminence,  near  Villa 
Nova,  is  a  monastery  and  its  beautiful  quinta,  near  which 
the  British  crossed  the   Douro  in  the  peninsular  war, 
under  a  tremendous  fire  from  batteries  erected  by  the 
French  on  the  north  side. 

Oporto  contains  four  suburbs,  seven  parishes,  ten 
churches,  twelve  convents,  and  nine  hospitals ;  a  thea- 
tre, and  a  kind  of  circus,  which  is  a  handsome  building. 
It  is  partly  surrounded  by  an  old  wall,  five  or  six  feet 
thick,  flanked  at  intervals  with  mean-looking  towers. 
The  quay,  which  is  of  a  simple  construction,  extends 
the  whole  length  of  the  town.  On  one  side  of  it  is  a 
street,  and  the  other  side  of  it  is  walled  and  raised, 
though  merely  for  the  purpose  of  making  ships'  cables 
fast. 

The  harbour  of  Oporto,  formed  by  the  river,  is  diffi- 
cult of  entrance,   from  rocks  rising  out  of  the  sand, 


though  it  is  spacious  and  secure.  "  In  front  of  the  town 
the  river  is  very  deep.  Two  masted  vessels  can  come 
to  the  town  itself;  those  with  three  masts  within  a 
quarter  of  a  league  ;  and  the  great  Brazil  sliips  alone 
unload  their  cargoes  in  the  road.  The  principal  article 
of  commerce  of  Oporto,  is  white  and  red  wine,  but  par- 
ticularly port  wine,  which  is  made  in  the  province  of 
Tralos  Monies,  to  the  north-west,  and  in  some  districts 
of  Entre-Douro-c-Mitdio  to  tlie  north.  The  quantity 
annually  cxi)orted  is  about  4l),0oo  pipes,  which  goes 
almost  wholly  to  England.  The  other  articles  of  export 
are,  oil  of  inferior  quality,  shumac,  lemons,  and  oranges, 
and  some  colonial  produce.  The  imports  are  flax,  iron, 
rofl-fish,  rice,  wheat,  and  goods  of  British  manufacture. 
There  are  at  Oporto  some  manufactories  of  hats,  silks,  - 
linen  stuffs,  and  pottery  ;  and  there  are  some  rope-walks 
and  dock  yards.  Previous  to  1790,  500  ships  entered 
Oporto  annually;  and  in  that  year,  tlie  imports  amounted 
to  600,000/.  and  the  exports  to  800,000/.  In  1789,  nine 
millions  of  oranges  were  exported  from  Oporto  alone. 

In   1796,  the  following  ships  entered  and  sailed  out  of 
Oporto. 

Entered.  Cleared  out. 

Americans             ...  10  6 

Bremen         ....  2  2 

Danish           ....  51  52 

Spanish          ....  2  2 

Hamburghcrs        ...  36  34 

English         ....  88  99 

Lubeck          ....  4  4 

Portuguese            ...  35  42 

Prussians      ....  27  26 

Papenburg   ....  1  I 

Swedish        ....  32  29 
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The  harbour  of  Oporto  has  been  gradually  filling  up 
by  the  sand  washed  down  by  the  river.  Endeavours, 
however,  have  been  made  to  keep  the  stream  in  one 
place,  so  as  to  wash  the  sand  away.  The  entrance  to 
the  harbour  is  defended  by  a  small  fort,  San  Jaoa  de 
Fez,  near  w  hich  is  a  small  market  town.  Besides  this, 
there  is  on  the  coast,  to  the  north,  a  harbour  ;  on  the 
beach  opposite  to  which,  on  the  south  side,  is  also  a 
very  small  fort,  called  Santa  Catcrina,  with  a  few  other 
batteries. 

There  is  a  very  agreeable  walk  up  the  river,  which 
forms  a  principal  object  to  the  right ;  and  to  the  left  is  a 
steep  rocky  declivity,  on  an  eminence  opposite  to  which 
is  a  monastery  with  its  woody  quinta.  The  country  at 
a  greater  distance  is  very  beautiful,  and  forms  cheeriul 
hills.  Another  walk  of  the  same  kind  accompanies  the 
river  down  to  the  sea. 

In  winter,  the  climate  of  Oporto  is  damp  and  foggy  ; 
and  though  the  air  is  cool,  yet  it  seldom  freezes  In 
the  summer  the  heat  is  very  great.  The  gardens  round 
Oporto  are  beautiful  and  pleasant,  and  the  plants  of 
the  Cape  and  of  New  Holland  grow  in  the  open  air. 
Population  about  70,000,  East  Long.  8"  36'  9".  North 
Lat.  41°  8'  56".  See  Link's  Travels  in  Portugal,  p. 
320 ;  and  Dcscrificao  Toftografica  e  Historica  da  ci- 
(lade  do  Porto,  fior  Agostinho  Rebello  da  Costa.  Porto, 
1789. 
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The  term  Optics,  derived  from  the  Greek  word 
cnt-Toi/Mi,  I  see,  is  that  branch  of  natural  philosophy 
which  treats  of  the  nature  and  properties  of  light,  and 
of  the  changes  which  it  experiences,  either  in  its  quali- 
ties or  in  its  direction,  when  transmitted  through  bodies 
either  natural  or  artificial ; — when  reflected  from  their 
surfaces ; — or  when  passing  by  them  at  a  small  distance. 

History. 

Although  history  has  not  handed  down  to  us  the  early 
speculations  of  philosophers  respecting  some  of  the 
more  striking  phenomena  of  optics,  yet  tliere  can  be  no 
doubt  that  they  must  have  been  observed  and  studied  in 
the  earliest  periods  of  civilization.  If  the  nature  of  light 
and  colours,  and  the  general  phenomena  of  vision,  were 
subjects  too  profound  for  their  investigation,  they  could 
not  fail  to  acquire  some  knowledge  of  the  reflexion  of 
light,  and  the  formation  of  reflected  images.  Even  the 
rudest  savage  must  have  observed  with  wonder  the  in- 
verted picture  of  himself  or  of  his  companion,  formed 
by  the  surface  of  the  water  ;  and  in  the  reflected  land- 
scape, or  in  the  image  of  a  few  bushes  on  the  margin  of 
a  lake,  the  humblest  inquirer  might  have  found  an  as- 
semblage of  experiments,  from  which  the  general  law 
of  reflexion  might  be  easily  inferred. 

Metallic  mirrors,  however,  seem  to  have  been  in  ge- 
neral use,  and  glass  itself  manufactured,  long  before  any 
of  the  speculations  of  the  ancients  were  recorded.  Mir- 
rors of  metal  are  distinctly  mentioned  in  the  books  of 
Job  and  Exodus  ;  and  Pliny  informs  us,  that  glass  was 
accidentally  discovered  by  the  dealers  in  nitre  who  tra- 
versed PhcEnicia.  Being  desirous  of  cooking  their  food 
on  the  banks  of  the  river  Belus,  and  having  no  stones  to 
support  their  tripods,  they  substituted  pieces  ot  nitre  ; 
and  found,  to  their  great  surprise,  that  the  mutter  of 
the  tripods  incorporated  itself  with  the  nitre,  and  formed 
small  streams  of  a  transparent  matter,  which  cooled  into 
glass. 

The  invention  of  burning  lenses  of  glass  seems  lo 
have  speedily  followed  the  discovery  of  the  art  of  glass- 
making.  In  the  second  act  of  Aristophanes'  comedy  of 
the  Clouds,  which  was  performed  in  the  year  424,  B  C. 
burning  lenses  are  mentioned  in  the  most  unequivocal 
manner;  and  Strepsiades  remarks  to  Socrates,  that  he 
has  no  doubt  seen,  in  the  hands  of  the  druggists,  the  fine 
transparent  stone  with  which  they  light  the  fire.  So- 
crates asks  him,  if  it  is  glass  that  he  speaks  of,  and 
Strepsiades,  replying  in  the  aflSrmative,  adds,  that  by 
holding  this  stone  to  the  fire,  he  could,  at  a  distance, 
melt  any  writing  of  assignation,*  and  thus  free  himself 
from  his  debts. 

One  of  the  earliest  optical  speculations  related  to  the 
visibility  of  objects.  Pythagoras  maintained  that  objects 
were  seen  by  particles  continually  emitted  from  the  sur- 
faces of  bodies,  and  entering  the  pupil  of  the  eye,  while 
Empedocles  and  Plato  supposed  tliat  vision  was  effected 

•  These  writings  were  traced  on  wax,  spread  over  a  more  solid  substance.  Pliny  also  mentions  globes  of  glass,  which,  when  held 
to  the  sun,  produced  combustion  ;  and  Lactantius,  A.  D.  303,  informs  us  that  a  glass  globe,  full  of  water,  and  held  to  the  sun,  could 
light  a  fire  even  in  the  coldest  weather. 

t  This  treatise  is  published  in  the  Oxford  edition  of  his  works.  A  Latin  translation  of  it  bv  John  Pena  was  published  at  Paris  in 
1557. 


by  something  which  was  emitted  from  the  eye,  and 
which,  after  meeting  with  something  emitted  from  the 
object,  was  reflected  back  to  the  organ  of  sight.  Not- 
withstanding the  absurdity  of  the  Platonic  doctrine  of 
ocular  beams,  as  they  were  called,  the  followers  of  Plato 
were  acquainted  with  two  very  important  and  funda- 
mental points  in  the  science.  They  taught  that  light, 
from  whatever  source  it  was  emitted,  ivas  firo/iagalcd  in 
straight  lines,  and  that,  when  it  was  reflected  from  the 
surface  of  polished  bodies,  the  angle  of  rejiexion  loas 
equal  lo  the  angle  of  incidence. 

Although  Aristotle  reasoned  very  superficially  in  his 
attempt  to  establish  the  incorporeal  nature  of  light,— lo 
discover  the  cause  of  transparency, — and  to  explain  the 
bent  appearance  of  a  stick  held  obliquely  in  the  water; 
yet  he  is  entitled  to  considerable  credit  for  his  sagacious 
though  vague  speculations  respecting  various  optical 
phenomena.  He  ascribed  the  impeifect  darkness  which 
exists  where  the  rays  of  the  sun  do  not  shine,  to  the 
reflection  of  light  by  the  atmosphere.  He  observed 
pretty  accurately  the  general  phenomena  of  rainbows, 
halos  and  parhelia;  and  he  asciibed  the  rainbow  to  the 
reflection  of  the  sun's  rays,  from  the  drops  of  rain, 
which  produced  an  imperfect  image  of  his  disk. 

There  can  be  little  doubt  but  that  the  ancients  were 
at  a  very  early  period  acquainted  with  the  use  of  lenses 
and  mirrors,  for  the  purpose  of  burning  bodies  placed 
in  their  focus.  It  is  probable  that  the  Romans  lighted 
their  sacred  fires  by  the  aid  of  concave  reflectors;  and 
notwithstanding  the  objections  which  have  been  urged 
against  the  burning  apparatus  of  Archimedes,  there  is 
every  reason  to  believe  that  the  Syracusan  philosopher 
destroyed  the  Roman  fleet  by  means  of  the  heat  reflect- 
ed from  a  number  of  plain  mirrors.  See  our  article 
BuRxixG  IxsTRUMEXTs,  wherc  this  subject  has  been 
fully  discussed. 

The  earliest  writer  on  optics  was  the  celebrated  Eu- 
clid, who  drew  up  a  complete  treatise  on  the  subject, 
which  has  been  handed  down  to  us  along  with  his  geo- 
metrical works. t  This  treatise,  which  consists  of  two 
books,  one  on  optics,  containing  60  theorems,  and  the 
other  on  catoptrics,  containing  31  theorems,  relates  to 
the  determination  of  the  apparent  magnitude  and  form 
of  objects  from  the  angle  under  which  they  appear,  and 
the  apparent  place  of  the  images  of  objects  reflected 
from  polished  mirrors.  In  the  first  part,  Euclid  en- 
deavours to  refute  the  Pythagorean  doctrine  of  vision  ; 
and  he  mentions  that  the  visual  rays  by  which  objects 
are  seen,  form  a  cone  whose  apex  is  in  the  eye,  and 
whose  base  is  on  the  object.  He  proves,  in  a  veiy  short 
and  perspicuous  manner,  that  the  angles  of  incidence 
and  reflexion  arc  equal,  and  that  both  the  rays  are  in  a 
place  at  right  angles  to  the  reflecting  surface.  He  shows 
that,  in  concave  mirrors,  the  objects  appear  concave,  and 
in  convex  ones,  convex  ;  that  the  apparent  place  of  an 
image  formed  by  a  polished  mirror  is  at  the  place 
where  the  reflected  ray  cuts  the  line  drawn  from  the  ob- 


590 


OPTICS. 


ject  to  the   ceiitic  ol  Uie  sphere  ;  thai  objects  appear  plianous.     If  the  visual  ray  passed  trom  a  diaphanous 

smaller  in  concave  ant]  convex  niiirors,  and  that  in  con-  meilium  more  rare,  such  as  air,  into  a  diapiiantjus  mc- 

vex  mirrors,  objects  appear  on  the  side   in  which  they  diuin  inoie  dense,  such  as  water  or  glass,  it  inclined  to- 

arc  actually  situated.     From   the   (general   incorrectness  wards  the  perpendicular,   and   seized  the   object  which 

by  which  tills  treatise  is  characterized,   as  well  as   the  it  met  in  this  new  direction.     If,  on  the  contrary,  the  sc- 

numher  of  errors  with  which  it  abounds,   some  authors  cond  diaphanous  body  was  rarer  than  the  first,  the  visual 

have  been  of  opinion,  that  it  was  not  the  production  of  ray  inclined  towards  the  olher  side,  or  towards  the  pio- 

the  great  geometer,  while  olher  suppose  that  it  has  re-  longation   of  the   perpendicular,   that   is,  instead  of  ap- 

ccivcd  additions  unci  alterations  from  the  hands   of  sue-  proaching  the  first  perpendicular,  it  receded  from  it.* 
ceeding  authors.  There  cati  be  no  doubt,  however,  from  The  most  celebrated  of  all  the  ancient  writers  on  C)p- 

Ihe  testimony  of  Froclus  and  Theon,  that  Euclid   wrote  tics    was  Claudius  Ftolemy,t  the  illustrious  astronomer 

a  work  on  optics  ;  and  tlKiii.i;li   the  imperfect  nature  of  of  Alexandria,  who  flourished  about   the  middle  of  the 

the  data,  and  the  inaccuracy  of  his  reasoning,  are  very  un-  second  century.    His  work,  which  existed  in  the  time  of 


like  what  might  have  been  expected  from  such  a  skilful 
geometer,  yet,  as  Moiitiicla  has  well  remarked,  there  are 
at  all  times  numerous  examples  of  natural  philosophers, 
whose  sagaciy  and  acuteness  appear  only  in  their  geo- 
melrical  writings. 

Trom  the  time  of  Euclid  to  that  of  Seneca,  no  pro- 
gress seems  to  have  been  made  in  the  study  of  optics. 
Seneca  observed,  that  small  letters,  seen  through  a  bot- 
tle of  glass  filled  with  water,  appear  larger  ;  and  the  rea- 


Roger  Bacon,  has  been  long  supposed  to  be  lost,  and  it 
was  known,  only  from  those  authors  who  had  seen  it, 
that  it  treated  fully  on  astronomical  refractions,  and  con- 
tained a  rational  explanation  of  the  enlargement  of  the 
horizontal  moon.  Monlucla  informs  us,  that  in  the  cata- 
logue of  the  Bodleian  library  at  Oxford,  p.  300,  tliere  is 
a  work,  entitled,  Pcolemei  Ofiliconim  Scrmonet  t/uinquv 
ex  yJrabico  Laline  versi ;  but  though  he  mentions 
the  circumstance  as  a  proof  that  the  work  of  Ptolemy  is 


son  which  he  assigned  for  this  effect  was,  "  that  the  eye  not  lost,  no  person,  so  lar  as  we  know,  has  thought  of 

slides  in   the  water,   and    cannot   lay  hold  of  its  object,  looking  into  this  valuable  and  interesting  MS.^     In  his 

(guoU  acies  nostra  in  liumido  labitur,  nee  afifirchendere  Exposition  of  the  System  of  the  World,  M.  Laplace  ex- 

guod  vuli  Jideliter  ftotest.)     The  colour  produced  by  an  pressly  states,  that  there  is  a  similar   MS.  in  the  Koyal 

angular  piece  of  glass,  seems  to  have  excited  the  atten-  Library  at  Paris,  and  in  consequence  of  this,  M.  Hum- 

tion  of  Seneca.  He  remarked,  that  such  a  piece  of  glass  boldl  was  induced  to  examine  the  MS.  and  to  communi- 

produced  all  the  colours  of  the  rainbow;  but  he  regard-  cate  it  to  the  celebrated  French  astronomer,  M.  le  Che- 


cd  the  colour  as  not  real,  but  as  false,  like  that  which 
appears  on  the  neck  of  a  pigeon,  and  which  changes 
with  the  position  of  the  observer.  The  same  false  colour, 
he  remarks,  is  that  of  a  speculum,  which  has  no  colour 
of  its  own,  but  assumes  that  of  any  other  body.  Seneca 
likewise    mentions   the   magnifying   power    of   concave 


valjcr  Delambrc,  who  has  published  a  full  analysis  of  it 
in  the  Connaissance  des  Terns  for  1316. 

The  optics  of  Ptolemy  consists  of  Five  books.  The 
First  book  is  wanting,  but  from  the  recapitulation  of  it  at 
the  beginning  of  the  second,  it  appears  to  have  contained 
a  dissertation  on  the  relations  between  light  and  vision. 


mirrors;  but  in  his  speculations  respecting  the  rainbow,  founded  on  the  idea  that  the  visual  rays  issue  from  the 

he  has  rather  obscured   than  improved  the  conceptions  eye.     In  the  Second  book,  he  shows   that  we  see  better 

of  Aristotle.     He  considers  the  circular  shape  of  rain-  with  two  eyes  than  with  one,  and  that  the  object  is  not 

bows  and  halos,  as  occasioned  by  the  motion  communi-  seen  in  the  same  jjlace  with  one  eye  as  with  two.  Vision, 

Gated  to  the  atmosphere,  and  the  vapours  it  contains,  by  he  says,  is  single,  if  the  two  axes  of  the  pyramids  of  the 

the  impulse  of  light,  the  effect  of  which  he  supposes  visual  rays  are  directed  in  the  same  manner  on  the  ob- 

must  be  circular,  like  the  waves  produced   by  a  stone  ject,  but  becomes  double,  if  the  axes  arc  not  directed  in 

falling  on  the  surface  of  water.     He  considers  the  rain-  a  similar  manner,  and  if  the  distance  is  a  little  less  than 


bow  as  the  image  of  the  sun  reflected  from  a  hollow  and 
moist  cloud  ;  and  he  supposes  that  the  colours  come 
partly  from  the  sun,  and  partly  from  the  cloud. 

Cleomedes,  who  flourished  about  50  years  after  Christ, 
has  given,  at  the  end  of  his  Cyclical  Theory  of  Meteors, 
a  name  then  applied  to  the  stars,  a  very  detailed  account 
of  the  manner  in  which  vision  was  supposed  to  be  per- 


the  distance  between  the  eyes.  He  next  proceeds  to  find 
geometrically  the  circumstances  which  produce  single 
or  double  images.  He  ascribes  imperfection  of  sight  in 
old  men  to  a  want  of  the  visual  virtue,  which,  like  the 
other  faculties,  decays  wiih  the  approach  of  age;  and  he 
states,  that  those  who  have  concave  eyes  see  at  a  less 
distance  than  those  who  have  not  such  eyes.     Rapidity 


formed  by  those  who  rejected  tlie  rational  theory  of  Py-  of  motion,  lie  asserts,  confounds  the  colours  on  a  wheel, 

thagoras.     They  supposed    that  the   visual   ray   set  out  If  the  colour  is  in  the  direction  of  a  ray,  the  wheel  will 

from  the  eye,  and  moved  in  a  straight  line  till  it  encoun-  appear  entirely  of  this   colour,   and  if  difierenl  colours 

tered  some  obstacle.  If  the  obstacle  was  impenetrable,  it  arc  at  different  distances  from  the  centre,  these  will  ap- 

:enectcd  the   visual  ray,  forming  equal  angles  on  each  pear  on  the  wheel  as  so  many  concentric  circles  difTer- 

iide  of  the  perpendicular.     In  this  new  direction  it  seiz-  ently  coloured.     When,  after  looking  long  at  a  coloured 

cd  the  object   which   was  found  in  its  way,  and  in  this  object,  we  direct   the  eye  to  another,  we  attribute  to  it 

manner  it  rendered  it  visible.     If  the  body  was  pene-  the  colour  of  the  first.     In  the  Third  book,  which  treats 

trable,  the  visual  ray  passed   through  it,   and   assumed  of  mirrors,  he  shows,  that  in  a  plain  mirror,  the  object 

'.he  tint  of  the  penetrable  medium,  which  they  called  dia-  is  seen  in  the  perpendicular  drawn  from  the  object  to 

•  Delambre,  De  VOptique  de  Ptolemie,  in  the  Cotmaisaance  des  Terns,  1816,  p.  243. 
j- See  our  article  AsrnosoMr.  ' 

i  This  interesting  MS.  which  Professor  Rigaud  has  had  the  kindness  to  ex.'imine  at  our  request,  belongs  to  the  Savilian,  and  not  to 
rhe  liorileian  library;  and  was  the  property  of  Sir  Henry  Savile  himself.  It  consists  of  2~0  pages  of  small  quarto.  The  first  book 
IS  wanting,  as  in  the  Paris  MS.  There  are  ho  blank  spaces  in  this  as  there  is  in  the  Paris  MS.;  and  it  has  also  a  preface  of  the  trans- 
lator,  giving  a  general  abstract  of  the  work,  and  stating  that  tlie  fifth  book  is  imperfect.  This  preface  does  not  appear  from  Ue- 
iambre's  analysis  to  exist  in  the  Paris  MS. 
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In  order  to  measure  the  angles  of  refraction  from  aii' 
into  glass,  Ptolemy  adopted  the  ingenious  idea  of  pro- 
curing a  semi-cylinder  of  pure  glass,  and  adjusting  the 
diameter  of  it  so  as  to  coincide  with  the  horizontal  dia- 
meter of  the  graduated  circle  already  described.  By  per- 
forming the  very  same  experiments  which  he  made  with 
waier,  he  found  that  there  was  no  refraction  at  a  perpen- 
dicular incidence;  but  that  lor  every  other  position,  the 
angle  in  the  air  was  always  greater  than  the  angle  in  the 
glass,  and  the  refraction  greater  than  in  water.  When 
the  three  bodies  were  placed  in  appearance  in  the  same 
straight  line,  they  always  remained  there,  whether  the 
eye  was  placed  above  the  glass  or  below  it.  The  follow- 
ing are  the  refractions  from  Jiir  to  Glass,  which  he  ob- 
tained in  this  manner : 


Angles  of 

Angles  of 

Ratio  of 

Incidence. 

Itefraction. 

the  sines. 

0° 

0°        C 

10 

7           0 

0.70179 

20 

13        30 

0.68253 

30 

20        30t 

0.70041 

40 

25           0 

0.65748 

50 

30          0 

0.65270 

60 

34        30 

0.65403 

70 

38        30 

0.66247 

80 

42          0 

0.67946 

Mean  ratio  ol  the  sines^  0.67386      | 

the  plane  of  the  mirror,  and  continued  behind  it.     He 
mcniions,  that  objects  appear  smaller  towards  the  zenith, 
and  larger  towards  the  horizon,  because,  in  the  former 
case  we  see  them  in  a  position  to  which  we  are  less  ac- 
customed.    In  concave  mirrors  the  objects  appear  con- 
cave, and  in  convex  ones  they  appear  convex,  and  the 
image  is  seen  at  the  point  of  intersection  of  the  reflected 
ray,  and  the  line  drawn  from  the  object  to  the  centre  of 
the  sphere.  The  Fourth  book  treats  of  concave  mirrors. 
In  these  mirrors  an  object  may  be  reflected  and  render- 
ed visible  by  all  the  parts  of  the  mirror,  or  by  three,  or 
two,  or  even  one  point.     The  image  may  be  either  on 
the  surface  of  the  mirror,  or  before  the  surface,  or  be- 
hind the  eye,  or  behind  the  mirror.    When  the  image  is 
beind  the   mirror,  the   distance  of  the  object  from  the 
mirror  is  less  than  that  of  the  image.    When  the  image 
is  between  the  eye  and  the  mirror,  the  distance  of  the 
object  from  the  eye  will  be  sometimes  greater  than  the 
distance  of  the   image  from  the  mirror,  and  sometimes 
it  will  be  equal  to  it,  and  sometimes  less.     When  the 
object  is  between  the  mirror  and  the  eye,  it  will  be  seen 
in  a  part  different  fiom  that  where  it  really  is  ;   and  if 
we   give  it  a  motion  in  one  direction,  it  will  appear  to 
move  in  the  opposite  direction.     The  F^th  book  is  the 
most  curious  and  valuable  of  the  whole  work.    Ptolemy 
begins  by  explaining  the  e.xperiment  with  the  piece  of 
money,  which,  when  concealed  behind  the  sides  of  a  ves- 
sel,  becomes  visible   by  filling  it  with  water.     The  re- 
fraction of  the  visual  ray  in  penetrating  the  water,  makes 
us  see  the  piece  of  money  out  of  its  true  place,  and  in  the 
prolongation  of  the  primitive  direction  of  the  ray  emitted 
from  the  eye.     In  order   to  measure  this  refraction  at 
different  angles,  Ptolemy  employs  a  circle  divided  into 
360°,  the  inferior  half  of  which  is  plunged  in  the  water, 
so  that  the  retracting  surface  covers  one  of  the  diarrre- 
ters  of  the  circle.     The  centre  of  the  circle  is  marked 
by  a  small  coloured  body,  and  a  second   similar  body  is 
fitted  to  one  of  the  quadrants  out  of  the  water,  and  at  a 
given  distance  from  the  vertical  diameter  ;  a  third   co- 
loured body  slides  on  the  lower  part,  which  is  immersed 
ih  the  water.     This  last  body  is  then  pushed  with  a  rod 
till   the  eye  placed  on  the  body  in  the  air  sees  all  the 
three  in  a  straight  line.     The   two  distances  of  the   se- 
cond and  third  body  from  the  vertical  diameter  are  then 
measured  on  the  graduated  circle. 

In  this  manner  Ptolemy  obtained  the  results  in  the 
following  table,  which  contains  the  angles  of  refraction 
from  Jlir  to  Water,  from  10°  up  to  80°  of  incidence. 


Ptolemy  now  proceeds  to  the  important  subject  ot 
astronomical  refraction,  which  he  ascribes  to  the  differ- 
ence of  density  between  ether  and  air.  If  the  visual 
ray,  he  remarks,  is  stopped  by  an  impenetrable  body,  it 
could  not  show  us  a  body  which  is  hid  behind  the  first; 
and  if  the  second  becom.es  visible,  it  can  only  be  on  account 
cf  the  flexion  of  the  visible  ray.  This  flexion  takes 
place  at  its  passage  into  a  medium  of  different  density  ; 
and  the  possibility  of  this  flexion,  he  asserts,  may  be 
proved  by  the  following  phenomena.  By  observations 
on    the    stars,   it  was  found  that    the    parallels    drawn 

•  This  is  45°  St/  in  the  Oxford  MS. 

t  This  mean  ratio  differs  little  from  that  given  by  Newton,  which  is  0.74858. 

i  1  ins  is  18°  3(/  in  the  Oxford  MS.     Professor  Rigaud  conjectures  that  the  real  number  in  the  MS.  has  been  19°  30', 

§  This  mean  ratio  differs  little  from  that  given  by  Newton,  which  is  0.64516. 


When  the  semi-cylinder  of  glass  was  placed  on  the 
surface  ;of  water,  Ptolemy  observed  that  the  refractions 
from  water  into  glass  were  less  than  any  he  had  observed, 
because  the  difference  of  density  between  JVater  and 
Glass  was  less  than  between  water  and  air.  The  follow- 
ing were  the  results  which  he  obtained  : 


Angles  of 

Angles  of 

Ratio  of 

Incidence. 

Retraction. 

the  Sines. 

0° 

0°      0' 

10 

8       0 

0.80143 

20 

15      30 

0.78136 

30 

22      30 

•   0.76537 

40 

28        0 

0.73037 

50 

35 

0.74875 

60 

40      30 

0.76992 

70 

45        0« 

0.75249 

80 

50        0 

0.77786 

M^'u 

raiiu  of  trit.  siiit 

».t           0.76736               j 

Angles  of 

Angles  of 

Ratio  of 

Incidence. 

Refraction. 

the  Sines. 

0° 

Oo       0' 

10 

9       30 

0.95044 

30 

18       30 

0.92774 

30 

27         0 

0.90798 

40 

35          0 

0.89233 

50 

42       30 

0.88192 

60 

49       30 

0.87804 

70 

56         0 

0.88422 

80 

62          0 

0.89657 

Mean 

ratio  of  the  si 

iiesO.90190 
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through  the  apparent  place  of  those  Which  rise  or  set, 
are  then  nearer  the  north  pole  than  the  psrallels  which 
pass  through  their  apparent  place  when  they  are  on  the 
meridian  ;  and  the  nearer  the  stars  are  to  the  horizon, 
the  greater  is  the  approach  of  their  parallels  to  the 
pole.  By  observing  a  circumpolar  star,  Ptolemy  found 
that  it  was  nearer  the  pole  in  its  lower  passage  across 
the  meridian  ;  but  when  it  was  near  the  zenith  its  pa- 
rallel became  greater  in  appearance,  wlicieas  in  the  first 
case  it  became  smaller.  Hence  it  follows  that  refrac- 
tion raises  the  stars  towards  the  zenith.  In  order  to  ex- 
plain the  manner  in  which  refraction  operates,  Piolemy 
makes  use  of  the  same  figure  upon  which  Cassini  has 
since  founded  all  his  theory,  and  he  employs  almost  the 
same  reasoning  in  order  to  determine  the  quantity  of  tlie 
refraction.  He  remarks,  that  the  more  a  siar  is  elevated, 
the  less  will  be  the  difl'erence  between  its  true  and  its 
apparent  place,  and  that  this  difl'erence  will  be  nothing 
in  the  zenith,  because  a  perpendicular  ray  experiences 
no  flexion.  He  demonstrates  by  a  figure,  that  in  every 
case  the  refraction  carries  the  star  towards  the  zenith  ; 
and  he  stales  that  the  height  of  the  atmosphere  is  un- 
known, but  that  it  must  begin  below  the  sphere  of  the 
moon.  From  this  general  account  of  the  fifth  book  of 
the  optics  of  Ptolemy,  it  will  be  seen  that  he  gives  a 
theory  of  astronomical  refractions  much  more  complete 
than  that  of  any  astronomer  before  the  time  of  Cassini. 

After  a  long  interval  of  inactivity,  the  science  of  op- 
tics was  cultivated  with  assiduity  in  Arabia.  Al  I'ara- 
bius  wrote  a  treatise  on  Perspective  about  A.  D.  900; 
and  Ebn  Haithem  is  said  to  have  produced  a  work  which 
treated  of  direct,  reflected,  and  refracted  vision,  and  also 
of  burning  mirrors ;  but  this  production  has  been  unfor- 
tunately lost. 

The  only  optical  work,  indeed,  of  the  Arabian  philo- 
sophers, which  has  reached  our  limes,  is  the  Treatise  on 
Optics,*  by  Alhazen,  who  flourished  about  the  end  of 
the  eleventh  century.  Montucla  has  slated,  without 
sufficient  evidence,  that  Alhazen  seems  to  have  borrowed 
from  Ptolemy  the  greater  part  of  his  optics;  but  M. 
Delambre,  in  the  paper  already  quoted,  has  successfully 
repelled  this  imputation  against  the  honour  of  the  Ara- 
bian philosopher.  Instead  of  finding  any  reason  for  be- 
lieving that  he  has  borrowed  almost  all  his  optics  from 
Piolemy,  M.  Delanibre  sii|>poses  it  quite  probable  that 
he  may  never  even  have  read  that  work.  In  treating  of 
refraction,  Alhazen  has  not  copied  the  tables  of  Ptolemy, 
which  \vc  have  inserted  above,  and  in  what  he  says  of  as- 
tronomical refraction,  he  has  given  a  much  less  com- 


plete view  of  the  subject.  The  plan  of  Alhazen's  work, 
too,  as  M.  Delambre  remarks,  is  quite  different ;  he 
speaks  a  language  less  metaphysical  and  more  geome- 
trical, and  he  discusses  a  number  of  questions,  and  re- 
solves a  quantity  of  problems,  to  which  Potolemy  does 
not  even  allude.  The  physics  of  Ptolemy  are  much 
more  defective  than  those  of  Alhazen ;  and  in  the  part 
which  is  purely  geometrical,  the  work  of  Alhazen  is  also 
superior  to  that  of  Ptolemy. 

The  Arabian  philosopher  must  be  considered  as  hav- 
ing made  a  great  step  in  the  science,  when  he  refuted 
the  opinions  concerning  vision,  which  had  been  so  long 
established.  He  proves  that  the  rays  which  produce  vi- 
sion, come  tVom  the  object  to  the  eye.  He  gives  an  ana- 
tomical description  of  the  eye,  explains  the  share  which 
each  of  its  p-iris  has  in  vision,  and  accounts  for  single 
vision  with  two  eyes,  by  supposing  that,  when  two  cor- 
responding parts  of  the  retina  are  afTected,  the  mind  per- 
ceives but  one  image.  Alhazen  describes  seven  species 
of  mirrors,  whereas  Piolemy  had  considered  only  three; 
and  he  has  the  sole  merit  of  determining  in  general 
the  focus  of  reflected  rays,  when  the  place  of  the  eye 
and  that  of  the  object  are  known, — an  honour  which 
Montucla,  without  evidence,  supposes  to  belong  to  Pto- 
lemy. Alhazen's  instiuinent  for  measuring  refraction 
is  much  more  comolex  than  that  of  Ptolemy;  and  all 
that  he  says,  both  on  the  refraction  of  fluids  and  on  that 
of  the  atmosphere. t  is  much  less  perfect.  Alhazen  ob- 
served that  refraction  contracts  the  diameters  and  dis- 
tances of  the  heavenly  bodies  ;  and  he  supposes  it  to  be 
the  cause  of  the  twinkling  of  the  stars.  He  treats  fully 
of  o/itical  dece/itioyis  as  produced  by  direct  vision,  as  well 
as  in  vision  by  refracted  and  reflected  light. 

In  the  year  1270,  Viiello,  a  native  of  Poland,  drew  up 
a  very  voluminous  work  on  optics,  which,  though  less 
prolix  and  more  methodical  than  that  of  Alhazen,  has  in 
general  been  considered  as  little  more  than  a  translation 
of  it.  This,  however,  is  too  harsh  a  censure  upon  the 
Polish  philosopher,  though  at  the  same  time  it  may  be 
considered  as  a  just  punishment  for  his  having  denied 
that  he  had  any  knowledge  of  the  work  of  Alhazen. | 
His  experiments  on  the  refraction  of  light  by  water  and 
glass,  are  much  more  correct  than  those  of  Ptolemy  ; 
and  it  is  strange  that  the  comparison  of  his  own  I'esults 
did  not  lead  him  to  the  discovery  of  the  constant  ratio  of 
the  sines  of  the  angles  of  incidence  and  refraction.  The 
following  Tables  contain  the  results  of  all  his  experi- 
ments. 


Table  of  Refractions  from  the  Ofitics  of  Vitello. 


From  Air  into  Water.                   | 

From  Water  into  Air.            1 

From  .Mi- 

into  liliiss.             1 

Angle  of 

Angle  of  Re- 

IJalio of  the 

Angle  of  Refrac- 

Real Angle. 

Angle  of  Re- 

Kalio of  the 

Incidence. 

fraction. 

Sines. 

tion,  Vitello. 

fraction. 

Sines. 

0° 

0°         0' 

0°         0' 

0' 

0' 

0°        0' 

. 

10 

r     45 

0.77558 

12        15 

16 

37 

7           0 

0.70178 

20 

15         30 

0.78135 

24        30 

26 

35 

13        30 

0.68255 

30 

22        30 

0.76537 

37        30 

40 

52 

19        30 

0.66761 

40 

29          0 

0.75423 

51           0 

57 

16 

25          0 

0  65748 

50 

35          0 

0.74875 

65          0 

, 

30          0 

0.65270 

60 

40        50 

0.74992 

79        30 

34        30 

0.63403 

70 

45        30 

0.75904 

94        30 

. 

33       30 

0.66247 

80 

50          6 

0.77787 

120          0 

42         0 

0.67946 

jVKiin  ratio  0.76414 

Mean  r< 

itio  0.66976 

•  This  Work,  translated  from  the  Ar.ibic,  was  published  for  the  first  time  in  1572  by  Risner  along  with  the  work  of  Vitello,  under 
ihe  title  of  '] hesminis  Ojilica:,  Bas  157J.     It  appeared  also  along  with  the  work  of  Nonius  on  Twilight. 

I  M  Delambre  considers  it  as  deducible  from  Alhazen's  reasoning,  that  he  considered  the  stars  as  elevated  towards  the/io/e  by  re- 
fraction, in  place  of  towards  the  zenith. 

%  Vitello  afterwards  retracted  this  denial,  and  acknowledged  himself  a  disciple  of  the  Arabian  pjiilosopher. 
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• 

From  Glass  into  Air. 

Prom  Water  into  Air. 

From  Glass 

mto  Water. 

Angle  of 
Incidence. 

Angle  of  Refrac- 
tion. 

Real  A 

ngle. 

Angle  of  Re- 
fraction. 

Ratio  of 
the  Sines. 

Angle  of  Re- 
fraction. 

Real  Angle. 

0° 

0°        0' 

0" 

0' 

0°        0' 

0'        0' 

0«        0' 

10 

13          0 

15 

2 

9        30 

095043 

10        30 

11          6 

20 

26        30 

30 

42 

18        SO 

0.92773 

31        30 

22        17 

30 

40        30 

78 

17 

27          0 

0  90798 

33         0 

33       40 

40 

55          0 

73 

41 

35          0 

0.89233 

45          0 

45       27 

50 

70          0 

. 

42        50 

0  88192 

57        30 

58          9 

60 

85        50 

. 

. 

49        30 

0.87804 

70        30 

73       47 

70 

101        30 

. 

. 

56          0 

0  88224 

84          0 

80 

118          0 

• 

• 

62          0 

0.89657 

98          0 

, 

Mean  rrUlo  0.90190 

593 


From  these  Tables  it  appears  that  the  average  mean 
ratio  of  the  sines,  both  in  the  refraction  of  water  and 
glass,  is  more  correct  than  that  of  Ptolemy.    Thus 

Water.  Glass. 

Ptolemy         0  76736  068736 

Vitello  0.76414  0  66976 

Newton  0.74858  0.64516 

and  the  correctness  of  the  individual  results,  when  com- 
pared with  those  of  Ptolemy,  will  be  manifest,  by  com- 
paring the  ratio  of  the  sines  for  each  angle  with  the  mean 
ratio  of  the  whole.  In  his  experiments  on  the  refraction 
of  light,  in  passing  from  a  dense  into  a  rare  medium,  he 
found  that  the  angles  were  exactly  the  same  as  when  the 
light  passed  from  a  rare  into  a  dense  medium  ;  and  upon 
this  principle  he  seems  to  have  computed  the  refractions 
in  the  last  row  of  Tables. 

Vitello  observed,  that  wherever  light  suffered  refrac- 
tion or  reflexion,  a  certain  part  of  it  was  lost,  and  the 
bodies  always  appeared  less  luminous;  but  he  does  not 
attempt  to  estimate  the  quantity  of  it.  He  ascribes  the 
twinkling  of  the  stars  to  the  motion  of  the  air  in  which 
the  light  is  refi acted  ;  and  in  an  experimental  illustration 
of  this  opinion,  he  observes  that  the  twinkling  is  increas- 
ed when  the  stars  are  viewed  through  water  put  in  mo- 
tion. In  treating  of  the  rainbow,  he  proves  that  refrac- 
tion, as  well  as  reflexion,  is  necessary  to  its  production; 
kut  he  seems  to  consider  the  refraction  not  as  producing 
the  colours,  but  merely  as  serving  to  condense  the  light, 
and  enable  it  to  make  a  stronger  impression  on  the  eye. 
The  three  colours  which  he  supposes  to  exist  in  the 
rainbow,  he  ascribes  to  a  mixture  of  the  sun's  light  with 
the  blackness  of  the  cloud  from  which  they  ate  reflect- 
ed. He  endeavours  to  show,  that  in  some  countries  a 
rainbow  canr.ot  be  seen  at  mid-day,  viz.  when  the  sun  is 
hii^her  than  the  semidiameler  of  the  bow,  the  centres  of 
the  sun  and  the  bow  being  always  in  a  right  line,  passing 
through  the  eye  ol  the  observer.  In  order  to  exhibit 
colours  similar  to  those  of  the  rainbow,  he  laid  a  piece 
of  white  paper  under  a  circular  glass  vessel  filled  with 
■water,  and,  when  it  was  exposed  to  the  sun,  he  saw  co- 
lours ■which  he  considered  as  analogous  to  those  of  the 
rainbow.  The  foci  of  spheres  of  glass,  and  the  apparent 
size  of  objects  seen  throu.ujh  them,  arc  also  among  the 
topics  discussed  by  the  Polish  optician.  Consideiing 
that  the  focus  of  rays  falling  perpendicularly  upon  eveiy 
point  of  the  sphere  must  be  in  its  centre,  he  supposes 
that  this  must  also  be  the  focus  of  the  solar  rays;  and 
as  it  was  mipracticable  to  determine   the  truth  of  this 


supposition  experimentally,  he  suggested  that  a  hemi- 
sphere, or  a  still  less  portion  of  a  sphere,  might  be  em- 
ployed to  make  the  experiment.  This  mistake  of  Vi- 
tello, in  confounding  the  focus  of  rays  converging  to  the 
centre  of  the  sphere  with  the  focus  of  parallel  rays,  has 
been  censured  by  Baptista  Porta ;  but  the  learned  Ita- 
lian should  at  the  same  time  have  stated,  that  Vitello 
demonstrates  the  possibility  of  firing  bodies  placed  be- 
yond the  sphere  by  the  transmitted  rays  of  the  sun.* 

About  ten  years  after  the  appearance  of  Vitello's  op- 
tics, Thomas  Peckham,  Archbishop  of  Canterbury,  pub- 
lished a  treatise  on  optics  entitled  Persfiectiva  Com- 
munis, or  a  treatise  on  direct  optics,  accompanied  with  an 
abridgment  of  catoptrics.  This  work,  which  was  long 
considered  as  classical,  went  through  many  editions, 
though  it  contained  nothing  that  was  either  very  new  or 
very  important. 

Our  celebrated  countryman  Roger  Bacon,  appears  to 
have  devoted  a  great  share  of  his  attention  to  the  sub- 
ject of  optics.  But  though  he  studied  the  works  of  Al- 
hazen,  and  of  the  other  Arabian  authors,  he  does  not  seem 
to  have  added  any  thing  very  important  to  the  science. 
In  his  Persftectiva  and  his  Sfiecula  Mathematica,  he  has 
treated  laigely  of  optical  subjects;  but  these  are  only 
detached  portions  of  his  Ofius  Alajus,  which  contains  an 
account  of  all  his  inventions  and  views.  In  this  work  he 
describes,  in  the  clearest  manner,  the  magnifying  eff"ects 
produced  by  the  use  of  convex  lenses;  and  if  he  was 
unacquainted  with  spectacles  and  telescopes,  he  has 
certainly  anticipated  their  invention  in  language  more 
than  prophetic.  Wood,  in  his  History  of  Oxford, 
Jebb,  the  editor  of  Ofius  Majua,  and  Molyneux,  in 
his  Dioptrics,  have  all  concurred  in  regarding  Bacon  as 
the  inventor  of  the  telescope  ;  and  though  we  consider 
the  question  as  not  unattended  ivith  difficulties,  we 
cannot  but  be  convinced  that  many  an  invention  has 
been  awarded  on  much  less  obscure  grounds  than  those 
upon  which  the  telescope  and  microscope  are  given  to 
Roger  Bacon. 

The  following  is  a  translation  of  the  whole  passage 
respecting  convex  lenses,  which  obviously  describes  the 
single  microscope  and  spectacles. 

"It  the  letters  of  a  book,  or  any  minute  object,  be 
viewed  through  a  lesser  segment  of  a  sphere  of  glass 
or  crystal,  whose  plane  base  is  laid  upon  them,  they 
will  appear  far  better  and  larger.  Because,  by  the  fifth 
canon  about  a  spherical  medium  whose  convexity  is  to- 
wards the  eye,  and  the  object  is  placed    below  it,  and 


*  Vitello's  work  on  optics  was  published  alone  in  1535  and  1551  at  Nuremburg,  and  afterwards  along  with  that  of  Alhazen,  in  Ris 
ner  s  T/iesauns  Optica,  alrcadv  mentioned. 
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l)el\veen  ihe  convexity  and  its  centre,  all  things  con- 
cur to  magnify  it.  For  the  angle  under  which  it  is 
seen  is  greater,  and  its  image  is  also  greater  and  nearer 
to  the  eye  than  the  object  itself,  because  the  object 
is  between  the  centre  and  the  eye  ;  and  therefore  this 
instrument  is  useful  to  old  men,  and  to  those  that  have 
weak  eyes  ;  for  they  may  see  the  smallest  letters  sulft- 
ciently  magnified.  But  if  the  medium  be  the  larger 
segment  of  a  sphere,  or  but  half  of  one,  then,  by  the  sixth 
canon,  the  apparent  visual  angle  will  be  greater  than 
the  true,  and  the  image  also  greater  than  the  object; 
but  the  place  of  it  will  be  beyond  the  object,  because  the 
centre  of  the  sphere  is  between  the  eye  and  the  object ; 
and,  therefore,  this  instrument  is  not  so  powerful  in 
magnifying  as  a  lesser  segment  of  a  sphere.  Also  in- 
struments made  of  crystal  bodies  with  plane  surfaces, 
by  the  first  canon  about  planes,  and  with  concave  sur- 
faces, by  the  first  and  second  canons  about  spheiical 
sui faces,  will  perform  the  same  thing.  But  the  lesser 
of  two  segments  of  a  sphere  magnifies  more  manifestly 
than  any  of  them  all,  by  reason  of  the  concurrence  of  all 
tlie  three  causes,  as  I  said  before." 

The  passage  which  relates  to  the  telescope  and  mi- 
croscope is  as  follows  : 

"  Greater  things  than  these  may  be  performed  by  re- 
fracted vision.  For  it  is  easy  to  understand  by  the 
canons  above  mentioned,  that  the  greatest  things  may  ap- 
pear exceeding  small,  and  on  the  contrary  ;  also  that  the 
most  remote  objects  may  appear  just  at  hand,  and  on  the 
contrary.  For  we  can  give  such  figures  to  transparent 
bodies,  and  dispose  them  in  such  order  with  respect  to 
the  eye  and  the  objects,  that  the  rays  shall  be  refracted 
and  bent  towards  any  place  we  please  ;  so  that  we  shall 
see  the  object  near  at  hand,  or  at  a  distance,  under 
any  angle  we  please.  And  thus  from  an  incredible 
distance  we  may  read  the  smallest  letters,  and  may  num- 
ber the  smallest  particles  of  dust  and  sand,  by  reason 
of  the  greatness  of  the  angle  under  which  we  may  see 
them;  and  on  the  contrary,  we  may  not  be  able  to  see 
the  greatest  bodies  just  by  us,  by  reason  of  the  small- 
ness  of  the  angles  under  which  they  may  appear ;  for 
distance  does  not  affect  this  kind  of  vision,  excepting  by 
accident,  but  the  quantity  of  the  angle.  And  thus  a 
boy  may  appear  to  be  a  gian',  and  a  man  as  big  as  a 
mountain,  for  as  much  as  we  may  sec  the  man  under  as 
great  an  angle  as  the  mountain,  and  as  near  as  we 
please  ;  and  thus  a  small  army  may  appear  a  very  great 
one,  and,  though  very  far  off,  yet  very  near  us,  and  on 
the  contrary.  Thus  also  the  sun,  moon,  and  stars,  may 
be  made  to  descend  hither  in  appearance,  and  to  ap- 
pear over  the  heads  of  our  enemies  ;  and  many  things 
of  the  like  sort,  which  would  astonish  unskilful  per- 
sons." 

It  is  scarcely  possible  to  read  this  passage,  and  en- 
tertain the  sober  conviction  that  Bacon  had  never  put  his 
speculations  to  the  test  of  experiment.  He  speaks,  in- 
deed, with  all  the  conviction  of  actual  trial,  and  should 
it  be  found  that  what  he  says  is  mere  speculation, 
we  must  still  entertain  the  opinion,  that  he  was  the  first 
person  who  actually  believed,  and  published  his  belief, 
that  small  objects  could  be  magnified,  and  distant  objects 
brought  near,  by  means  of  single  lenses,  and  combinations 
of  lenses,  and  that  these  effects  were  prodaced  by  en- 
larging by  means  of  refraction  the  visual  angles  under 
which  these  objects  were  seen.  Ur.  Smith  has  en- 
deavoured to  repel  the  arguments  in  favour  of  Bacon 
being  the  inventor  of  the  telescope,  by  pointing  out  the 


errors  and  inconsistencies  of  his  s|«!cuIalioiis  ;  but  there 
are  many  instances  in  the  history  of  science,  where  iti^ 
ventions  have  been  made  by  persons  who  knew  little  or 
nothing  of  the  very  principles  upon  which  they  were 
founded.  That  Bacon  magnified  objects  with  his  lesser 
sphere,  or  a  convex  lens,  is  indubitable  ;  and  when  we 
consider  that  a  single  lens,  or  a  single  concave  mirror, 
held  at  a  distance  from  the  eye,  constitutes  in  rciility  a 
telescope,  the  eye  performing  tlie  functions  of  an  eye- 
glass, we  can  scarcely  doubt  that  Bacon  invented  at  least 
a  telescope  of  this  description. 

If  the  invention  of  spectacles  and  of  telescopes  was 
nut  made  by  Roger  Bacon,  he  at  least  prepared  the 
way  for  their  immediate  introduction.  It  seems  quite 
certain,  that  spectacles  were  well  known  about  the  time 
of  Bacon's  death.  Alexander  Spina,  of  Pisa,  who  died 
in  1313,  and  who  happened  to  see  a  pair  of  spectacles 
in  the  possession  of  another  person,  immediately  con- 
structed a  pair  for  himself;  and  Muschenbroek  informs 
us,  that  it  is  insciibed  on  the  tomb  of  Salvinus  Armatus, 
a  nobleman  of  Florence,  who  died  in  1317,  that  he  was 
the  inventor  of  spectacles. 

These  views  receive  no  inconsiderable  support  horn 
statements  contained  in  Recorde's  Patlnvay  to  Know- 
ledge, and  in  the  Pantometria  and  Stratioticos  of  Leonard 
Digges.  In  tlie  first  of  these  woiks,  which  was  printed 
in  1551,  the  author,  who  is  said  to  have  been  physi- 
cian to  Edward  V^I.  to  whom  he  dedicates  his  book, 
observes,  "  Great  talke  there  is  of  a  glasse  he  (viz. 
Frier  Bakon,  as  he  calls  him)  made  at  Oxford,  in 
which  men  might  see  things  that  wcare  don,  and  that 
was  iudged  to  be  don  by  power  of  euill  spirites.  But  I 
know  the  reason  of  it  to  be  good  and  naturall,  and  to 
be  wrought  by  geometry,  (with  perspective  as  a  part  of 
it,)  and  to  stand  as  well  with  reason  as  to  see  your  face 
in  a  common  glass." 

The  Pantometria  of  Leonard  Digges  was  first  printed 
in  London  in  1571,  and  a  second  edition  of  it  by  his 
son,  Thomas  Digges,  Esq.  appeared  in  1591.  In  the 
preface  to  this  second  edition  he  makes  the  following 
curious  remarks :  "  My  father,  by  his  continuell  pain- 
full practices,  assisted  by  demonstrations  mathematical, 
was  able,  and  sundrie  times  hath  by  proportional  glasses 
duclysiuiate  inconvenient  angles,  not  only  discovered 
things  farre  off,  read  letters,  numbered  pieces  of  mo- 
ney, with  the  verve  coyne  and  superscription  thereof, 
cast  by  some  of  his  freends  of  purpose  upon  downes  in 
the  open  fields;  but  also  seven  myles  off  declared  what 
hath  been  done  in  private  places."  In  the  2  1st  chapter 
of  the  first  book,  Leonard  Digges  himself  says,  "  But 
marvellous  are  the  conclusions  that  may  be  performed  by 
glasses  (mirrors)  concave  and  convex,  of  circular  and 
parabolic  forms,  using  for  multiplication  of  beams  some- 
times the  aid  of  glasses  transposed,  which  by  practice 
should  unite  or  dissipate  the  images  or  figures  presented 
by  the  reflection  of  others.  By  these  kind  of  glasses, 
or  rather  frames  of  them  placed  in  due  angles,  yee  may 
not  only  set  out  the  proportion  of  an  whole  region, 
yea,  represent  before  your  eye  the  lively  image  of  every 
house,  village,  &c.  and  that  in  as  little  or  great  space  or 
plan  as  ye  will  presente;  but  also  augment  or  dilate 
any  pai cell  thereof,  so  that  whereas  at  the  first  appear- 
ance a  whole  town  shall  present  itself  so  small  and  com- 
pact together,  that  ye  shall  not  discover  any  difference 
of  streets,  yee  may,  by  application  of  glasses  in  due  pro- 
portion, cause  any  peculiar  house  or  room  thereof  dilate 
and  show  itself  in  as  ample  form  as  the  whole  town  at 
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first  appeared,  so  tiiat  yce  sliall  discern  any  trifle,  or  read 
any  letter  lying  there  open,  especially  if  the  sun's  beams 
may  come  into  it,  as  plainly  as  if  you  were  corporally 
present,  alihough  it  be  distant  from  you  as  far  as  eye  can 
desciie.  But  of  these  conclusions  I  mind  not  here 
more  to  intreate,  having  at  large  in  a  volume  by  itself 
opened  the  miraculous  efTects  of  perspective  glasses." 

It  is  impossible,  we  think,  to  read  ilie  preceding  ex- 
tracts, and  compare  them  with  the  passages  from  Re- 
corde  and  Roger  Bacon,  without  being  convinced  that  the 
camera  obscura,  and  telescopic  combinations  of  mirrors 
and  lenses,  had  been  used  in  England  before  the  time 
of  Baptista  Porta  and  Jansen.  It  is  probable  that  the 
mirrors  and  lenses  were  placed  on  stands  or  in  frames, 
that  the  objects  were  seen  and  magnified  by  oblique 
vision,  and  that  on  this  account  it  was  necessary  to 
place  them  at  convenient  angles,  as  mentioned  both  by 
Digges  and  Roger  Bacon.  The  great  respectability 
and  good  character,  both  of  Leonard  and  Thomas 
Digges,  who  were  grandfather  and  father  to  Sir  Dud- 
ley Digges,  and  were  descended  from  an  ancient  and 
respectable  family,  prevent  us  from  supposing  that  they 
could  have  described  inventions  which  they  had  not 
themselves  seen. 

No  farther  progress  was  made  in  the  science  of  op- 
tics till  near  the  beginning  of  the  sixteenth  century, 
when  Maurolycus  of  Messina  published  his  Theoremata 
de  Lumine  el  Umbra,  and  his  Diafihanorum  Partes,  aeu 
Libri  Tres.  The  first  of  these  works  which  was  com- 
pleted in  1525,  treats  of  the  measure  of  light,  or  the 
illumination  of  bodies;  but  it  is  chiefly  remarkable  for 
the  solution  which  Maurolycus  has  given  of  the  pro- 
blem which  had  perplexed  all  optical  writers  from  the 
time  of  Aristotle.  It  had  often  been  observed,  that 
when  the  sun  shone  through  an  aperture  of  any  form, 
the  figure  of  the  aperture  appeared  always  round;  and 
in  like  manner,  when  the  sun  had  the  form  of  a  crescent 
during  an  eclipse,  the  form  of  every  aperture  through 
which  his  rays  passed  was  that  of  a  crescent.  In  ex- 
plaining these  phenomena,  Maurolycus  remarks,  that 
each  part  of  the  aperture  is  the  summit  of  two  op- 
posite cones  of  rays,  one  of  which  has  the  sun  for  its 
base,  and  the  other  being  cut  by  a  plane  perpendicular 
to  its  axis,  will  produce  a  luminous  circle,  whose  dia- 
meter will  be  proportional  to  the  distance  of  the  plane 
of  intersection  from  the  aperture.  There  will,  there- 
fore, be  painted  on  the  opposite  plane  as  many  equal 
circles  of  light  as  there  are  points  in  the  aperture. 
Hence  if  we  describe  on  this  plane  a  figure  equal  and 
similarly  placed  to  that  of  the  aperture,  and  if  on  each 
of  these  points  we  describe  a  multitude  of  circles,  the 
figure  wliich  they  will  form  will  be  precisely  that  of 
the  image  of  the  sun.  For  the  very  same  reason  the 
image  will  be  a  cresent  when  the  sun  is  a  crescent. 

In  explaining  the  phenomena  of  vision,  Maurolycus 
considers  the  crystalline  lens  as  the  principal  organ, 
and  as  transmitting  to  the  optic  nerve  the  images  of 
objects.  The  Italian  philosopher  had  the  merit  of  dis- 
covering the  reason  why  some  persons  are  long-sighted 
and  others  short-sighted.  He  shows  that  in  the  for- 
mer case  the  rays  have  not  been  converged  to  a  focus 
when  they  reach  the  retina  ;  while  in  the  latter  case  they 
have  been  converged  before  they  reach  it.  Hence  he 
finds  that  the  convergency  may  be  hastened  in  long- 
sighted persons,  or  distinct  vision  produced,  by  the  use 
of  a  convex  lens  ;  and  that  the  convergency  may  be 
delayed  in  short-sighted  persons,  or  distinct  vision  pro- 


duced, by  the  use  of  concave  glasses.  The  formation  of 
images  at  the  bottom  of  the  eye  seems  to  have  eluded 
the  sagacity  of  Maurolycus  from  the  difficulty  of  recon- 
ciling an  inverted  image  with  an  erect  object, — a  diffi- 
culty which  at  a  later  period  perplexed  the  ingenuity 
of  Kepler  himself.  Maurolycus  attempted,  like  his  pre- 
decessors, to  explain  the  formation  of  the  rainbow;  but 
his  labours  were  not  crowned  with  success.  He  found 
the  semidiameter  of  the  interior  bow  42°,  and  of  the 
exterior  one  from  5o^  to  54°  ;  but,  according  to  his  theo- 
ry, these  numbers  should  have  been  43°  and  55°  ;  for 
he  considered  the  solar  ray  as  partly  reflected  from  the 
exterior  of  the  drop,  and  partly  entering  into  the  drop, 
and  circulating  there  by  several  reflections  along  the 
sides  of  an  octagon.  He  supposed  that  there  were  four 
colours  in  the  rainbow,  viz.  orange,  [crocus,)  green,  blue, 
and  purple.  Maurolycus  imagined  that  he  had  discover- 
ed the  true  law  of  refraction.  He  supposed  that  the 
angle  of  refraction  was  proportional  to  the  angle  of  in- 
cidence, and  was  always  three-eighths  of  that  angle  when 
when  the  refraction  was  made  from  air  into  glass.  Mau- 
rolycus was  the  first  person  who  observed  what  have 
since  been  called  caustic  curves,  as  formed  by  refrac- 
tion. He  remarked  that  when  light  passed  through  a 
transparent  sphere,  a  curve  was  formed  by  the  continu- 
ed intersections  of  the  refracted  rays,  and  that  the  rays' 
did  not  converge  to  one  point;  and  he  observed  that  the 
rays  incident  at  the  greatest  distance  from  the  axis, 
again  met  the  axis  after  their  refraction,  at  points  near- 
er the  sphere  than  those  rays  which  were  incident  near 
the  axis.  By  this  means  a  sort  of  cone  of  light  was  ge- 
nerated, having  its  concave  sides  formed  by  the  inter- 
section of  the  different  refracted  rays. 

Contemporary  with  Maurolycus  was  the   celebrated 
Neapolitan  philosopher,  Joannes  Baptista  Porta,  who  has 
rendered  himself  more  famous  by  his  ardour  as  a  col- 
lector of  mysteries,  than  others  have  done  by  the  dis- 
covery of  new  facts.     Having  instituted  what  he  called 
an  Academy  of  Secrets,  which  met  at  his  own  house  iti 
Naples,  and  embraced  all  the  ingenious  individuals  which 
that  city  contained,  he  spared  neither  labour  nor  ex- 
pense in  collecting  all  the  remarkable  facts  and  experi- 
ments in  physical  science.     By  his  own  exertions,  and 
those  of  the  members  of  his  academy,  he  w.->s  enabled 
to  compose  his  Magia  .Vaturalis,  a  work  which,  as  Mon- 
tucla  has  observed,  is  filled  with  pretended  observations, 
compiled  in  general  with  more  credulity  than  judgment. 
His  work  appeared  in  the  year  1560,  when  he  was  only 
about  fifteen  years  of  age,  and  a  second  edition  appeared 
about  thirty  years  afterwards,  with  numerous  alterations 
and  additions.    At  its  first  appearance  it  was  translated 
into  French,  Italian,  Spanish,  and  Arabic,  and  underwent 
various  editions  in  different  countries  ;  and  though  it  is 
a  wonderful  collection  of  every  thing  remarkable  that 
was  known  at  the  time,  yet  it  is  principally  celebrated 
in  the  history  of  optics  for  the  description  which  it  con- 
tains of  the  camera  obscura.     Baptista  Porto  observes, 
in  the  seventeenth  chapter,  that  if  a  small  hole  be  made 
in  the  shutter  of  a  window,  the  images  of  all  external 
objects  will  be  represented  on   the  wall  in  their  proper 
colours  ;  and  that  if  a  convex  glass  be  fixed  in  the  aper- 
ture, so  that  the  images  are  viewed  at  the  distance  of 
its  focal  length,  they  will  be  rendered  much  more  dis- 
tinct, so  that  even  the  features  of  a  person  out  of  the 
room  may  be  distinguished  in  his  image  on  the  wall.  In 
order  to  make  the  images  formed  on  the  camera  obscura 
erect,  he  recommends  that  they  should  be  viewed  upon 
4  Z  2 
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a  convex  mirror,  properly  adapted  to  the  convex  glass, 
and  kept  at  a  proper  distance  from  the  aperture.  Not 
satisfied  with  the  mere  exhibition  of  images  of  external 
objects  on  the  wall,  Baptista  Porta  applied  his  invention 
to  the  representation  of  eclipses  of  the  sun,  and  of  pic- 
tures of  drawings  which  were  placed  on  the  ouiside  of 
the  convex  lens,  and  at  such  a  distance  that  their 
images  were  distinctly  formed  on  the  wall.  By  giving 
motion  to  these  pictures  and  drawings,  he  exhibited  the 
appearance  of  a  hunt,  of  battles,  and  of  other  scenes, 
which  in  these  limes  e.sciicd  no  small  degree  of  aston- 
ishment. In  studying  the  images  formed  in  his  camera 
obscura,  Baptista  Porta  could  not  fail  to  observe  that 
ihey  were  magnified,  and,  therefore,  seen  more  distinct- 
ly than  with  the  naked  eye  ;  and  he  accordingly  found, 
by  placing  his  eye  behind  a  convex  lens,  that  he  could 
read  a  letter  which  he  could  not  read  with  his  naked 
eye.  In  this  case  his  eye  was  placed  six  or  seven  in- 
ches behind  the  image  formed  by  the  convex  lens,  and 
consequently  this  insli'ument  was  a  telescope,  in  which 
his  eye  pciformed  ihc  part  of  an  eye-glass,  as  in  the 
instrument  which  Roger  Bacon  seems  to  have  employed. 

The  plicnomcna  ol  the  camera  conducted  its  inven- 
tor to  some  just  views  regarding  vision.  He  maintained 
that  vision  is  performed  by  ilie  entrance  of  rays  into  the 
eye  ;  that  the  pupil,  which  he  observed  to  contract  and 
dilate  when  exposed  to  difFurent  lights,  was  analogous 
to  the  hole  in  his  window-shutter,  and  that  the  crystal- 
line lens  was  the  principal  organ  of  vision.  It  appears, 
however,  that  he  did  not  regard  the  crystalline  lens  as 
performing  the  part  of  his  convex  lens,  but  rather  con- 
sidered it  as  corresponding  to  the  ground  which  receiv- 
ed the  image.  This  strange  mistake  is  not  easily  ac- 
counted for.  The  discovery  of  the  contraction  and  di- 
latation of  the  pupil  seems  to  have  been  made  so  early 
as  1522,  by  Achillinus,  and  also  at  a  later  period  by 
Father  Paul  of  Venice. 

In  the  year  1593,  Baptista  Porta  published  another 
work,  which  he  entitled  De  Hr/ractione  0/ilices  parte 
libri  jiovem,  and  in  which  he  discusses  a  great  variety 
of  optical  subjects,  sometimes  with  acutcness  and  dis- 
cernment, and  at  other  times  in  a  manner  very  vague 
and  incorrect.  The  zeal  and  ardour  of  Baptista  Porta, 
are  always  more  prominent  than  his  genius  ;  and  it  is 
rather  singular,  that  a  philosopher  who  knew  so  much 
of  what  was  done  by  others,  and  who  made  so  many  ex- 
periments, should  have  almost  no  other  claim  upon  the 
gratitude  of  posterity,  than  the  invention  of  the  camera, 
which,  after  all,  was  probably  communicated  to  him. 

The  subject  of  the  rainbow  began  about  this  time  to 
occupy  the  particular  attention  of  philosophers.  J. 
Clichtoveus,  who  died  in  1543,  considered  the  exterior 
bow  as  a  reflected  image  of  the  interior  one,  and  in  this 
manner  endeavoured  to  account  for  the  faintness  of  its 
light,  as  well  as  the  inverted  order  of  its  colours  A 
more  important  view  of  the  subject  was  afterwards 
given  by  J.  Fleschier  of  Breslau,  in  a  work  entitled 
De  Jridibus  doctrina  Aristotelis  ct  Vitellionis,  which  ap- 
peared in  1571.  This  author  ingeniously  ascribes  the 
phenomena  of  the  rainbow  to  two  refractions,  and  an 
intermediate  reflexion  within  the  drop  ;  but  after  the  ray 
had  thus  acquired  its  colours,  he  supposed  that  it  was 
again  reflected  from  another  drop  before  it  reached  the 
eye  of  the  spectator.     A  still  nearer  approach  to  the 


true  cause  of  the  phenomenon,  was  made  by  the  cele- 
brated Kepler,  in  a  letter  to  our  eminent  countryman 
Harriot,  written  in  1606.  He  conceives  that  a  solar 
ray,  which  is  a  tangent  to  the  drop  of  rain,  is  first  re- 
fracted into  the  drop,  and  after  sufTering  a  reflexion  from 
the  bottom  of  the  drop,  is  again  refracted  to  the  eye  of 
the  spectator.  This  is  no  doubt  very  nearly  the  pro- 
gress of  the  rays  ;  but  Kepler  was  wrong  in  supposing 
that  the  rays  wliich  were  tangents  to  the  drop  reached 
the  eye  of  the  observer  ;  for  if  this  were  the  case,  the 
diameter  of  the  bow,  as  Montucla  has  remarked,  would 
be  only  14°  24'. 

A  happy  experimem  seems  to  have  at  last  suggested 
the  true  theory  of  the  rainbow  to  a  writer  of  very  slen- 
der attainments.  Mark  Antony  de  Dominis,  archbishop 
of  Spalatro,  in  a  trcause  De  Kudiia  Visua  et  Lucis, 
published  in  1611,  by  B.irtolus,  maintains  that  one  re- 
flexion and  two  refractions  in  the  drop  of  water,  were 
suffic;ient  to  bring  the  rays  that  formed  the  bow  to  the 
eye  of  the  spectator.  This  explanation  was  cither  ve- 
rified or  suggested  by  a  globe  of  glass,  filled  with  wa- 
ter, which  he  viewed  when  exposed  to  the  solar  ray, 
under  the  same  circumstances  as  the  drops  of  rain.  In 
this  way  he  found  that  the  colours  were  the  same,  and 
arranged  in  the  same  order  as  in  the  natural  bow.  De 
Dominis  supposed  that  the  red  rays  were  those  which 
emerged  ni.arest  to  the  bottom  of  the  drop,  and  that, 
having  traversed  the  least  quantity  of  water,  they  thus 
preserved  a  greater  intensity  than  the  green  and  blue 
rays,  which,  emerging  at  a  part  of  the  drop  most  remote 
from  the  bottom,  passed  through  a  greater  quantity  of 
water,  and  were  therefore  less  brilliant.  He  likewise 
remarked,  that  all  the  rays  of  the  same  colour  iriust 
emerge  from  the  drop  of  water  at  a  part  similarly 
situated  with  regard  to  the  bottom  of  the  drop  centrally 
opposite  to  the  sun,  and  that  they  therefore  ought  to 
form  equal  angles  with  a  line  drawn  from  the  sun, 
through  the  eye  of  the  spectator.  Hence  it  follows  that 
the  zones  of  colour  should  appear  circular  ;  and  as  the 
red  rays  form  a  greater  angle  with  the  above  line,  they 
ought  to  appear  more  elevated,  and  the  red  zone  ought 
to  be  the  exterior  one.  The  vagueness  and  general  inac- 
curacy of  the  reasoning  of  De  Dominis  has  led  some 
French  authors  to  deprive  him  of  all  that  merit  which 
both  Montucla  and  Priestley  have  concurred  in  assign- 
ing to  him  His  explanation  of  the  interior  bow,  it  is 
true,  is  suffici>.ntly  absurd;  and  his  observations  on  vi- 
sion and  colours  are  of  the  most  crude  kind  ;  but  what- 
ever be  his  errors,  and  however  vague  and  indefinite  be 
his  explanations,  it  is  impossible  for  any  philosopher, 
free  from  the  influence  of  national  partiality,  to  deny 
that  the  Italian  prelate  has  given  such  an  explanation 
of  the  general  phenomena  of  the  exterior  bow,  that  any 
other  philosopher  of  more  optical  knowledge  and  of  in- 
ferior acuteness  could  not  fail,  without  any  stretch  of 
intellect,  to  give  precision  and  perfection  to  the  expla- 
nation. This  unfortunate  author,  who  had  risen  to  such 
high  ecclesiastical  honours,  had  the  imprudence  to  ex- 
press sentiments  inconsistent  with  his  situation,  and 
was  obliged  to  leave  Italy,  and  take  refuge,  in  the  year 
1616,  in  London,  wliere  he  spent  some  years.  Being 
induced  by  various  promises  to  return  to  Italy,  his  in- 
discretion again  involved  him  in  new  troubles,  and  hav- 
ing been  arrested  by  Pope  Urban  VIII.  he  was  impri- 
soned in  the  Inquisition,  where  he  died  of  poison.* 


•  The  reader  who  wishes  to  study  the  controversy  respecting  De  Dominis,  may  consult  Montucla,  vol.  i.  p.  703  ;  Priestley  on  Vision, 
vol  i.  p.  .^1;  Klugel's  Trandaiion  of  Priestley :  Newton's  0/((ic«,  p.  154 ;  Noceti's  Poemi/e  /mfr,  with  Boscovich's  Notes;  Bossut's 
Hist.  Ceil,  dee  JUat/iematiguet,  vol.  i.  p.  371,  and  Blot's  Tvaite  dc  Phjsique,  in.  p.  368. 
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If  the  telescope  was  not  actually  invented  by  Roger 
Bacon,  or  by  Bapiista  Porta,  the  science  of  optics  bad 
now  aliaincd  tbat  degree  ot  maturity,  when  its  inven- 
tion, as  well  as  that  of  the  microscope,  was  almost  in- 
evitable. If  any  of  these  valuable  instruments  had  been 
the  unequivocal  invention  of  a  single  individual,  at  a 
time  when  they  were  utterly  unknown,  the  reniaikuble 
efl'ccib  which  liicy  produced  must  have  excited  univer- 
sal attention,  and  secured  to  the  inventor  a  reputation 
of  the  highest  Older.  It  is  a  remarkable  fact,  howtver, 
thai  no  VNell  founded  claim  to  the  inveniion  of  ihe  tele- 
scope has  yet  been  made  out ;  and  the  number  of  com- 
petitors for  this  honour  affords  the  most  unequivocal 
evidence  that  the  telescope  was  brought  into  the  condi- 
tion of  a  portable  and  efficient  instrument  by  steps  so 
gradual,  that  no  individual  had  any  real  claini  to  be  re- 
garded as  its  inventor. 

Roger  Bacon  declared  in  the  most  distinct  language, 
that  distant  objects  might  be  brought  nearer,  and  seen 
more  distinctly,  by  means  of  a  lens  or  lenses;  and  Bap- 
tista  Porta  actually  read  a  letter,  which  was  illegible 
with  his  naked  eye,  by  viewing  the  image  of  it  formed 
in  tlie  focus  of  a  convex  glass.  Nothing  was  therefore 
wanting  but  to  increase  the  effect  by  means  of  an  eye- 
glass, and  this  might  have  been  readily  done  by  acci- 
dent, by  any  long  or  short-sighted  person  who  repeated 
the  experiment  of  Baptisia  Porta,  with  a  concave  or  a 
convex  pair  of  spectacles.  We  have  no  doubt,  there- 
fore, that  the  telescope  nuas  knoivn  as  an  e.rjieriment 
long  before  it  was  ktioivn  as  an  instrumejir,  znd  that  many 
ingenious  persons,  without  any  communication  with  one 
another,  had  constructed  the  instrument  in  a  portable 
and  efficient  form. 

The  celebrated  Descartes  has  stated,  at  the  beginning 
of  his  Dioptrics,  published  in  1637,  that  the  telescope 
was  invented  about  thirty  years  before,  by  James  Metius, 
a  Dutchman,  and  citizen  of  Alkmaer,  who  accidentally 
thought  of  looking  through  iwolenses  ata  time,  when  he 
was  amusing  himself  with  mirrors  and  burning  glasses. 
One  of  these  glasses  happened  to  be  convex  and  the 
other  concave,  and  having  been  casually  well  adjusted 
at  the  opposite  ends  of  a  tube,  he  was  surprised  to 
observe  that  distant  objects  seen  through  it  were  large 
and  distinct. 

Passing  by,  as  unworthy  of  notice  and  unsupported 
by  evidence,  the  story  of  the  telescope  being  invented 
by  the  children  of  John  Lipperheim,  a  spectacle-maker 
of  Middieburg,  in  Zealand,  we  shall  proceed  to  consider 
the  claims  of  Zacharias  Jansen,  as  urged  by  Borelli  in 
his  treatise  De  Vera  Telescofiii  Inventore.  In  this  work, 
which  appeared  at  the  Hague  in  1655,  Borelli  has  pub- 
lished the  affidavits  of  several  inhabitants  of  the  city 
of  Middieburg,  taken  before  the  consuls  in  the  year 
1635.  The  son  of  Zacharias  Jansen  declares  that  his 
father  made  telescopes  in  the  year  1590,  (as  he  had  of- 
ten been  informed,)  and  his  sister  refers  the  invention 
to  1610.  Another  person  affirms  on  his  own  knowledge, 
that  his  neighbour,  Hans  Lipperhey  (Lapfireij  or  Lifi- 
fier/ieim)  made  telescopes  before  the  year  1605,  while 
other  two  witnesses  aver  that  he  made  them  befoie 
1609  or  1610.  Antonius  de  Rheita,  the  inventor  of  the 
binocular  telescope,  in  his  Oculus  Enoch  it  EUe,  which 
appeared  at  Antwerp  in  1645,  fixes  the  date  of  Lap- 
prey's  inveniion  in  1609,  and  states  that,  while  holding 
a  convex  glass  in  one  hand,  and  a  concave  one  in  the 
other,  he  accider. tally  combintd  them  together.  The 
claims  of  the  Jansens  are  strongly  corroborated  by  a 


letter  from  William  Boreel,  envoy  of  the  states  of  Hol- 
land. This  gentleman  was  intimately  acquainted  with 
Zachary  Jansen,  the  son,  had  often  played  with  him  in 
his  infancy,  and  was  freijuently  in  the  shop  of  his  fa- 
ther. He  recollects  having  often  heard  that  the  Jan- 
sens were  the  inventors  of  the  microscope  ;  and  when 
he  was  in  England  in  1619,  he  saw  in  the  hands  of  his 
iriei:d  Cornelius  Drebbel,  the  same  microscope  which 
the  Jansens  had  given  to  the  Archduke  Albert,  and 
which  Uiib  Prince  had  presented  to  him.  After  giving 
a  description  of  this  instrument,  which  seems  to  have 
been  a  compound  microscope,  Boreel  adds,  that  to- 
wards the  year  1610  Jansen  contrived  a  telescope  ;  and 
that  he  had  no  sooner  discovered  the  proper  arrange- 
ment of  lenses  for  this  purpose,  than  he  inclosed  them 
in  a  tube,  and  ran  with  his  instrument  to  Prince  Mau- 
rice, who,  conceiving  that  it  would  be  of  great  use  to 
him  in  his  wars,  desired  him  to  keep  it  a  secret.  The 
invention,  however,  became  known;  and  a  stranger 
having  come  to  Middieburg  to  seek  the  inventor,  ad- 
dressed himself  to  John  Lapprey,  whom  he  mistook  for 
Jansen,  on  account  of  the  proximity  of  their  houses. 
The  inquiries  of  the  stranger  led  Lapprey  to  guess  at 
the  combination  of  lenses,  and  from  this  circumstance 
he  was  reputed  the  inventor  of  (he  telescope.  The  mis- 
take, however,  as  Boreel  informs  us,  was  soon  discover- 
ed ;  for  Adrian  Metius  and  Drebbel  having  come  soon 
after  this  to  Middieburg,  went  directly  to  Zachary  Jai»- 
sen,  and  purchased  telescopes  from  him. 

In  the  year  1609,  when  Galileo  was  at  Venice,  he  re- 
ceived intelligence  of  the  effect  of  the  instrument  pre- 
sented by  Jansen  to  Prince  Maurice,  but  had  no  know- 
ledge whatever  ef  its  construction.  On  the  first  night 
after  his  return  to  Padua  he  succeeded  in  solving  the 
problem,  and  on  the  day  following  he  constructed  a  teles- 
cope. This  instrument,  in  a  better  form,  he  six  days 
afterwards  carried  to  Venice,  and  presented  it  to  the 
doge,  Leonardo  Donati,  who,  in  honour  of  his  inven- 
tion, gave  him  the  ducal  letters,  which  settled  him  for  life 
in  his  lectureship  at  Padua,  and  doubled  his  salary.  The 
following  is  Galileo's  own  account  of  the  matter,  as  pub- 
lished in  March,  1610,  in  his  JVunciua  Sidereus  :  "  Near 
ten  months  ago,  it  was  reported  that  a  certain  Dutch- 
man had  made  a  perspective,  through  which  very  dis- 
tant objects  appeared  distinct  as  if  they  were  near ; 
several  experiments  were  reported  of  this  wonderful 
effect,  which  some  believed,  and  others  denied.  But 
having  it  confirmed  to  me  a  few  days  after,  by  a  letter 
from  the  noble  James  Badovere  at  Paris,  I  applied  my- 
self to  consider  the  reason  of  it,  and  by  what  means  I 
might  contrive  a  like  instrument,  which  I  attained  to 
soon  after  by  the  doctrine  of  refraction.  And  first  I 
prepared  a  leaden  tube,  in  whose  extremities  I  fitted  two 
spectacle  glasses,  both  of  them  plain  on  one  side,  and 
on  ihe  other  side  one  of  them  spherically  convex  and 
the  other  concave.  Then  applying  my  eye  to  the  con- 
cave, I  saw  objects  appear  pretty  large  and  pretty  near 
me.  They  appeared  three  times  nearer  and  nine  times 
larger  (in  surface)  than  lo  ihe  naked  eye;  and  soon  af- 
ter I  made  another,  which  represented  objects  above 
sixty  times  larger;  and  at  last,  having  spared  no  labour 
nor  experise,  I  made  an  instrument  so  excellent  as  to 
show  things  almost  1000  times  larger,  and  above  30  times 
nearer  to  the  naked  eye." 

As  the  telescope  invented  by  Jansen,  and  known  by 
the  name  of  the  Galilean  telescope,  is  suited  principally 
f'jr  near  objects,  and  has  a  very  small  field  of  view,  phi- 
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losopliers  soon  attempted  to  improve  Hic  construction. 
Although  no  other  telescope  but  this  is  described  in  the 
Dioptrics  of  Descartes,  which  was  published  in  1637, 
yet  Kepler,  in  the  86th  Prop,  of  his  Dioptrics,  wliich 
appeared  in  161 1,  had  explained  the  theory  of  the  tele- 
scope, and  iiad  shown  that  a  similar  instrument  might 
be  constructed,  by  using  one  or  more  convex  eye-glasses 
in  place  of  the  concave  one.  As  one  of  these  combina- 
tions, however,  inveited  the  objects,  and  as  Kepler  does 
not  seem  to  have  been  aware  of  the  advantages  which 
they  possessed  from  the  great  enlargement  of  the  field 
of  view,  Father  Scheiner  was  the  first  who  put  in  prac- 
tice these  suggestions  of  Kepler;  and  he  lias  given  an 
account  of  the  performance  of  his  telescope  in  the  Rosa 
Ursina,  which  was  publislicd  in  1650.  These  instru- 
ments received  still  farther  improvement  from  Father 
Rheita,  who  introduced  eye-pieces  with  three  and  four 
lenses,  and  thus  completed  the  common  refracting  tele- 
scope. 

Although  Kepler  is  celebrated  principally  in  the  his- 
tory of  optics  for  his  invention  of  the  astronomical  tele- 
scope, yet  he  had  occasion  to  study  with  much  care  the 
subjects  of  refraction  and  of  vision.  He  found  ihat  be- 
low 30°  of  incidence,  the  angle  of  refraction  was  nearly 
two-thirds  of  the  angle  of  incidence ;  that  when  the 
angle  of  incidence  was  90°,  the  angle  of  refraction  in 
glass  was  42°  and  some  minutes  ;  and  that  if  the  refract- 
ed ray  fell  with  greater  obliquity  than  42°  upon  the  inte- 
rior surface,  it  would  be  totally  reflected  back  into  the 
glass  at  an  angle  equal  to  the  angle  of  incidence.  Hav- 
ing established  these  principles,  he  shows  that  plano- 
convex glasses  liave  their  focus  for  parallel  rays  at  a 
distance  from  the  lens,  equal  to  the  diameter  of  the 
sphere,  of  which  their  convexity  is  a  portion,  and  that 
those  which  are  equally  convex  on  both  sides  have  their 
focal  distance  equal  to  the  radius  of  the  same  sphere. 
When  the  two  surfaces  are  unequally  convex,  he  deter- 
mines their  focal  distance  by  taking  a  mean  between  the 
radii  of  the  two  spheres,  of  which  the  convexities  form 
a  part.  The  same  reasoning  he  applies  to  concave 
lenses,  with  this  difference  only,  that  the  focus  is  in  this 
case  between  'the  lens  and  the  radiant  point.  Kepler 
next  endeavours  to  determine  the  focus  of  refracted 
rays,  when  the  radiant  point  is  at  different  distances 
from  the  lens.  Having  found  that  parallel  rays  unite  in 
the  focus  of  the  lens  as  above  determined,  he  shows  that 
those  which  issue  from  this  focus  will  emerge  after  re- 
fraction in  parallel  directions.  If  they  radiate  from  a 
point  between  this  focus  and  the  lens,  tiiey  will  diverge 
after  refraction,  but  their  divergency  will  be  diminished. 
Those  rays  which  issue  from  a  point  beyond  the  focus, 
■will  converge  after  refraction  ;  and  when  the  distance  of 
the  radiant  point  is  equal  to  twice  the  focal  distance, 
the  image  will  be  formed  at  the  same  distance  behind 
the  glass. 

The  subject  of  vision  is  treated  with  great  ingenuity 
by  Kepler,  in  liis  Astronomia  Pars  0/ilica.  He  disco- 
vered that  the  images  of  external  objects  were  painted 
on  the  retina  by  the  union  of  the  pencils  of  rays  which 
issued  from  every  point  of  them.  He  noticed  also  the 
inversion  of  these  images;  and  he  explained  the  man- 
ner in  which  long-sighted  and  sliort-sighted  persons 
were  enabled,  by  means  of  convex  and  concave  lenses, 
to  converge  the  pencils  of  rays  to  a  focus  upon  the  re- 
tina.    He  justly  ascribed   erect  vision  from  an  inverted 


image  to  an  operation  of  the  mind,  by  which  it  ifsces 
the  rays  back  to  the  pupil,  and  thus  refers  the  lower 
parts  of  the  image  to  the  upper  side  of  the  eye.  Kep- 
ler considered  it  as  beyond  our  powers  to  determine  the 
manner  in  which  the  mind  perceives  the  images  of  ob- 
jects upon  the  retina.  The  power  of  accommodating 
the  eye  to  different  distances  was  carefully  studied  by 
this  active  philosopher,  and,  in  order  to  explain  it,  he 
supposed  that  the  contraction  of  the  ciliary  process 
drew  the  sides  of  the  eye-ball  towards  the  crystalline 
lens,  and  thus  lengthened  the  eye,  and  withdrew  the  re- 
tina to  a  greater  distance  from  the  pupil,  wlien  the  eye 
was  adjusting  itself  to  the  vision  of  near  objects. 

It  could  not  have  been  considered  as  an  unusual  step 
in  the  progress  of  science,  if  the  accurate  experiments 
of  Plolemy  on  refraction  had  been  immediately  followed 
by  the  discovery  of  its  true  law.  It  is  rather  singular, 
indeed,  that  Alhazenand  Vilello  should  have  overlooked 
it,  and  still  more  so  that  it  should  have  eluded  the  acute- 
ncss  and  sagacity  of  Kepler.  This  important  discovery 
was  reserved  for  Willebrord  Snellius,  professor  of  ma- 
thematics at  Leyden,  who  wrote  a  work  on  the  subject, 
which  was  never  published,  having  died  at  the  early  age 
of  35.  The  MS.  of  this  work  fell  into  tlie  hands  of 
Professor  Hortensius,  who  explained  the  discovery  both 
publicly  and  privately.  In  comparing  together  the  re- 
fractions at  different  incidences,  which  he  himself  had 
determined  by  numerous  experiments,  Snellius  observed 
that  if  the  refracted  ray,  and  the  incident  ray  continued 
from  the  point  of  incidence,  were  intercepted  by  a  line 
parallel  to  the  perpendicidar  at  the  point  of  incidence, 
the  length  of  the  refracted  ray  bore  a  constant  propor- 
tion to  that  of  the  incident  ray  continued.  This  pro- 
portion was  that  of  4  to  3  in  water,  and  3  to  2  in  glass, 
whatever  was  the  angle  of  incidence.  Hence  it  follows, 
that  the  co-secants  of  the  angles  of  incidence  and  re- 
fraction have  a  constant  ratio. 

Although  no  right  to  a  scientific  discovery  was  ever 
more  clearly  established  than  that  of  Snellius  to  t!ie  true 
law  of  refraction,  yet  it  is  strange  that  so  respccialilc  an 
author  as  Montucla  should  still  appear  desirous  of  as- 
ciibing,some  share  of  the  discovery  to  his  countryman 
Descartes.  "  If,"  says  he,  "  wc  do  not  ftrecisety  owe  to 
Descartes  the  first  discovery  of  the  law  of  refraction, 
we  cannot  at  least  refuse  him  the  merit  of  having  esta- 
blished upon  this  law  the  most  curious  geometrical  re- 
searches." It  is  no  doubt  true,  that  Descartes,  in  his 
Dioptrics,  published  in  1 637,  eleven  years  after  the  death 
of  Snellius,  has  announced  it  as  a  result  of  his  own  in- 
quiries into  the  law  of  refraction,  that  the  sines  of  the 
angles  of  incidence  and  refraction  have  a  constant  ratio, 
without  taking  the  slightest  notice  of  the  discovery  of 
Snellius,  which  had  been  made  a  considerable  time  be- 
fore. Had  Descartes  distinctly  said  that  he  never  heard 
of  Snellius's  law,  we  should  not  have  disputed  the  de- 
claration of  such  a  distinguished  character;  but  we  are 
informed  by  Vossius,  in  his  work  De  JVaCtira  Lucis,  that 
the  heirs  of  Professor  Hortensius  had  freely  communi- 
cated to  Descartes  the  manuscripts  of  that  professor, 
among  which  was  that  of  Snellius's  work  ;  and  this  tes- 
timony is  in  a  great  degree  confirmed  by  Huygens,  who, 
in  his  remarks  on  refraction,  prefixed  to  his  Dioptrics, 
distinctly  informs  us  that  he  himself  had  sometimes 
seen  Snellius's  MS.  volume,  and  had  heard  that  Des- 
cartes had  also  seen  it.*     Bossut  has  stated  the  case  too 


•  Hacc  autem  omnia  qus  de  refractionis  inquisitione  volumine  integro  Snellius  exposuerat,  inedita,  mansere  ;  qua  ctnos  vidimu* 
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sirongly  against  Descartes,  when  he  says  that  Huygens 
assures  us  that  Descartes- had  seen  the  MS. 

Huygens,  however,  when  he  saw  the  MS.  more  than 
once,  must  have  seen  it  in  the  possession  of  Hortensius's 
heiis,  who,  no  doubt,  gave  him  sufficient  evidence  that  it 
had  been  in  the  hands  of  Descartes.  Although  Mon- 
tiicla,  however,  has  made  this  small  reclamation  in  favour 
of  his  countryman  Descaites,  he  nevertheless  says, 
"  that  it  was  reserved  for  Snellius  to  make  tliis  impor- 
tant discovery,  (viz.  that  of  the  true  law  of  refraction,) 
to  which  he  was  probably  conducted  by  the  fi  uitless  at- 
tempts which  Kepler  had  made  to  find  it,"*  and  has  thus 
given  to  the  Dutch  philosopher  the  decided  merit  of  be- 
ing the  original  discoverer.!  Bossut,  another  French 
author,  also  concurs  in  ascribing  the  honour  of  it  lo  Snel- 
Jius.  In  this  decision  he  has  been  followed  by  Priestley, 
David  Gregory,  Muschenbroek,  Smith,  Robison,  Play- 
faii|,  HuHon,  Dr.  Young  ;  and,  so  far  as  we  know,  by  all 
other  optical  writers.  In  looking  into  M.  Biol's  Traile 
de  F/iysigue,(tom.  iii.  p.  205,)  we  were  in  no  slight  de- 
gree surprised  to  find  the  discovery  of  the  law  of  re- 
fraction ascribed  solely  to  Descartes,  and  the  name  of 
Snellius  yzevfr  o?ice  mentioned.^  Had  M.  Blot  defend- 
ed his  countryman  from  the  charge  of  plagiarism,  which 
is  clearly  implied  in  the  opinions  of  Huygens,  Bossut, 
and  Playfair,  and  claimed  for  him  the  merit  of  a  second 
discoverer,  we  might  have  applauded  his  zeal,  and  per- 
haps concurred  in  his  decision  ;  but  when  he  sinks  in 
oblivion  not  only  the  labours!  of  Snellius,  but  also  his 
very  name,  every  generous  feeling  is  roused  in  defence 
of  the  injured  philosopher.  There  is  sonietliing  about 
the  history  and  fate  of  Snellius,  which  might  have  pro- 
tected him  against  any  harsh  treatmei\l,  and  which  will 
probably  excite  many  sympathies  in  his  favour.  His  dis- 
covery of  the  law  of  refraction  was  made  in  1621,  when 
he  was  scarcely  thirty  years  old  ;  and  before  he  had  en- 
joyed the  high  reputation  to  which  he  was  thus  entitled, 
he  was  cut  ofif  by  a  premature  death,  in  the  thirty-fifth 
year  of  his  age.  The  manuscript  volume  which  contain- 
ed his  numerous  experiments  on  refraction,  and  the  ex- 
planation of  the  law  by  which  he  generalized  them,  was 
never  given  to  the  world,  but  was  unsuspectingly  e.xhi- 
hited  to  the  very  individual  for  whom  all  his  honours  have 
been    so  unjustly   claimed.     Aliiiough   Snellius  was   a 


good  geometer,  and  published  several  works  of  consi- 
derable merit,  yet  his  name  has  been  emblazoned  in  the 
temple  of  science  solely  by  his  optical  discovery;  and 
philosophers  of  every  country,  and  of  every  age,  have 
gratefully  paid  their  tribute  of  admiration  at  his  youth- 
ful shrine.  In  a  case  like  this,  national  prepossessions 
might  well  have  yielded  to  a  nobler  sympathy,  and  even 
if  the  light  of  property  !iad  been  ambiguous,  the  wreath 
which  has  crowned  Descartes  with  immortality  might 
have  been  allowed  to  spare  one  laurel  for  the  brow  of 
Snellius. 

The  Dioptrics  of  Descartes,  though  stained  by  the 
omission  of  the  name  of  Snellius,  added  in  a  very  high 
degree  to  the  optical  knowledge  of  the  times.  As  lenses 
of  a  spherical  form  had  been  found  not  to  converge  pa- 
rallel rays  to  one  point,  Descartes  set  himself  to  inquire 
if  any  surface  existed,  by  which  an  accurate  convergence 
to  a  single  point  might  be  effected.  Kepler  had  already 
conjectured  from  analogy  that  the  conic  sections  might 
have  this  property  ;  but  it  was  left  to  Descartes  to  com- 
plete the  investigation.  He  solved  the  problem  in  a 
vei'y  general  and  elegant  manner,  and  showed  how  this 
object  could  be  accomplished  by  curves,  which  he  called 
ovals,  and  which,  in  certain  cases,  particularly  wanted, 
in  optical  instruments,  become  ellipses  and  hyperbolas- 
Descartes  could  not  fail  to  see  the  apparent  advantages 
of  this  result;  but,  ignorant  of  the  principal  causes  of 
the  imperfections  of  telescopes,  he  expected  much  more 
from  this  discovery  than  it  was  capable  of  yielding.  He 
immediately  contrived  machines  for  grinding  elliptical 
and  hyperbolical  lenses,  and  when  he  was  at  Paris  in 
the  year  1628,  he  engaged  a  mathematical  instrument 
maker  of  the  name  of  Ferrier  to  enter  into  his  views. 
This  artist,  after  much  labour,  succeeded  in  completing 
a  tolerably  good  hyperbolical  convex  lens,  but  he  failed 
in  the  concave  ones,  and  being  disgusted  with  the  dif- 
ficulty of  the  work,  he  abandoned  the  undertaking.  The 
hopes  of  Descartes,  however,  were  not  so  easily  sub- 
dued. Holding  out  the  pi-omise  of  discovering,  by  means 
of  such  lenses,  the  smallest  objects  in  the  stars,  and 
assisted  by  the  friendly  instigation  of  M.  Huygens,  the 
father  of  the  celebrated  philosopher,  he  persuaded  some 
Dutch  artists  to  renew  the  unsuccessful  attempts  of 
Ferrier.     The  same  difficulties,  however,  were  expe- 


aliquanih,  et  Carlesium  quoque  r-idisse  accepimus,  ut  liinc  fortasse  tnensiiram  illam  qure  in  sinibus  consistit,  elicuerit;  qua  in  cxplicanda 
Iride  et  Vitrorum  figuris  investigamlis  felicissimc  est  usus." — Diojihica,  p.  .". 

*  "  II  etoit  reserve  a  Snellius,  mathematicien  Hollandois,  et  recommandable  i  divers  autres  titres  de  faire  cette  importante  de- 
couverte,  ahquelle  il  etoit  probablcment  conduit  par  les  efforts  inipuissans  qii'avoit  fait  Kepler  pour  la  trouver. — .Montuc/a,  torn.  ii. 
p.  244. 

f  It  is  a  remarkable  fact,  which  seems  (o  have  escaped  the  notice  of  optical  writers,  till  we  pointed  it  out  in  the  life  of  Gregory, 
that  the  law  of  refraction,  in  its  most  improved  form,  was  discovered  by  our  countryman,  James  Gregory,  without  any 
knowledge  of  what  had  been  done  by  Descartes.  He  is  therefore  enthled  to  more  honour  than  Descartes,  for  he  never  saw  the  MS. 
of  Snellius. — See  p.  602. 

i  "  There  is  no  doubt,  therefore,"  (says  Mr.  Playfair,  the  most  candid  and  unprejudiced  writer  of  any  age  or  country,)  "  that  the 
discovery  was  first  made  by  Snellius  ;  but  whellier  Descartes  derived  it  from  him,  or  was  himself  the  second  discoverer-,  remains  un- 
decided. The  question  is  one  of  those,  where  a  man's  conduct  in  a  particular  situation  can  only  be  rightly  interpreted  from  his  ge- 
neral character  and  behaviour.  If  Descartes  had  been  uniformly  fair  and  candid  in  his  intercourse  with  others,  one  would  have  re- 
jected with  disdain  a  suspicion  of  the  kind  just  mentioned.  Ikit  the  truth  is,  that  he  appears  throughout  a  jealous  and  imperious 
man,  always  inclined  to  depress  and  conceal  the  merit  of  others.  In  speaking  of  the  invention  of  the  telescope,  he  has  told  minutely 
ail  that  is  due  to  accident,  but  has  passed  carefully  over  all  that  proceeded  from  design  ;  and  has  incurred  the  reproach  of  relating 
the  origin  of  that  Instrument  without  mentioning  ilie  name  of  Galileo.  In  the  same  manner,  he  omits  to  speak  of  the  discoveries  of 
Kepler,  so  nearly  connected  with  his  own  ;  and,  i?i  treating  of  the  rainbow,  he  has  made  no  mention  of  Antonio  de  Dominis.  It  is 
impossible  that  this  should  not  produce  an  unfavourable  impression ;  and  hence  it  is,  that  the  warmest  admirers  of  Descartes  do  not 
pretend  that  his  conduct  towards  Snelhus  can  be  completely  justified. 

Descartes  would  h.'»ve  conceived  his  philosopliy  to  be  disgraced,  if  it  had  borrowed  any  general  principle  from  experience  ;  and 
he  therefore  derived,  or  affected  to  derive,  the  law  of  refraction  from  reasoning  or  from  theory." — Sufypl.  Encticl.  Brit.  vol.  ii.  p.  101. 

§  "  I.a  decouverte  de  cette  belle  propriete  est  due  a  Descartes,"  p.  204  :  ami  again,  in  p.  505,  "  Dont  un  seul  (the  ordinary  ray) 
suit  a  loi  decouverte  par  Descartes."  The  same  sentiment  is  repeated  in  his  Precis  Elementaive  de  Phpnque,  tom.  ii.  p.  114,  where 
lie  goes  still  farther,  and  ascribes  to  Descartes  the  discovery,  that  the  incident  and  refracted  rays  are  always  in  the  same  plane,  and 
perpendicular  to  the  common  surface  of  the  two  media.     Even  Ptolemy  knew  this,  and  it  was  most  assuredly  well  known  to  Snellius 

Ii "  .MuUolal/(//e,  muitisrj>.e€x/ierimentii,"  says  Huygens, " eo pcrvenit  ut  veras  quidem refractionetn  mensuras  teneret,"  &c. — Diopt. p,  2. 
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ricnccd,  and,  tliough  succeeding  philosopheis  have 
wasted  their  ingenuity  in  devising  machines  i'oi-  the 
same  purpose,  elliptical  and  hyperbolical  lenses  have 
had  no  existence  but  ia  the  theoretical  writings  of  op- 
ticians; and  there  is  some  reason  for  doubling,  if  tlie 
reflecting  telescope  has  derived  much  improvement 
from  the  atiempls  which  are  generally  made  to  give  a 
parabolic  form  to  the  great  speculum.  In  perlecting 
the  theory  of  the  rainbow,  ihe  fine  genius  of  Descartes 
shines  with  new  luslie  ;  anjl  we  wish  il  could  have  been 
added,  that  this  lustre  was  not  impaired  by  another  aci 
of  selfish  appropriation.  Altliough  Antonio  de  Dominis 
had  observed  and  published  the  true  principle  of  this 
theory,  Descartes  never  even  mentions  his  name;  and, 
as  in  liie  case  of  the  uiifintunate  Snellius,  M  Bioi  has, 
in  opposition  to  the  decision  of  all  ages,  assisted  Des- 
cartes in  depriving  the  Italian  prelate  of  the  only  dis- 
covery which  has  signalized  his  name.  The  exterior 
rainbow,  which  had  baftU  d  the  ingenuity  of  preceding 
philobophers,  received  tlie  most  satisfactory  explanation 
from  Descartes.  He  shows  that  the  rays  of  the  sun 
entering  the  inferior  pan  of  the  drop,  and  experiencing 
one  refraction,  suffered  two  refiections  within,  and  then 
emerged  by  a  second  refraction  Hence  he  accounted 
for  the  inversion  of  the  colours  in  the  exteiior  bow,  and 
the  comparative  faintness  of  its  light  Descartes  also 
explains,  in  a  very  satisfactory  manner,  why  the  interior 
bow  has  a  diameter  of  42°,  and  the  exterior  one  of  52°, 
and  he  has  done  all  that  could  be  expected  on  this  sub- 
ject, previous  to  the  great  discovery  of  the  different  re- 
frangibility  of  light.  We  owe  also  to  Descartes  a  num- 
ber of  interesting  observations  on  vision.  His  remarks 
on  the  method  by  which  the  eye  judges  of  distances  and 
magnitudes  are  ingenious,  and  sometimes  sound  ;  and 
he  ascribed  tiie  adaptation  of  the  eye  to  different  distances 
to  a  change  of  curvature  in  the  crystalline  lens,  which 
he  supposed  to  be  a  muscle,  having  the  ciliary  processes 
for  its  tendons. 

Scheiner,  whose  improvement  on  the  telescope  we 
have  already  had  occasion  to  mention,  added  some  im- 
portant facts  to  the  subject  of  vision.  By  cutting  away 
the  coats  from  the  posterior  part  of  the  eyes  of  sheep 
and  oxen,  and  holding  several  objects  before  them  at 
the  usual  distance  at  which  vision  is  performed,  he  saw 
the  most  distinct  im<iges  of  them  bcauiifully  painted  on 
the  naked  retina.  The  same  experiment  he  performed 
with  the  human  eye,  and  exhibited  it  at  Rome  in  the 
year  1625.  This  ingenious  author  notices  the  analogy 
between  the  eye  and  the  camera  obsciira,  and  explains 
the  erectness  of  the  object  from  the  inversion  of  the 
image,  as  Kepler  had  done,  by  stating  that  the  mind 
traces  the  rays  back  to  the  pupil,  and  refers  them  to 
that  part  of  the  object  from  which  they  seem  to  have 
proceeded.  The  contraction  of  the  pupil,  when  the  eye 
examines  near  objects  was  also  well  known  to  Scheiner; 
and  man)  other  curious,  though  less  important,  facts  re- 
specting vision  through  small  apertures.  He  examined 
with  considerable  care  the  refracting  powers  of  the  hu- 
mours of  the  eye  ;  and  he  concludes  that  the  aqueous 
humour  has  a  refracting  power  differing  little  from  wa- 
ter; that  the  refracting  power  of  the  crystalline  humour 
differs  liule  from  glass,  (in  which  he  was  greatly  mis- 
taken,) and  that  the  vitreous  humour  has  a  refractive 
power,  of  an  intermediate  magnitude.  He  traces  the 
progress  of  the  rays  through  all  the  humours  of  the 


eye,  and,  after  much  judicious  reasoning,  he  refutes  the 
opinion,  that  the  crystalline  lens  is  the  seat  of  vision  ; 
and  establishes  the  doctrine,  which,  he  says,  was  that 
of  Alhazen,  Vitello,  and  Kepler,  that  the  retina  is  the 
true  seat  of  vision. 

Among  the  discoveries  of  this  period,  there  is  none 
more  curious  in  itself,  or  more  important  in  its  conse- 
quences, than  that  of  double  refraction,  which  was  made 
by  Erasmus  Bartholiiius.  Having  obtained  from  some 
Danish  merchants,  who  frequented  Iceland,  a  "  crystal 
stone,  like  a  rhombic  prism,  which,  when  broken  into 
small  pieces,  kept  the  same  figure,"  and  afterwards 
from  its  locality  called  Iceland  crystal ;  he  made  many 
optical  and  chemical  experiments  with  it,  and  disco- 
vered that  it  possessed  the  remarkable  property  of  a 
double  refraction.  He  found  thut  one  of  those  refrac- 
tions, whose  index  was  1 .667,  was  performed  according 
to  the  law  of  Snellius,  which  is  common  to  all  transpa- 
rent solids  and  fluids,  while  the  other  is  performed  ac- 
cording to  an  exlraordinary  law,  which  had  not  previ- 
ously been  observed  by  philosophers.  An  account  of 
these  experiments  our  author  published  at  Copenhagen, 
in  the  year  1669,  under  the  title  of  Ex/icrimenia  Crys- 
taili  Islandici  Dis-diaclastici  quibus  niira  et  insolita  re- 
fractio  detigitur ;  and  he  afterwards  communicated  an 
account  of  them  to  the  Royal  Society,  in  a  letter  to  Dr; 
Oldenburg,  which  appeared  in  No.  67,  of  the  Philoso- 
jihical  Transactions* 

In  this  new  and  interesting  field  of  inquiry,  Barlho- 
linus  was  followed  by  Christian  Huygens,  a  Dutch  phi- 
losopher, one  of  the  finest  geniuses  of  the  age  in  which 
he  lived,  and  equally  distinguished  by  his  astronomical, 
his  optical,  his  mathematical,  and  his  horological  disco- 
veries. A  few  years  after  the  publication  of  Bartholi- 
nus's  work,  the  attention  of  this  celebrated  individual 
was  directed  to  the  subject  of  double  refraction.  He 
was  induced  to  begin  this  investigation,  principally,  with 
the  view  of  obviating  any  objection  that  might  be  drawn 
from  the  facts  discovered  by  Bartholinus  against  liis  own 
theory  of  ordinary  refraction  ;  and  he  was  led  to  the  par- 
ticular views  which  he  has  published,  from  a  desire  to 
assimilate  the  two  classes  of  phenomena.  His  researches 
on  this  subject  form  the  fifth  chapter  of  his  'fraite  de  la 
Lumiere,  which  is  entitled  De  I'estrange  refraction  du 
Cnstal  d'Islande.  This  work  was  composed  about  the 
year  1678,  and  read  to  several  of  the  members  of  the 
Academy  of  Sciences,  but  it  was  not  published  till  the 
year  1690,  when  Huygens  was  resident  in  Holland. 
After  describing  the  general  appearances  exhibited  by 
Iceland  spar,  he  shows  that  all  the  phenomena  are  re- 
lated to  the  short  diagonal,  or  axis  of  the  rhomb,  along 
which  the  double  refraction  is  nothing  ;  that  it  gradu- 
ally increases,  according  to  a  law  which, he  explains,  as 
the  inclination  of  the  refracted  ray  to  the  axis  increases, 
and  becomes  a  maximum  when  that  inclination  is  90°. 
He  then  proceeds  to  explain  his  theory  of  double  re- 
fraction, founded  on  the  hypothesis  of  light  being  the 
undulation  of  an  ethereal  medium,  by  which  he  had  al- 
ready given  an  elegant  explanation  of  all  the  phenomena 
of  refraction  and  n  flexion.  He  supposes  the  ordinary 
refraction  to  be  produced  by  spherical  undulations  pro- 
pagated through  the  crystal,  while  the  extraordinary 
refraction  arises  from  spheroidal  undulations,  the  form 
of  the  generating  ellipse  being  determined  by  the  ratio 
of  the  two  refractions.     He  then  proceeds  to  show  that 


•  See  the  Edinburgh  PUlesopUcnl  Jovnial,  vol.  i.  p.  271,  for  a  full  account  of  Bartholinus's  experimente. 
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llie  deviation  of  the  extraordinary  lay,  calculated  upon 
this  hypoiliesis,  agrees  precisely  with  observation. 

Alter  he  had  drawn  up  his  treatise  on  double  reFrac- 
tion,  Huygens  discovered  what  he  calls  a  "  wonderful 
phenomenon,"  or  the  polarization  of  the  two  pencils  of 
light  formed  by  Iceland  spar.  Hitherto  he  had  sup- 
posed the  light  to  have  the  same  properties  as  any  other 
ordinary  light ;  but  upon  transmitting  the  two  pencils 
formed  by  one  piece  ot  Iceland  spar  through  another 
piece,  he  was  surprised  to  observe,  that  when  the  two 
pieces  were  similarly  placed,  or  with  thtir  principal  sec- 
lions  parallel,  neither  of  the  two  pencils  were  divided  in 
passing  through  the  second  rhomb,  the  pencil  which 
had  sufi'ered  the  ordinary  refraction  by  the  first  rhomb 
being  only  ordinarily  refi  acted  by  the  second,  and  tlie 
pencil  which  had  been  extraordinarily  refracted  by  the 
first  being  only  extraordinarily  refracted  by  the  second 
rhomb.  He  found  also,  that  when  the  principal  sections 
cut  one  another  at  right  angles,  the  ray  which  was  ordi- 
narily refracted  by  the  first  crystal  suffered  only  the  ex- 
traordinary refraclion  from  the  second  ;  and  the  ray 
which  suffered  the  extraordinary  refraction  from  the 
fust  suffered  only  the  ordinary  refraction  from  the 
second.  But  in  all  other  positions  of  tiie  principal  sec- 
tions, excepting  these  two,  tlie  rays  divided  themselves 
into  two,  by  the  refraction  of  the  second  crystal,  so  that 
from  the  single  pencil  of  light  incident  on  the  hrst  crys- 
tal, there  were  formed  four  pencils,  sometimes  of  equal 
brightness,  according  to  the  different  positions  of  the 
crystals,  but  which  did  not  seem  to  have  more  light, 
when  taken  altogether,  than  the  single  ray.  Huygens 
acknowledged  himself  unable  to  form  any  satisfactory 
conjecture  respecting  the  nature  or  cause  of  this  new 
property  of  light ;  and  it  was  reserved  for  Newton  to 
ihow,  that  the  sides  of  the  rays  had,  in  passing  through 
the  first  crystal,  acquired  different  properties. 

Notwithstanding  the  great  accuracy  of  Huygcns's  law 
of  double  refraction  in  Iceland  spar,  he  never  supposes 
that  it  was  a  general  law  for  all  other  bodies.  He  main- 
tains, on  the  contrary,  that  he  had  found  by  direct  expe- 
riment, that  the  only  other  doubly  refracting  crystal  with 
which  he  was  acquainted,  namely,  rock  crystal,  had  its 
double  refraction  regulated  by  an  entirely  difl'erent  law, 
the  light  being  firopagated  through  it  in  tivo  spherical 
waves,  one  of  which  was  a  little  slower  than  the  other. 
This  result  was  obtained  by  cutting  prisms  of  rock  crys- 
tal in  different  directions,  and  is  mentioned  in  his  pre- 
face as  a  new  remark,  which  he  had  made  after  the  first 
copy  of  his  treatise  had  been  communicated  to  some  of 
the  members  of  the  Academy  of  Sciences.  Huygens, 
therefore,  proposed  two  different  laws  of  double  refrac- 
tion, the  one  for  Iceland  spar,  and  the  other  for  rock- 
crystal.  The  last  of  these,  founded  on  incorrect  obser- 
vations, has  no  existence  in  nature,  while  the  first  re- 
presents the  phenomena  of  Iceland  spar,  within  the 
limits  of  the  errors  of  obseivation.* 

The  optical  labours  of  Huygens  were  not  limited  to 
the  subject  of  double  refraction.  His  treatise  on  Diop- 
trics, which  he  began  to  compose  in  the  early  pan  of 
his  life,  but  which  was  not  published  till  after  his  death, 
is  a  work  of  transcendent  merit,  and  was  always  espe- 
cially admired  by  Newton  himself.  It  contains  a  full 
account  of  the  properties  of  lenses  of  all  forms.  The 
doctrine  of  spherical  aberration,  or  that  which  arises  from 


the  sphcricul  figure  of  the  suiface,  is  treated  wi'.h  great 
clearness  and  ability.  The  subject  of  vision,  anti  the 
remedy  of  its  imperfections  by  lenses,  is  ably  handled  ; 
and  the  theory  of  telescopes,  telescopic  eye-pieces,  and 
microscopes,  is  treated  with  fulness  and  perspicuity. 
The  imperfect  state  of  the  telescope  induced  Huygens 
to  extend  his  views  beyond  the  mere  theory  of  its  con- 
struction. He  employed  himself  in  executing;  the  lenses 
with  his  own  hands  ;  and  by  means  of  telescopes  of  12 
and  24  feet  in  focal  length,  which  he  himself  made,  he 
discovered  the  ring  of  Saturn,  and  the  fourth  of  the 
satellites  of  that  planet.  Telescopes  of  the  focal  length 
of  86,  100,  and  136  feet,  had  been  made  by  Campani  of 
Bologna,  by  which  Cassini  discoveied  the  nearest  satel- 
lites of  Suturn  ;  and  Eustachio  Divini,  of  Rome,  had  also 
constructed  them  of  a  great  focal  length.  Huygens, 
however,  made  essential  improvements  in  the  method 
of  using  an  ol)ject  glass  without  a  tube,  which  it  was 
necessary  to  adopt  in  instruments  of  such  extreme 
length.  He  placed  the  object  glass  in  a  short  lube,  at 
the  top  of  a  very  long  pole,  so  that  this  tube  could  turn 
in  every  direction  by  means  of  a  ball  and  socket.  The 
command  of  this  tube  at  a  distance  was  obtained  by 
means  of  a  silk  string,  so  that  he  could  bring  it  into  a 
line  with  the  axis  of  another  short  tube,  containing  the 
eye-glass,  whicli  he  held  in  his  hand.  By  this  means  lie 
could  direct  his  object  glass  in  any  azimuth,  or  to  any 
altitude,  and  even  to  the  zcnitli,  if  the  pole  were  as  long 
as  the  telescope.  For  this  purpose  he  had  a  contrivance, 
by  which  he  could  raise  or  depress  a  stage  that  sup- 
ported his  object-glass.  In  this  way  Huygens  used 
telescopes  of  enormous  length  ;  and  in  one  of  his  jour- 
nies  to  England,  he  presented  to  the  Royal  Society  two 
object  glasses,  one  of  which  had  a  focal  length  of  120, 
and  the  other  of  123  feet. 

Having  acquired  great  experience  in  the  art  of  con- 
structing telescopes,  this  eminent  philosopher  thought 
it  right  to  transmit  his  methods  to  posterity,  in  a  work 
published  along  with  his  Dioptrics,  and  entitled  Coin- 
mentarii  de  formandis  poliendisque  xiilris  ad  Tclescopia. 
In  this  work  he  treats  of  the  method  of  forming  the 
gages,  and  the  brass  tools  or  moulds  ;  of  the  method 
of  choosing  proper  glass  ;  of  the  grinding  and  smooth- 
ing of  the  lens,  and  the  method  of  giving  it  a  perfect 
polish. 

Along  with  this  work  appeared  his  Dissertatio  dc 
Coronis  et  Parheliis,  a  treatise  of  great  ingenuity,  in 
which  he  endeavours  to  give  the  theory  of  these  cu- 
rious and  hitherto  unexplained  phenomena. 

We  cannot  conclude  this  account  of  the  optical  la- 
bours of  Huygens,  without  noticing  his  theory  of  light, 
which  he  has  explained  at  great  length  in  his  Traite 
de  la  Lumiere  already  mentioned.  This  treatise  is  di- 
vided into  six  chapters,  the  first  of  which  treats  oflight 
propagated  directly  ;  the  second  of  reflexion  ;  the  third 
of  refraction  ;  the  fourth  of  the  refraction  of  the  air  ;  the 
fifth  of  Iceland  crystal  ;  the  sixth  of  the  figures  of  trans- 
parent bodies,  for  the  purposes  of  refraction  and  re- 
flexion. The  fifth  chapter  occupies  nearly  one  half  of 
the  treatise ;  but  in  the  first  chapter  he  explains  his 
theory  of  light,  which  he  supposes  to  be  produced  in 
the  same  manner  as  sound,  by  undulations  propagated 
in  an  elastic  ethereal  medium  ;  and  he  shows  how,  by 
this  principle,  all  the  phenomena  of  refraction  and  re- 


•  A  very  full  account  of  Hoygens's  discoveries  will  be  found  in  the  Edinhur^h  PldlosopliicalJoiirnal,  vol.  ii.  p.  167—1"!  ;  and  vol. 
iii.  p.  277— 286.  ^  /  .  1 
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flexion  may  be  produced.  Tlub  liypoUicsis  was  after- 
wards revived  by  ilic  celebrated  Euler,  and  ably  de- 
fended and  illublialed  by  our  countryman  Dr.  Thomas 
Young.  The  law  of  interference,  discovered  by  this 
disiihi^uibhtd  philosopher,  and  other  recent  discoveries, 
have  dniwn  to  it  tlie  attention  of  many  eminent  modern 
philosophers,  and  h;.ve  gained  lor  it  a  degree  of  support 
which  ilireatens  to  overwhelm  the  Newtonian  doctrine 
of  emission. 

While  the  sciences  of  optics  and  astronomy  were  ad- 
vancing hand  in  hand  on  the  continent,  in  consequence 
of  the  improvements  which  were  making  on  the  refijci- 
ing  telescope,  our  countryman  James  Gregoiy  enriched 
the  science,  by  his  invention  of  the  reflecting  telescope, 
which  is  descriljed  at  tht,  end  of  his  Oinira  tromota, 
published  in  1663.  It  consisted  of  a  paraliolic  concave 
mirror,  perforated  at  the  centre,  in  front  of  which  was 
placed  a  small  concave  elliptic  spei-ulum,  at  a  distance 
a  little  greater  than  the  sum  of  their  local  lengths.  The 
parallel  rays  issuing  from  a  distant  object  formed  an 
image  in  front  ol  tnc  great  mirror,  in  its  focus;  and  this 
image,  serving  as  another  object,  had  an  image  of  itself 
formed  behind  the  great  mirror,  by  the  small  one,  by 
means  of  rays  passing  through  the  pcrloration  in  its 
centre.  This  image  was  tiien  viewed  with  an  eye-glass. 
The  invention  of  tins  in.strument  was  followed,  in  1666, 
by  the  Newtonian  telescope,  which  consisted  of  an  un- 
perforated  mirror,  that  threw  the  image  of  the  object 
upon  a  small  plane  speculum,  placed  at  an  angle  of  45° 
within  its  focus,  so  as  to  reflect  the  image  aside  to  the 
eye  of  the  observer,  where  it  was  viewed  with  an  eye- 
glass. About  the  year  1672,  M.  Cassegrain  gave  a  new 
form  to  the  reflecting  telescope,  by  using  a  convex 
small  speculum,  placed  nearer  the  great  speculum  than 
its  principal  focus.  The  efTect  of  this  change  was  to 
shorten  the  telescope  ;  and  there  is  reason  to  think  that 
this  instrument  gives  more  perfect  vision  than  those  of 
either  the  Gregorian  or  Newtonian  form. 

As  is  the  case  with  all  remarkable  inventions,  Gre- 
gory has  not  been  allowed  to  maintain  the  undisturbed 
possession  of  the  honour  of  having  invented  the  reflect- 
ing telescope.  Father  Merscnne,*  in  a  correspondence 
with  Descartest  in  1639,  but  which  was  not  printed  till 
1666,  three  years  after  the  appearance  of  the  O/iiica 
Promota,  prufioscd  to  Descartes  the  idea  of  using  con- 
cave mirrors  in  the  construction  of  telescopes  ;  but,  so 
far  from  having  invented  and  constructed  an  instrument 
of  value,  Descartes  endeavoured  to  convince  him  of  the 
fallacy  of  his  views.  Another  claimant  for  the  same 
honour  was  brought  forward  by  Fontenelle,  who,  in  his 
history  of  the  Academy  of  Sciences  for  1700,  has  ven- 
tured to  say,  "  that  the  reflecting  telescope  was  begun 
to  be  used  as  early  as  the  year  1616."  "  Father  Zuc- 
chi,"  he  continues,  "  an  Italian  Jesuit,  in  his  Ofilica 
PhilosofiMa,  printed  at  Lyons  in  1652,  says,  that  in  1616, 
reflecting  on  the  theory  of  telescopes  then  recently  in- 
vented, it  came  into  his  head  to  etn/iloy  concave  metal- 
lic mirrors,  inslead  of  object  tenses  uf  glass,  in  order  to 
produce  by  reflexion  the  same  effects  which  result  from 
refraction.  Having  found,  therefore,  in  a  cabinet  of  cu- 
riosities, a  concave  metallic  mirror,  exactly  worked  by  an 
able  artist,  he  applied  to  it  a  concave  eye-glass,  and  with 


this  telescope  observed  terrestrial  and  celestial  objects  ; 
and  experience  coiilirmed  wliat  liicory  iiad  taught  him."| 
VVc  need  scarcely  appeal  to  the  candour  of  the  reader 
for  his  decision  upon  this  claim.  Zucchi  obviously 
made  an  expeiiineut  ivith  a  concave  minor  and  o  con- 
cave lens,  in  the  same  manner  as  we  li^ve  reusi^n  to 
believe  was  done  b)  f^ogLr  Bacon  and  Leonard  Ullages. 
As  there  was  no  siiiall  speculum,  the  teKs(  ope  was  nei- 
ther Gregorian,  Newtonian,  nor  Casstgi..iiiiaii ;  anil  can 
be  considered  in  no  other  light  llian  a  ludv  aim  imptr- 
lect  expLiimeiit  by  obiitjue  lellt.xion,  which  must  iiuvc 
distorted  and  spoiled  the  image,  even  it  ni.s  speculum 
had  possessed  a  true  hgurc.  Hatl  Ziicchi  lolil  us  liie 
local  length  of  his  mirror,  we  might  probably  lave 
found  it  to  be  so  short,  that  the  idea  ol  calling  the  ex- 
periment a  telescope,  might  nave  been  still  more  ridi- 
culous than  it  appears  to  be,  when  wc  are  left  to  form 
any  notion  we  please  of  the  magnitude  and  local  distance 
of  the  speculum.  If  Zucdii  iiad  conceived  himscli  the 
inventor  of  the  refli  ciint;  telescope  why  did  he  remain 
contented  with  a  niiiroi-  found  by  accident  in  a  cabinet 
of  curiosities?  He  must  have  thought  his  experiment 
useless,  otherwise  he  wouki  not  have  failed  to  improve 
it  by  the  addition  of  a  tube,  and  the  application  ol  a  small 
speculum. 

Tlie  reputation  ol  James  Gregory,  however,  was  not 
confined  to  the  invention  of  the  telescope.  He  had  also 
the  high  honour  ol  discovering  the  law  of  refraction  in 
its  most  improved  form,  as  we  have  already  stated  in 
our  account  of  his  litV.  By  comparing  the  tables  of  re- 
fraction in  ^'itello's  optics,  and  those  given  by  Atha- 
nasius  Kircher,  he  was  led  to  the  discovery  of  the  con- 
stant ratio  of  the  sines.  By  comparing  this  law  with 
Vitello  and  Kircher's  experiments,  he  found  the  great- 
est deviation  to  be  1°  29'  in  water,  1°  5t/  in  wine,  1°  Ll' 
in  oil,  and  1°  33'  in  glass  ;  but  by  comparing  it  witii  a 
series  of  observations  made  by  himself  on  the  refractive 
powers  of  all  these  substances,  he  found  the  greatest 
error  to  be  only  15'.  Vitello  made  the  refractive  power 
of  water  1.306,  whereas  Gregory  found  it  to  be  1.3347, 
within  0.0018  of  the  most  accurate  measure  that  has 
yet  been  published.  Gregory  learned  before  the  pub- 
lication of  his  work,  that  he  had  been  anticipated  by 
Descartes  in  this  discovery,  and  he  ascribes  his  isno- 
rance  of  Descartcs's  Dioptrics  to  the  "  want  of  new 
mathematical  books  in  the  otherwise  celebrated  library 
of  Aberdeen  " 

Among:  the  optical  writers  of  the  present  period,  was 
Francis  Maria  (irimaldi,  a  learned  Italian  Jesuit,  who, 
along  with  his  friend  Riccioli,  cultivated  tlie  sciences 
with  much  ardour.  He  is  princip.dly  distinsuishcd  for 
his  discovery  of  the  uiflfxion,  or  the  diffractum  of  liicht, 
as  he  called  it,  of  which  he  published  an  account  in  his 
P/iisico-matfiesis  de  Lumine,  Coloribus  et  Jride,  alHsgue 
annexis,  lib  ii.  which  appeared  in  ir.65.  at  Bologna, 
after  his  death.  Having  admitted  a  ray  of  light  into  a 
dark  room  by  a  very  small  aperture,  he  observed  that 
it  was  diffused  in  the  form  of  a  cone,  and  that  all  bodies 
placed  in  this  divergent  light,  had  their  shadows  larger 
than  they  should  have  been,  had  the  light  passed  in 
straight  lines  by  their  edges.  Upon  more  mature  ob- 
servation, he  discovered  that  the  shadow  was  surrounded 


,  a  similar  idea  is  staled.     Montucia  has  very  properly  said,  "  that 
the  use  of  reflecting  mirrors." 


•  In  Mersennes'  Catoptrics,  prop.  7th,  which  appeared  in  1651 

Mersenne  .->ugured  some  degree  of  perfection  for  telescopes,  from 

+  Lettres,  torn  ii.  lett.  29  .ind  32.  -        ,       ,  •         .  j 

i  Fontenelle  does  not  seem  to  have  seen  the  Optica  Promota,  or  known  its  date,  as  he  states  tliat  Newton  s  telescope  was  inventeri 

before  Gregory's. 
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by  three  coloured  fringes,  growing  narrower  as  they  re- 
ceded from  the  body  ;  and,  when  the  light  was  strong, 
he  perceived  similar  coloured  streaks  within  the  sha- 
dow, which  sometimes  were  only  two  in  number,  and 
sometimes  four,  the  number  increasing  in  the  same 
shadow  when  it  was  received  at  a  greater  distance  from 
the  body.  From  these  new  and  important  facts,  Gri- 
maidi  concluded  that  light  is  bent  from  its  rectilineal 
direction  in  passing  by  the  edges  of  bodies.  By  ad- 
mitting into  a  dark  chamber  two  cones  of  light  through 
apertures  placed  so  near  one  another,  that  the  one  <  one 
did  not  penetrate  the  other,  till  at  a  considerable  dis- 
tance from  the  aperture,  Grimaldi  observed  that  the 
rnutual  interferences  of  the  rays  influence  one  another,  in 
such  a  manner  as  to  render  the  spot  illuminated  by  their 
joint  incidence  more  obscure  than  when  it  was  illumi- 
nated by  either  of  them  singly.  This  remarkable  result 
is  separately  announced  in  the  proposition,  "that  a  body 
actually  illuminated  may  become  more  obscure  by  add- 
ing a  new  light  to  that  which  it  already  receives."  Gri- 
maldi had  likewise  tlie  merit  of  first  observing  the  fact, 
that  the  solar  image  was  lengthened  by  the  refraction 
of  the  prism  ;  but  he  was  entirely  ignorant  of  the  dif- 
ferent refrangibility  of  light.   See  the  article  Grimaldi. 

Our  ingenious  countryman.  Dr.  Hooke,  made  nearly 
the  same  discovery  with  Grimaldi  respecting  the  in- 
flexion of  light,  without  knowing  what  had  been  done 
by  the  Italian  philosopher.  He  communicated  his  ob- 
servations to  the  Royal  Society,  in  1672,  six  years  after 
the  appearance  of  Grimaldi's  work  ;  and  he  speaks  of 
his  paper  as  containing  "  t!ie  discovery  of  a  new  pro- 
perty of  liglit  not  meiiiioned  by  any  optical  writers  be- 
fore him."  In  another  paper,  read  to  the  same  learned 
body  in  1675,  he  di'avvs  the  following  conclusions  from 
his  experiments,  some  of  which,  but  particularly  the 
last,  have  acquired  no  inconsiderable  interest  from  tlie 
investigations  of  subsequent  authors. 

1.  There  is  a  deflection  of  light,  differing  both  from 
reflexion  and  refraction,  and  seeming  to  depend  on  the 
unequal  density  of  the  constituent  pans  of  the  ray, 
whereby  the  light  is  dispersed  from  the  place  of  con- 
densation, and  rarefied,  or  gradually  diverged  into  a 
quadrant.  2.  This  deflection  is  made  towards  the  su- 
perficies of  the  opaque  body  perpendicularly.  3.  Those 
parts  of  the  diverged  radiations,  which  are  deflected  by 
the  greatest  angle  from  the  straight  or  direct  radiation, 
are  the  faintest,  and  those  that  are  deflected  by  the  least 
angles  are  the  strongest.  4  Rays  cutting  each  other  in 
one  common  foramen  do  not  make  the  angles  at  the 
vertex  equal.  5.  Colours  may  be  made  without  refrac- 
tion. 6.  The  diameter  of  the  sun  cannot  be  taken  with 
common  sights.  7.  The  same  rays  of  light,  falling  upon 
the  same  point  of  an  object,  will  turn  into  all  sorts  of 
colours  by  the  various  incl,inalion  of  the  object.  8.  Co- 
lours begin  to  appear  when  two  pulses  of  light  are 
blended  so  well,  and  so  near  together  that  the  sense 
takes  them  for  one. 

One  of  the  greatest  optical  and  astronomical  disco- 
veries of  the  17th  century,  was  that  of  the  successive 
propagation  of  lit'ht,  and  the  velocity  with  whicli  it 
moves  in  absolute  space.  This  interesting  truth,  which 
was  one  of  the  best  results  of  the  invention  of  the  tele- 
scope, was  obtained  by  the  Danish  astronomer  Olaus 
Roemer.  Galileo,  and  after  him  the  Academy  del  Ci- 
rnenlo,  had  in  vain  attempted  to  measure  the  speed  of 
this  fleet  element.    While  examining  some  singular  ir- 


regularities in  the  emersion  of  the  first  satellite  of  Ju- 
piter, on  the  9th  November,  1676,  Cassini  and  Roemer 
concluded  that  it  depended  on  the  distance  of  Jupiter 
from  the  earth,  and  that  it  was  necessary  for  its  expla- 
nation, to  suppose  that  the  light  of  the  satellite  spent 
about  ten  or  eleven  minutes  in  crossing  the  orbit  ol 
the  earth.  Cassini,  however,  who  seems  to  have  first 
started  this  hypothetical  opinion,  speedily  abandoned  it ; 
but  the  notion  was  keenly  maintained  by  Roemer,  who 
finally  succeeded  in  demonstrating,  to  the  satisfaction 
of  all  philosophers,  that  light  moved  through  the  diame- 
ter of  the  e.Trth's  orbit,  or  about  190  millions  of  miles  in 
eleven  m.inutes. 

Among  the  distinguished  optiral  writers  of  the  pre- 
sent peiiod  was  Walter  Ernfroy  Tschirnhausen,  lord  of 
Killingswald  and  Siolzenberg,  in  Lusatia  in  Saxony. 
After  serving  as  a  volunteer  in  the  Dutch  army,  in 
1672,  he  travelled  through  England,  France,  Italy,  and 
Germany,  and  having  visited  Paris  for  the  third  time 
in  1682,  he  communicated  to  the  Academy  of  Sciences 
his  discovery  of  caustic  curves,  formed  by  the  refrac- 
tion or  reflexion  of  parallel  rays  falling  upon  a  curved 
surface,  in  consequence  of  the  intersection  of  the  re- 
fracted or  reflected  rays  at  points  not  coincident  with 
the  geometrical  focus  of  the  refracting  or  reflecting  bo- 
dy. These  curves  must  have  been  seen  by  every  person 
at  the  bottom  of  a  polished  cylindrical  vessel,  upon  the 
inner  surface  of  which  the  rays  of  the  sun  or  of  a  can- 
dle are  incident.  In  the  Memoirs  of  the  Academy  for 
1682,  Tschirnl'.auscn  published  his  first  views  on  the 
subject,  and  accompanied  tliem  with  the  delineation  of 
the  caustic  of  a  circle  formed  by  incident  rays  that  were 
parallel.  M.  De  la  Hire  pointed  out  some  mistakes  in 
this  paper,  which  led  to  a  dispute  with  its  author.  This 
curious  subject  was  afterwards  studied  by  James  and 
John  Bernoulli,  who  extended  the  theory  to  convcri^ing 
and  diverging  rays  ;  and  by  M.  Bouguer,  who  discover- 
ed the  double  caustic,  forined  at  the  same  time  by  con- 
vex and  concave  surfaces.  Being  the  proprietor  of  ex- 
tensive glass-works,  Tschirnhausen  availed  himself  of 
the  opportunity  which  was  thus  afforded  him  of  con- 
structing large  burning  glasses,  of  which  we  have  given 
a  very  particular  account  in  our  article  on  Birning  Ik- 

STDUiMENTS,  vol.   V.   p.    140. 

Tschirnhausen  seems  to  have  been  the  first  person 
who  successfully  employed  a  large  object  lens  as  a  tele- 
scope, with  no  other  eye-glass  but  the  eye  of  the  ob- 
server. Baptista  Porta,  Scheiner,  and  Manfredi  Septala 
of  Milan,  had  no  doubt  made  the  same  experiment ;  but 
it  was  left  to  the  Saxon  philosopher  to  carry  the  idea 
into  actual  use.  With  a  double  convex  object  glass 
12-j*gth  inches  in  diameter,and  32  feet  lonp:,  he  saw  veiy 
distinctly  at  Nuremberg  a  whole  town  about  six  Eng- 
lisli  miles  distant;  the  vision  was  uncommonly  distinct, 
the  light  great,  and  the  field  of  view  unusually  large. 
Tschirnhausen  had  also  the  merit  of  establishing  in 
Saxony  that  porcelain  inanufacture  for  which  it  has  so 
long  been  celebrated. 

About  this  period  a  number  of  very  interesting  dis- 
coveries relatint^  to  vision  were  made  by  some  ingeni- 
ous French  philosophers.  M.  Petit,  who  devoted  much 
attention  to  the  structure  of  the  eyes  of  animals,  disco- 
vered that  the  crystalline  lens  was  nearly  spherical  in 
serpents  and  fishes,  while  in  other  animals  it  was  lenti- 
cular, the  anterior  having  a  greater  convexity  than  the 
posterior  surface.  In  all  animals  the  crystalline  lens 
grows  firmer  with  age.  It  has  different  degrees  of  hard- 
5  A  2 
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tiess  in  difTcrciit  aiumalsv  and  in  fishes  tlic  anterior  nu- 
cleus is  nearly  as  liaiU  as  horn, — a  siruciurc  which  Ur. 
I'orlerficld  aiicrwards  found  to  be  necessary  for  cun- 
verijine;  to  the  same  focus  the  rays  that  passed  through 
the  axis,  and  the  margin  of  the  lens.  ftl.  Petit  observ- 
ed, that  after  the  ap:e  of  25,  the  human  ciystalline  lens 
begins  to  be  yellowish  at  the  centre,  and  that  this  tinge, 
which  continually  grows  deeper,  giadually  extends  far- 
ther and  fanhcr  towards  its  circumference.  Two  lenses 
of  a  pel  son  Si  years  of  age  resembled  two  pieces  of 
beautiful  yellow  amber.  The  imperfection  .of  vision 
which  was  found  to  exist  in  children,  he  found  to  be  ow- 
ing to  the  thickness  of  the  cornea,  and  the  small  quantity 
of  their  atjueous  humour;  a  result  which  was  obtained 
also  with  the  eyes  of  new  born  animals,  such  as  dogs, 
cat?,  rabbits,  calves,  and  hogs.  In  order  to  illustrate  the 
phenomena  of  virion,  the  construction  of  an  artificial 
eye  was  proposed  by  Huygens.  The  structure  of  the 
crystalline  lens  of  animals  had  been  previously  investi- 
gated with  much  success  by  the  celebrated  Lecuenhoek. 
He  found,  that  when  dry  it  consisted  of  many  thin  con- 
centric laminae  or  scales;  and  he  maintains  that  these 
laminae  are  all  made  up  of  one  single  fibre  or  fine  ihread, 
wound  up  in  a  most  curious  manner,  so  as  to  pass  se- 
veral courses,  and  meet  in  as  many  centres,  and  yet 
not  interfere  or  cross  one  another  in  any  place.  In 
oxen,  sheep,  hogs,  do^s,  and  cats,  the  fiore  spreads  it- 
self in  three  difl'ercnt  courses,  and  forms  as  many  cen- 
tres; while  in  whales  it  has  five,  and  in  hares  and  rab- 
bits only  two. 

Hitherto  it  had  been  imagined,  that  the  delicate, 
transparent,  and  reticulated  membrane  at  tlie  bottom  of 
the  eye,  c;llcd  the  retina,  was  the  scat  of  vision,  or  the 
ground  upon  which  all  the  pencils  of  light  were  con- 
veiged,  in  order  to  produce  vision.  The  circumstance 
of  its  being  an  expansion  of  the  optic  nerve,  and  of  its 
succeeding  the  transparent  humours  of  the  eye,  render- 
ed this  opinion  very  probable.  Having  found,  however, 
that  the  part  of  the  retina  at  the  insertion  of  the  optic 
nerve  is  insensible  to  the  impression  of  light,  Mariotte 
was  led  to  entertain  the  opinion,  that  the  choroid  coal., 
■situated  behind  the  retina,  was  the  seat  of  vision.*  In 
order  to  observe  this  fact,  he  directs  us  to  place  on  a 
dark  ground  two  round  pieces  of  white  paper  at  the 
same  lieight,  and  three  feet  from  one  another;  then  to 
stand  opposite  to  them  at  the  distance  of  twelve  or  thir- 
teen feet,  and  hold  the  thumb  before  the  eyes  at  the  dis- 
tance of  about  eight  inches,  till  it  conceal  from  the  right 
eye  the  p.iper  that  is  to  the  left  hand,  and  from  the 
left  eye  the  paper  that  is  to  the  right  hand.  By  look- 
ing at  llic  thumb  steadily  with  both  eyes,  the  observer 
will  lose  sight  of  boih  the  papers,  the  eyes  being  placed 
in  such  a  manner  that  each  of  them  receives  the  im- 
age of  one  of  the  pieces  of  paper  upon  the  base  of  the 
optic  nerve,  while  the  other  is  intercepted  by  the  thumb. 
This  interesting  experiment  may  be  performed  in  a 
more  elegant  manner,  by  fastening  three  pieces  of  pa- 
per, A,  B,  C.  about  two  feet  apart,  upon  the  wall  of  a 
room.  The  observer  placing  himself  opposite,  and  pret- 
ty near,  the  middle  one  B,  must  retire  gradually  from 
it,  keeping  all  the  time  one  of  his  eyes  shut,  and  the 
other  turned  obliquely  towards  A  if  the  left  eye  is  co- 
vered, or  towards  C  if  the  right  eye  is  covered,  and  he 
will  find  a  situittion,  commonly  about  five  times  the  dis- 
tance at  which  the  papers  are  placed,  where  the  paper 


B  will  entirely  disappear,  while  A  and  C  continue  vi- 
sible. In  this  position  the  image  of  B  falls  upon  the 
base  of  the  optic  nerve.  The  transparency  of  the  reti- 
na occurred  to  >Iarioite  as  another  argument  against 
the  retina  being  the  scut  of  vision,  as  he  could  not  con- 
ceive the  pencils  to  terminate  upon  a  transparent  ground. 
The  dark  colour  of  tlie  choroid  coat,  and  the  ciicum- 
siance  of  the  pupil,  which  is  extremely  sensible  to  light, 
being  an  expansion  of  it,  appeared  to  M  Mariotte  ad- 
ditional arguments  in  favour  of  his  hypothesis.  To 
these  arguments  we  may  add  another,  drawn  from  the 
existence  of  the  furamen  ccntrale,  which  Soemmering 
discovered  in  the  very  centre  of  the  human  retina.  If 
in  tlie  living  subject  this  aperture  is  actually  open,  as 
it  appears  to  be  in  the  dead  one,  then  we  sliould  expect 
to  see  a  dark  spot  along  the  axis  of  vision,  or  on  the 
veiy  point  of  every  object  where  vision  is  most  perfect. 
This  circumstance  has  recently  led  Dr.  M^cdonakl  to 
suppose,  tiiat  the  existence  of  this  aperture  is  the  cause 
of  vision  being  most  distinct  when  the  image  is  receiv- 
ed on  that  part  of  the  eye,  in  consequence  of  the  rays 
arriving  without  obstruction  at  the  choroid  coat.  M. 
Picquct,  M.  De  la  Hire,  and  M.  Perrault,  took  up  the 
same  arguments  in  favour  of  the  retina  being  the  seat 
of  vision  ;  while  the  doctrine  of  Mariotte  was  supported 
by  M.  Le  Caf,  M  Mery,  and  by  our  countrymen  Mr. 
Michelland  Dr.  Priestley.  M  De  la  Hire,  however,siw 
the  difficulties  of  tlie  ordinary  hypothesis,  and  adopted 
the  intermediate  opinion,  that  the  choroid  coat  receives 
the  impression  of  images  in  order  to  transmit  them  to 
the  retina.  Notwithstanding  the  force  of  the  arguments 
urged  by  Mariotte,  and  particularly  by  Mr.  Michcll,that 
whicli  is  tltrived  from  the  transparency  of  the  retina 
appears  to  us  entirely  without  weight.  If  there  was 
another  eye  behind  the  retina,  which  looked  at  the  pic- 
ture foi  nied  upon  it,  as  in  a  camera  obscura,  then  the 
transparency  of  the  retina  would  undoubtedly  render 
the  image  faint  and  indistinct;  but  the  formation  of  a 
perfect  picture  upon  the  retina  visible  to  an  eye  behind 
or  before  it.  is  by  no  means  necessary  to  the  transfe- 
rence of  the  sensation  to  the  brain.  It  is  enough  for 
the  purposes  of  vision,  that  the  retina  is  excited  by 
pencils  accurately  convergent  upon  its  delicate  fibres  ; 
and,  for  any  thing  we  know  to  the  contrary,  the  trans- 
parency of  the  retina,  as  the  recipient  of  the  conver- 
gent pencils,  may  be  absolutely  necessary  to  prevent  it 
from  being  injured  by  the  detention  and  absorption  of 
light  or  heat. 

The  science  of  optics  was  now  destined  to  receive  an 
accession  of  the  finest  discoveries  from  the  genius  of 
the  illustrious  Newton.  In  the  year  1664,  when  he  was 
only  in  the  24th  year  of  his  age,  he  purchased  a  glass 
prism  for  the  purpose  of  examining  experimentally 
Dcscartes's  doctrine  of  colours.  During  that  and  the 
subsequent  year,  he  amused  himself  in  grinding  Itnses 
of  an  elliptical  and  hyperbolic  form,  in  order  to  correct 
the  imperfection  of  figure,  which  was  then  believed  to 
be  the  only  obstacle  to  the  perfection  of  the  telescope. 
Unsuccessful,  however,  in  this  attempt,  he  thought  of 
repeating  Grimaldi's  experiments  on  the  lengthening 
of  the  sun's  image  by  the  prism.  The  brilliancy  of  the 
colours,  and  the  oblong  figure  of  the  spectrum,  which 
he  at  first  supposed  to  be  accidental,  struck  him  with 
surprise,  and  attached  an  interest  to  the  investigation 
which  induced  him  to  prosecute  the  subject  with  all  the 
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urdour  oi  his  mind.  In  examining  the  solar  image, 
Newton  found  that  its  elongaiion  arose  from  the  diffe- 
rent refrangibility  of  the  different  rays  or  colours  which 
it  contained.  He  saw  that  each  separate  colour  had 
a  constant  refrangibility,  which  was  not  altered  by  the 
prism  ;  or  that  in  every  refracting  substance  there  was 
a  certain  ratio  of  the  sines,  which  was  different  for  dif- 
ferent colours,  but  constant  for  the  same  colour.  Hence 
he  concluded,  that  the  while  light  incident  on  his  prism 
was  a  heterogeneous  mixture  of  various  homogeneous 
rays  possessing  different  refrangibilitics  ;  and  he  suc- 
ceeded in  recomposing  white  light  out  of  its  gaudy  ele- 
ments, and  thus  completing  the  proof  of  its  composite 
character.  No  sooner  had  Newton  established  these 
opinions,  than  he  saw  the  cause  of  the  imperfections  of 
the  refracting  telescope,  and,  computing  the  error 
which  arises  from  the  different  refrangibility  of  light  in 
a  given  object  glass,  he  found  it  to  be  about  120.)  times 
that  which  arises  from  its  spherical  figure.  Had  ellip- 
tical anci  hyperbolical  lenses,  therefore,  been  as  easily 
ground  as  spherical  ones,  the  telescop^would  have  ex- 
perienced from  this  cause  scarcely  any  perceptible  im- 
provement. Hence  Newton  was  forced  to  have  recourse 
to  the  piiutiple  of  rtfle.sion  for  the  construction  of 
these  insirumtnls  ;  and  he  began  with  his  own  hands  to 
grind  and  polish  concave  metallic  mirrors.  In  this  way 
he  constructed  two  reflecting  telescopes,  of  the  kind 
since  called  Newtonian,  which  he  found  to  surpass  re- 
fracting telescopes  in  distinctness  and  power.  On  the 
1 1th  January,  1672,  the  day  of  his  election  as  a  Fellow 
of  the  Royal  Society,  he  sent  to  that  learned  body  one 
of  his  reflecting  telescopes,  which  was  publicly  exhi- 
bited at  their  meeting.  The  approbation  which  this 
instrument  seems  to  have  received,  excited  a  feeling  of 
high  satisfaction  in  the  mind  of  its  author;  and  in  a 
letter  written  to  Mr  Oldenburgh,  in  the  following 
week,  he  announces  his  intention  of  communicating  a 
''  philosophical  discovery  which  induced  him  to  the  mak- 
ing of  the  same  telescope,  and  which,"  he  continues,  "  I 
doubt  not,  will  prove  much  more  grateful  than  the  com- 
munication of  that  instrument,  being  in  my  judgment 
the  oddcit,  if  not  the  mcs!  considerable  detection  nv/iich 
halh  hitherto  been  niade  in  the  operations  of  nature." 
The  "  considerable  detection"  here  alluded  to,  which 
was  that  of  the  different  refrangibility  of  light,  was  laid 
before  the  Society  on  the  8lh  February.  It  was  receiv- 
ed with  peculiar  applause,  and  the  papers  ordered  to  be 
immediately  printed.  Tliis  great  discovery,  which  not 
only  led  to  the  invention  of  the  Newtonian  telescope, 
but  also  to  the  completion  of  the  theory  of  the  rainbow, 
was  received  abroad  with  a  degree  of  opposition,  which 
national  and  personal  je.ilousy  seem  to  have  in  some 
degree  inspired.  A  herd  of  perishable  names  sustained 
for  a  while  an  attack  upon  doctrines  which  they  did  not 
understand  ;  and  after  having  wounded  the  feelings, 
and  disturbed  the  serenity  of  that  great  mind  which  had 
conferred  on  science  the  noblest  of  her  gifts,  the  New- 
tonian theory  of  licht  and  colours  was  triumphantly 
adopted  throughout  all  Europe. 

Th^  attention  of  Newton  was  nest  directed  to  the 
colours  of  thin  transparent  bodies,  which  had  been  ob- 
servt  d,  and  to  a  certain  degree  studied,  both  by  Bovie 
and  Dr.  Hooke,  and  in  this  department  of  optics  his 
genius  was  equally  triumphant.  On  the  1 6th  Sept. 
167.i,  he  communicated  to  the  Royal  Society  his  paper 
"On  the  principal  phenomena  of  the  various  colours 
exhibited  by  thin  plates  or  bubbles."     This  paper  led 


to  a  controversy  with  Dr.  Hookc,  who  claimed  a  prior 
right  to  the  discovery  ;  but  Newton  was  too  firm  to 
yield  to  his  irascible  rival  ;  and  he  succeeded  in  satisfy- 
ing the  Society,  not  only  that  "  the  two  main  experi- 
ments were  unknown  to  ^Ir.  Hooke,"  but  "  that  he  ex- 
plained every  thing  in  a  way  so  differing  from  Mr,  Hooke, 
that  the  experiments  he  grounds  his  discourse  upon 
destroy  all  that  Mr.  Hooke  saith  about  them." 

On  the  20th  Jan.  1676,  after  Newton's  answer  to  Dr. 
Hooke  was  read,  another  paper  of  this  eminent  philoso- 
pher was  laid  before  the  Society,  containing  his  "  Theory 
of  the  Colours  of  Natural  Bodies,"  which  he  declined 
to  publish  till  he  had  perfected  it  by  some  additional  ex- 
periments and  observations.  This  theory  was  founded 
on  the  analogy  which  Newton  supposed  to  exist  between 
the  colours  of  thin  plates  and  the  permanent  colours  of 
natural  bodies.  He  had  already  shown,  that  bodies  ap- 
pear of  different  colours  accordingly  as  they  are  dispos- 
ed to  reflect  most  copiously  the  rays  originally  endued 
with  these  colours;  and  he  proceeds  in  the  third  part  of 
the  second  book  of  his  Optics,  to  point  out  the  constitu- 
tions of  bodies,  in  virtue  of  which  they  are  disposed  to 
reflect  some  rays  more  copiously  than  others.  In  doing 
this,  he  first  shows  that  the  least  parts  of  all  natural  bo- 
dies, even  the  metals  themselves,  are  transparent ;  that 
their  opacities  arise  from  the  multitude  of  reflections 
caused  in  their  internal  parts;  and  he  proceeds  to  de- 
monstrate, "  that  the  transparent  parts  of  bodies,  accord- 
ing to  their  several  sizes,  reflect  rays  of  one  colour,  and 
transmit  those  of  another,  on  the  same  grounds  that  thin 
plates  or  bubbles  do  reflect  or  transmit  those  rays;"  and 
this  he  takes  to  be  the  cause  of  all  that  variety  of  colour 
which  nature  exhibits. 

In  order  to  account  for  the  general  phenomena  of  thin 
plates,  and  the  partial  reflection  and  refraction  of  light 
incident  upon  transparent  surfaces,  Newton  devised  the 
celebrated  theory  of  fits  of  easy  reflection  and  transmis- 
sion, which,  though  it  has  often  been  ridiculed  by  those 
who  could  not  follow  the  train  of  his  reasoning,  will  ever 
be  considered  as  one  of  the  finest  specimens  of  gene- 
ralization. In  this  theory  he  considers  every  ray  of  light, 
in  its  passage  through  any  refracting  surface,  as  put 
into  a  certain  transient  constitution  or  state,  which,  in 
the  progress  of  the  ray,  returns  at  equal  intervals,  and 
disposes  the  ray  at  every  return  to  be  easily  transmit- 
ted through  the  next  refracting  surface,  and  between 
the  returns  to  be  easily  reflected  by  it.  What  kind  of 
action  or  disposition  this  is,  our  author  does  not  pretend 
to  determine,  though  he  states  the  possibility  of  its  con- 
sisting in  a  circulating  or  vibratory  motion,  either  of  the 
ray  or  of  the  medium.  After  explaining  the  way  in 
which  it  may  be  produced  by  a  vibration  in  the  refract- 
ing medium,  he  remarks,  that  whether  this  hypothesis 
be  true  or  false  he  does  not  mean  to  consider,  but  con- 
tents himself  with  the  bare  discovery,  that  the  rays  of 
light  are,  by  some  cause  or  other,  alternately  dispossd 
to  be  reflected  or  refracted  for  many  vicissitudes. 

In  the  prosecution  of  his  experiments  on  thin  plates, 
Newton  discovered  a  new  set  of  phenomena,  produced 
by  tliick  transparent  polished  plates,  which  he  has  fully 
desciibed  in  the  fourth  part  of  the  second  book  of  his 
Optics.  These  phenomena  were  analogous  to  those  of 
thin  plates,  and  are  referred  by  Newton  to  the  same  ge- 
neral principles. 

The  subject  of  the  inflection  of  light,  begun  by  Gri- 
maldi,  was  prosecuted  with  great  success  by  Newton  ; 
though,  in  consequence  of  having  been  interrupted  in 


606 


OPTICS. 


his  experimciils,  !ie  left  tlic  investigalion  incomplete. 
His  observations  on  lliis  subject  lorm  the  first  pari  of  the 
third  book  of  his  Optics,  and  it  appears,  from  the  cjue- 
lies  wliich  he  has  added  to  it,  that  he  regards  the  phe- 
nomena of  innectioii  as  produced  by  the  action  of  bodies 
on  the  passing  light  ;  that  lie  considers  the  colours  of 
the  fringes  as  arising  from  the  different  flexibilitiss  of 
the  differently  coloured  rays,  and  that  the  three  fringes 
arise  from  three  bendings,  resembling  the  motion  of  an 
eel. 

The  experiments  of  Newton  on  the  refractive  powers 
of  bodies  possess  a  high  degree  of  interest.  Air  had  the 
least  refractive  po\vi:r,  and  diamond  the  greatest  of  all 
the  bodies  which  he  examined;  but  upon  calculating 
iheir  absolute  refractive  power,  or  that  which  was  t^kcn 
in  relation  to  their  densities,  it  appeared  that  sulpna'e  of 
barytes  (called  by  Newton  Pseudo-iofiaz)  had  the  least, 
and  dianior.d  the  greatest.  The  most  remarkable  result, 
however,  which  he  obtained,  related  to  the  refractive 
power  of  inflammable  bodies,  all  of  which  had  nearly 
the  same  absolute  power,  and  one  much  higher  than 
other  bodies.  "  The  refraction  of  camphire,"  says  he, 
"  oil-olive,  linseed  oil,  spirit  of  turpentine,  and  amber, 
which  are  fat,  sulphurous,  unctuous  bodies,  and  a  dia- 
mond, which  probably  is  an  unctuous  suiistance  coagu- 
lated, have  their  refractive  powers  in  proportion  to  one 
another  as  their  densities,  without  any  considerable  va- 
riation. But  the  refractive  powers  of  these  unctuous 
substances,  are  two  or  three  times  greater  in  respect 
of  their  densities,  than  the  refraciivt  powers  of  the  for- 
mer substances,  in  respect  of  theirs." — "  Whence  it 
seems  rational  to  attribute  the  refractive  power  of  all 
bodies,  chiefly,  if  not  wholly,  to  the  sulphurous  parts  with 
which  they  abound.  For  it  is  probable  that  all  bo- 
dies abound  more  or  less  with  sulphur."  After  these 
speculations,  it  is  not  a  little  remarkable  that  Newton  ne- 
ver examined  the  refractive  power  either  of  sulphur 
or  phosphorus,  and  thus  missed  the  opportunity  of  con- 
firming and  extending  those  interesting  views  which 
have  received  such  a  remarkable  confirmation  from  the 
discoveries  of  modern  chemistry. 

The  only  other  branch  of  optics  which  Newton  seems 
to  have  investigated,  was  that  of  double  refiaction  and 
polarisation  ;  but  in  this  inquiry  his  usual  genius  sctms 
to  have  forsaken  him.  Although  he  remarks  that  Huy- 
gens  has  described  the  phenomena  of  double  refraction 
more  exactly  than  B  utholinus,  and  therefore  gives  us 
reason  to  believe  that  he  made  some  experiments  on  the 
subject,  which  confirmed  those  of  the  Dutch  philoso- 
pher, yet  it  is  unaccountable  ihat,  wiihyul  assigning  any 
reasons,  or  alleging  any  experimental  results,  he  should 
reject  Huygens's  law,  and  substitute  ano'.her,  entirely 


inconsistent,  not  only  with  the  experiments  he  has  prais- 
ed, but  wiih  those  of  all  succeeding  philosophers.  In 
his  speculations  respecting  the  cause  of  the  reappear- 
ance and  disappearance  of  the  pencils,  when  light  is 
transmitted  through  two  rhombs  of  calcareous  spar, 
Newton  has  been  more  fortunate.  He  infers  that  every 
ray  of  light  h^s  tv.o  opposite  sides,  originally  endowed 
with  a  property  on  which  the  unusual  refraction  depends, 
while  the  other  two  opposite  sides  are  not  endowed  with 
that  properly,  and  he  hid,  therefore,  the  undoubted  me- 
rit of  having  first  suggested  the  idea  of  the  fiolarity  of 
light. 

In   reviewing   the   optical    labours    of   our    immortal 
countryman,  we  cannot  avoid   hazarding  some  observa- 
tions oil  the  conclusion   which  Ncwum   has  draw:)   re- 
specting the  prismatic  specirum.     These  ohservaii'ins 
relfte  to  two  points.      1.   The   length  of  ihe   spectrum 
produced  tiy  different  refracting  bodies  ;  and,  2.  The  co- 
lours of  wiiich  it  is  composed.    Isl,  There  is  perhaps  in 
the  history  of  §tience  nothing  more  remarkable  than  that 
Newton  shouldnave  helicved  that   all  bodies  produced 
prismatic  spectra  of  equal  lengths.     Although   he  had 
formed  the  spectra  with  water,  and  with  different  kinds 
of  glass,  and  had   used    prisms  of   various   substances, 
all  of   which  differed   prodigiously  in   their   powers   of 
separating   the  solar  beam  into  its  coloured  elements, 
yet  he  never  suspected  that  such  a  difference  existed. 
Had   he  accidentally  formed  the    glass    parallelopiped, 
which  he  so  often  used,  of  two  kinds  of  glass,  he  would 
have    instantly   made   the   discovery,    and  the  invention 
of  the  achromatic  telescope  would  have  immediately  fol- 
lowed it.*    That  acute  and  searching  intellect,  however, 
whose  powers  of  analysis  and  combination  were  almost 
more  than  mtiiial,  seems  on  this  occasion  to  have  lost  its 
energy,  and  to  have  overlooked  inquiries  which  were  al- 
most pressing  themselves  upon  its  notice. t    Newton,  in- 
deed, had  risen  to  more  than  his  full  share  of  reputation, 
and,  lest  the  balance  of  scientific   fame  should  be   too 
much  destroyed  in  the  republic  of  letters,  the  discovery 
of  rclVac'.ion  without  colour  was  perhaps  wisely  left  to 
adorn  and  astonish  a  future  age.   2d,  In  his  observations 
on  the  prismatic  spectrum,  Newton  describes  the  differ- 
ent colours  which  enter  into  its  composition  ;    he   gives 
measures  of  the  spaces  which  they  respectively  occupy, 
and  represents  all  the  seven  colours  as  homogeneous,  and 
incapable  of  being  decoinposed.    Had  other  two  observ- 
ers, one  situated  in  Mercury,  and  the  other  in  Jupiter, 
studied  the  piismatic  spectrum  of  the  sun  by  the  same 
instruments,  and  with  the  same  sagacity  as  Ni.wton,  it  is 
demonstrable  that  they  would  have  obtained  very  differ- 
ent  results.      On  account   of  the   apparent  magniiude 
of  the   sun  in  Mercury,  the  observer  there  would  ob- 


•The  moment  Newton  discovered  the  different  refrangibility  of  light,  he  seems  to  have  abandoned  all  liopes  of  improving-  tlie 
refracting  telescope.  He  never  even  seems  to  have  tbouglit  that  there  were  any  circumstances  under  which  the  evil  of  dispersion 
could  be  remedied  ;  and  hence  his  successors  never  ventured  to  repeat  experiments  which  he  had  been  correcting  and  re- 
vising during  the  last  fifiy  years  of  his  life — See  the  Life  of  Nzwtox,  in  vol.  xiv.  p.  484,  and  his  Optics,  Prop.  vli.  Book  1.  p. 
91,  where   he  distinctly  says,  that  "the  improvement  of  teUscopen  of  given  len£^t/is  by  refractions  is  ilesjirnile." 

•j-  A  passage  in  one  ot  Newton's  letters  to  Oldenbuigh,  however,  gives  us  reason  for  believing  hat  he  even  tried  the  dis- 
persive power  of  diil'erent  media. — "Mr.  Hooke,"  says  he,  "thinks  himself  concerned  to  reprehend  me  for  laying:  aside  the 
thoughts  of  improving  optics  by  refraction.  What  I  said  there  was  in  respect  of  telescopes  of  the  ortlinary  construction,  sig- 
nifying that  their  impro\  -jment  is  not  to  be  expected  from  the  well  figuring  of  glnsses,  as  opticians  have  imagined.  But  I  de- 
spaired not  of  their  im])rovemtnt  by  other  constructions,  which  mude  me  cautious  to  insert  nothing  that  intiniutes  the  con- 
trary. For  although  successive  refractions,  which  are  all  made  the  same  way,  do  necessarily  more  and  njore  auKment  the 
errors  of  the  first  refraction,  yet  it  seemed  not  impossible  for  contrary  refractions  so  to  correct  cicii  other's  inequalities  as  to 
make  llieir  difltrence  vegulir;  and  if  that  could  be  conieniently  effected,  there  would  he  no  farther  difricilty.  Now  to  this 
end  I  examined  what  may  be  done,  not  only  by  glasses  alone,  but  more  especially  by  a  complication  of  diverse  successive  me- 
diums; as  by  two  or  more  glasses  or  crystals,  witli  water  or  sonic  other  fluid  between  (hem;  all  wlilcli,  iogcther,  m:,y  per- 
form the  office  of  one  gl.ass,  especi.ally  of  the  object  glass,  on  whose  construction  the  perfection  of  the  instrument  chieifly  dt 
pends.    But  what  the  results  in  theory  or  by  trials  have  been,  I  may  possibly  find  a  more  proper  occasion  to  declare." 
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tain  a  spectrum  enlirely  wiihout  green,  havitij^  red, 
orange,  and  yelloiv  at  one  end,  the  iv.'iire  in  llu-  iriiddie, 
and  icrminated  at  llie  other  end  with  blue  anC,  violet.  The 
observer  in  Jupiter  would,  on  the  contrary,  haw  obt:iin- 
ed  a  spectrum,  in  which  the  colours  were  inucii  more 
condeiised,  and  from  which  the  yellow  was  totally  ex- 
cluded, as  in  the  spcc;rum  from  a  narrow  aperiure,  first 
described  by  Dr.  Wollaston.  On  the  piaiiel  Saturri,  a 
spectrum  exactly  similar  would  have  oecn  obtained,  noi- 
wilhstandinji;  the  greater  diminution  of  the  sun's  appa- 
rent diameter.  It  may  now  be  asked,  whicn  of  all  these 
spectra  are  we  to  consider  as  exhibitin;;  the  number, 
and  arrangement,  -md  ex'ent  of  thi'  coloured  spaces  pro- 
per to  be  adopted  as  the  true  analysis  of  a  solir  ray  ? 
The  spectrum  observed  by  Newton  has  surely  no  claim 
to  our  notice,  merely  because  it  was  observed  upon  the 
surface  of  the  Earth.  The  spectrum  obtained  in  Mer- 
cuiy  affords  no  analysis  at  all  of  the  incident  beam,  the 
colours  being  almost  all  compound,  and  not  homogene- 
ous, and  that  of  Newton  is  liable  to  the  same  objection. 
Had  Newton  examined  his  spectrum  under  the  very 
same  circumstances  in  winter  and  in  summer,  he  would 
have  found  the  analysis  of  the  beam  more  complete  in 
summer,  on  account  of  the  diminution  of  the  sun's  dia- 
meter; and,  therefore,  we  are  entitled  to  say,  that  nei- 
ther the  i.unber  nor  the  extent  of  the  coloured  spaces, 
as  given  ty  Newton,  are  those  which  belong  to  homoge- 
ous  and  uncompounded  light.  The  spectrum  obtained 
in  Jupiter  and  Saturn  is  the  only  one  where  the  analysis 
is  compie'e,  as  it  is  incjpable  of  having  its  character  al- 
tered by  any  farther  diminution  of  the  sun's  diameter. 
Hence  we  aic  forced  to  conclude,  not  only  that  the  num- 
ber and  txtrnt  of  the  primitive  homogetieous  colours, 
as  given  by  Newton,  are  incorrect ;  but  that,  if  he  had 
attempted  to  analyse  some  of  the  primitive  tints  in  his 
spectrum,  he  would  have  found  them  decidedly  compos- 
ed of  heterogeneous  rays.  There  is  one  consequence 
of  these  observations  which  is  somewhat  interesting.  A 
rainbow  formed  in  summer,  when  the  sun's  diameter  is 
least,  must  have  its  colours  more  condensed  and  homo- 
geneous than  in  winter,  when  the  size  of  its  disk  is  a 
maximum,  and  when  the  upper  or  the  undei  limb  of  the 
sun  is  eclipsed,  a  rainbow  fbtmed  at  that  time  will  lose 
entirely  the  yellow  rays,  and  have  the  green  and  the  red 
in  perfect  contact.  For  the  same  reason  a  rainbow  form- 
ed in  Venus  and  Mercury  will  be  destitute  of  green 
rays,  and  have  a  brilliant  bow  of  white  light  separating 
two  coloured  arches,  while  in  Mars,  Jupiter,  Saturn,  and 
the  Georgian  planet,  the  bow  will  exhibit  oniy  four  ho- 
mogeneous colours. 

Although  the  name  of  Dr.  Halley  is  not  associated 
with  any  brilliant  effort  in  science,  yet  he  was  one  of 
those  few  men  who  may  be  said  to  have  improved  and 
enriched  almost  every  branch  of  natural  knowledge.  His 
labours  in  optics  are  perhaps  less  prominent  than  in 
other  departments,  though  they  are  still  entitled  to  no- 
tice in  a  history  of  its  progress.  In  the  Philosophical 
Transactions  for  1693.  he  published  a  very  valuibic  and 
popular  paper  on  the  •'  Excellence  of  the  Modern  /Mge- 
bra  in  the  resolution  of  the  problem  of  finding  the  foci 


of  optic  glasses  universally,"  in  which  he  gives  formulae 
of  a  very  simple  kind,  for  finding  the  focus  of  rays  pass- 
ing netr  the  axis,  for  lenses  of  all  forms,  and  taking  into 
account  the  thickness  of  the  lens  itself.  In  a  paper  on 
l.ie  rainbow,  which  appeared  in  the  Transactions  for 
1700,  Dr.  Halley  has  computed  the  diameters,  not  only 
of  tlie  two  bows,  but  of  those  which  may  be  formed  by 
a  greater  number  than  two  reflexions.  He  finds  that  the 
firs',  bow"  has  a  radius  of  42°  30",  and  the  second  5  1°  55', 
bein^  both  projected  on  tlie  part  of  the  sky  opposite  to 
the  sun  ;  that  the  third  bow  would  be  distant  from  the 
sui  4w«  20'  (42°  according  to  Dr.  Young.)  and  the  fourth 
45°  33'.  These  two  last  bows,  however,  have  never  been 
observed,  owing  probably  to  the  overpowering  effect  of 
the  sun's  light;  though  it  is  very  probable  that,  under 
favourable  circumstances,  and  with  particular  precau- 
tions, the  third  bow  might  be  tendered  visible.  At  all 
events,  there  is  reason  to  believe  that  they  will  be  visi- 
ble to  the  inhabitants  of  Venus  and  Mercury. 

The  period  to  which  we  have  now  arrived  embraces 
two  capital  discoveries,  of  which  England  has  the  sole 
and  the  undivided  honour.  These  discoveries  were  the 
aberration  of  light,  and  the  invention  of  the  achroma- 
tic telescope.  The  history  of  the  first  of  these  disco- 
veries, made  by  Dr.  Bradly,  has  already  been  detailed 
at  length  in  our  article  Aberr.vfion  ;  and  that  of  the 
second  in  the  article  on  Achromatic  Telescopes. 

There  is  perhaps  no  feature  in  the  histoiy  of  sci- 
ence more  remarkable  than  the  circumstance,  that 
foreigners  should  have  attempted  to  deprive  England 
of  the  honour  of  the  invention  of  the  achromatic  tele- 
scope, by  endeavouting  to  transfer  it  to  the  illustrious 
Euler.  There  never  was  a  scientific  claim  more  ut- 
terly unfounded.  From  its  first  construction  to  its  last 
improvements,  the  achromatic  telescope  is  a  Biitish 
invention,  to  which  no  foreigner  has  made  even  the 
slightest  addition  ;  and,  on  the  contrary,  it  may  be  stated 
with  equal  truth,  that,  excepting  the  recent  and  able 
investigations  of  Mr.  Herschel,  the  mathematical  theory 
of  achromatic  combinations  belongs  wholly  to  foreigners. 
The  names  of  Euler,  Clairaut,  D'Alembert,  and  Bos- 
covich,  adorn  these  prolour.d  and  ingenious  inquiries  ; 
but  while  we  admire  the  genius  and  address  whi'  h  they 
display,  we  must  at  the  same  time  state  wiili  confidence, 
that  they  have  never  yet  conducted  to  any  practical  or 
useful  result. 

We  should  have  entered  with  zeal  and  pleasure  into 
the  discussion  of  tho  claims  of  Dollond,  Klingenstierna, 
and  Euler,  ?nd  endeavoured  to  assign  to  the  two  last 
of  these  philosophers  their  real  shire  in  thos;-  pi  elimi- 
nary  inquiries,  which  terminated  in  the  construction  of 
an  achromatic  telescupe  by  Dull'jnd,  in  1757;  but  such 
a  discussion  is  now  of  no  avail,  as  it  is  a  matter  of  per- 
fect notoriety,  that  this  instrument  w.  s  not  only  invented, 
but  actually  constructed  in  the  year  1733,  as  mcntinned 
in  our  account  of  the  achromatic  telescope.  In  that  ar- 
ticle we  stated,  "  that  if  the  claims  of  Mr.  HjII  are  sub- 
stantiated by  unexccptionabie  evidence,  »e  cannot  with- 
hold from  lii:ii  the  evidence  of  being  the  original  inven- 
tor.*"    This  evidence  we  believe  to  be  complete.     Mr. 


*  As  this  part  of  the  history  of  the  achromatic  telescope  is  very  impprfectly  known,  our  readers  will  be  gfratified  with  the  follow- 
ing account  of  Mr.  Hall's  invenlion,  from  the  Genilen-j  n'a  Mogazine  for  (Jclober,  17y0  Dr  Tilloeli,  who  reprinted  it  in  his  Ma^a- 
zine  for  Nov.  1798,  vol.  ii.  p.  177.  has  stated  that  he  «as  assured  by  Mr  Uamsden.  that  this  paper  contains  a  true  btatement  uf  the 
fact.s. 

"  The  inventor  of  the  achromatic  telescope  was  Chester  More  Hall,  Esq.  of  More  Hall  in  Essex,  who,  about  1729,  as  appears  by 
his  papers,  considering  the  difl'erent  humours  of  the  eye,  imagined  they  were  placed  so  as  to  correct  the  different  refrangibiiity 
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Dollond's  patent  was  assailed  before  a  British  jury,  on 
the  ground  of  his  having  been  anticipated  by  Mr.  llall, 
and  before  that  stern  tribunal  it  was  proved  tliat  two  of 
Mr.  Hall's  telescopes,  consisting  of  lenses  of  crown  and 
flint  glass,  and  perfectly  achromatic,  were  in  existenci. 
long  before  Mr.  Dollond  had  constructed  the  achromatic 
telescope;  but,  on  the  principle  well  known  and  long 
recognised  in  the  patent  law  of  England,  that  Mi-. 
Hall's  telescopes  were  not  sold  or  exhibited  for  s.de, 
the  previous  invention  of  the  achromatic  telescope  w.is 
not  held  to  invalidate  the  patent  of  Mr.  Dollond,  w  lio 
had  the  merit  of  bringing  it  before  the  public  as  a 
useful  invention.  But  although  Mi.  Hall  must  ever  be 
regarded  as  the  original  inventor  of  tlie  achromatic 
telescope,  there  is  no  reason,  so  far  as  we  have  learned, 
for  supposing  that  Mr.  Dollond  had  any  knowledge  of 
his  instruments.  The  progress  of  Mr.  Dollond's  mind, 
indeed,  from  his  first  inquiries  to  the  final  completion 
of  the  telescope,  render  such  a  supposition  highly  im- 
probable. 

Mr.  Peter  Dollond,  the  son,  had  the  incril  of  first 
suggesting  and  using  the  triple  object  glass,  in  which 
the  lens  of  fiint  glass  was  placed  between  the  two  lenses 
of  crown  glass,  for  the  purpose  of  obtaining  a  better 
correction  of  the  splierical  aberration.  This  arrange- 
ment has  been  long  admired  ;  but  the  double  object 
glass  will,  we  have  no  doubt,  for  many  reasons,  sup- 
plant this  more  complicated  combination. 

Although  Euler  had  long  refused  to  believe  in 
achromatic  refraction,  yet  his  unbelief  was  founded 
chiefly  on  too  obstinate  an  adherence  to  his  own  theo- 
retical views.  He  was  perplexed,  however,  with  the 
distinct  testimony  of  M.  Clairaut,  in  favour  of  the  ex- 
cellence of  the  new  telescopes  ;  but  he  still  ascribed 
their  superiority  to  a  variety  of  trivial  causes.  At  one 
time  he  in)puted  it  to  the  absorption  of  the  red  light 
by  the  green  glass  ;  at  another  time  to  the  excellent 
curvature  which  he  had  given  to  the  surfaces  ;  and,  at 
another,  to  the  superiority  of  his  eye-pieces.  "  If  my 
theory,  says  Euler,  be  true,  this  disagreeable  conse- 
quence follows,  that  Mr.  Dollond's  object  glasses  cannot 
be  exempt  from  the  dispersion  of  colours.  Yet  a  regard 
to  so  respectable  a  testimony  embarrasses  me  extreme- 
ly, it  being,  as  it  is,  as  difficult  to  call  in  question  such 
direct  authority,  as  to  abandon  a  theory  which  seems  to 
me  perfectly  well  founded,  and  to  embrace  an  opinion 
which  is  as  contrary  to  all  the  established  laws  of  na- 
ture, as  it  is  "  bizarre  and  revulting."  After  all  this,  he 
still  expresses  his  confidence  that,  in  a  darkened  room, 
the  object  glasses  of  Dollond  will  be  found  to  have  the 
same  defects  as  those  of  the  common  kind. 


The  force  of  truth,  however,  at  last  prevailed  over 
Euler's  attachment  to  theory;  and  he  candidly  ac- 
knowledges, that  he  should  perhaps  never  have  been 
brought  to  this  conviction,  had  he  not  been  assured  by 
Clairaut,  that  the  experiment  of  the  English  optician 
might  be  implicitly  credited.  Tliis  conviction  was  at 
last  completed  by  a  communication  from  M.  Zeiher  of 
St.  Fetcrburgh,  who  found  that  by  increasing  the  quan- 
tity of  lead  lie  could  produce  a  glass,  in  which  the 
dispersive  power  was  much  more  increased  than  the  re- 
fractive power.     The  followine  wore  Zeihcr's  results. 
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Upon  the  new  principles  which  were  thus  forced 
upon  Euler's  notice,  he  began  the  investigation  of 
achromatic  combinations,  and  wrote  some  able  papers 
on  the  subject,  which  were  published  in  the  Memoirs 
of  the  Academy  of  Berlin.  These,  and  some  of  his 
other  optical  writings,  he  collected  into  a  work,  under 
the  title  of  Diojitrica,  in  three  quarto  volumes,  which 
appeared  at  St.  Petersburg!!  in  the  years,  1769,  1770, 
and  1771.  The  first  volume  is  entitled  De  Ji.vliUcalione 
Principiorum  ex  rjuibus  Constructio  7\lescofmrum  qiiam 
Microscoftiorum  est  jietenda  ;  tlic  second,  De  Construc- 
tione  Teicsco/iiorum,  Dio/itr-icorum  jl/ifiendicc,  lie  Con- 
structione  Telesco/norum  Catofilrko-diolurkorum;  and  the 
third,  De  ConHtructione  Microscopiorum  tarn  Sim/iliciuin 
ijuam  ComfiQsilorum. 

Among  the  optical  of  labours  Euler,  we  must  not 
omit  to  mention  his  attempt  to  establish  a  new  theory 
of  light.  This  theory  was  fundamentally  the  same  as 
that  of  Huygens,  with  the  additional  hypothesis,  that 
the  difFercnce  of  colours  depends  on  the  different  fre- 
quency of  the  vibrations  or  undulations  which  consti- 
tute light.  This  theory  has  been  stated  by  its  author 
in  a  very  clear  and  popular  manner,  in  his  letters  to  a 
German  princess;  but  it  has  not  met  with  any  support 
from  succeeding  philosophers.  Dr.  Thomas  Young 
is  of  opinion,  that  Etiler  has  injured  the  theory  of 
Huygens,  by  injudicious  additions  to  it,  and  has  re- 
marked that,  if  Euler's  theory  of  the  reflexion  and  pro- 


of ligbt.  lie  then  conceived,  that  if  he  could  find  substances  having  such  properties  as  he  supposed  these  humours  miglit  possess, 
he  should  be  enabled  to  construct  an  object  glass  that  would  show  objects  colourless.  After  many  experiments,  be  had  the  good 
fortune  to  find  these  properties  in  two  different  sorts  of  glass  ;  and  by  forming  lenses  made  with  such  glass,  and  making  them  dis- 
perse the  rays  of  light  in  contrary  directions,  he  succeeded.  About  1733  he  completed  several  achromatic  object  glasses,  (though 
he  did  not  give  them  that  name,)  which  bore  an  aperture  of  more  than  2^  inches,  though  the  focal  lengtlii  did  not  exceed  20 
inches;  one  of  which  is  now  in  the  possession  of  the  Rev.  Mr.  Smith  of  (;harlotte  Street,  Rathbone  I'lace.  This  glass  has 
been  examined  by  several  gentlemen  of  eminence  and  scientific  abilities,  and  found  to  possess  the  properties  of  the  present  achro- 
matic glasses. 

Mr.  Hall  used  to  employ  working  opticians  to  grind  his  lenses;  at  the  same  time  he  furnished  them  with  the  radii  of  the  surfaces, 
not  only  to  correct  the  different  refrangibility  of  rays,  but  also  the  aberration  arising  from  the  spherical  figure  of  the  lenses.  Old 
Mr.  Bass,  who  at  that  time  lived  in  Bridewell  precinct,  was  one  of  these  working  opticians,  from  whom  Mr  Hall's  invention  seems 
to  have  been  obtained.  In  the  trial  at  Westminster  Hall,  about  the  patent  for  making  achromatic  telescopes,  Mr.  Hall  was  allowed 
to  be  the  inventor;  but  Lord  Mansfield  observed,  that  'it  was  not  the  person  who  locked  up  his  invention  in  his  scrutoire,  that  ought 
to  profit  by  a  patent  for  sach  inventions,  but  he  who  brought  it  forth  for  the  benefit  of  the  public'  This  perhaps  might  be  said, 
with  some  degree  of  justice,  as  Mr.  Hall  was  a  gentleman  of  properly,  and  did  not  look  to  any  peciniiary  advantage  from  his  dis- 
covery ;  and,  consequently,  it  is  very  probable  that  he  might  not  have  an  intention  to  make  it  generally  kjiown  at  that  time.  That 
Mr.  Ayscough,  optician  in  Ludgate  Hill,  was  in  possession  of  one  of  Mr.  Hall's  achromatic  telescopes,  in  1754,  is  a  fact,  which  at  this 
lime  will  not  be  disputed," 
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pagation  of  light  were  true,  all  bodies  would  have  the 
properties  of  solar  phosphori ;  and  the  refraction  of 
the  rarest  of  natural  bodies  would  be  incomparably 
greater  than  that  of  the  densest  is  actually  found  to  be* 

The  theory  of  achromatic  conibinaiions  was  investi- 
gated with  great  ability  by  M.  Claiiaut,  who  published 
three  ingei.ious  dissertations  on  the  sul  ject.  in  the  Me- 
moirs of  the  Academy  of  Sciences  for  1756,  1757,  and 
1761.  In  order  to  establish  a  complete  tlumy  ot  achro- 
matic object  glasses,  Clairaut,  with  the  assistance  of  M. 
Tournieres,  made  many  experiments  on  the  refractive 
and  dispersive  powers  of  different  kinds  of  glass.  In 
these  experiments  he  employed  a  prism  with  a  variable 
anjrle,  which  consisted  of  a  piano-cylindrical  lens,  in 
which  diSferent  parts  of  the  cylindrical  surface  formed 
different  angles  with  the  plane  side  of  the  lens,  and  by 
observing  the  point  on  the  cylindrical  surface,  where 
the  ray  was  incident  when  the  image  was  colourless,  he 
could  easily  determine  the  angle  which  the  tangent  to 
this  point  formed  with  the  plane  face  of  the  prism.  Clai- 
raut seems  to  have  been  the  first  person  who  noticed, 
that  the  proportionality  of  the  dispersion  of  the  two 
lenses  was  a  condition  essentially  necessary  to  the  per- 
fection of  the  combination  ;t  but  he  merely  touched  upon 
this  important  topic,  and  left  the  honour  and  the  labour 
of  pursuing  it  to  his  successors. 

The  celebrated  d'Alembert  succeeded  Clairaut  in  the 
same  inquiry.  The  third  volume  of  his  Ofiuscules  Ma- 
thematiques,  published  in  1761,  is  entirely  devoted  to  the 
subject  of  achromatic  telescopes.  He  continued  these 
investigations  in  the  Memoirs  of  the  Academy  of  Sci- 
ences for  1765  ;  and  in  the  4th,  Sth,  and  7th  volumes  of 
his  Ofiuscules,  he  has  added  several  appendixes  on  the 
same  subject.  In  these  various  papers,  d'Alembert  has 
examined  the  subject  in  every  aspect,  and  has  brought 
forward  a  variety  of  ingenious  lesources  for  correcting 
errors  of  figure  and  of  refrangibility.  He  has  proposed, 
in  some  casts,  to  place  the  lenst  s  of  the  object  glass  at  a 
small  distance  ;  to  use  eye-glasses  of  different  refractive 
media;  and  to  construct  achromatic  opera  glasses  with 
small  magnifying  powers,  by  means  of  a  single  object 
glass  and  a  single  eyetjlass  of  different  refractive  and 
dispersive  qualities.  Althoutjh  d'Alembert  was  so  ex- 
tremely sanguine  respecting  the  value  of  the  different 
mctlidds  which  he  proposes,  as  to  express  his  convic- 
tion that  achromatic  telescopes  would  be  improved  by 
them  to  a  degree  scarcely  credible  ;  yet  we  regret 
to  say  that  this  conviction  had  no  solid  foundation. 
Mriiiy  of  his  methods,  though  highly  marked  by  the 
analytical  skill  of  their  author,  are  characterized  by  ex- 
cessive  and  unnecessary   refinement;  and   we  have   no 


hesitation  in  adopting  the  sentiment  so  well  expressed 
by  Mr.  Herschel,  "  that  from  all  the  abstruse  researches 
of  Clairaut,  Euler,  d'Alembert,  and  other  celebrated 
geometers,  nothing  hitherto  has  resulted  beyond  a  mass 
of  complicated  formulje,  which,  though  confessedly 
exact  in  theory,  have  never  yet  been  made  the  basis  of 
construction  for  a  single  good  instrument,  and  remain 
therefore  totally  inapplicable,  or  at  least  unapplied  in 
practice. ":( 

Among  the  mathematical  writers  on  the  achromatic 
telescope,  the  name  of  the  celebrated  Boscovich  holds  a 
prominent  place.  His  dissertations,  which,  though  very 
diffuse,  are  written  with  much  perspicuity,  were  first 
published  at  Vienna  in  1759,  under  the  \\\\e.  oi  Disserta- 
tiones  Diofitricx.  He  resumed  the  subject  in  the  Coin- 
mentarii  Bononienses  ;  but  it  is  in  his  Ofiera  Pertiitentia 
ad  0/iticam  ec  ^stronomiam,  which  he  published  at  Bas- 
sano  in  1785,  in  five  quarto  volumes,  that  we  are  pre- 
sented with  his  most  recent  and  most  correct  investiga- 
tions. The  two  first  volumes  are  entirely  occupied  with 
optical  subjects,  and  the  first,  and  half  of  the  second,  are 
devoted  to  the  subject  of  achromatic  telescopes. 

In  examining  the  refractive  and  dispersive  powers  of 
bodies,  Boscovich  used  a  variable  piism,  which  was  an 
improvement  upon  Clairaut's,  as  suggested  by  Abat  of 
Marseilles.  It  consisted  of  two  piano-cylindrical  lenses, 
one  of  which  was  plano-convex,  and  the  other  plano- 
concave, so  that  when  the  plano-convex  and  plano-con- 
cave surfaces  were  put  together,  the  one  could  be  moved 
upon  the  other,  and  any  inclination,  within  certain  limits, 
given  to  the  plane  surfaces.  For  the  purpose  of  examin- 
ing- fluids,  he  employed  an  apparatus  which  he  calls  a 
Vitrometer,  consisting  of  two  glass  planes  which  could 
be  set  at  different  angles,  so  as  to  form  fluid  prisois  of  any 
angle.  Our  author  then  proceeds  to  investigate  formulae 
for  correcting  the  spherical  and  chromatic  aberrations 
for  double  and  triple  achromatic  object  glasses.  Hav- 
ing considered  fully  the  irrationality  of  the  coloured 
spaces  first  treated  of  by  Clairaut,  he  shows  that  it  is  im- 
possible to  unite  more  than  two  colours  by  the  opposite 
refraction  of  two  substances,  which  have  not  their  dis- 
persions proportional ;  and  he  points  out  a  method  of 
uniting  the  two  extreme  rays  of  the  spectrum  with  the 
most  outstandina;  colour  by  means  of  a  third  medium. 
One  of  the  most  interesting  of  Boscovich's  riisserta- 
tations.  is  that  which  relates  to  the  construction  of  achro- 
matic eyepieces.  He  has  here  treated  the  subject  in  a 
very  general  and  interesting  manner,  and  has  pointed  out 
a  method  of  making  achromatic  eyepieces,  either  with 
two  lenses  put  tosrether  of  different  dispersive  powers, 
like  the  object  glass; — with  two  lenses  of  the  same  re- 


*  Quod  si  ob  difficultates  physicas  in  speculis  idoneis  torno  elaborandis  et  poliendis,  etiamnum  lentibus  uti  oporteat,  fortassis  me- 
dia diversae  densitatis  ad  Icntem  objectivam  compoiiendam  adhibcre  utile  foret,  ut  a  natura  factum  observemus  in  oculi  fabrica,  ubi 
chrisiallintis  humnr  (fere  ejusdem  cum  vitro  virtutis  ad  radios  liicis  retringendos)  aqueo  et  vitreo  (aquz  quoad  refractionem,  baud 
absimilibus)  conjungitur,  ad  imaginem  quam  distincle  fieri  potuit,  a  natura  nihil  frustra  molienti,  in  oculi  fundo  depingendam  :  sed 
et  alii  sum  in  animalis  oculo  prxdicti  artificii  usiis,  qui  non  sunt  hujus  loci." 

In  Dr  Brown's  Translation  of  (iiegory'sCatoptrics,  the  words  fortassis  medio,  iic.  are  translated,  "  perhaps  it  would  be  of  service  to 
make  the  object  lens  nf  a  different  medium,"  which  destroys  entirely  the  meaning  of  the  author,  as  he  clearly  recommends  the  trial 
of  media  of  different  density  lo  compose  the  object  glass. 

"t-"  11  y  a  encore,"  says  Clairdut,  "  un  fait  important  que  nos  experiences  nous  ont  appris,  c'est  que  les  corrections  des  iris  faites  par 
lesprismescomb\r.€s,  ne  sont  jamais  aussi  purfaites  qu'on  1p  croiroit  d'apres  les  termes  de  M  Dollond  Dans  le  cas  du  prisme  de 
verre  p)ac£  dans  I'eau;  par  esemple.  apres  avoir  fait  varier  les  plaques  qui  determinent  I'angle  du  prisme  d'eau,  jusqu'au  point  ou 
les  objects  vus  a  Iravers  les  deux  prismes  ne  paroissent  point  d^colores,  du  moins  aux  vurs  ordinaires,  on  trouve  en  placant  ce» 
prismes  dans  lachambre  noire,  qu'il  teste  toujonrs  quelqiie  petit  limbe  de  couleur  vers  les  hordes  de  I'image  du  soleil,  cequi  vient 
sans  doute  de  ce  que  les  parties  dii  spectre  que  chaque  matitre  refrinnente  donne,  ne  soni  pas  exactement  proportionelles  aux  lon- 
gueurs totalfs  de  ces  spectics  Muis  ces  iii^gahtes  qui  diniinuent  a  mesure  que  les  angles  des  prismes,  sont  plus  petit9»  doivent 
etre  comme  insensibles  dans  le  cas  des  lentilles  adoss^es,  yu  la  petitessedes  angles  de  refringence  equi  ont  lieu  alors. 

\  Phil.  Trans  1821.  p    222. 
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fractive  and  dispersive  powers  placcil  ai  a  disiance, 
equal  to  half  the  sum  of  ihcir  focal  length  ; — or  with 
three  or  four  lenses  of  the  same  glass. 

The  subject  of  Photometry,  or  the  mensuration  of  the 
intensity  of  different  lights,  had  till  now  scarcely  attract- 
ed the  notice  of  philosophers.    Iluygens  had  thrown  out 
some  imperfect  hints,  and  had  pointed  out  a  method  of 
estimating  the  quaniiiy  of  light  which  Jupiter  and  Sa- 
turn received  from  the  sun,  and  of  compariiiii  the  Hsht  of 
the  sun  with  that  of  the  fixed   stars  ;  and   P.  F.  Marie 
had  published,  in  1700,  a  work  enlitlcd,  A^ouvclle  decoii- 
verCe  sur  la  Lumiirc,  fiour  en  inesurcr  et  com/ilcr  lea  de- 
grea,  in  whicli  he  describes  an  instrument  called  a  Luci- 
meter.     It   was  reserved   however   for   M.    Bouijuer  to 
give  a  new  character  to  these  investigations,  and  to  add 
many  curious  facts  to  the  science  of  optics.     His  first 
experiments  on  the  subject  were  published  so  early  as 
1729,  in  a  work  entitled,  Ksnai  d'Olitujuc  sur  la  Grada- 
tion de  la  Lutnierc,  which  afterwards  appeared  in  1760,  in 
an  augmented   and   improved    form,  under  the    title  of 
Traite  d'Ofilique  sur  la  Gradation  de  la  Lnmierc.     This 
work  contains  numerous  experiments  on  the  propcrlies 
of  a  variety  of  substances  in  the  reflexion  and  transniis- 
sioTi  of  light  under  different  circumstances.     It  treats  of 
the  intensity  of  the  light  emitted  by  the  sun,  the  moon, 
the  planets,  and  the  fixed  stars;  of  the  quaniiiy  of  light 
reflected,  at  different  angles,  from   polished   and   rough 
surfaces  ;  and  of  the  absorption  or  dispersion  of  light  in 
passing  through  transparent  media.     In  his  observations 
on  the  light  of  the  planets,  he  showed  that  the  centre  of 
the  sun's  disk  was  considerably  more  luminous  than  the 
extremities  of  it ;  that  the  primary  and  secondary  pla- 
nets are,  on  the  contrary,  more  luminous  at  their  edges 
than  near  their  cenues;  and  that  the  light  of  the  sun  is 
about  300,000  times  greater  than  tliat  of  the  stars.     M. 
Bouguer  likewise   found,  that   when  one  light   was  64 
times  less  than  another,  the  presence  of  the  weaker  one 
could   not  be  perceived.     He  found  that  when  the  sun 
■was  15°  or  20"  high,  the  light  decreased  on  the  same  ho- 
rizontal parallel  to  the  distance  of  1 10°  or  120°  from  his 
body,  and  then  increased  again  to  the  point  exactly  op- 
posite to  the  sun;  and  from  various  observations  on  the 
light  of  the  sun  and  moon,  at  different  altitudes,  he  con- 
cludes  that   light    is  diminished   in  the    ratio  of  about 
2500  to  1681,  in  traversing  7469  toises  of  dense  air.     In 
his  experiments   on  the  reflexion  of  light  from  water, 
glass,  and  metallic  surfaces,  he  obtained  many  new  and 
curious  results.     At  an  incidence  of  7j°,  or  15°  with  the 
plane,  he  found  that  a  piece  of  glass  one  line  in  thick- 
ness, reflected  628  rays  out  of  1000;   while   a  metallic 
mirror,  placed  under  the  same  circumstances,  reflected 
only    561.     In    like    manner,  water   at  a  perpendicular 
incidence,  reflected  only    18  out  of  the   1000,  or  -^j^h  of 
the  number  reflected  by  mercury.     At  great  angles  of 
incidence  the  water  reflected  almost  exactly  as    much 
light  as  the  quicksilver.     This  interesting  result  may, 
to  a  certaia  degree,  be  observed,  by  pouring  a  little  water 
upon  mercury,  and  observing  the  two  images  that  are 
reflected  from  the  acjueous  surface,  and  the  other  from 
the  separating  surface  of  the  two  fluids,  viz.  the  surface 
of   the   mercury.     At    a    perpendicular    incidence,   the 
image  from  the  water  will  be  scarcely  visible.     By  in- 
creasing the  incidence,  the  image  from  the  water  will 
grow  stronger,  while  thai  from  the  mercury  will  become 
weaker  in  proportion,  till  at  angles   of  about  80°    and 
more  the  two  images  will  be  equally  luminous.     This 
comparison,  however,  is  in  a  great  degree  fallacious,  as 


a  measure  of  the  comparative  reflexion,  for  the  rays  arc 
not  incident  at  ef|ual  angles  upon  both  sui  laces,  and  as 
the  liglit  which  falls  u])un  the  mercury  is  much  weaker 
than  that  which  falls  upon  the  water. 

M.  liuuguer  was  fidluwed  in  this  interesting  inquiry 
by  M.  Lambert,  an  ingenious  German  philosopher,  who 
publisiied  an  account  of  his  researches  in  his  Photomc- 
tria,  seu  de  Mensura  et  Gradibus  Luminis,  Cotorum,  et 
Umbra,  \v\\k\\  appeared  at  Augsburg  in  1760.  In  this 
inieresiiiig  work,  our  author  determines  by  experiment 
the  quantity  of  light  reflected  hy  the  exterior  and  inte- 
rior surfaces  of  glass  at  all  angles  of  incidence,  and  he 
connects  these  experiments  by  general  formulae,  which 
represent  them  with  remarkable  accuracy.  He  applies 
these  experiments  to  several  glasses,  and  he  thus  ob- 
tains for  every  angle  of  incidence  results  which  Bou- 
gucr  had  sought  only  for  perpendicular  incidences.  Ho 
treats  of  the  diminution  of  light  in  passing  through  the 
atmosphere.  He  gives  a  theory  of  the  intensity  of  di- 
rect light,  and  the  brightness  of  illuminated  objects 
compared  wiih  that  of  the  light  which  illuminates  them. 
He  discusses  the  brightness  of  images  in  the  focus  of  a 
burning  glass,  compared  with  that  proceeding  from  the 
radiant  object;  and  he  introduces  into  the  calculation 
the  quantity  of  light  whicli  the  surface  of  glass  reflects, 
as  well  as  coloured  glasses  and  all  other  bodies,  whether 
white  or  coloured.  He  calculates  the  illumination  of 
the  planetary  system,  the  brightness  of  the  earth,  the 
planets,  and  the  fixed  stars  and  their  phases,  as  seen 
from  the  earth,  along  with  their  illuminating  power.  In 
this  inquiry  the  theory  of  Lambert  corresponds  perfectly 
with  the  experiments  of  Bouguer  on  the  relative  intensi- 
ties of  the  solar  and  lunar  rays.  He  inquires  into  the 
different  degrees  of  shade,  comprehending  those  of  the 
twilight  an<l  of  the  evening.  He  describes  inslrunienls 
for  determining  the  intensity  of  colours,  and  of  their 
mixture.  He  calculates  the  brightness  of  objects  in  so 
far  as  it  dejiends  on  the  aperture  of  the  pupil;  and  ho 
determines  in  what  manner  the  true  lustre  of  ohjects  dif- 
fers from  that  which  the  eye  attributes  to  them,  in  con- 
sequence of  the  refractions  of  the  eye  and  the  aperture 
of  the  pupil. 

The  limits  of  this  article  will  not  permit  us  to  give  an 
account  of  all  the  writers,  who  either  wrote  upon  optics, 
or  who  endeavoured  by  their  experiments  to  extend  the 
boundaries  of  the  science.  Dr,  Purterlicld's  investiga- 
tions of  the  functions  of  the  human  eye  added  consider- 
ably to  our  knowledge  of  tliat  organ;  and  the  observa- 
tions of  Dr  Jurin  on  that  and  upon  other  subjects  deserve 
very  considerable  praise.  The  experiments  of  the 
Abbe  Mazeas  on  thin  plates,  and  of  M.  Dutour  and  M. 
Comparclti  on  the  inflexion  of  light,  though  evincing 
much  ingenuity  and  industry,  nevertheless  contain  no 
general  result  which  could  influence  the  progress  of  op- 
tics. Tiie  experiments  of  Buffon,  ScheifFer,  and  Dr. 
Robert  Darwin,  on  ocular  spectra  and  accidental  colours, 
throw  much  light  on  a  subject  which  is  still  but  little 
understood.  Mr.  Delaval  made  some  ingenious  experi- 
ments on  colours:,  which  seem  to  prove,  that  all  the  co- 
louring matters  in  common  use  owe  their  tints  to  rays 
which  are  refracted  fron\  white  light  during  its  trans- 
mission through  their  substance.  Mr.  Thomas  Mel- 
ville, a  Scottish  writer  of  great  promise,  but  who  was 
cut  off,  in  1733.  at  the  early  age  of  27,  made  a  number 
of  interesting  experiments  on  vision,  and  other  optical 
subjects,  which  are  recorded  in  a  posthumous  paper  pub- 
lished in  the  2d  volume  of  the  Edinburgh  Philosofiliical 
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■and  Literary  £ssays  ;  antl  Mr.  Mitchell  lias  published, 
ill  Priestley's  Essay  on  Vision,  many  acute  otlservations 
and  curious  lacts  on  the  various  branches  of  light  and 
colours.  The  science  of  optics  received  essential  ser- 
vice from  the  Cojn/i/eat  Si/stetn  of  0/ilics,  which  was 
published  by  Dr.  Robert  Smith  of  Cambridge,  in  the 
year  173S.  It  consisted  of  four  books,  viz.  a  popular,  a 
mathematical,  a  mechanical,  and  a  philosophical  irea'i^e, 
with  a  very  interesting  appendix  on  distinct  and  indis- 
tinct vision,  by  Di:  Jurin,  to  which  we  have  already  al- 
luded. The  work  of  Dr.  Priestley,  entitled  "  T/ie  His- 
tory and  firesent  Slate  of  Discoveries  relating  to  Light 
and  Colours,"  which  appeared  in  1772,  is  peculiarly 
fitted  for  disseminating  optical  knowledge  among  ge- 
neral readers,  and  was  the  means  of  making  the  philoso- 
phers of  this  country  better  acquainted  with  the  labours 
cf  continental  authors. 

Although  many  profound  researches  and  ingenious 
experiments  and  inquiries  relative  to  detached  branches 
of  the  doctrine  of  light  have  marked  the  interval  of 
nearly  a  century,  which  elapsed  from  the  time  of  New- 
ton's discoveries  to  the  period  at  wliicli  we  are  now  ar- 
rived, yet  the  only  great  discovery  which  can  be  said  to 
characterize  it,  is  that  of  the  achromatic  telescope.  The 
science  of  optics,  however,  was  destined  to  receive  still 
grander  accessions;  and  there  is  no  period  of  its  history 
in  which  the  science  of  light  has  been  enriched  with 
such  splendid  and  unlocked  for  discoveries,  as  that  pe- 
riod which  begins  with  the  labours  of  Dr.  flerschel,  and 
ends  with  those  of  his  son. 

When  Dr.  Herschel  began  to  devote  himself  to  the 
sciences,  the  number  and  condition  of  the  planetary  bo- 
dies seem  to  liave  been  considered  by  astronomers  as 
permanently  established.  A  whole  century  had  elapsed 
since  Cassini  discovered  the  belts  and  satellites  of  Sa- 
turn, and  after  that  period  no  addition  of  the  least  impor- 
tance had  been  made  to  the  natural  history  of  the  hea- 
vens. When  Dr.  Herschel  had  settled  in  England,  he 
amused  himself  with  the  construction  of  reflecting  tele- 
scopes, and,  after  considerable  experience,  he  was  en- 
abled not  only  to  form  excellent  compositions  for  his 
specula,  but  also  to  give  them  a  true  parabolic  figure 
and  an  exquisite  polish.  Having  early  observed  that  no- 
thing was  to  be  done  with  very  small  telescopes,  he  ex- 
ecuted several  seven  feet  in  focal  length,  and  others  of 
ten^  fifteen,  and  faienty  feet.  "  When  I  resided  at  Bath," 
says  Dr.  Herschel,  "  I  had  long  been  acquainted  with 
the  theory  of  optics  and  mechanics,  and  wanted  on- 
ly that  experience  which  is  so  necessary  in  the  practical 
part  of  these  sciences.  This  I  acquired  by  degrees  at 
that  place,  where  in  my  leisure  hours,  by  way  of  amuse- 
ment, I  made  for  myself  several  2  feet,  5-feet,  7-feet,  10- 
feet,  and  20-feet  Newtonian  telescopes  ;  besides  others 
of  the  Gregoiian  form,  of  8  inches,  12  inches,  18  inches, 
2  feet,  3  feet,  5  ftei,  and  10  feet  focal  length.  My  way 
of  doing  these  instruments  at  that  time,  when  the  direct 
method  of  giving  the  fissure  of  any  of  tlie  conic  sections 
to  specula  was  still  unknown  to  me,  was  to  have  many 
mirrors  of  each  sort  cast,  and  to  finish  them  all  as  well 
as  I  could,  then  to  select  by  trial  the  best  of  them,  which 
1  preserved  ;  the  rest  were  put  by  to  be  re-polished. 
In  this  manner  I  ma^'e  not  less  thar.  200  7-feet,  ISO  10- 
feet,  and  about  80  20-feet  ;  not  to  mention  those  i.f  the 
Gregorian  form,  or  of  the  constl  union  of  Dr.  S^nith's 
reflecting  microscope,  of  which   I  also   made  a  great 


number."*  Through  these  instruments  he  surveyed 
the  heavens  with  unwearied  assiduity,  and  with  propor- 
tional success.  The  discovery  cf  a  new  planet  attended 
with  six  satellites;  of  two  new  satellites  belonging  to 
Saturn;  the  double  ring  and  quintuple  belt  of  the  same 
planet;  of  various  new  phenomena  relative  to  the  rota- 
tion, figure,  and  general  appearance  of  the  old  piar.ets; 
of  volcanoes  in  the  moon,  and  of  the  changes  v\hich  are 
going  on  in  the  disk  of  the  sun,  were  the  results  of  nis 
indefatigable  labours.  The  consiruclion  of  the  milky 
way  yielded  to  Dr.  Herschel's  telescopes  ;  and  the  whole 
subject  of  nebulae,  double  and  triple  stars,  may  be  con- 
sidered as  entirely  his  own.  Not  content  with  the  fine 
instruments  which  conducted  him  to  these  splendid  dis- 
coveries, Dr.  Herschel  conceived  the  idea  of  construct- 
ing them  of  a  still  larger  size.  He  had  begun  in  the 
the  year  1781  to  make  a  30  feet  aerial  reflector,  with  a 
mirror  36  inches  in  diameter;  but  the  metal  having 
cracked  at  one  time  in  the  cooling,  and  at  another  time 
run  into  the  fire  in  consequence  of  the  furnace  giving 
way,  a  temporary  stop  was  put  to  his  design.  In  17S3, 
he  had  finished  a  very  good  20  feet  reflector,  with  a 
large  aperture  ;  and  after  two  years'  observation  with  it, 
he  was  so  much  convinced  of  the  advantages  of  such 
apertures,  that  he  resumed  his  intention  of  increasing 
them  still  farther.  Sir  Josejih  Banks,  that  indefatigable 
patron  of  science,  submitted  Mr.  Herschel's  design  to 
our  late  gracious  sovereign  George  III.  who  immedi- 
ately olfered  the  means  of  accomplishing  so  desirable  an 
object.  In  consequence  of  this  act  of  liberality,  so  ho- 
nourable both  to  the  giver  and  the  receiver  of  it,  Mr. 
Herschel  began  to  construct  a  telescope  forty  feet  in 
focal  length,  about  tiie  end  of  the  year  1785.  The  dia- 
meter of  the  great  speculum  was  48  inches  of  polished 
surface,  its  thickness  about  3^  inches,  and  its  weight 
2118  pounds.  With  proper  eye-glasses  it  magnifies 
about  6000  tiiTies.  The  method  of  observing  is  by  what 
is  called  the  Front  View,  the  observer  being  suspended 
in  a  seat  at  the  mouth  of  the  tube,  with  his  back  to  the 
object,  and  viewing  the  reflected  image  either  with  his 
naked  eye,  or  with  an  eye-glass  attached  to  the  side  of 
the  lube.  This  noble  instrument  was  completed  on  the 
27ih  August,  1789  ;  and  on  the  following  day,  having 
brought  the  telescope  to  the  parallel  of  Saturn,  Dr. 
Herschel  had  the  good  fortune  to  discover  a  sixth  satel- 
lite to  that  planet. 

While  Dr.  Herschel  was  examining  the  phenomena 
upon  the  disc  of  the  sun,  he  had  occasion  to  employ  va- 
rious coloured  glasses  for  obstructing  the  light  of  that 
lumuiary.  In  using  some  of  these  he  experienced  a 
sensation  of  heat  wlien  there  was  very  little  light,  and 
vice  versa,  and  was  thus  led  to  conjecture  that  the  rays 
of  the  sptclrum  had  difTerent  powers  of  heating,  as  well 
as  of  illuminating  objects.  He  immediately  projected 
a  series  of  experiments  on  the  subject,  which  were  con- 
ducted with  much  sagacity  and  care  ;  and  in  measuring 
the  heating  power  of  the  red  rays,  he  was  surprised  to 
find  that  the  thermometer  still  rose  when  it  was  placed 
a  little  without  the  red  extremity  of  the  spectrum.  In 
this  way  he  was  conducted  to  that  curious  and  impor- 
tant discovery  of  invisible  rays  beyond  the  red,  which 
had  the  power  of  heating,  but  not  of  illuminating,  ob- 
jects. Dr.  Herschel  was  anxious  to  determine  the  re- 
frangibiliiy  of  the  extreme  rays  that  possessed  the  power 
of  heating ;  but  he  found  this  a  very  difiicult  task,  and 


•  Phil.  Trans.  1795,  vol.  Ixixv.  p.  347 
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was  able  only  to  ascertain,  that  at  a  distance  of  52  inches 
from  the  prism,  the  invisible  rays  still  exerted  a  consi- 
derable healing  power  even  at  a  point  1 J  inches  distant 
from  the  extreme  red  ray. 

In  the  year  1&09.  Dr.  Herschcl  communicated  to  the 
Royal  Society,  a  scries  ol  curious  observations  on  thin 
plates;  but  in  this  inquiry  bis  experiments  were  at- 
tended with  less  success. 

About  the  year  17  87,  our  ingenious  countryman,  Dr. 
Robert  Bliiir,  conceived  the  idea  of  availing  himself  of 
different  fluid  media  in  the  construciion  of  the  achro- 
matic telescopt:  ;  and,  in  the  beginning  of  1791,  he  com- 
municated an  account  oi  bis  experiments  to  the  Royal 
Society  of  Edniburgh,  in  a  paper  entitled  "  Exfierimenls 
and  Observaltoris  on  the  InequuL  Kefrangibility  of  Light  " 
and  published  in  the  Edinburgh  Transactions.,  vol.  iii. 
p.  1.  By  the  application  of  a  number  of  ghiss  prisms 
of  (lifTermt  angles,*  to  a  standard  prism  containing  a  por- 
tion of  the  fluid  to  be  examined,  lie  determined  the  re- 
lative dispersing  qualities  of  various  fluids.  He  has 
shewn  that  the  quality  of  dispersing  light  in  a  greater 
degree  than  crown  glass  is  possessed  by  the  soluiions  of 
metals,  the  essential  oils,  and  all  the  mineral  acids  ex- 
cept the  sulphuric  ;  but  afier  constructing  many  object 
glasses  on  the  common  achromatic  jirinciijle,  in  which 
the  correction  of  colour  was  aHectcd  either  by  two  fluid 
lenses,  or  a  lens  of  crown  glass  united  with  one  of  fluid, 
he  found  that  the  correction  of  colour  was  never  com- 
plete, in  consequence  of  the  green  rays  being  among  the 
most  refrangible  rays  in  crown  glass,  while  tbey  were 
among  the  least  refrangible  in  all  the  refracting  media 
that  he  had  bitherto  examined.  The  result  of  this  was, 
that  when  the  coml)ination  was  executed  in  the  most 
perfect  manner,  a  secondary  spectrum,  consisting  of  a 
green  and  a  wine  coloured  fringe,  remained  uncorrected. 
This  remarkable  fact,  which,  as  we  have  already  seen, 
was  known  both  to  Clairaut  and  Boscovich,  would  have 
damped  any  expectations  that  had  been  entertained  of 
removing  completely  the  aberration  of  colour,  had  not 
Dr.  Blair  been  so  fortunate  as  to  discover  that  a  fluid  in 
which  the  particles  of  muriatic  acid  and  metallic  par- 
ticles hold  a  due  proportion,  had  a  greater  dispersive 
power  than  crown  glass,  and  at  the  same  time  refracted 
all  the  orders  of  rays  exactly  in  the  same  proportion  as 
the  glass  does,  and  hence  he  concluded  that  rays  of  all 
colours  which  diverge  by  the  refraction  of  the  glass, 
may  either  be  rendered  parallel  by  a  subsequent  refrac- 
tion made  in  the  confine  of  the  glass  and  this  fluid  ;  or 
by  weakening  the  refractive  density  of  the  fluid,  the  re- 
fraction which  takes  place  in  the  confines  of  it  and  glass 
may  be  rendered  as  regular  as  reflexions,  while  the  er- 
rors arising  from  unavoidable  imperfections  of  work- 
manship, are  far  less  hurtful  than  in  reflexion,  and  the 
quantity  of  light  transmitted  by  equal  apertures  of  the 
telescope  much  greater.  This  curious  property  in  the 
muriatic  acid  led  Dr.  Blair  to  complete  success  in  con- 
structing telescopes,  in  which  the  aberration  of  colour 
was  completely  corrected.  The  doctor  took  out  a  pa- 
tent for  this  very  valuable  improvement  in  achromatic 


telescopes  ;  but  practical  difficulties  were  experienced  in 
the  manufacture  of  them  for  sale,  which  pre  vented  the 
patentee  from  deriving  any  pecuniary  advant  ige  from 
bis  indefatigable  and  successful  labours.  Even  when 
the  fluids  Were  confined  in  the  most  perfect  manner,  a 
chemical  change,  and  someumes  even  crystallization, 
was  found  to  take  place,  which  completely  destroyed 
the  perfection  of  the  instrument.  The  only  philosopher 
that  we  know  of,  who  actually  looked  through  the  tele- 
scopes of  Dr.  Blair,  was  Dr.  Kobison,  who  always  spoke 
of  them  in  terms  of  the  highest  pr.use.  He  informs  us 
indeed,  that  Dr.  Blair  had  a  telescope  not  exceeding y?/"- 
tecn  inches  in  length,  with  a  compound  object  glass, 
which  equalled  in  all  respects,  if  it  did  not  surpass,  the 
best  of  Dollonu's,  forty-two  inches  long  The  effect  of 
this  telescope,  when  applied  to  the  examination  of  dou- 
ble stars,  was,  we  understand,  particularly  fine;  and  it 
is  deeply  to  be  regretted  that  Mw  Blair  was  not  encou- 
raged by  some  public  aid  to  carry  on  the  manufacture  of 
such  valuable  instrumenis.  l-'or  ordinary  puiposcs  te- 
lescopes of  this  kind  may  be  considered  as  too  delicate 
and  complex  ;  but  admitting  in  its  full  force  the  objec- 
tion to  them,  drawn  from  the  change  which  either  does 
or  may  take  place  in  tlie  fluiti  media,  their  use  in  public 
ohservatories,  and  pirtitularly  their  application  to  fine 
graduated  instruments,  were  objects  of  primary  impor- 
tance to  the  progress  of  astronomy,  even  if  the  lens  re- 
quired to  be  renewed  every  two  or  three  years. 

The  science  of  optics,  as  well  as  many  other  branches 
of  physics,  received  very  important  accessions  from  the 
labours  of  our  countryman.  Dr.  Thomas  Young.  In  the 
year  1793,  Dr.  Young  communicated  a  paper  to  the 
Royal  Society  of  London,  entitled  "  Observations  on 
Vision,"  in  which  he  endeavours  to  show  that  the  fibres 
of  the  crystalline  lens  are  muscular,  and  are  inserted  in 
the  radial  tendons  or  septa,  observed  by  Leuenhoek  in 
the  lenses  of  several  animals,  and  that  the  accommoda- 
tion of  the  eye  to  different  distances  is  effected  by  the 
change  of  form  wliich  the  action  of  these  fibres  pro- 
duces in  the  lens.  Notwithstanding  the  almost  univer- 
sal prevalence  in  England  of  the  Newtonian  doctrine, 
that  light  was  emitted  fiom  the  sun  and  other  luminous 
bodies  in  tlie  form  of  material  particles,  yet  Dr.  Young 
boldly  contradicted  this  opinion  in  a  very  elaborate 
paper,  entitled,  "  Outlines  of  Experiments  and  Obser- 
vations respecting  Sound  and  Light,"  which  was  read 
before  the  Royal  Society  in  the  beginning  of  the  year 
1800.  In  this  able  pa[)er  Dr.  Young  revives  the  opi- 
nions of  Hook,  Huygens,  and  Euler,  that  light  has  a 
strong  analogy  with  sound,  and  consists  in  tlie  undula- 
tions of  an  ethereal  medium,  pervading  all  matter.  In 
the  same  year  Dr.  Young  communicated  to  the  Society 
another  paper  "  on  the  Mechanism  of  the  Eye,"  con- 
taining a  great  number  of  very  acute  and  valuable  ob- 
servations on  the  structure  and  functions  of  that  inter- 
esting organ.  In  this  paper  Dr.  Young  describes  a  new 
Oftioiiieti-r,  lor  ascertaining  by  inspection  the  exact  focal 
length  ot  any  eye,  and  the  remedy  for  any  degree  of 
short-sighted  or  long-sighted  vision.    By  the  immersion 


•  In  giving  an  aecount  of  the  experiments  of  Dr.  Blair,  Mr.  Leslie  remarks,  "  that  this  way  of  experimenting  was  sufficiently  sim- 
ple ;  but  a  move  accurate  ande-tfieditioiismethoil  might  easili/  have  hee:i  devised.  For  instance,  if  the  prism,  furnished  with  a  graduated 
arch,  had  remained  fixed,  and  a  single  glass  wedge  made  to  turn  upon  it,  and  present  successive  inclinations  to  the  ob.servcr,  the  re- 
fracting angle  at  whicli  the  irregular  colours  were  united,  could  be  deduced  by  an  easy  calculation."  'I'liis  contrivauce  obviously 
appears  to  be  given  as  a  device  of  the  learned  professor'.s  j  but  lie  sliould  have  known,  as  be  possessed  a  copy  of  the  work,  that  this 
very  contrivance  is  fully  described  and  represented  by  a  drawing  in  llr.  ]?rewstcr's  Trecitian  on  J\*«i'  Philosophical  Instrumenis,  published 
in  Kdinburgh  in  March  1813,  and  is  the  one  which  he  used  in  the  determination  of  the  dispersive  powers  of  the  great  variety  of  sub- 
stances which  he  subjected  to  examination. 
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«if  the  cornea  of  his  own  eye  in  water,  he  shows  that  its 
power  of  acconiinoclaling  itself  to  dilVcrcdl  distances, 
cai-.not  arise  from  any  chanije  in  the  curvature  of  that 
lunic  i  and  in  lilte  manner,  by  confining  it  at  the  cx- 
ircmiiy  of  its  axis,  he  demonstrates  that  no  material 
alteration  of  its  length  could  lake  place.  He  then  cxa- 
m'.ues  what  inference  can  be  drawn  from  the  experi- 
ments hitherto  made  on  persons  deprived  of  the  lens, 
and  he  finally  deduces  from  the  ;iberiaiion  of  the  lateral 
rays,  an  argument  in  iavour  of  a  change  in  the  figure 
of  the  crystalline  ;  and  ascertains,  from  the  quantity  of 
this  aberration,  the  form  into  which  the  lens  appears  to 
be  thrown  in  his  own  eye,  and  the  mode  by  which  he 
conceives  the  change  must  be  produced  in  that  of  every 
other  person.  In  this  paper  Dr.  Young  likewise  en- 
deavours to  ascertain  the  exact  arrangement  of  the 
fibres  in  the  human  crystalline,  which  seems  to  have 
baffled  the  attempts  of  Leucnhoek  and  other  observers, 
and  he  states  that  tlie  number  of  radiations  arc  ten  on 
each  side.  This  result,  however,  is  incorrect,  as  will 
be  seen  in  a  future  part  of  this  historical  sketch. 

In  another  paper  on  "  The  Tlieory  of  Light  and  Co- 
lours," publislicd  in  IS08,  Dr.  Young  resumes  the  con- 
sideration of  the  undulating  system,  and  applies  it  to 
the  explanation  of  every  natural  phenomenon.  He  sup- 
poses that  a  luminiferous  aether  pervades  the  universe, 
rare  and  clastic  in  a  high  degree  ;  that  the  number  of 
different  colours  depends  on  the  diflerent  frequency  of 
vibrations  excited  by  light  on  the  retina;  and  that  all 
material  bodies  are  to  be  considered  with  respect  to  the 
phenomena  ol  light,  as  consisting  of  particles  so  remote 
from  each  other  as  to  allow  the  ethereal  medium  to 
pervade  them  with  perfect  freedom,  and  either  to  retain 
it  in  a  state  of  greater  density  and  of  equal  elasticity, 
or  to  constitute,  together  with  the  medium,  an  aggre- 
gate which  may  be  considered  as  denser,  but  not  more 
clastic.  He  then  pioceeds  to  demonstrate  some  of  the 
leading  phenomena  of  undulation  in  an  elastic  medium, 
and  he  considers  the  colours  of  striated  surfaces,  of  thin 
and  of  thick  plates,  and  those  produced  by  inflexion,  as 
the  joint  effect  of  two  undulations  irom  different  origins, 
coinciding  either  perfectly  or  very  nearly  in  direction. 
In  the  following  year  Dr.  Young  published  "An  Account 
of  some  cases  of  the  production  of  colours  not  hitherto 
observed."  The  new  colours  which  Dr.  Young  de- 
scribes in  his  paper  are  those  of  delicate  fibres,  and  of 
mixed  plates.  The  former  he  ascribes  to  the  interfer- 
ence of  two  portions  of  light,  one  reflected  from  the 
fibre,  and  the  other  bending  round  its  opposite  side, 
and  at  last  coinciding  nearly  in  direction  with  the  for- 
mer portion.  The  colours  of  mixed  plates  are  those 
■which  are  pioduced  by  light  passing  through  two  pieces 
of  plate  glass,  having  between  them  either  moisture, 
butter,  or  tallow.  A  candle  seen  through  the  plates 
had  a  sort  of  halo  round  it,  and  Dr.  Young  observed  that 
the  moisture  was  intermixed  wiih  portions  of  air,  when- 
ever the  coloured  fringes  were  visible.  These  colours 
were  always  exhibited  when  the  interstice  between  two 
glasses,  nearly  in  contact,  was  filled  with  a  great  num- 
ber of  minute  portions  of  two  different  substances, 
mixed,  such  as  water  and  air,  oil  and  air,  or  oil  and 
water.  Dr.  Young  considered  them  as  produced  by  the 
light  which  passes  through  one  of  the  mediums  moving 
with  greater  velocity)  and  anticipating  the  light  passings 
through  the  other. 

This  curious  paper  was  followed  in  1  803  with  another, 
entitled  "  Experiments  and  Calculations  relative  to  Phy- 


sical Optics."  In  these  papers,  Dr.  Young  has  given 
un  experimental  deinunstration  of  his  general  law  of  in- 
terference, by  showing  that  fringes  of  colours  are  actu- 
ally produced  by  the  interference  of  two  portions  of 
liglit.  We  have  already  seen,  in  our  account  of  the  la- 
bours of  Grinialdi  and  Newton,  tliat  the  shadows  ot  bo- 
dies placed  in  divergent  light  are  divided  by  parallel 
fringes,  similar  to  those  on  the  uutside  of  the  shadow. 
By  intercepting  the  light  which  fell  on  one  side  of  the 
inflecting  body.  Dr.  Young  found  that  these  parallel 
fringes  disappeared,  and  this  took  place  whether  the 
interception  was  effected  on  one  side  or  the  other. 
Hence  it  followed  that  the  parallel  fringes  were  pro- 
duced by  the  interference  of  porduns  of  light  that  passed 
by  both  the  edges  of  the  iiifl  cling  l)ody.'  The  colours 
of  the  supernumerary  rainbow,  or  those  repetitions  of 
coloured  arches  which  appear  within  the  common  bow, 
are  referred  by  Dr.  Young  to  the  same  law  of  inter- 
ference. 

In  his  work  on  Medical  Literature,  published  in  1813, 
Dr.  Young  has  given  the  dtscripiion  of  an  ingenious 
optical  instrument,  which  he  calls  an  Enonuter,  for  mea- 
suring the  diameter  of  particles  held  in  suspension, 
and  also  of  all  kinds  of  fibres,  and  the  diameter  of  the 
coloured  rings  which  they  produce  ;  the  diameter  of  the 
first  ring,  for  example,  always  increasing  as  the  diame- 
ter of  the  particle  or  the  fibre  diminishes.  With  this 
instrument  he  has  determined  the  diameter  of  various 
bodies,  from  the  seed  of  the  lyco/ierdon  bovista,  to  that 
of  the  coarsest  wool,  the  first  being  3^,  and  the  last  60, 
in  his  eriometrical  scale.  In  the  same  work  Dr.  Young 
has  described  some  curious  phenomena  of  changeable 
colours,  which  he  explains  in  a  very  satisfactory  man- 
ner by  the  general  law  of  interference,  and  to  the  same 
principle  he  refers  the  glories,  or  the  white  and  coloured 
circles  which  often  appear  when  clouds  are  passing  over 
the  sun  and  moon. 

In  concluding  this  notice  of  Dr.  Young's  optical  la- 
bours, it  is  satisfactory  to  state,  that  the  general  law  of 
interference  which  he  has  discovered,  has  found  an  ex- 
tensive application  in  a  variety  of  phenomena  discover- 
ed since  the  time  of  its  publication  ;  that  he  most  hap- 
pily applied  it  to  explain  the  colours  of  crystallized 
plates  ;  that  the  law  itself  has  been  confirmed  by  suc- 
ceeding discoveries;  and  that  its  author  is  likely  to  en- 
joy the  honour  of  having  established,  on  the  basis  of 
direct  experiment,  a  theory  of  light  and  colours,  which 
had  formerly  no  other  support  but  that  of  vague  reason- 
ing, and  unsatisfactory  analogies. 

The  discovery  o(  invisible  rays  of  heat  had  directed 
the  attention  of  philosophers  to  the  phenomena  of  the 
spectrum.  M.  Ritter,  of  Jena,  had  conceived  that  the 
rays  might  have  different  chemical  properties;  and  re- 
peating the  experiments  of  Herschel,  on  the  22d  Fe- 
bruary 1801,  he  exposed  muriate  of  silver  to  different 
parts  of  the  spectrum,  and  found  his  conjecture  com- 
pletely verified.  The  muriate  very  soon  became  black 
beyond  the  violet  edge  of  the  spectrum,  blackened  a 
little  less  in  the  violet  i'self,  the  action  becoming  less 
in  the  blue,  and  diminishing  more  and  more  till  it  van- 
ished. When  muriate  of  silver,  a  little  blackened  or 
disoxygenated,  was  used,  its  whole  colour  was  partly 
restored  by  the  red,  and  still  more  by  the  invisible  rays 
beyond  it.  From  these  experiments  M.  Ritter  conclud- 
ed that  the  solar  spectrum  is  accompanied  with  two  sets 
of  invisible  rays;  one  on  the  red  side,  which  favours 
oxygenation,  and  the  other  on  the  violet  side,  which 
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favours  disosygcnalion.  M.  Ritlci-  found  that  pliosplio- 
rus  emitted  white  fumes  in  the  invisible  red,  but  in  tlic 
invibiblc  violet  phosphorus  in  a  state  of  oxygenation 
■was  instantly  extinguished.  This  ingenious  philoso- 
pher is  also  said  to  have  discovered,  that  when  the  eye 
is  kept  for  some  minutes  in  contact  with  the  negative 
conductor  of  Volta's  pile,  all  objerts  will  appear  red, 
and  after  it  is  kept  in  contact  with  the  positive  conduc- 
tor, all  objects  vill  appear  blue. 

In  reviving  the  science  of  optics,  and  extending  its 
boundaries,  lire  labours  of  Dr.  Wollaston  were  highly 
conspicuous.  The  subject  of  double  ;\nd  invcittd 
images,  caused  by  atmospheric  refraction,  had  about 
this  time  attracted  the  notice  of  natural  philosophers. 
Mr.  Huddari  seems  to  have  first  observed  a  distinct 
inverted  image  beneath  the  object  itself,  and,  in  the 
FIntosolihical  Transactions  for  1"97,  he  hasdesciibed 
several  similar  appearances,  and  has  sliown  that  the 
lowest  strata  of  air  were  at  the  time  of  their  production 
endowed  with  weaker  refractive  power  than  others  at  a 
small  elevation.  In  the  same  work  for  1797,  Mr.  Vince 
has  described  a  case  where  erect  as  well  as  inverted 
images  were  visible  above  instead  of  beneath  the  ob- 
jects, and  he  refers  these  phenomena  to  unusual  varia- 
tions of  increasing  density  in  the  lower  strata  of  the  at- 
mosphere. In  this  state  of  the  subject  Dr.  Wollaston 
began  his  inquiries,  and  communicated  the  result  of 
them  to  the  Royal  Society  in  the  year  1800,  in  a  paper 
entitled,  "  On  Double  Images  caused  by  atmospherical 
refraction."  In  the  theory  by  which  he  explains  the 
phenomena  of  this  kind  of  refraction,  it  is  supposed  that 
there  are  two  opposite  states  of  the  atmosphere,  either 
of  which  may  occasion  objects  to  be  seen  doubled  or 
tripled,  since  both  increase  and  decrease  of  its  density, 
when  partial,  produce  similar  effects.  He  explains 
why  air  heated  by  the  moderate  warmth  of  the  sun's 
rays  occasions  objects  to  appear  double  and  inverted  ; 
—why  rarefaction  by  a  higher  degree  of  heat  gives  an 
additional  image,  which  is  not  inverted ; — in  what  state 
of  evaporation  the  increase  of  the  air's  density  brings 
distant  objects  into  view  by  unusual  elevation  ;  and  un- 
der what  circumstances  evaporation  may  also  produce 
an  inverted  image  less  elevated. 

In  the  year  1802,  Dr.  Wollaston  published  in  the 
Philosophical  Transactions,  "  A  Method  of  Examining 
Refractive  and  Dispersive  Powers  by  prismatic  reflex- 
ions." By  means  of  a  square  glass  prism,  and  a  simple 
apparatus  attached  to  it,  Dr.  Wollaston  observes  the 
angle  at  which  the  visual  ray  began  to  be  totally  re- 
flected, and  at  which  the  object  ceases  to  be  seen  by  re- 
fraction. In  flint  glass  in  contact  with  air,  the  angle  is 
about  39°  10'  ;  but  when  the  object  is  connected  with 
the  glass  by  water,  oil,  or  any  cement,  the  angle  in- 
creases according  to  the  refractive  power  of  the  water, 
oil,  or  cement.  Witli  this  instrument,  which  possesses 
many  advantages,  but  is  not  entirely  free  from  defects. 
Dr.  Wollaston  drew  up  a  table  of  refractive  powers, 
containing  82  bodies,  of  the  greater  part  of  which  he 
found  the  index  of  refraction.  In  this  table,  ylir  and 
Water  stand  at  the  bottom  of  the  table,  and  Diamond  at 
the  top.  Dr.  Wollaston  then  applies  the  same  princi- 
ple to  the  measurement  of  dispersive  powers.  He  points 
out  a  number  of  cases,  in  which  the  order  of  colours  is 
reversed  by  the  disparity  in  the  dispersive  powers  of 


two  media,  and  he  gives  a  table  of  the  order  of  disper- 
sive powers  of  33  bodies,  beginning  with  iiul/i/iiir,  and 
ending  with  J-'luor  Sfiar. 

The  most  important  part  of  the  preceding  paper,  is 
that  which  relates  to  the  colours  of  the  spectrum.  "  I 
cannot,"  says  he,  "conclude  these  observations  on  dis- 
persion without  remarking,  that  the  colours  into  which 
a  beam  of  white  light  is  separal)le,  appear  to  me  to  be 
neither  ficven,  as  they  are  usually  seen  in  the  rainbow, 
nor  reducible,  by  any  means  that  i  can  find,  to  TViivc,  as 
some  persons  have  conceived  ;  but  lliat  by  employing  a 
very  narrow  pencil  of  light,  J'our  primary  divisions  of 
the  prismatic  spectrum  may  be  seen  with  a  degree  of 
distinctness  that  has  not  been  described,  nor  observed 
before."  The  Four  colours  which  Dr.  Wollaston  thus 
observed,  were  lied,  yclloiinsh  Green,  Blue,  and  fiolet, 
which,  with  all  the  substances  that  disperse  either  very 
much  or  very  little,  he  found  to  occupy  the  following 
spaces,  the  whole  length  of  the  spectrum  being  100, 
and  the  incident  light  making  equal  angles  with  two  of 
the  sides  of  the  prism. 

Red  16  Blue         .         36 

Yellowish  Green  23  Violet  25 

39  61 

When  the  inclination  of  any  prism,  however,  was  al- 
tered so  as  to  increase  the  dispersion  of  the  colours,  the 
proponions  of  them  to  each  otlier  were  also  changed, 
so  that  the  red  and  green  spaces  together,  in  place  of 
being  39,  were  sometimes  42,  and  the  blue  and  violet, 
in  place  of  being  61,  were  sometimes  .58.  In  our  ob- 
servations on  Newton's  discoveries,*  we  have  already 
remarked  the  singularity  of  the  circumstance,  that  this 
mode  of  analyzing  a  beam  of  litjht  should  have  been 
so  long  unnotii  I  d  ;  and  thoui^h  Dr.  Wollaston's  paper 
has  been  published  nearly  20  years,  this  very  important 
part  ol  it  is  in  a  great  measure  unknown  even  in  Ena;land. 

About  ihis  time,  as  we  have  already  seen,  M.  Ritter 
had  discovered  the  chemical  or  deoxydating  invisible 
rays  beyond  the  violet  extremity  of  the  spectrum.  Dr. 
Wollaston,  without  knowing  of  what  had  been  done  by 
Ritter,  made  the  same  discovery.  Scheele  had  long 
ago  roentioiu-fl,  that  muriate  of  silver,  when  exposed  to 
the  prismatic  spectrum,  was  more  blackened  in  the  vio- 
let raya  than  in  any  other  kind  of  light.  In  repeating 
this  experiment,  Dr.  Wollaston  found  that  the  darkness 
extended  rot  only  through  the  space  occupied  by  the 
violet,  luit  to  an  equal  degree,  and  about  an  equal  dis- 
tance beyond  the  visible  spectrum,  and  that  by  nar- 
rowing the  pencil  of  light  received  in  the  prism,  the 
discoloration  may  be  made  to  fall  almost  entirely  beyond 
the  violet. 

Ill  the  continuation  of  these  experiments.  Dr.  Wol- 
laston discovert  d  new  chemical  effects  of  light,  of 
which  he  publislied  an  account  in  1804.t  Having  found 
that  gum  (iuincum  acquired  a  green  colour  when  ex- 
posed to  light  and  air  at  the  same  time,  he  took  two 
portions,  and  exposed  one  to  lii^ht  and  the  other  to  air 
alone.  In  five  minutes  the  first  had  acquired  a  percep- 
tible iifrcen  colour,  and  in  a  few  liours  it  had  got  all 
the  colour  it  seemed  capable  of  receiving  ;  while  the 
colour  of  the  other  was  not  changed  after  many  months. 


See  page  60r. 


t  See  Nicholson's  Jownnl,  Aug.  1804,  vol.  viii,  Svo,  p.  29?. 
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He  then  dissolved  some  guiacum  in  alcohol,  and  after 
having  washed  a  card  wiili  the  tincture,  he  expobcd  it 
for  some  limc  to  diHerent  pans  of  the  prisnidlic  spec- 
trum, but  observed  no  ciiange  of  colour,  lie  there- 
fore took  a  lens,  seven  inches  in  diameter,  and  having 
covered  up  its  surface,  excepting  a  ring  of  one-tcnih  of 
an  inch  at  the  margin,  lie  could  produce  a  tocus  of  any 
colour,  the  focal  (distance  for  yellow  rays  being  about 
24^  inches.  With  this  apparatus,  muriate  of  silver  was 
blackened  much  more  quickly  than  in  the  ordinary 
spectrum  ;  and  when  the  paper,  tinged  witli  the  solu- 
tion of  guiacum,  was  cut  into  small  pieces,  it  acquired 
a  green  colour  in  tlie  focus  of  the  most  refrangible 
rays.  In  the  focus  of  the  most  luminous  rays,  no  effect 
was  produced  Pieces  of  the  guiacum  paper  already 
made  green,  were  now  placed  in  the  focus  of  the  least 
refrangible  rays,  and  the  green  colour  was  completely 
removed,  and  the  guiacum  restored  to  its  primitive 
yellow  hue.  In  carbonic  acid  gas  the  guiacuin  could 
not  be  rer.dered  green  at  any  distance  Irom  the  lens, 
but  was  speedily  restored  from  green  to  yellow,  by  ex- 
posure to  the  red  rays.  Dr  Wollaston  also  fuund  that 
the  posterior  surface  of  a  heated  silver  spoon  removed 
the  green  colour  from  the  guiacum  paper  as  complete- 
ly as  when  it  was  in  the  focus  of  solar  heat. 

In  examining  the  refractive  power  of  Iceland  spar, 
Dr  Wollaston  perceived  that  the  law  of  the  extraordi- 
nary refraction  m  that  substance,  as  given  by  Huy- 
gens,  might  be  verified  with  great  facility  by  means  of 
his  instrument  already  described  He  accordingly  mea- 
sured the  extraordinary  refraction  in  dillerent  planes, 
and  found  the  results  to  agree  in  a  most  remarkable 
manner  with  the  Huygenian  law. 

In  an  account  of  the  labours  of  this  eminent  philoso- 
pher, we  must  not  omit  to  notice  the  periscopic  prin- 
ciple, by  which  he  improved  the  camera  obscura  and 
the  glasses  for  spectacles.  In  place  of  making  the 
lenses  doubly  convex  and  doubly  concave,  he  has 
shown  that  a  much  greater  range  of  distinct  vision 
may  be  obtained,  by  making  every  lens  concave  to- 
wards the  eye  and  convex  towards  the  object,  whe- 
ther it  is  intended  for  persons  that  are  long  or  short- 
sighted. 

The  papers  of  Dr.  Young  on  the  Huygenian  theory, 
and  Dr.  Woliaston's  determination  ot  the  double  re- 
fraction of  Iceland  spar,  by  means  of  his  new  instru- 
ment, seem  to  have  drawn  the  attention  of  tlie  philo- 
sophers of  Europe  to  the  subject  of  double  retraction. 
M.  Laplace  had  attempted  to  refer  the  deviation  of  the 
extraordinary  ray  to  the  action  of  those  attractive  and 
repulsive  forces,  by  which  the  ordinary  refraction  and 
reflexion  of  light  are  produced  ;  and  with  the  view  of 
obtaining  some  additional  knowledge  of  this  intricate 
subject,  the  Institute  of  France,  in  1808,  proposed  the 
double  refraction  of  light,  as  the  subject  of  a  prize  to 
be  adjudged  in  1810.  Two  or  three  memoirs  were 
written  for  this  prize  ;  but  only  one  of  these  satisfied  the 
expectations  of  the  Institute. 

The  successful  memoir,  which  was  crowned  by  the 
Institute  in  1810,  was  the  production  of  K.  L.  Malus, 
Member  of  the  Institute  of  Egypt,  and  Colonel  of  the 
Imperial  Corps  of  Engineers.  Exhausted  with  the  fa- 
tigues of  the  fatal  expedition  to  Egypt,  and  with  the 


diseases  of  that  insalubrious  climate,  Malus  returned  to 
France,  to   pursue   in  quiet  the   peaceful  researches  of 
science.     Not  long  after  his  return,  he  had  made  liirn- 
self  known   to   tlie    Institute,   by   his  TraUe  c!c  O/iliyue, 
a  woik.iu  which  he  treated   in  the    most  general  and 
rigorous  manner  all    the    phenomena  of  rellexion  and 
refraction  that  depend  on  geometry  alone.     N'o  sooner 
was   the    prize   of  double    refraction   announced,    than 
Malus   enteied  with  zeal  on  the   study  of  that  difficult 
subject.       lie   measured    with   great  accuracy   all   the 
plienomena  of  double  refraction  with   natural  and  arti- 
ficial faces,   and   in    planes  differently   inclined    to    the 
axis  of  the    rhomb  -,  and  on  examining  afterwards,  by 
means  of  these  observations,  the  different   laws  which 
philosophers  had   proposed   for  explaining    the   plieno- 
mena, he    was  struck  with  their  admirable  coincidence 
with  the  theory  of  Huygens,  and    was  soon  convinced 
that  this  law  was  in    reality  that  of  nature.     In   deve- 
loping the   analytical    formula:   for   comparing  the   law 
with  experiment,  he  found  that  it  not  only  satisfied  all 
the  phenomena  which  Huygens  himself  had  observed, 
but  also  those  whicli  had   escaped  his  notice.     While 
engaged   in   the   experimental  part  of  his  inquiry,   he 
resided  in  the  Rue  des  Enfers,  in   Paris,   and  happen- 
ing to  turn  a  doubly  refracting   prism  to  the   windows 
of  the  palace  of  the  Luxembourg,  which  were  then  il- 
luminated by  the  setting  sun,   he  was  astonished  to  ob- 
serve that  one  of  the  images  of  the  windows  vanished 
alternately  during  the  rotation  of  the  prism;  and  in  spe- 
cijlating  upon  this  unexpected  phenomenon,  he  at  first  at- 
tributed it  to  some  change  of  character  which  the  light 
had  received  during  its  oblique  transit  through  the  at- 
mosphere.    Unable  to  explain   the   phenomenon   upon 
this  supposition,  he  was  led  to  try  whether  or  not  the 
glass  was  the   cause  o(  it,  and  he  found   to  his  inex- 
pressible delight  that  the  beam  of  the  setting  sun,  which 
had    been  reflected    from  the  windows  of  the  Luxem- 
bourg  palace,   had  acquired  the  property  which  he  ob»- 
served,  by  being  reflected  from  the  panes  of  glass.     In 
pursuing  this  experiment  through  its  various  modifica- 
tions,   Malus    was    conducted    to    his   great   discovery, 
which  may  be  considered  as  forming  an  epoch  in  optical 
science,  t/iat   ivhen  a  pencil  of  light  is  reflected  by  the 
surface  of  water  at  an  angle  of  52°  45'  ro/V/i  the  ver- 
tical, the  reflected  light  has  alt  the  character  of  one  of 
the  pencils  produced  by  the  double  refraction   of  a  crys- 
tal, the   plane  of   rellexion,    in    general,    replacing    the 
plane  of  the  principal  section  of  the  first  crystal.     This 
reflected   ray  has  ail  the  characters  of  an  ordinary  ray 
jiroduced  by  the  refraction  of  a  crystal,  whose  principal 
section  is  parallel  to  the  plane  of  reflexion,  or  of  an  ex- 
traordinary ray  formed  by  a  crystal,  whose  principal  sec- 
tion is  peipendicular  to  the  same  plane.   When  the  pen- 
cil refl's-cteO  from  the  surface  of  water  was  made  to  fall 
upon   another   transparent  surface,*  at  nearly  the  same 
angle,  of  52°  45',  but  so  that  the  plane  of  this  second 
reflexion  is  paiallel  with  the  first  plane  of  reflexion,  the 
light  thus  incident  will  be  partially  reflected,  as  in  all 
common  cases;  but   if  the   plane  of  reflexion  from  the 
second  surface  is  at  right  angles  to  the  first  plane  of  re- 
fl.'xion,  ;hen  tlie  incident  light  will  be  entirL-Iy  refracted, 
and  not  a  single  ray  of  it  will  suffer  reflexion. 

These  two  remarkable  properties  are  produced  by  re- 


•  This  surface  should  also  have  been  water,  but,  as  the  surface  of  water  cannot  be  placed  in  any  other  position  than  a  horizontal 
•ne,  Malus  made  the  onliiiar\  ami  t  xiraoiilinaiy  pencils,  formeil  by  Iceland  spar,  fall  upon  the  water  at  an  angle  of  52°  45'.  The 
same  experiment  he  afterwards  made  with  two  plates  of  glass,  upoii  which  he  caused  the  rays  to  fall  at  an  angle  of  54°  35'. 
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flexion  from  all  transparent  solids  or  fluids,  with  tliis 
diff'erence  only,  that  the  anj^lc  at  which  this  nioditication 
is  impressed  upon  the  light  is  invaiiable,  being  in  gene- 
ral greater  for  bodies  that  have  a  greater  relVacttve 
power.  On  each  side  of  this  angle,  which  has  been  call- 
ed the  maximum  pol  irising  angle,  a  part  of  the  rays  arc, 
according  m  Mains,  more  or  less  modified,  and  in  a 
manner  analogous  to  what  takes  place  butwcen  two  crys- 
tals, whose  principal  sections  arc  neither  parallel  nor 
rectangular. 

When  the  light  is  incident  on  a  thick  plate  of  any 
transparent  solid  or  fluid,  Mains  found  that  this  pencil, 
reflected  from  its  posterior  surface,  had  acquired  the 
same  character  with  the  pencil  reflected  from  the  first 
surface,  and  therefore  he  concluded  that  the  sine  of  the 
maximum  polarising  angle  at  the  first  surface  was  to 
the  sine  of  that  at  the  second  surface,  as  the  sine  of  in- 
cidence was  to  that  of  refraction. 

These  curious  discoveries  were  soon  followed  by  others 
of  not  inferior  importance.  On  the  lUh  March,  1811, 
M.  Malus  announced  to  the  Institute,  that  in  examining 
the  light  transmitted,  when  the  ray  was  polarised  by  re- 
flection, he  had  found  that  it  was  composed  of  a  quan- 
tity of  light  polarised  in  an  opposite  direction,  and  pro- 
portional to  that  which  was  reflected,  and  of  another  por- 
tion not  modified,  which  preserves  the  properties  of  di- 
rect light.  This  last  portion  he  found  to  diminish  at 
every  new  transmission  of  the  ray,  so  that,  by  making 
the  ray  pass  through  a  pile  or  bundle  of  parallel  glass 
plates,  the  portion  of  light  transmitted  is  all  polaiised 
in  one  direction,  whilst  that  which  is  reflected  is  polar- 
ised in  an  opposite  direction,  and  in  this  way  the  ray  is 
decomposed  into  two  oppositely  polarised  pencils,  as  in 
the  case  of  uouble  refraction. 

In  a  subsequent  memoir,  read  before  the  Institute  on 
the  11th  May  1811,  Malus  has  presented  this  last  result 
in  a  still  more  general  form.  Whenever,  says  he,  we 
produce  by  any  means  whatever  a  polarised  ray,  we  ob- 
tain necessarily  a  second  ray  polarised  in  a  direction 
diametrically  opposite,  and  these  rays  follow  dilTcrcnt 
paths.  Light  cannot  receive  this  modification  in  one  di- 
rection, without  a  proportional  part  of  it  receiving  it  in 
tiie  opposite  direction. 

In  continuing  his  expeiiments  on  the  polarisation  of 
light  by  reflection,  he  found  that  all  bodies,  whetljer 
opaque  or  transparent,  polarise  light  under  all  angles, 
though  for  each  of  these  bodies  this  phenomena  has  a 
maximum  at  a  particular  angle.  He  concluded,  therefore, 
in  general,  that  all  light  that  had  experienced  the  action 
of  bodies  by  reflection  or  refraction  contained  polarised 
rays,  whose  poles  are  related  to  the  plane  of  reflexion  or 
refraction.  This  light  has  properties  and  characters 
which  are  not  possessed  by  that  which  reaches  us  di- 
rectly from  luminous  bodies.  After  measuring  the  an- 
gles of  reflection  under  which  the  incident  light  is  com- 
pletely polarised  by  various  diff'erent  substances,  he  con- 
cluded that  this  angle,  which  was  52°  45'  lor  water,  and 
aboul  54°  35'  for  glass,  follows  neither  the  order  of  re- 
fractive flowers,  nor  that  of  diitfiersi-ve  fiovierss  but  that 
it  is  a  profierty  of  bodies,  indejiendcnt  of  the  other  modes 
of  action  which  they  exercise  over  light.  After  hav- 
ing determined  the  angles  under  which  this  phenomenon 
takes  place  from  diff'erent  bodies,  water  and  glass,  for 
example,  he  then  endeavoured  to  ascertain  the  angle  at 
which  it  took  place  at  their  separating  surfaces,  when 


they  were  in  contact.  He  did  not  succeed,  however,  in 
determining  this  action  ;  and  he  remarks,  that  tlie  law, 
according  to  which  this  last  angle  depends  on  the  two 
fi'st,  remains  to  be  determined." 

In  his  early  experiments,  Malus  had  announced  that 
the  metals  did  not  polaiise  light  at  all,  and  afterwards 
that  they  polarised  it  in  an  i.icnmpl.te  manner.  The 
ray  which  these  surfaces  rt  Hectcd  ;it  all  incidences  was 
constantly  sn',ceptil)l<-  of  being  divided  inio  two  pencils, 
when  analysed  by  Iceland  spai,  ihough  when  tlie  inci- 
dence was  great  une  of  the  unagts  became  fainter, 
while  the  other  iiicreas.-d  in  iu'eusity;  but  this  pheno- 
menon was  never  sntlicien  ly  appaicni  to  enable  him  to 
determine  at  vvhut  angle  ii  is  a  maximum.  Malus,  hov^- 
ever,  overcame  this  diffioui')  i'l  a  very  ingenious  man* 
ner.  He  received  upon  a  metallic  mirror,  a  ray  directly 
polarised,  but  in  such  a  manner  that  the  plane  of  reflex- 
ion made  an  aii^Ie  of  45°  with  the  rectangular  poles  of 
the  ray.  Ai  very  smUl  or  very  great  incidences  it  was 
always  refracted  in  a  single  pencil  by  Iceland  spar,  but 
at  a  mean  incidence  it  was  completely  depolarised,  so 
that  it  could  always  be  divided  into  two  rays  by  Iceland 
spar.  Hence  he  concluded  that  the  difference  between 
transparent  and  metallic  bodies  was,  that  the  former  re- 
fract all  the  liglit  polarised  in  one  direction,  and  reflect 
all  that  is  polarised  in  the  other,  while  metallic  bodies 
reflect  what  they  polarise  in  both  directions. 

In  his  theory  of  double  refraction.  Mains  extended 
his  observations  far  beyond  the  ordinary  phenomen,^  of 
Ii:eland  spar,  as  observed  by  Huygens.  He  discovered 
what  he  has  called  the  phenomena  of  extraordinary  re- 
flexion, at  the  second  surface  of  a  rhomb  of  Iceland  spar. 
When  a  ray  of  light  is  incident  upon  this  rhomb,  it  di- 
vides itself  into  two  pencils  within  the  crystal, and  emerges 
in  two  pencils  at  the  posterior  surface.  These  two  pen- 
cils, however,  when  they  suffer  reflexion  at  the  posterior 
surface,  are  each  divided  into  two  pencils,  and  the  sin- 
gle incident  ray  finally  emerges  in  four  pencils  at  the 
surface  of  incidence,  excepting  in  the  case  where  the 
ray  is  in  the  plane  of  the  principal  section. 

The  phenomena  of  tnultiplied  and  coloured  images, 
observed  in  Iceland  spar  by  Huygens,  and  afterwards 
studied  by  Benjimin  Martin,  Dr.  Robison,  and  Mr, 
Brougham,  did  not  escape  the  notice  of  Malus.*  These 
phenomena  seemed  at  first  to  form  exceptions  to  the  laws 
of  double  refraction  ;  but  he  concluded  that  the  multi- 
plication of  images  arose  from  cracks  or  fissures  within 
the  crystal,  and  parallel  to  the  great  diagonals  of  the 
rhomb;  and  on  this  principle  he  explains  the  general 
cause  of  these  phenomena.  With  regard  to  the  bril- 
liant colours  with  which  these  images  are  aff"ccted,  and 
which  vary  in  the  most  beautiful  manner  by  the  slight- 
est inclination  of  the  rhomb,  Malus  was  mistaken  in 
considering  them  as  the  colours  of  a  plate  of  air.  By 
a  more  precise  examination  of  the  crystals  which  pro- 
duce these  singular  effects,  Dr.  Brewster  afterwards 
proved  that  the  multiplication  of  images  arose  not  from 
a  fissure,  but  from  interrupting  veins,  or  strata  of  cal- 
careous spar,  dividing  the  rhomb  into  two  or  more  por- 
tions, and  acting  upon  the  transmitted  rays  at  both  of  its 
surfaces;  and  he  has  shown  that  the  brilliant  colours  are 
those  which  are  polarised  by  the  interrupting  vein,  and 
that  they  have  no  connection  whatever  with  the  Newto- 
nian colours  of  thin  plates. 

The  attention  of  IVIalus  was  likewise  directed  to  the 


•  Theoritde  la  Double  RefracHon,  §  41,  p.  194. 
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phenomena  of  double  refractions  in  Jrragonite,  Quartz, 
and  Sulphate  of  Barytes."  He  considered  the  law  of 
double  refraction  in  calcareous  spar,  as  representing  ac- 
curately the  phenomena  in  these  and  all  other  doubly 
refracting  bodies  ;  but  though  the  experiments  by  which 
he  was  led  to  this  general  conclusion,  were  no  doubt 
made  with  his  usual  care,  yet  it  has  been  shown  by  Dr. 
Brewster  that  Arragonite  and  Sulp/iate  of  Barytes,  have 
actually  two  axes,  and  that  it  is  the  general  character 
of  the  great  body  of  doubly  refracting  crystals  to  have 
two  axes  of  double  refraction. 

On  the  19th  of  August  1811,  Malus  communicated 
to  the  Institute  a  memoir  Sur  I'axe  cle  refraction  dea 
Cristaux  et  des  substances  organisees."  By  placing  mi- 
neral and  crystals  of  all  kintis  between  two  plates 
placed  in  such  a  manner  that  the  second  did  not  reflect 
the  light  polarised  by  the  first,  he  found  that  they  all  de- 
polaiiscd  the  light,  excepting  those  which  crystallised  in 
the  form  of  the  cube,  or  the  regular  octahedron.  In  ap- 
plying the  same  mode  of  observation  to  various  organ- 
ized substances,  whether  vegetable  or  animal,  he  found 
that  they  all  possessed  this  property  of  crystals.  The 
substances  which  he  tried,  were  the  fibrous  and  trans- 
parent parts  of  the  leaves  and  flowers  of  plants  ;  the 
pellicles  which  cover  the  haztl  ;  the  fibres  of  silk  and 
wool  ;  w  bite  hairs,  scales,  horn,  ivory,  feathers,  the  skins 
of  quadrupeds  and  fishes;  shells,  and  the  whiskers  (fa- 
non)  of  a  whale.  In  concluding  this  memoir,  Malus  re- 
marks, that  these  bodies  are  either  composed  of  parti- 
cles organised  like  ciysials,  or  the  phenomena  which 
they  exhibit  depend  on  the  general  properties  of  reflect- 
ed and  refracted  light,  which  he  had  previously  disco- 
vered. 

This  distinguished  philosopher  promised  to  discuss 
this  question  in  another  memoir  ;  but  a  premature  death, 
which  took  place  on  the  7th  February  1812,  cut  shoit 
his  brilliani  career,  and  deprived  the  sciences  of  one  of 
tht  ir  brightest  ornaments. 

Tie  pecu'iar  importance  of  the  discoveries  which  we 
have  been  atteniptini;  to  explain,  will  probably  not  be 
recoL'nised  to  its  due  exteist  during  the  century  which 
they  adcrn.  The  few  individuals  who  have  cultivated 
this  piofound  Inanch  of  in.ciuiry,  and  the  few  readers 
wiio  are  able  to  undei stand  their  labours,  have  no  doubt 
fully  appreciaiecl  the  value  of  Malus's  discoveries.  But 
it  is  in  a  great  measure  in  their  consequences  that  pos- 
terity will  be  able  to  form  a  true  estimate  of  their  im- 
portance. Had  the  subject  of  double  refraction  and  po- 
larisation formed  only  a  bianch  of  physical  optics,  the 
s])lendour  of  its  phenomena,  and  the  bttiuty  of  its  laws, 
must  have  assigned  it  a  high  rank  among  the  objects  of 
scientific  inquiiy  ;  but  its  importance  rises  above  all  li- 
mits, wher.  we  considci  it  as  an  iiislrunieiil  of  research, 
by  which  we  can  exaniiuc   the  stiucture  and   C(,nstitu- 


tion  of  organised  matter,  and  thus  penetrate  into  regions 
which  seemed  to  have  been  placed  beyond  the  reach  of 
human  sagacity. 

The  brilliant  success  which  attended  the  investiga- 
tions of  Malus,  induced  some  of  his  colleagues  in  the 
Institute  to  pursue  the  same  branch  of  optical  inquiry. 
On  the  11th  August,  181 1,  M.  Arago  comm.unicated  to 
the  Institute,  a  Memoir  "  On  a  Particular  Modification 
which  the  luminous  rays  experience  in  their  passage 
thiough  certain  transparent  bodies."!  He  observed  that 
when  polarised  light  was  transmitted  through  thin  plates 
of  sulphate,  of  lime,  mica,  and  rock  crystal,  and  after- 
wards analysed  with  a  prism  of  calcareous  spar,  they  ex- 
hibited the  most  beautiful  complementary  colours,  ana- 
logous to  those  of  Newton's  scale.  He  foimd  that  there 
were  two  positions  of  the  plate  at  right  angles  to  one 
another,  iti  nliich  the  crystal  gave  no  colours,  and  depo- 
larised no  light,  while  the  colours  appeared  in  all  inter- 
mediate positions.  He  found  that  the  power  of  depolar- 
ising the  different  colours  diminished  with  the  thickness 
of  the  plate,  and  he  succeeded  in  reducing  mica  to  such 
a  degree  of  thinness,  that  it  had  no  jiower  of  depolarisa- 
tion.  In  studying  the  same  phenomena  in  sulphate  of 
lime,  he  found  that  the  colours  depended  upon  some 
other  cause  besides  that  of  the  thinness  of  the  plate  ; 
and  in  a  plate  of  rock  crystal,  about  6  millimetres  thick, 
he  obtained  the  same  result.  M.  Arago  likewise  de- 
tected the  depolarising  property  in  a  piece  of  flint  glass 
about  three-fourths  of  an  inch  thick;  and  from  this  he 
concludes  that  the  property  of  depolarising  light,  which 
seemed  at  first  to  be  a  good  method  of  ascertaining  the 
existence  of  double  refraction,  is  no  longer  a  sure  test, 
as  it  is  possessed  by  a  piece  of  flint  glass,  which  does 
not  double  the  images. 

In  examining  the  coloured  fringes  seen  by  transmis- 
sion thiough  a  thin  plate  of  air,  or  any  other  transparent 
body,  M.  Arago  discovered  the  very  curious  fact,  that 
the  brightest  part  of  the  transmitted  rings  was  polarised 
in  the  same  plane  as  the  reflected  pencil,  and  not  in  the 
same  manner  as  the  refracted  pencil,  as  might  have 
been  expected.  This  phenomenon,  however,  arises  from 
the  reflexion  of  the  light  in  the  interior  of  the  plates, 
which  emerges  along  with  the  refracted  pencil,  so  that 
it  does  not  torm  any  exception  to  the  generality  of  th.e 
fact  observed  by  Malus. 

M.  Arago  has,  we  understand,  recently  obtained  a 
very  interesting  result  respecting  the  connexion  between 
the  inference  oi  divergent  light  and  the  deoxidating  ef- 
fect of  the  invisible  rays.  When  two  portions  of  light 
interfere  so  as  to  destroy  one  another,  the  black  spot 
where  this  des' ruction  takes  place  has  the  property  of 
decxidation. 

M.  Arago,  in  eonjnnction  with  M.  Fresnel,  made 
some  interesting  experimet.ls  on  the  influence  of  polari- 


•  "  Ce  crystal,"  says  he,  when  speaking  of  cftlcareous  spar,  "  r-eia  clone  I'olijet  de  nos  jnincipalcs  rcclicrclus.  Nnu.s  entendrons 
ensuite  aux  aiit res  corps  Us  resulials  aii.\<]iiils  nous  aura  romUiit  I'examen  dc  celiii-oi ;  ce  qui  sera  d'autant  plus  facile  ijue,  sans 
avoir  reconrh  a  I'analogie  nous  prnrrernvs  d'avancc  pur  des  cxpciicuces  ilirectes  I'itk-ntile  d'action  de  tons  les  corps  qui  rel'ractcnt  dou- 
bli-nu-nl  la  luniiere  "  'I'licoru- tie  la  Donl.U- Itrfniction,  ^  l.p.97.  And  afterwards,  "  Je  ftT:,j  voir  dans  Ics  chapitres  sui\ans  que  les 
resvUtifs  sont  h-s  vn-mes  pom  Irs  uvtres-  ,v?/forupif(s,  en  chanccant  la  >aleur  des  constantes  qui  entrtnt  dans  le  calcul."  lb.  §  17,  p.  125. 
See  also  ^  55,  56,  57,  58,  and  p.  2.12— 2i8. 

t  This  Xleiioir  is  published  aniouir  those  of  the  Institute  for  1811,  part  i.  p.  93—134.  The  author  states  that,  since  the  reading 
of  his  rntmoir,  he  has  "  examined  sonu-  iptical  phenomena  more  or  less  intimately  connected  with  those  \\  hich  he  has  described, 
and  which  sliirui  illstintdy  on  wliat  cirnntistunces  in  the  inh-ihr  nf  crvslah,  riepetiil  tliosr  m!:urh(i6!c  pnfiertits,  uliicli  th^  rats  c.cqjiin-  in  tra- 
i-evsiiii^'  them."  These  new  cxpcrin  ents,  however,  are  not  Riven  in  the  Memoir;  but  the  author  promises  such  new"  developments 
as  will  complite  thu  Iheorij  i,f  this  class  of  fihenomena."  'I'he  rxperinienis,  thus  promised,  have  never  been  published,  and  the  tlieory  of 
this  class  of  phenomena,  has  been  nearlv  comjjleted  bv  the  united  labours  of  succeeding  philosophers,  continued  through  the  lonir 
period  of  ten  years.  ° 
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salion  on  the  iiUcifci'ence  of  two  porlions  of  light.  Tliey 
I'uund  that  in  tlic  same  circumstances  wheic  two  rays  of 
ordinary  light  appear  mutually  to  destroy  one  another 
by  interference,  two  rays  polarised  in  opposite  planes  do 
do  not  influence  one  another  in  any  perceptible  manner; 
but  when  the  rays  of  light  are  polarised  in  the  same 
plane,  the  phenomena  of  interference  are  exactly  the 
same  as  with  common  light.  They  observed,  also,  that 
two  rays  originally  polarised  in  opposite  planes  may  be 
afterwards  brought  back  to  the  same  plane  of  polari- 
sation, without  acquiring  the  faculty  of  influencing 
one  another;  and  that  two  rays  polarised  in  opposite 
planes,  and  afterwards  brought  hack  to  analogous  polari- 
sations, ihflucnce  one  another  like  natural  rays,  if  they 
proceed  from  a  pencil  originally  polarised  in  one  single 
plane. 

As  the  researches  of  M.  Arago  on  the  colours  pro- 
duced by  ex|iosing  crystallized  plates  to  the  action  of 
polarised  light,  did  not  lead  him  to  any  general  views, 
either  respecting  the  laws  of  the  phenomena,  or  the 
forces  by  which  they  are  produced,  a  rich  field  of  inves- 
tigation was  left  open  to  the  labour  and  ingenuity  of  fu- 
ture inquirers.  M.  Biot  saw  the  extent  and  importance 
of  the  subject,  and  immediately  directed  to  it  all  the  ar- 
dour and  ingenuity  of  his  powerful  mind.  On  the  1st  of 
June,  1812,  lie  communicated  to  the  Institute  his  first 
memoir,  Sur  des  J/ouveaux  Ha/i/wrts  ijui  existent  enire 
la  Rejiexion  ct  la  Polarisation  de  la  lumiere fiar  les  Corfia 
Crystalliaea.  In  this  memoir,  wiiich  occupies  145 
pages,  he  has  detailed  the  results  of  an  immense  num- 
ber of  experiments,  made  by  means  of  a  divided  appa- 
ratus, and  with  a  sphsrometer,  constructed  by  M.  Cau- 
choix,  for  measuring  the  thickness  of  thin  plates.  He 
determines  what  he  supposes  to  be  the  axis  of  double 
refraction  in  Sulphate  of  Lime.  He  concludes  that  the 
axis  of  the  partial  polarisation  of  the  lamina  is  situated 
in  this  plane,  and  parallel  to  the  direction  which  the  axis 
of  complete  refraction  has  in  the  entire  crystal.  He 
composes  empirical  formulae  for  calculating  all  the  va- 
riety of  tints  which  these  laminae  produce  at  a  perpen- 
dicular incidence.  He  shows  that  all  the  colours  arise 
from  the  combination  of  two  tints,  which  mix  in  different 
proportions,  and  which  correspond  to  the  two  colours 
seen  by  reflexion  and  transmission  in  thin  plates  of  air 
and  other  substances  ;  and  by  comparing  the  tints  with 
the  thickness  of  the  laminae  which  produce  them,  he 
concludes  that  they  are  proportional  to  those  of  thin 
plates  of  air  or  glass,  so  that,  by  having  the  tint  at  one 
thickness,  the  tint  at  all  other  thicknesses  could  be  de- 
termined from  the  colours  and  numbers  in  Newlon's  ta- 
ble. He  next  shows  that  plales  of  Rock  Crystal  follow 
the  same  laws  as  those  of  sulphate  of  lime  ;  and  he  gives 
formulae  for  finding  the  nature  of  the  tints,  when  the  po- 
larised ray  is  inclined  to  the  stirface,  on  the  supposition 
that  the  changes  of  colour  which  accompany  a  change 
of  incidence,  are  analogous  to  those  of  thin  plates.  From 
all  these  results,  he  concludes,  in  general,  that  the  po- 
larisation of  light  in  Sulphate  of  Lime  and  Rock  Crystal, 
follows  exactly  the  same  law  and  the  same  periods  as 
ordinary  reflection  in  thin  plates  of  air  or  glass,  with  this 
difference  only,  that  the  two  classes  of  phenomena  take 
place  at  different  thicknesses. 

In  a  second  memoir,  which  M.  Biot  read  to  the  Insti- 
tute on  the  16ih  June,  1812,  he  announces  that  he  has 
found  in  the  polarisation  of  light  a  law  analogous  to  that 


of  the  conservation  of  living  forces  in  mechanics.  Tliis 
law  is  nothing  more  than  the  fact,  that  the  same  tint  is 
constantly  produced  by  any  number  of  laminae  combined, 
whatever  be  the  order  of  the  combination,  provided  only 
that  their  axes  are  parallel. 

Desirous  of  referring  these  different  phenomena  to 
some  general  principle,  M.  Biot  devised  a  theory  for 
explaining  them,  which  he  laid  before  the  Institute  on 
the  30th  of  Nov.  1812,  under  the  title  oi Sur  un  nouveau 
genre  d'Oscillation  que  lea  molecules  de  la  lumiere  e/irou- 
vent  en  traversant  certains  cristaux.  In  this  memoir, 
which  fills  a  quarto  volume  of  371  p.iges,  he  takes  it  for 
granted  that  light  consists  of  separate  particles;  a.id  he 
endeavours  to  show  that  the  phenomena  of  polarisation 
are  produced  by  a  succession  of  oscillations  round  their 
centre  of  gravity,  which  the  particles  of  light  experience 
from  the  action  of  attractive  and  repulsive  forces,  and 
that  these  oscillations  go  on  to  a  certain  depth  in  the 
crystal,  after  which  the  particles  acquire  a  fi.xcd  polari- 
sation, which  arranges  their  axes  in  two  rectangular  di- 
rections He  endeavours  to  determine  the  duiaiion  and 
velocity  of  these  oscillations,  and  the  law  of  the  forces 
which  produce  them,  and  he  attempts  to  show  how  we 
may  at  pleasure  accelerate  or  retard  these  oscillations, 
or  even  destroy  them  altogether,  or  cause  them  to  be 
performed  in  an  opposite  direction.  In  all  these  re- 
searches the  author  has  shown  much  ingenuity  and  ad- 
dress ;  but  we  may  fairly  question  the  value  of  an  hy- 
pothesis like  this,  devised  in  the  infancy  of  a  science,  be- 
fore its  first  principles  even  had  been  establislied,  and 
when  only  a  small  portion  of  its  leading  facts  had  been 
discovered. 

In  a  memoir  read  on  the  27th  Dec.  1813,  M.  Biot 
obtained  analogous  results  from  thin  plates  of  Calcareous 
Spar  and  Arragonite,  and  he  concluded  from  these  ob- 
servations, that  the  last  of  these  minerals  had  one  axis 
of  double  refraction  and  polarisation,  like  Calcareous 
Spar. 

By  far  the  most  important  of  M.  Blot's  discoveries 
was  that  of  two  different  kinds  of  double  refraction  and 
polarisation,  which  he  found  in  Quartz  and  Beryl,*  and 
which  he  distinguished  by  the  names  of  Polarization 
Quartzeuse,  and  Polarisation  Berillee,  the  first  division 
containing  rock  crystal,  sulphate  of  lime,  sulphate  of 
barytes,  and  topaz;  and  the  second,  calcareous  spar,  ar- 
ragonite, apatite,  beryl,  and  tourmaline.  In  those  crys- 
tals which  have  the  quartzy  polarisation,  the  diiection  of 
the  extraordinary  ray  is  considtred  as  produced  by  an 
attractive  force,  which  draws  it  to  the  axis,  and  the  phe- 
nomena arc  represented  by  an  ellipsoid  of  revolution 
elongated  at  the  poles:  while  in  those  that  have  the 
beriUous  polarisation,  the  deviation  of  the  extraordinary 
ray  is  produced  by  a  refiulsive  foice  which  drives  it 
from  the  axis,  and  the  phenomena  are  represented  by  an 
ellipsoid  of  revolution  flattened  at  the  poles. 

After  the  connexion  helwjcn  the  optical  structure  and 
the  chemical  coniposiiion  of  minerals  had  been  pointed 
out  by  Dr.  Brewster,  and  he  had  discovered  2iid  com- 
municated to  the  Royal  Society  a  genera!  law,  relative 
to  the  connexion  between  the  number  of  axes  of  double 
refraction  and  the  piimativc  forms  of  crysialized  bodies, 
M.  Biot  laid  before  the  Institute,  on  the  22;i  June,  1818, 
a  Memoir  "  Sur  rutilile  des  loia  de  la  Polarisation  de  la 
lumiere  pour  reconnoitre  I'etat  de  cristallisation  et  dc  com- 
binaiaon,  dans  un  grand  nombre  de  cas  oii  le  Syst^aie  cris- 


These  experiments  are  contained  in  two  memoirs  communicated  to  the  Institute  on  the  15th  May,  and  25th  Dec.  1814. 
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:altin  n'esi  /ia»  immedtatement  observable."*  Having 
long  before  found  some  specintiens  of  mica,  with  only 
one  axis  of  polarisation,  which  he  ascribed  to  imfier/ect 
cryslallizalion,  M.  Biot  examined  a  great  number  of  dif- 
ferent specimens  of  the  same  mineral,  some  of  whicli 
had  one  axis,  while  the  rest  had  two  axes  of  different 
intensities.  These  different  specimens  were  given  to 
M.  Vauquelin  for  analysis,  and  it  appeared  that  those 
which  had  one  axis  contained  a  considerable  qnaniiiy  of 
magnesia,  and  that  those  whose  axes  had  different  inten- 
sities, had  likewise  different  ingredients. t 

A  particular  species  of  polarised  tints  was  noticed  by 
M.  Arago,  along  the  axis  of  rock  crystal,  and  was  care- 
fully analyzed  by  M.  Biot  in  his  early  memoirs.  These 
tints  differed  in  a  very  remarkable  manner  from  those  po- 
larised by  the  crystal  in  other  directions,  and  led  M.  Biot 
to  another  theory,  as  extravagant  as  that  of  the  oscilla- 
tion of  luminous  molecules,  in  which  he  ascribes  the 
phenomena  seen  along  the  axis  of  rock  crystal,  to  a  con- 
tinual rotation  of  the  particles  of  light  round  their  axes, 
produced  by  the  action  of  the  crystal.  Some  time  after- 
wards, in  the  end  of  the  year  1815,  and  the  beginning  of 
1816,  he  and  M.  Seebeck  discovered,  about  the  same 
time,  that  an  analogous  property  was  possessed  by  a 
great  number  of  fluids,  such  as  the  essential  oils,  and 
different  solutions,  some  of  which,  according  to  M.  Biot, 
like  certain  specimens  of  rock  crystal,  gave  the  parti- 
cles a  rotatory  motion  from  left  to  right,  while  otiier 
fluids,  like  other  specimens  of  rock  crystal,  turned  the 
particles  from  right  to  left.| 

In  a  subsequent  memoir,  read  to  the  Institute  on  the 
22d  September,  1818,  entitled,  "  Sur  lea  rotations  que 
certaines  substances  imfiriment  aux  axes  de  Polarisation 
des  Rayons  lumiiieux,"  and  occupying  about  100  pages, 
M.  Biot  has  resumed  the  same  subject  of  rotatory  po- 
larisation as  exhibited  in  rock  crystal,  oil  of  turpentine, 
sugar,  and  the  vapour  of  oil  of  turpentine  ;  and  he  has 
concluded,  that  the  rotation  of  the  luminous  particles  is 
reciprocally  proportional  to  the  square  of  the  lengths  of 
the  fits,  as  determined  by  Newton.  In  obtaining  this 
conclusion,  he  determines,  by  means  of  a'red  glass,  which 
absorbs  all  but  the  red  rays,  the  arch  of  rotation  for  the 
red  rays  corresponding  to  a  thickness  of  one  millimetre 
of  rock  crystal,  and  deduces  theoretically  from  the  old 
and  imperfect  division  of  the  spectrum,  the  arch  of  rota- 
tion for  all  the  other  six  colours.  He  then  attempts  to 
show  that  the  same  law  of  rotation  is  applicable  to  the 
fluids  above  mentioned,  and  that  it  ought  to  be  the  general 
law  for  all  other  substances  that  possess  the  rotatory 
property;  and  he  concludes  that  the  property  of  turning 
the  particles  of  polarised  light  round  their  axes,  resides 
in  the  ultimate  particles  of  the  solid  or  fluid;  that  it  is 
necessary  to  the  very  existence  of  these  particles  ;§  and, 
consequently,  that  the  phenomena  are  entirely  inde- 
pendent of  the  mode  in  which  the  particles  are  aggre- 
gated. 

In  this,  as  well  as  in  other  memoirs,  M.  Biot  assumes 
it  as  quite  certain,  that  the  polarised  tints  are  the  same 
as  those  of  thin  plates;  an  opinion  which  the  subse- 
quent inquiries  of  Dr.  Brewster  and  Mr.  Herschel  have 
completely  overturned;  but,  independent  of  this  gratui- 


tous assumption,  there  is  a  source  of  error  in  his  funda- 
mental experiment  with  the  red  glass,  of  which  he  pro- 
bably was  not  aware.  Dr.  Brewster  has  shewn  that  with 
absorbent  coloured  media,  the  middle  of  the  red  space  is 
sometimes  absorbed,  at  other  times  the  inner  portion, 
and  at  other  times  the  extreme  portion.  It  is  therefore 
of  consequence  to  know,  before  the  arcs  of  rotation  arc 
admitted  as  correct,  whether  the  red  glass  transmitted 
the  middle  or  the  extreme  portion  of  the  red  space,  or 
if  it  transmitted  the  whole  of  the  red  rays  without  ex- 
ception. 

After  the  general  laws  of  polarisation  and  double  re- 
fraction had  been  investigated  and  published  by  Dr 
Brewster  in  the  Philosophical  Transactions  for  1818,  M. 
Biot  communicated  to  the  Institute,  on  the  29th  March, 
1819,  a  memoir  on  the  same  subject.  In  this  memoir, 
M.  Biot  transforms  the  mechanical  law  of  double  refrac- 
tion and  polarisation  given  by  Dr.  Brewster,  in  which 
the  phenomena  are  referred  to  rectangular  axes,  into  a 
law  in  which  the  phenomena  are  related  to  the  apparent 
axes,  or  those  passing  through  the  centres  of  the  two 
systems  of  rings  ;  but  the  two  laws  are  absolutely  the 
same.  M.  Biot  then  proceeds  to  detail  a  variety  of  ex- 
periments on  topaz,  for  the  purpose  of  verifying  the  law 
of  double  refraction  ;  and  as  these  agree  with  it  in  a  very 
remarkable  manner,  all  the  experiments  of  M.  Biot  must 
be  considered  as  adding  new  evidence  to  the  general  law 
of  double  refraction  and  polarisation  discovered  by  Dr. 
Brewster.  Mr.  Herschel  has  stated,  in  the  Philoso/ihical 
Transactions  for  1820,  that  he  found  from  experiment 
an  expression  of  the  law  in  relation  to  the  apparent  axes, 
similar  to  that  which  M.  Biot  had  given  ;  but  he  was  not 
then  aware,  that  both  these  laws  were  identical  with  the 
one  previously  given  by  Dr.  Brewster.  Those  readers 
who  wish  to  make  themselves  acquainted  with  the  la- 
bours of  M.  Biot,  will  study  them  with  more  advantage 
in  his  Traits  de  Physique,  torn.  iv.  than  in  the  original 
memoirs;  but  we  must  warn  them  not  to  expect  in  that 
work  any  thing  more  than  a  few  notices,  and  these,  too, 
very  imperfect,  of  the  labours  of  contemporary  philoso- 
phers. 

The  paper  on  the  refractive  power  of  the  gases,  which 
he  published  in  conjunctoin  with  M.  Arago,  is  one  of 
much  interest  and  value.  The  densities  and  refractive 
powers  of  nine  gases  were  measured  with  great  care  in 
reference  to  the  atmospheric  air  taken  as  unity.  Oxygen 
had  the  least  refractive  power  of  them  all,  viz.  0  8616, 
and  hydrogen  the  greatest,  or  6.61436,  which  becomes 
7.0335,  if  we  use  the  density  as  measured  by  Berzelius. 

M.  Biot  published,  in  1809,  a  Memoir  on  the  Mirage, 
or  the  phenomena  of  unusual  refraction  ;  but  it  is  not 
marked  by  any  very  prominent  or  interesting  results. 
He  has  treated  the  mathematical  theory  of  these  <;uri- 
ous  phenomena  with  his  usual  ability  ;  and  from  a  great 
variety  of  observations  made  on  the  sandy  plains  near 
Dunkirk,  he  has  found  that  a  difference  of  temperature, 
equal  to  two  degrees  of  the  centigrade  thermometer,  is 
sufficient  to  produce  the  inverted  images  of  objects  when 
seen  over  a  smooth  and  extended  surface.  He  has 
proved  that  the  consecutive  trajectories  passing  from 
the  eye  of  the  observer  cut  one  another  in  their  second 


*  This  Memoir,  by  a  strange  anachronism,  which  has  a  tendency  to  mislead  the  reader  with  respect  to  dates,  is  printed  in  the  Me- 
moirs of  the  Institute  for  1816,  p.  275—347,  though  it  was  neither  written  nor  read  till  lftl8. 

+  See  the  Edirtiur^h  Philosophical  Journal,  vol,  v.  p.  1,  for  an  account  of  the  history  of  this  class  of  esperiments.     See  also  the  Jour- 
r.al  of  the  Royal  Institution,  vol.  iv.  p.  112,  Vin<\  \.he  Journal  de  Physique  ht  Oct..  and  Nov.  1817,  vol.  Ixxxv.  p,  333  and  334. 

i  See  Biot's  Traite  de  Physique,  torn,  iv  p.  539  and  499. 

%  "  Faculte  qu'elles  ne  peuvent  perdre  que  lorsqu' elk  ceseens  iPetre  elles-memes  par  leur  decomposition."    Mm.  Instil  1818. 
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branches,  so  as  to  lorm  a  caustic.  All  objects  situated 
between  this  cuusiic  and  the  horizon  are  invisible.  All 
objects  situated  above  the  uppermost  or  limiting  trajec- 
tory, are  seen  single ;  but  all  objects  placed  betvteen 
the  liniiiin-^  trajectory  and  the  caustic  have  two  images, 
•he  uppermost  of  which  is  erect,  and  the  lowermost  in- 
verted. IJcsides  these  various  Memoiis  of  M.  Biot,  of 
which  we  have  given  a  brief  notice,  he  has  published 
in  the  Journals  many  recent  notices  of  interesting  facts 
and  observations,  which  it  would  be  inconsistent  with 
our  plan  to  notice  in  the  present  brief  history  of  the 
science. 

Contemporary  with  the  labours  of  MM.  Arago  and 
Biot  were  those  of  Dr.  Brewster.  In  his  Treatise  on 
Xtw  Philosofihical  Instruments,  published  in  the  begin- 
ning of  18 IS,  he  has  given  an  account  of  a  series  of  ex- 
periments on  refi active  and  dispersive  powers,  in  wiiich 
he  was  led  to  several  new  results,  lie  found  that  Chro- 
mate  of  lead,  Kealgar,  (to  which  he  has  since  added  Ru- 
by silver,  and  Octohedrile,)  have  all  a  greater  refrac- 
tive power  than  Diamond,  which  had  hitherto  stood  be- 
fore all  other  bodies  ; — that  the  Diamond,  Phosphorus, 
and  Sulphur,  have  their  high  refractive  powers  in  the 
order  of  theirinttanimabilities  ; — that  lluor  spar  and  cryo- 
lite have  lower  refractive  powers  than  all  solid  sub- 
stances, and  the  lowest  dispersive  powers  of  all  bodies  ; 
and  that  all  doubly  refracting  crystals  have  a  dwuble 
dispersive  power.  With  the  view  of  improving  the 
achromatic  telescope,  he  made  a  variety  of  experi- 
ments on  the  action  of  difl'erent  bodies  on  the  differ- 
ently coloured  rays.  He  found  that  oil  of  cassia,  a  fluid 
of  remarkable  refractive  and  dispersive  power,  had  the 
least,  and  sulphuric  acid  the  greatest  action  upon  green 
light ;  that  a  tertiary  sfiectrum  is  formed  when  prisms 
of  the  same  substance  and  diflerent  angles  correct  one 
another's  dispersion  by  the  inclination  of  one  of  them; 
and  that  refraction  without  colour  could  be  produced, 
and  conseciuently  achromatic  combinations  effected,  by 
prisms  and  lenses  of  the  same  kind  of  glass. 

From  these  inquiries  Di-.  Brewster  proceeded,  in  the 
year  1812,  to  the  subject  of  the  polarisation  of  light, 
which  had  received  such  an  impulse  from  the  discoveries 
of  Malus.  He  found  that  the  agate  impressed  upon 
a  transmitted  ray  a  polarisation  opposite  to  that  which  it 
would  have  received  by  reflexion;  that  the  polarisation 
of  a  pencil  of  light  could  be  apparently  destroyed  by 
subsequent  transmission  through  almost  all  mineral 
substances,  and  even  some  animal  and  vegetable  ones  ; 
and  that  thin  plates  of  mica  and  topaz  exhibited  the 
most  beautiful  complementary  colours  when  exposed  to 
polarised  light  ;  that  light  is  partially  polarised  by  re- 
flexion from  polished  metals  ;  and  that  the  light  reflected 
from  the  clouds,  and  the  blue  light  of  the  sky,  and  the 
light  of  both  the  exterior  and  the  interior  rainbows,  are 
all  polarised.  In  the  discovery  of  the  polarised  tints  of 
crystalline  i)lates,  however.  Dr.  Brewster  was  anticipa- 


ted by  M.  .\rago,  and  in  that  of  depolarisation  and  ol 
the  action  of  metallic  surfaces  by  M.  Malus. 

In  continuing  these  researches,  he  discovered  the 
beautiful  system  of  ellipucal  coloured  rings,  which 
are  seen  both  by  reflexion  and  transmission,  by  look- 
ing through  topaz  in  two  directions,  and  which  he 
found  under  different  modifications  in  various  other 
bodies.  These  experiments,  with  others  on  the  agate  and 
the  depolarisation  of  light,  were  read  before  the  Koyal 
Society  of  London,  on  the  iSd  October,  1813,  and  print- 
ed in  their  Transactions  for  the  following  year.  About 
the  same  time  he  was  led  to  the  discovery  of  the  po- 
larisation of  light  by  oolique  transmission  through  bun- 
dles of  crystallized  or  uncrystallizcd  plates  ;  but  though 
he  was  also  anticipated  in  this  discovery  by  Malus,  in 
so  far  as  relates  to  uncrystallizcd  plates,  yet  in  his  pa- 
))er  on  this  subject,  read  to  the  Royal  Society  of  L'jndon 
on  the  27th  Jan.  1814,  and  printed  in  their  Transactions 
of  the  same  year,  he  iias  determined  the  law  of  the  phe- 
nomena, which  had  escaped  the  notice  of  Malus,  and  has 
shown  that,  Willi  a  given  light,  the  number  of  plates  re- 
(juired  to  polarise  the  transmitted  rays  at  different  an- 
gles are  to  one  another  as  the  cotangents  of  these  an- 
gles ;  the  light  of  an  ordinary  candle,  at  the  distance  of 
ten  or  twelve  feet,  being  completely  polarised  at  an  an- 
gle of  66°  43'  by  eighteen  plates  of  crown  glass. 

In  the  beginning  of  April  1814,  Dr  Brewster  com- 
municated to  the  Royal  Society  of  London  his  experi- 
ments on  the  production  of  the  polarising  structure  in 
glass  by  heat,  and  also  by  cooling  it  rapidly.  This 
])aper  was  read  on  the  lyth  Mjy,  1814;  and  was  imme- 
diately followed  by  another  on  the  structure  of  Prince 
Rupert's  drops,  which  are  formed  by  throwing  drops  of 
melted  glass  into  water.  A  very  extensive  series  of  ex- 
periments on  the  depolarising  structure  of  animal  and 
vegetable  bodies,  by  the  same  author,  was  read  to  the 
Royal  Society  on  the  IStn  Dec.  1814. 

On  the  3d  of  January,  1815,  Dr.  Brewster  disco- 
vered that  all  the  fihenomena  of  fiotarisation  and  double 
refraction  could  be  communicated  to  soft  and  indurated 
Jellies  by  sim/ile  fircssure.  This  paper  was  read  to  the 
Royal  Society  on  the  19th  Jan.  1815. • 

Hitherto  the  laws  of  the  polarisation  of  light  by  re- 
flexion were  entirely  unknown ;  and  Malus  had  con- 
cluded that  it  was  a  property  of  bodies  independent  of 
their  other  modes  of  action.  Having  conceived,  how- 
ever, an  opposite  opinion,  Dr.  Brewster  began,  in  1811, 
an  extensive  series  of  experiments,  to  determine  the 
angles  of  polarisation,  not  only  from  the  surfaces  of  bo- 
dies, but  also  from  the  separate  surfaces  of  different 
media.  In  this  inquiry  many  difficulties  were  expe- 
rienced from  irregularities  in  the  action  of  glass;  but 
the  cause  of  these  having  been  detected,  he  succeeded 
in  referring  all  the  measurements  to  the  simple  law, 
'J'liat  the  index  of  refraction  is  the  tangent  of  the  angle  of 
Jiolarisation,  which  gives  the  angle  of  maximum   polari- 


*  These  results  respecting  the  production  of  polarisation  by  pressure,  were  transmitted  to  M.  Biot  on  the  24tli  Jan.  1815.  lie 
immediately  communicated  them  to  the  Institute  ;  published  an  abstract  of  tlieni  in  tlie  Ilidlndii  data  Sociele  Plulumculilqm  for  March, 
1815;  and  in  a  letter  written  about  the  end  of  Feb.  1815,  he  sent  to  Dr.  Urewster  a  kind  of  thtoryofthe  phenomena.  Notwith- 
standing these  separate  acts,  he  published  a  paper  in  the  same  liuUetin  for  April,  1816,  making  the  date  of  Ur  Brewster's  d;sco>ery 
nearly  a  whole  year  later  than  the  date  of  the  letter  in  his  possession ;  and  it  was  not  without  the  greatest  lionbic,  that  he  was 
brought  to  acknowledge,  in  the  Bulletin  for  Jan.  1821,  that  he  had  forgotten  for  more  than  t-aielve  months  a  discovery  in  his  favourite 
science,  of  which  he  himself  says,  "  fi.5«^f  d'lJHOj/cerce  re9«/fa(,  po!ir/<iire  »e«(iV  co»nAie;i  il  eat  remarquublc"  Th.s  .acknowledgment 
would  have  set  the  matter  at  rest,  had  it  not  contained  numerous  inaccuracies,  which  render  it  necessary  to  refer  the  it-adcr  to  tlie 
.Bulletin  de  la  Hociete  PIdlomathique,  1815,  p.  44;  1816,  p,  49,  50;  and  1821,  p.  15,  16;  and  to  stale,  along  with  the  reference,  that,  i.i 
Ute  paper  last  quoted,  pluaieura  mois  means  at  least  ten  months,  and  quelrjues  jours  at  least  seventy-seven  days. 
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satioi),  not  only  For  the  first  and  second  surfaces  of  ail 
transpaient  bodies,  but  also  for  the  separatint;  surfaces 
of  dilVerent  media.  When  this  law  is  put  into  a  tjeo- 
metrical  form,  it  follows,  that  whenever  a  ray  of  lij,ht  is 
polarised  by  reflexion,  the  reflected  ray  forms  a  right 
angle  with  the  refracted  ray  ;  and  that  the  sum  of  the 
angles  of  rtflcximi  and  rcfiaction  is  a  right  angle;  or, 
reckoning  from  the  surface,  that  llie  angles  of  reflexion 
and  refraction  are  equal.  The  very  same  law  is  appli- 
cable to  the  differcnlly  coloured  rays,  each  of  which  is 
polarised  at  an  angle,  wliosfi  tangent  is  the  refractive 
index  appropriate  to  each  ;  and  hence  is  deduced  the 
reason  wiiy  a  portion  of  unpolarised  liglit  exists  at  the 
maximum  polarising  angle  of  ail  substances.  Our 
author  thtn  goes  on  to  show,  that  a  pencil  of  light 
may  be  complclciy  polarised  by  two,  th:ee,  four,  or 
more  reflexions  at  angles  above  and  below  the  maximum 
polarising  angle,  a  greater  number  of  reflcxiunb  being 
necessary  as  the  angle  recedes  from  that  which  gives  a 
maximum  polarisation.  He  concludes  IVoni  various 
arguments,  that  every  ray  of  ligiit  polarised  '.)y  re- 
flexion has  been  acted  upon  by  the  refracting  force  be- 
fore it  has  suffered  reflexion;  for  upon  this  supposi- 
tion it  follows,  that  the  real  polarising  angle  is  45'  for 
all  bodies  whatever;  and  in  proceeding  to  consider  ihe 
action  of  transparent  surfaces,  when  they  produce  total 
reflexion,  he  shows,  that  these  surfaces  polarise  the 
light  in  two  opjjosite  planes,  in  the  same  mannei' 
as  Mains  had  found  to  be  the  case  with  polished  metals. 
The  tlTect  of  heat  in  producing  the  polarising  struc- 
ture in  glass  had  been  discovered  and  described  by  Dr. 
Brewster  early  in  1814;  but  in  the  summer  of  1815  he 
was  led  to  observe  a  series  of  unexpected  piienomena 
produced  by  dial  powerful  agent ;  and  he  has  investi- 
gated at  great  length  the  laws  by  wiiich  these  pheno- 
mena are  regulated,  in  his  paper  "  On  tin:  Fro/ierties  of 
Heat  as  exhibited  in  its  propagation  along  Plates  of 
Glass,"  which  was  read  before  the  Royal  Society,  on 
the  1 1th  January,  1816,*  When  the  edge  of  a  lliick 
plate  of  glass  is  laid  on  a  bar  of  hot  iron,  the  heat  gra- 
dually propagates  itself  along  the  plate,  and  its  path  is 
marked  by  the  most  beautiful  fringes  of  polarised  light  ; 
bui  no  sooner  has  the  heat  entered  the  plate  of  glass, 
than  similar  fiingcs  appear  on  its  upper  edge,  wAcre 
there  is  no  heat  at  all.  After  a  certain  period,  the  whole 
suiface  of  the  ghissis  covered  with  the  coloured  fringes, 
which  are  arranged  in  two  similar  polarising  structures 
at  the  edges,  separated  by  two  dark  lines  or  axes  from 
an  opposite  structure  in  the  middle.  When  the  glass 
is  removed  from  the  iron,  the  fringes  gradually  disap- 
pear, and  are  extinguished  when  the  heat  is  uniformly 
diffused  over  the  glass.  If  the  plate  of  glass  is  made 
very  hot  in  boiling  oil,  and  is  then  allowed  to  cool  with 
its  edges  against  a  plate  of  cold  iron,  it  will  exhibit  in 
a  fainter  degree  the  fringes  above  described  ;  bnt  they 
are  now  all  reversed,  the  middle  structure  having  the 
same  character  as  the  external  structures  had  formerly, 
and  vice  versa.  If,  when  a  plate  of  glass  is  covered  over 
with  the  polarised  tints,  it  is  suddenly  cut  in  two  by  a 
diamond  in  the  dncction  of  its  length,  the  whole  struc- 
ture is  instantly  changed,  and  each  piece  has  the  same 
properties  and  stiucture  as  the  whole,  exactly  like  a 
portion  detached  from  the  end  of  a  magnet.  The  same 
properties  he  found  in  muriate  of  soda,  fluor  spar,  obsi- 
dian, semi-opal,  horn,  tortoise-shell,  and  various  animal 


and  vegetable  bodies.  The  tints  thus  developed  by 
heat  follow  uie  same  laws  as  those  in  regularly  crystal- 
lized bodies,  and  exhibit,  by  their  being  made  to  cross 
one  another,  and  by  other  modifications,  a  series  of  the 
most  brilliant  phenomena  within  the  whole  lange  of 
optics.  In  pursuing  these  experiments,  Dr.  Brewster 
found  that  when  the  plate  of  glass  was  made  red-hot, 
and  then  rapidly  cooled,  it  exhibited  the  same  coloured 
fringes,  a  discovery  which  had  also  been  made  by  Dr. 
Seebeck  of  Nuremberg,  but  without  any  analysis  of  the 
phenomena.  The  laws  of  these  phenomena  were  after- 
wards investigated  by  Di.  li.  and  he  has  shown  how  to 
calculate  them  all  from  general  formulae. 

In  the  beginning  of  November,  1815,  Dr.  Brewster 
discovered  that  glass,  and  all  other  solid  substances,  re- 
ceived the  polarising  structure  by  compression,  and  that 
compression  and  dilatation  developed  the  two  opposite 
polarising  structures.  These  eff"ects  arc  well  displayed 
by  bending  a  large  plate  of  tolerably  thick  glass,  and 
exposing  it  to  polarised  light.  The  whole  thickness  of 
the  plate  will  then  be  seen  covered  with  two  sets  of 
fringes  separated  by  a  dark  neutral  line,  the  positive  set 
being  produced  by  the  compressing,  and  the  negative 
set  by  the  dilating  force.  The  same  effects  are  de- 
veloped in  fluor  spar,  muriate  of  soda,  and  all  bodies 
without  double  refraction;  and  ■  some  time  afterwards, 
D  .  Brewster  discovered  that  double  refraction  and  po- 
larisation could  be  communicated  by  pressure  to  all 
doubly  refracting  crystals  whatever.  These  results  are 
contained  in  two  memoirs,  the  first  of  which  was  read 
on  the  29th  February,  1815,  and  the  second  on  the  irth 
November,  1816. 

Passing  by  his  papers  on  a  new  species  of  coloured 
fringes;  on  the  colours  of  mother-of-pearl ;  on  the  mul- 
tiplication of  images,  and  the  colours  which  accompany 
them  in  Iceland  spar  ;  on  the  action  of  transparent  bo- 
dies on  the  differently  coloured  rays;  on  the  structure 
of  the  ciystalline  lens  in  fishes  and  quadrupeds ;  and 
on  the  mathematical  laws  which  regulate  the  distribu- 
tion of  the  polarising  force  in  plates,  tubes,  and  cylin- 
ders of  glass,  as  being  unsusceptible  of  a  brief  analysis, — 
vye  shall  proceed  to  notice  his  discovery  of  the  produc- 
tion of  the  complementary  colours  by  the  successive  re- 
flexion of  polarised  light  between  two  plates  of  gold  or 
silver. 

On  the  7th  February,  18  15,  while  examining  the  ac- 
tion of  metals  upon  light.  Dr.  Brewster  discovered  that, 
when  this  light  sufl'ered  one  or  more  refl.sions  from 
plates  of  silver  or  gold,  it  exhibited  all  the  complemen- 
tary colours  of  crystallized  laminse.  Tiie  colours  rose 
in  Newton's  scale  as  the  number  of  reflexions  was  in- 
creased ;  and  the  influence  even  of  one  reflexion  was 
distinctly  seen  from  the  efl'ect  which  it  had  in  modify- 
ing the  tint  of  a  plate  of  sulphate  of  lime.  When  the 
axis  of  a  positive  or  attractive  crystalline  plate  was 
placed  in  the  plane  of  reflexion,  the  light  which  it  po- 
larised, rose  in  the  scale  by  the  additional  tint  polarised 
by  the  metal  ;  and  when  a  negative  or  repulsive  plate 
had  the  same  position,  its  own  tint  was  diminished. 
Analogous  results  were  obtained  with  steel,  mercury, 
the  fusible  metal,  platinum,  rhodium,  and  the  metal  for 
specuhims,  but  with  some  modifications.  When  com- 
mon light  underwent  successive  reflexions  between  me- 
tallic plates,  he  found  that  one  of  the  pencils  w.is  ab- 
sorbed, and  consequently  all  the  light   polarised  in  one 


•  See  Philosophical  Transactions,  1816,  p.  46—115 
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plane  after  a  certain  number  ot"  leilexions.  This  num- 
ber, however,  wasmucii  greater  lor  gold  and  silver  than 
for  any  ot  tlie  other  metals.* 

In  the  clilTerent  Memoirs  of  which  we  have  given  a 
short  notice,  our  author   considered   principally  those 


the  velocity  of  the  extraordtnarxj  raxj  produced  by  the  ac- 
tion of  f!vo  axes  of  double  refraction,  is  et;ual  to  the  dia- 
gonal of  a  fiarallelogram  vjhose  aides  are  the  increments 
of  the  square  of  the  velocity  produced  by  each  axis  sepa- 
rately, and  calculated  by  the  law  of  Huygens,  and  -vihose 


branches  of  the  polarisation  of  light  which  related  to  angle  is  double  of  the  angle  formed  by  the  tivu  planen 
the  superficial  action,  or  the  superinduced  properties,  of  passing  through  the  ray  and  the  respective  axes.  When 
crystallized  bodies  His  attention,  however,  had  ire-  the  two  rectangular  axes  are  of  equal  intensity  and  of 
quently  been  directed  to  the  phenomena  of  regular  the  same  character,  the  preceding  law  gives  the  very- 
crystals  ;  but  it  was  not  till  he  had  devoted  to  the  sub-  same  results  as  the  law  of  Huygcns  does  for  one  axis 
ject  the  labours  of  nearly  three  years,  that  he  succeeded  placed  at  right  angles  with  the  other  two.  When  the 
in  reducing  under  a  general  law  all  the  complex  pheiio-  crystal  has  three  equal  rectangular  axes,  their  forces 
mcna  of  doubly  refracting  crystals.  This  law,  and  the  are  in  equilibrio  in  every  part  of  the  sphere,  and  there 
steps  by  whicli  it  was  discovered,  are  fully  explained  in  is  neither  double  refraction  nor  polarisation.  When 
his  paper  On  the  Laws  of  Polarisation,  and  double  re-  the  first  of  these  laws  is  applied  to  the  mysterious  ac- 
fraction  in  regularly  crystallized  bodies,  wliich  was  read  tion  of  sulphate  of  lime,  with  the  origin  and  classifica- 
bcfore  the  Royal  Society  of  London,  on  the  15th  Janua-  lion  of  which  M.  Biot  has  been  so  much  perplexed, and 
ry,  1818.  which  he  has  represented  by  complicated  and  empirical 
The  Huygenian  law  was  then  considered  the  univer-  formuh-e,  the  whole  mystery  disappears,  and  all  the  di- 
sal  law  of  double  refraction,  and  all  crystals  were  sup-  versitied  and  capricious  variations  of  tint  which  he  had 


posed  to  have  one  axis.  Malus,  as  we  have  already  seen, 
had  concluded  that  Arragonilc  and  Sulphate  of  barytes 
had  one  axis  of  double  refraction,  like  Quartz  and  Cal- 
careous spar.     M.  Biot  had  maintained  that  Arragonilc, 


ascribed  to  secondary  forces,  become  the  legitimate  and 
calculable  results  of  two  axes  of  double  refraction. 

In  the  course  of  researches  embracing  the  examina- 
tion of  such  a  great  number  of  crystals,  our  author  was 


Sulphate  of  barytes,  Sulphate  of  strontian.  Sulphate  of     led  to  many  general    results  that  were   indirectly  con 


lime.  Feldspar,  and  Topaz,  had  one  axis  of  double  re 
fraction  ;  and  having  investigated  the  laws  of  polarisa 
tion  for  Sulphate  of  lime,  he  concluded  that  these  were 
the  laws  of  polarisation  for  all  other  bodies.  (See  p. 
589.)  At  the  very  commencement  of  this  inquiry.  Dr. 
Brewster  found  that  all  the  above-mentioned  crystals 
examined  by  Biot  had  tnvo  axes  of  double  refraction. 
He  discovered  that  by  far  the  greater  number  of  crys- 
tals had  two  axes  of  double  refraction  ;  and  by  project- 
ing the  coloured  rings,  and  measuring  the  tints  which 
they  exhibit  at  various  angular  distances  from  the  axes. 


nected  with  the  leading  object  of  investigation.  He  dis- 
covered the  general  law  which  subsists  between  the 
number  of  axes  of  double  refraction,  and  the  primitive 
forms  of  minerals;  he  pointed  out  the  advantage  which 
mineralogy  would  derive  from  the  optical  characters  of 
minerals,  and  announced  the  important  connection 
which  existed  between  the  optical  structure  and  che- 
mical composition  of  crystallized  bodies. 

In  a  paper  on  Circular  Polarisation,  as  exhibited  in 
the  Amethyst,  which  appeared  in  the  Edinburgh  Trans- 
actions, he  has  shown   llial  this  mineral   combines  the 


he  was  led  to  a  general  principle  which  embraces  all     opposite  structures  of  the  two  varieties  of  quartz,  which 


the  phenomena,  and  extends  to  the  most  complex  as 
well  as  to  the  most  simple  development  of  the  polarising 
forces.  This  general  principle  is  in  no  respect  an  em- 
pirical expression  of  the  farts  which  it  represents,  nor 
is  it  supported  by  any  empirical  data.  Founded  on  tlie 
principles  of  mechanics,  it  is  a  law  rigorously  physical, 
and  enables  us  to  calculate  all  the  tints,  kc.  of  the  co- 
loured rings,  and  all  the  phenomena  of  the  extraordina- 
ry refraction,  with  as  much  accuracy  as  we  can  compute 
the  motions  and  positions  of  the  heavenly  bodies.    This 


turn  the  jilanes  of  polarisation  of  the  rays  from  right  to 
left,  and  from  left  to  right;  he  has  shown  how  these 
opposite  structures  destroy  and  modify  one  another  ;  he 
has  examined  the  distribution  of  the  colouring  matter 
in  relation  to  this  structure,  and  in  tliat  paper,  and  else- 
where, he  has  demonstrated,  that  the  property  of  circu- 
lar polarisation  does  not  belong  to  the  ultimate  parti- 
cles of  matter,  as  Biot  m.;intained,  but  that  it  may  be 
entirely  removed  from  quariz  by  melting  it. 

On  the  17th  October,  1818,  our  author  coinmunicat- 


general  law,  when  applied  to  the  polarised  tints,  is  thus  ed  to  Sir  Joseph  Banks  his  paper  "  On  the  Laws  which 

expressed:  The  tint  produced  at  any  point  of  the  sphere,  regulate    the  absorpiio?i  of  polarised  light  by   doubly  re- 

by  the  joint  action  of  two  axes,  is  equal  to  the  diagonal  of  fracting  crystuls."     Hitherto  it  had  been  only  observed, 

a  parallelogram  whose  sides  represent  the  tints  produced  that  across  the    point  of  a   singly   refracting   prism   of 

by  each  axis  separately,  and  whose  angle  is  double  of  the  tourmaline,  made  so  ihin  as  to  give  the  two  images  the 

angle  formed   by  the   two  planes  passing  through   that  direct  light  of  a  white  object,  had  not  exactly  the  same 

fioint  (fihe  sphere  and  the  respective  axes.     When  the  tinct,  an  eFfect  which    was  attributed  to  the    absorption 

law  is  applied  to  the  phenomena  of  double  refraction,  it  of  some  of  the  rays  ;t  but  Dr.  Brewster  discovered  that 

may  be  thus  expressed  :    l^ie  increment  of  the  square  of  in  a  great  number  of  coloured   crystals,  both  with  one 

•  Mthoufh  these  experiments  on  metallic  polarisation  were  made  early  in  1815,  yet  Dr.  Brewster's  memoir  has  not  yet  been 
Tjublished.  Having  had  occasion  to  wiite  M.  Hiot  on  a  matter  of  business  on  the  very  day  upon  which  he  made  this  discovery,  he 
communicated  it  to  him  in  that  letter.  Not  content  with  verifying  the  experiments,  M.  Biot  pursued  the  subject,  obtained,  of  course, 
itianv  of  the  results  which  Dr.  H  had  obtained,  and  published"  Dr.  B 's  results  and  hisownin  the  4th  volume  of  his  Tratle  de  Physique. 
For  this  re.ison.and  for  others  which  will  be  stated  in  the  Memoir  itself,  it  has  remained  for  seven  years  in  MS. 

+  The  absorption  of  certain  rays  of  direct  light  was  long  ago  discovereil  in  several  tonrmnlines,  and  in  the  crystals  of  palladium,  by 
Dr  Wollaston,  who  found  that  thev  were  generally  of  a  d'eefi'reil  colour,  when  viewed  in  the  direction  of  the  axis,  and  of  a  ■  elha-ish 
<rreen  when  viewed  in  a  transverse  direction;  whereas,  in  some  crystals,  thev  are  ^rmiisA  in  the  first  direction,  and  reiMish  in  the 
second.  See  PtUlosophical  Transaclions,  1804,  p.  428.  The  Marquis  de  Dree  m,ade  an  analogous  observation  on  the  tourmalines  in 
his  collection,  but  in  what  year  I  cannot  find.  M.  Cordier  observed  a  similar  fact  in  loUte  or  Bichroile,  (See  ISutleUnde  la  Sue  Phil.  1809, 
vol  i  P  352.)  a'l'l  •''«  f'-ount  <k-  Bounion  remarked  a  similar  thing  in  a  variety  of  specimens  of  mica,  where  the  colours  were  often 
.  erv  ditfercnt      Culuh^ue,  &c.  Lond.  1812,  p.  121.     These  facts  prove  that  the  absorption  of  light  by  crystals  has  been  long-  kno'iii. 
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and  iwo  axes,  such  as,  calcareous  spar,  emerald,  beryl, 
ruby,  (juartz,  amethyst,  idocrase,  phosphate  of  lead, 
phosphate  of  lime,  and  mcliite,  having  one  axis  of  dou- 
ble refraction  ;  and  in  nearly  thiny  crystals  with  two 
axes,  polarised  light  was  absorbed,  according  to  regu- 
lar laws,  depending  on  the  position  of  the  ray  in  rela- 
tion to  the  axis  of  the  crystal  ;  and  that  this  singular 
property  was  always  accompanied  with  another,  viz. 
that  the  two  pencils  formed  by  double  refraciion  in 
these  crystals  bad  different  colours,  a  phenomtnon 
which  is  likewise  related  to  the  ais  of  double  refiac- 
lion.  The  difference  of  colour  is  nothing  in  the  direc- 
tion of  the  axis,  and  gradually  increases  and  becomes  a 
maximum  at  i-ight  angles  to  it.  The  two  classes  of  ptie- 
non^ena  now  described  are  particularly  splendid  in  su- 
per-acetate of  copper,  augite,  dichroite,  Brazilian  topaz  ; 
and  the  two  different  colours  of  dicliroite  observed  by 
Cordier,  when  it  is  examined  along  the  aiis  of  the 
prism,  and  perpendicular  to  it,  have  been  traced  by  Dr. 
Brewster  to  its  two  apparent  axes  of  double  refraction, 
from  each  of  whicli  there  issues  at  right  angles  to  one 
another  two  streams  of  blue  and  yellowish-wiiite  light. 
In  some  crystals  of  augite  he  has  found  these  colours 
to  be  the  bj-igh'.est  gretn?in(^  ihe  dee/irst  scarlet,  and  he 
has  shown  that  the  property  of  absorption  may  be  mo- 
dified in  Brazilian  topaz  by  heat,  and  even  communicat- 
ed to  crystals  which  do  not  naturally  possess  it. 

In  all  the  experiments  which  had  hitherto  been  made, 
no  other  bodies  but  the  gases  had  been  found  which 
possessed  a  lower  refractive  power  than  water  and  ice, 
whose  indices  of  refraction  were  1,3358,  and  1.308. 
Having  had  occasion  to  examine  the  remarkable  physi- 
cal properties  of  a  vegetable  siliceous  concretion  called 
Tabashecr,  which  is  found  in  the  joints  of  the  bamboo, 
Dr.  Brewster  was  led  to  measure  its  refractive  power, 
and  obtained  the  very  remarkable  result,  that  its  index 
of  refraction  was  1.1 1 15  ;  displaying  an  action  upon  ligiit 
far  below  that  of  all  solid  or  fluid  bodies,  and  intermedi- 
ate between  water  and  the  gases.  The  absolute  refrac- 
tive power,  when  estimated  in  reference  to  its  specific 
gravity,  was  976.1,  whereas  the  lowest  formerly  observ- 
ed, viz.  that  of  sulphate  of  barytes,  was  3829.4.  This 
singular  substance  exhibited  also  the  strange  property 
which  is  explained  in  Dr.  Brewster's  memoir  on  the 
subject,  of  assuming  white  opacity  when  it  had  absorb- 
ed a  small    quantity  of  water,  and    becoming    almost 


perfectly  transparent  when   it  was  saturated  with  that 

fluid. 

I-rom  all  the  experiments  which  had  hitherto  been 
made  on  the  polarisation  of  light  by  Malus  and  Biot,  it 
was  concluded  that  the  reflecting  power  of  crystallized 
bodies  extended  beyond  the  limits  of  the  polarising  for- 
ces, and  that  the  forces  which  produce  extraordinary 
refraction  begin  to  act  only  upon  the  rays  after  they 
have  penetrated  the  surface  of  the  crystal.*  Dr.  Brew- 
ster, however,  was  led  to  doubt  this  opinion  ;  and,  on 
the  23th  February,  1819,  he  communicated  to  the  Royal 
Society  his  paper  "  Or.  the  action  of  crystallized  sur- 
faces ti/ion  light."  In  the  first  section  of  this  paper, 
which  treats  of  the  effects  produced  upon  transmitted 
light  by  a  change  in  the  mechanical  condition  of  the 
surfaces  of  crystals,  he  shows  that  either  the  ordinary 
or  the  extraordinary  image  may  be  extinguished  at 
pleasure  in  any  doubly  refracting  crystal,  and  the  crys- 
tal converted  into  a  singly  refracting  crystal,  like  cer- 
tain specimens  of  agate.  In  the  second  section  he  esta- 
blishes the  remarkable  fact,  that  the  angle  of  maximum 
polarisation  varies  in  the  same  surface  of  calcareous 
spar  from  57°  14'  to  59°  32',  according  as  the  short  or 
the  long  diagonal  is  in  the  plane  of  reflexion  ;  and  he 
shows  that  the  ray  is  polarised  in  the  plane  of  reflexion 
only  when  that  plane  coincides  with  the  short  diagonal  ; 
but  that,  in  every  other  position  of  the  plane,  from  0° 
to  180°  of  azimuth,  there  is  a  change  in  the  direction 
of  the  polarisation,  varying  from  0°  to  I8'j°. 

The  great  utility  of  tlie  polarisation  of  light  appears 
nowhere  more  conspicuous  than  in  the  information 
wliich  it  conveys  to  us  respecting  the  structure  of  mi- 
neral bodies.  In  examining,  by  its  agency,  the  crystals 
of  Faioe  Apophyllite,  Dr.  Brewster  discovered,  in  1817, 
the  singular  tesselated  structure  of  this  mineral;  and, 
in  repeating  the  same  experiment  more  recently,  with 
finer  specimens,  he  has  detected  a  structure  through 
the  faces  of  tlie  prism  resembling  more  that  of  an  or- 
ganized body  than  of  a  piece  of  dead  matter.  Forms 
unknown  in  crystallography  occupy  the  central  portion 
of  the  figure,  and  on  each  side  of  it  particles  of  similar 
properties  take  their  pljce  at  similar  distances,  now 
forming  a  zone  of  uniform  polarising  force,  now  another 
increasini^  to  a  maximum,  and  now  a  third  descending 
in  the  scale  by  regular  gradations.  The  boundaries  of 
these  corresponding  though  distant  zones  are  marked 


ear,  that  the  light 
iges  of  a  white  ob- 


and  since  tourmaline  was  known  to  be  a  doubly  refracting  crysia',  and  to  polarise  the  two  images,  it  was  equally  cl 
so  absorbed  must  be  polarised  liglit.  In  his  Traiti  de  Physique,  torn.  iv.  p.  313,  M.  Biot  remarks,  "that  the  two  ima 
ject  seenacross  the  thinnest  purl  of  a  prism  of  tourmaline  are  nut  of  the  same  colour.  The  ordinary  one,  which  ought  to  disappear  at 
a  greater  thickness '.is  yellowish  green,  and  the  extraordinary  one,  whicii  ought  to  remain,  is  sensibly  white,"  "  The -ahileness  oi 
the  persisting  image  when  the  other  is  already  colnv.-ed,  shows  that  this  phenomenon  does  not  proceed  from  an  inequal  repartition  of 
the  moleculcsbetween  the  two  refractions,  the  ordinary  and  the  extraordinary,  as  one  might  be  tempted  to  believe  at  first  sight ;  for 
then  tlie  persisting  image  ought  to  have  a  colour  complementary  to  the  other.  The  alteration  in  this  last  one,  therefore,  is  po'ste- 
rlor  to  the  division  of  the  light  between  the  tivo  refractions,  and  hence  it  results  that  the  blue  and  violet  molecides  which  are  first 
wanting  in  this  image,  are  more  easily  absorbed  by  the  substance  of  the  tourmaline  when  they  are  polarised  parallel  to  its  axis,  than 
whenthey  are  perpendicularly."  Fromtliis  passage  it  appears,  that  M.  Biot  observed,  that  at  very  small  thicknesses  of  tourmaline. 
the  ordinary  image,  which  entirely  disappears  at  a  greater  thickness,  has  some  of  its  blue  and  violet  ravs  more  easily  absorbed  in  the 
direction  of  the  axis  than  perpendicular  to  it,  tlie  extraordinary  image  not  being  affected  at  all.  Now,  if  this  experiment  has  anv 
thing  to  do  with  the  phenomena  of  tlie  absorption  of  polarised  light,  as  discovered  by  Dr.  Brewster,  or  if  it  contains  any  thing  beyond 
the  observations  of  Wollaston  and  Bournon,  M.  Bint  «as  long  as'o  anticipated  in  his  observation  by  ot.r  author,  who  observed  the 
same  thing  repeatedly  in  plates  of  agate  passing  into  the  slate  of  chalcedonous  quartz;  in  carbotiute  of  Oari/tes,  where  the  two  images 
are  distinctly  seen,  the  one  being  white,  and  the  other  brownish  reil,  {Eiiin.  Trans,  vol  vii.  p.  289.)  aiid  in  thick  pieces  of  miVrt, 
where  one  of  the  two  pencils  was  entirelu  eTUng-mnheil.)  Phil.  Trans.  1814,  p.  194,  225  )  but  he  could  not  tell  whether  the  light  was 
reflected  or  absorbed.  In  like  manner,  M.  Biot  had  no  reason  to  say  that  the  violet  rays  were  absorbed,  as  they  might  as  we'll  have 
been  scatteredby  reflexion  at  the  junction  of  the  elementary  prisms  of  the  tourmaline'.  Hence,  it  is  quite  evident,  that  M.  Biot  was 
entirely  unacquainted  with  the  absorption  of  polarised  light  when  he  wrote  his  Trctiic  ile  Physique. 

'  "11  parait,  et  ccci  est  encore  bien  constat^  par  mes  experiences,  il  parait  disje  que  cette  premiere  reflexion  s'opere  hors  de  la 
limite  des  forces  poUrisantes  des  cristaiix.  Bioi's  Tralie  tie  Physique,  torn.  iv.  339.  Malus  bad  long  before  stated  the  same  facf,  and 
even  in  more  explicit  terms,  in  his  Throne  d;  la  Double  H-fracUon,  p.  240. 241. 
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with  the  greatest  piccision,  and  their  parts  as  nicely 
adjusteil  as  if  some  skiil'ul  workman  had  selected  the 
materials,  measured  the  spaces  ihey  were  to  occupy, 
and  finally  combined  theru  into  the  finest  specimen  of  . 
natural  mosaic.  This  compound  siiuciurc  sets  at  de- 
fiance all  the  usual  laws  of  crystallization,  and  must  ul- 
timately lead  to  the  introduction  of  some  new  principle 
of  organization,  ol  which  crysiallojjraphers  have  at  pre- 
sent no  conception. 

The  experiments  made  by  Dr.  Seebeck  of  Nui em- 
berg,  on  the  polarisation  of  light,  arc  very  few  in  num- 
ber, and  are  contained,  so  far  as  we  know,  in  Schwcig- 
j;er*s  Journal  for  April,  1813,  and  December,  1814. 
M.  Arago,  in  his  early  experiments,  in  1811,  had  re- 
marked the  polarising  structure  in  thick  pieces  ot  flnit 
glass,  and  Dr.  lirewster  had  done  the  same  in  1812, 
with  some  thitk  pieces  of  unannealcd  plate  glass.  In 
Dr.    Seebeck's    first   paper,  which   appeared    m   April, 

1813,  lie  describes  the  co.oured  figures  which  are  seen 
in  cubes  and  cylinders  of  glass.  The  effecis,  he  says, 
were  best  observed  in  cubes  of  IJ  of  an  inch,  and  bet- 
ter in  while  than  in  yellow  glass.  In  cubes  of  an  inch 
only,  they  were  indistii.ct;  nor  were  Ihey  produced  by 
tluor  spar,  rock  salt,  or  any  kind  ot  lujuids.  The  oniy 
result  of  these  experiments,  iheieforc,  is,  that  the  po- 
larising action  which  M.  Arago  and  Dr.  Brewster  had 
previously  observed  in  pieces  ot  glass,  is  regular  when 
the   glass    has  a  regular  shape.     In  his  paper  of  Dec. 

1814,  he  shows  that  when  a  plate  of  glass  is  made  red- 
hot,  and  set  upon  its  edges  to  cool,  it  acquires-  at  the 
pans  which  cool  first,  a  series  of  coloured  fringes, 
which  spread  over  the  whole  plate,  and  the  structure 
which  produces  them  remains  permanently  fixed  in  the 
gl  ss.  M  Seebeck  obtained  similar  results  from  pieces 
ol  boiax  mt-lted  and  rapidly  cooled,  |)ieces  of  muriate 
of  soda  rapidly  dried,  and  plates  of  gum  arable  quickly 
evjporated.  Tnese  expeiimenls,  however,  were  long 
posteiior  to  those  of  Dr.  Brewster  on  the  effects  ol  heat 
upon  glass,  and  on  the  siruciuit  of  melted  glasb  cooled 
in  water,  or  Prince  Rupert's  Drops,  to  wliicli,  in  Fetjru- 
ary,  1814,  he  communicated  the  polarising  structuie  by 
hea',  and  removed  it  by  slow  cooling.*  Dr.  Seebeck 
made  no  observations  on  the  nature  of  the  forces  by 
which  these  plienomtna  were  produced,  nor  gave  any 
development  of  the  phenomena  which  he  observed. 

In  the  course  ol  these  researches.  Dr.  Seeberk  was 
led,  in  the  beginning  of  January,  1816,  to  the  discov<  ry 
of  polansed  colours  in  certain  essential  oils,  when  placed 
between  two  transverse  piles  of  slass  plates  ;  so  that  he 
has  a  parallel  claim  with  M.  Dioc  to  this  curious  disco- 
very, which,  though  communicated  by  the  latter  to  the 
Institute  on  the  23d  and  30th  Octol<tr  was  not  publislied 
till  the  appearance  of  the  Bulletin  da  la  Soceie  Philo- 
mathic/ue  for  Dec.  1815,  which,  at  the  earliest,  must 
have  been  in  Js-.nuary-  1816. 

In  the  month  of  March,  1815,  Dr.  Seebeck  likewise 
discovered,  in  tourmaline,  the  same  jiroperiv  ol  single 
refvaciion  above  certain  thicknesses,   which  Dr.  Brews- 


ter had,  in  1812,  discovered  in  the  agate,  and  in  1813 
in  mica,  caibon.te  ol  barytes,  and  motiier-of  pearl.  M. 
Biot  had  discovered  the  same  property  in  the  tourma- 
line in  Dec  1814,  but  did  not  publish  it  till  May  1815, 
in  the  ^unales  de  Chimie  ol  that  month. 

M  Seebeck  had  likewise  the  merit  of  observing  the 
coloured  rings  along  the  axis  ol  Iceland  spar,  in  Dec. 
1815,  a  phenomenon  which  Dr.  Brewster  had  discovered 
in  beryi,  ruby,  &c.  in  1813,  and  which  Dr.  VVollaston 
had  observed  in  Icelajid  spar  in  1814.  M.  Biot  observed 
the  same  lact  in  Iceland  spar,  in  Nov.  18  15  ;  and  in  a 
note  in  his  Traiie  dt  F/iijii(/ue,i  he  adjusts  his  account 
with  Dr.  Seeueik,  leaving  the  balance  of  a  month  in  fa- 
vour of  himself,  altnough  he  had  in  his  possession  a 
le.tcr  hom  Dr  Brewster,  informing  him  of  Dr.  Wol- 
laston's  having  shown  him  that  same  phenomenon  in 
18  14;  but  neither  the  name  of  Dr.  Brewster,  as  the  dis- 
coverer ol  the  same  rings  in  beryl,  nor  that  of  Dr.  Wol- 
laston,  who  had  such  a  decided  priority  over  the  French 
philosopher  in  the  discovery  of  them  in  Iceland  spar, 
are  once  mentioned.^ 

M.  A.  Frcsnel,  engineer  of  roads  and  bridges,  has 
pursued  with  remarkable  success  some  of  the  most  dif- 
ficult inquiries  in  optics,  and  has  rivalled,  if  not  sur- 
passed r.is  colleagues  in  the  Institute  in  the  value  of  his 
discoveries. 

In  a  series  of  memoirs  presented  to  the  Institute  of 
France,  in  the  years  1817  and  1818,  M.  Fresnel  has 
given  an  account  of  a  set  of  intcresiing  experiments, 
by  which  he  has  discovered  the  connection  between  the 
phenomena  of  ordinary  polarisation  and  those  which  are 
seen  aloiiij  the  axis  of  rock  crystal,  and  th  ough  parti- 
cular fluids.  Having  arranged  tr2(nsverstly  to  one  ano- 
ther two  prisms  of  glass,  each  of  which  gave  two  total 
reflexions  to  an  incident  polarised  ray,  he  placed  be- 
tween each  prism  a  crystallised  plaie  parallel  to  the 
axis,  that  p;ave  the  ordinary  complementary  colours,  so 
that  its  axis  formed  an  angle  of  45°  with  each  of  the 
rectangular  planes  of  refl'. sion.  He  then  found,  that 
the  ray  iranMi.itted  across  this  system  exhibited  pheno- 
mena analogous  to  those  seen  along  the  axis  of  rock 
crystal.  He  determined  the  conditions  which  were  ne- 
cessary, in  order  th.it  the  ap|)arcnt  rotation  of  the  planes 
of  poliirisation  should  be  ol  an  opposite  nature  ;  and  he 
has  shown,  that  the  modification  thus  impressed  upon 
lii;:ht  may  be  compensated  by  its  transmission  through  a 
certain  thickness  of  oil  of  turpentine,  depending  on  the 
thickness  ol  the  crysiallipe  plate.  The  considerations 
by  which  M.  Fr<  snel  was  led  to  this  interesting  disco- 
very were  founded  on  the  application  of  the  law  of  in- 
terferences, discovered  by  Dr.  Voung,to  the  light  which 
passes  ihrouiih  doubly  icfractiiiu;  media.  Dr.  Young 
had,  in  tUt-  yi  ar  1813,  pointed  out  this  happy  application 
of  his  law  to  the  phenomena  of  polarised  light  ;  and  it 
has  been  completed  by  M.  Fresnel,  who  has  introduced 
into  it  the  conditions  dependent  on  the  state  of  polarisa- 
tion, and    by  determining  on   the  principles  of  mecha- 


•  As  we  have  not  seen  the  Papers  of  Dr.  .Seebeck,  we  have  collected  the  account  of  the  first  from  an  abstract  of  it  in  the  Quar- 
terly Kfview,  and  from  a  notice  of  it  sent  iis  t';>r  our  inforniaiion,  ami  at  our  rt-quest,  by  an  eminent  pliilosoplier  who  had  read  it 
with  caic.  The  account  of '.Ue  second  is  gatlipud  from  M.  Bio''s  notice  of  the  experiments  which  it  contains,'  in  his  Trnile  de  Phv- 
sirjiie    torn,  iv   p.  573,  where  the  history  of  this  class  of  phenomena  is  most  incorrectly  given. 

f  Tom.  iv.  p.  542. 

i  It  is  a  circumstance  equ.illy  strange,  that  in  no  part  of  these  discussions  about  coloured  ring's,  and  indeed  in  no  part  of  his  capa- 
cious volume  on  polarisation,  has   M.  Biot  c»er  mentioned  the  remarkable  ilonhtf  su^tem  of  coloured  t-inrs  discovered  by  Ur.  Brewster 
in  Topaz,  and  repiesenfed  in  vaiious  plates  in  the  J'/iil.  Trims,  for  1814,  although  these  plates   have  been  in   .M.  Biol's  possessii 
since  the  autumn  of  1814.     In  that  work  Topuz  is  actually  given  as  a  crystal  with  one  axis;  and  hence  it  follow.s,  that  M.  Biol  con 
dered  a  double  system  of  rings  as  compatible  with  a  single  axis  of  double  refraction. 
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nics,  the  resultant  of  any  number  of  luminous  undula- 
tions.* 

The  Academy  of  Sciences  having  chosen  the  inflexion 
of  light  as  the  subject  of  their  physical  prize  for  18  18, 
it  was  adjudged  to  M.  Fresnel  for  his  discoveries  on  this 
subject.  Instead  of  receiving  the  fringes  on  a  white 
surface,  as  had  hitherto  been  done,  M.  Fresnel  exa- 
mined them  directly  wiih  an  eye-glass  furnished  with  a 
micromeier.  In  this  way  lie  found  that  a  beam  of  light 
suffered  a  less  degree  of  inflexion  in  proportion  to  the 
disiance  of  the  inflecting  body  from  the  point  of  di- 
vergence ;  and  that  the  successive  fiosUions  of  the  same 
fringe  were  not  in  a  straight  line,  but  form  a  curve, 
■whose  concavity  is  turned  towards  the  inflecting  body. 
These  curves,  as  belonging  to  the  different  orders  of 
colours,  are  all  hyperbolas,  having  for  their  common 
foci  the  radiating  point,  and  the  edge  of  the  inflecting 
body.  M.  Fresnel  likewise  found,  that  all  bodies  pro- 
duced the  same  degree  of  inflexion,  as  had  been  deter- 
mined long  ago  by  Dr.  Brewster,  who  exam.ined  the 
effects  of  platina,  diamond,  gold  leaf,  and  evanescent 
films  of  all  kinds,  placed  not  only  in  air,  but  in  various 
refractive  media  of  greater  and  less  refractive  density 
than  themselves.  M.  Fresnel  and  Dr.  Young  had 
ascribed  the  exterior  fringes  to  the  interference  of  the 
direct  rays  with  rays  reflected  from  the  margin  of  tlie 
inflecting  body.  M.  Fresnel,  however,  has  since  found 
that  this  is  not  the  case,  and  now  admits  that  the  rays 
which  pass  at  a  sensible  distance  from  the  inflecting 
body  are  made  to  deviate  from  their  primitive  direction, 
and  concur  also  in  the  production  of  the  coloured  fringes. 
These  important  discoveries,  independent  of  their  own 
value,  are  considered  by  their  author  as  inexplicable  by 
the  Newtonian  theory  of  eraisssion  of  luminous  parti- 
cles, while  they  are  directly  deducible  from  the  Huy- 
genian  theory  of  undulations. 

M.  Fresnel  is  also  said  to  have  made  an  important 
discovery  relative  to  the  laws  of  double  refraction  in 
crystals  with  two  axes.  He  has  found,  that  the  ordinary 
ray,  which  was  always  supposed  to  follow  the  law  of  the 
sines,  undergoes  variations  of  velocity  and  refraction, 
analogous  to  those  of  the  exraordinary  ray,  but  confined 
within  less  extended  limits.  This  new  properly,  and 
the  former  phenomena  of  the  extraordinary  ray,  he  is 
said  to  have  referred  to  compound  ellipsoids,  by  which 
all  the  phenomena  may  be  accurately  represented. 

About  this  time,  M.  Fraunhofer  of  Benedictbaiern,  in 
Bavaria,  made  a  seriesof  interesting  discoveries  respect- 
ing the  prismatic  spectrum,  and  the  inflexion  of  light. 
His  observations  on  the  spectrum  were,  we  believe,  first 
published  in  the  Memoirs  of  the  Academy  of  Bavaria 
for  1814  and  1815,  and  also  in  a  separate  pamphlet,  en- 
titled, Bestimmu}ig  des  Brechungs — U7id  Farbenzer- 
atreuungs — Vermogens  verschiedener  Glcsarten  ;  and  his 
experiments  on  the  inflexion  of  light  have  been  pub- 
lished more  recently,  but  without  any  date,  under  the 
title  of  jYeue  Modifkation  des  Lichtes.  As  these  pa- 
pers are  not  susceptible  of  a  brief  abstract,  we  must  re- 
fer, for  an  account  of  the  discoveries  they  contain,  to 
our  Chapters  on  Chromatics  and  Inflexion. 

Among  the  important  inquiries  of  this  period,  we 
must  rank  the  observations  on  the  spectrum,  made  by 
M.  Berard  of  Montpellier,  and  Dr.  Morichini  of  Rome. 


In  repeating  the  experiments  of  Dr.  Herschel  on  the 
heating  powers  of  the  prismatic  colours,  M.  Berard  ob- 
tained the  same  results  in  general ;  but  he  concluded 
that  the  maximum  of  heat  was  at  the  very  extremity  ot 
the  spectrum,  and  not  beyond  it.  When  the  ball  of  his 
thermometer  was  entirely  out  of  the  red  rays,  he  found 
that  the  temperature  above  that  of  the  surrounding  air 
was  only  one-fifth  of  what  it  was  when  the  ball  was  en- 
tirely covered  with  the  red  light.  M.  Berard  conceived 
the  ingenious  idea  of  ascertaining  if  these  properties 
existed  in  the  two  pencils  formed  by  double  refraction  ; 
and  having  made  a  ray  of  tlie  sun's  light  pass  through 
a  prism  of  Iceland  spar,  he  examined  carefully  the  two 
spectra  which  were  formed.  In  this  way  he  ascertained 
that  the  phenomena  were  exactly  the  same,  the  chemi- 
cal and  the  heating  rays  being  diffused  over  both  spec- 
tra. M.  Berard  next  attempted  to  determine  if  the  in- 
visible heating  rays  were  polarised  like  the  luminous 
ones  by  the  action  of  the  crystal,  and  by  employing  the 
apparatus  of  two  transverse  reflectors  of  glass,  he  found 
this  to  be  the  case,  the  thermometer  always  ceasing  to 
be  aflectcd  when  tlie  polarised  visible  rays  ceased  to  be 
reflected  from  the  second  glass. 

The  experiments  of  Dr.  Morichini  on  the  magnetising 
property  of  the  violet  rays,  are  not  less  important. 
This  ingenious  and  respectable  physician,  at  the  season 
of  the  year  when  the  light  of  the  sun  is  most  powerful 
at  Rome,  formed  the  coloured  spectrum  by  means  of  a 
prism,  and  having  collected  the  violet  rays  in  the  focus 
of  a  convex  lens,  he  moved  the  lens  parallel  to  an  un- 
magnetised  steel  needle,  placed  in  its  focus,  and  carried 
the  focus  of  the  violet  rays  from  the  middle  of  one  halt 
of  the  needle  to  the  extrem.ities  of  that  half,  and  always 
in  the  same  direction,  without  touching  the  other  half. 
By  continuing  this  operation  nearly  an  hour,  the  needle 
was  magnetised,  and  had  perfect  polarity.  This  re- 
markable experiment  was  repeated  by  Carpi,  and  Ri- 
doifi,  and  in  the  presence  of  Sir  H.  Davy,  Professor 
Playfair,  and  other  English  philosophers,  who  placed  the 
most  implicit  confidence  in  the  results.  M.  Berard 
failed  in  obtaining  the  same  results  at  Montpellier.  In 
some  cases  the  needles  appeared  to  be  magnetised,  and 
in  others  no  efi'ect  was  produced. 

The  science  of  optics  had  now  the  advantage  of  num- 
bering among  its  cultivators  one  of  the  most  accom- 
plished mathematicians  of  the  present  age.  Attracted 
to  the  study  of  polarisation  and  double  refraction  by  the 
brilliancy  of  its  phenomena,  Mr.  Herschel  pursued  it 
with  zeal  and  ardour,  and  published  his  first  lesearches 
in  the  P hilosojihiial  Transactions  lor  1820,  in  a  paper 
entitled,  ■'  On  the  action  of  Crystallised  Bodies  on  horno- 
geneous  light,  and  on  the  causes  of  the  deviation  from 
A'ewton's  Scale  in  the  tints  luhich  many  of  i hem  develof: 
on  exfiosure  to  a  /lolarised  ray."i  The  deviation  of  the 
polarised  tints  of  different  crystals,  from  the  colours  in 
Newton's  scale,  which  was  first  pointed  out  by  Dr. 
Brewster,  attracted  Mr.  Herschel's  peculiar  attention, 
and  having  observed  that  this  deviation  did  not  arise 
from  any  irregularity  of  structure,  but  occurred  in  the 
most  perfect  specimens,  he  was  induced  to  inquire  into 
the  cause  of  the  phenomena.  This  deviation  being 
enormous  in  tartrate  of  potash  and  sod?.,  Mr.  Herschel 
studied  it  particularly  in  this  salt,  and  was  thus  led  to 


•  We  have  not  seen  M.  Fresnel's  Memoirs,  ami  are  not  aware  that  lliey  are  published.    The  preceding  notice  of  lUem  is  taken  from 
M.  Biot's  paper  on  Rotatory  Polarisation, 
t  Phil.  Tram.  1820,  Part  i.  p.  45—100. 
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the  law  of  the  phenomena.  He  found  that  the  incHna- 
tion  of  the  resultant  axes  was  different  for  different  rays 
of  the  spectrum  ;  or,  what  is  the  same  lluiii;,  that  the 
apparent  axes  ot  double  relVariion  ditl'cr  in  iheir  position 
in  the  same  crystal  for  the  differently  coloured  rays,  be- 
ing dispersed  in  one  plane  over  an  angle  more  or  less 
considerable,  according  to  the  nature  of  tlic  substance. 
In  many  crystals  the  extent  of  this  dispersion  was  com- 
paratively trifling,  while  in  others  it  was  so  enormous, 
that  almost  every  trace  of  the  Newtonian  scale  of  colour 
was  obliterated.  In  tartrate  of  potash  and  soda,  borax, 
mica,  sulphate  of  magnesia,  and  topaz,  the  inclination  of 
the  resultant  axes  is  greater  for  the  red  rays  than  for 
the  violet  ones,  while  in  sulphate  of  soda,  sulphate  of 
barytcs,  nitre,  arragonite,  sugar,  and  hypo-sulphite  of 
strontian,  the  inclination  of  the  resultant  axes  is  least 
for  the  red  rays. 

Mr.  Herschel  next  directs  his  attention  to  the  curious 
system  of  deviated  tints,  whicli  Dr.  Brewster  had  long 
before  discovered  in  Apophyllite.  The  phenomena  ex- 
hibited by  this  mineral  Mi .  Herschcl  conceives  to  be  en- 
tirely independent  of  the  principal  cause  which  produces 
the  deviation  in  crystals  with  two  axes,  and  he  ascribes 
them  to  the  circumstance  of  the  mineral  exercising 
nearly  the  ssmc  action  upon  all  the  colours  of  the  spec- 
trum, the  action  being  equal  on  ll.e  red  and  indij^o  rays, 
a  little  greater  for  the  yellow  and  the  green,  and  a  little 
less  for  the  violet,  in  consequence  of  wliich  this  mineral 
forms  rings  of  nearly  the  same  magnitude  when  expos- 
ed to  all  the  homogeneous  colours. 

In  a  subsequent  Memoir,  On  certain  remarkable  in- 
stances of   deviation  from  A'ewton'a    scale  in  the  tints 
develofied  by  crystals  with  one  axis  of  double  refraction, 
which  was  read  on  the  1st  May,  1820,  and  published  in 
the    1st  volume  of  the  Transactions  of  the  Cambridge 
Philosophical  Society,  Mr.  Herschcl  has  rcsuijjed  his 
inquiry  into  the  anomalous  actions  of  Apophyllite.     He 
begins  this  valuable  paper,  by  showing  that  all  the  phe- 
nomena described  in  his  former  communication  support, 
in  a  remarkable  degree,  the  theory  of  rectangular  axes 
maintained  by  Dr.  Brewster;  and  that  the  circumstance 
of  the  apparent  axes  having  different  positions  for  the 
differently  coloured    rays,    is    hostile  to  the  opinion  of 
Biot,  that  these  are  the  real  axes  of  the  crystals.  He  then 
proceeds  to  show,  that  the  law  of  proportional  action  tn 
the   differently  cohitued   rays,    (viz.   that  all    bodies,  in 
their  action  on  coloured  light,  follow  precisely  the  order 
and  proportion  stated  in  the  table  of    Newton  for  the 
colours  of  thin  plates  of  air,)  assumed  by   Biot  as  the 
groundwork  of  all  his  inquiries  and  theories  respecting 
iioth  the  phenomena  of   the   ordinary  and  the  rotatory 
polarisation,  has  no  foundation  whatever  in  the  nature 
of  light.      Mr.  Hcrschel  then  proceeds  to  desciibe  the 
several  remarkable  peculiarities  in  the  action  of  Apo- 
phyllite on  polarised  light.    He  confirms  the  observations 
of  Dr.  Brewster,  that  in  some  specimens  of  this  remai  k- 
able  mineral,  there  is  a  superposition  of  laminae  of  dif- 
ferent polarising  powers,  and  he  shows  that  these  lami- 
nae have  even  a  different  proportion;.!  action  on  the  dif- 
ferent  colours  of  the   spectrum.     He  next  describes  a 
particular   specimen,  in  which  the  law  of  proportional 
action  was  so  far  subverted,  that  the  red  rays  appeared 
to  be  more  energetically  acted  upon  than  the  violet,  and 
to  such  a  degree,  that  the  whole  prismatic  spectrum  was 


displayed  in  the  first  ring  ;  and  he  shows  that  the  hypo- 
sulphite of  lime  affords  another  example  of  deviation 
from  Newton's  scale,  the  action  upon  the  different  rays 
increasing  with  great  rapidity  from  the  red  to  the  violet. 
In  a  third  memoir,  read  befoie  the  Cambridge  Society, 
on  the  7th  May,  1821,  but  not  yet  published,  Mr.  Hcr- 
schel has  resumed  the  suliject  of  these  anomalous  ac-^ 
tions  upon  light.  "  Upon  reconsidering  his  results,  it  ap- 
peared that  these  specimens  (viz.  of  Apophyllite,  which 
produced  an  inversion  of  the  Newtonian  scale)  could  not 
be  referred  exclusively  either  to  the  class  ol  attractive 
or  of  repulsive  doubly  refracting  crystals,  nor  to  the  in- 
termediate class,  which  is  devoid  of  the  property  of  dou- 
ble refraction.  They  appeared  to  belong  at  once  to  all 
the  three  classes  of  media  just  mentioned,  possessing 
the  property  of  attractive  crystals,  when  exposed  to  the 
rays  forming  one  extreme  of  the  spectrum,  and  of  repul- 
sive, in  their  action  on  the  other  extreme;  while,  for 
certain  intermediate  rays,  they  were  altogether  devoid 
of  the  property  of  double  icfraction.  Mr.  Herschel  was 
led  to  this  inference,  by  observing  that  the  curves  whose 
ordinates  represented  the  polaiising  energy,  after  ap- 
proaching very  rapidly  to  the  axis,  would  again  recede 
rapidly  from  it  on  the  same  side,  except  the  ordinates 
were  supposed  to  become  negative,  which  appeared 
more  probable.  This  induced  him  to  examine  the  truth 
of  his  supposition,  by  measures  taken  in  homogeneous 
light,  and  the  result  was  a  complete  confirmation  of  the 
remarkable  singularity  above  noticed."* 

The  discovery  of  this  curious  property,  though  be- 
longing only  to  a  particular  crystal,  (for  the  general  ac- 
tion of  Apophyllite  is  positive  or  attractive  for  all  the 
rays  of  the  spectrum,)  we  consider  to  be  of  great  value, 
as  it  affords  a  decided  case  of  an  imperfect  equilibrium 
of  action.  Instead,  therefore,  of  supposing  that  a  single 
axis  of  double  refraction  is  capable  of  developing  two 
opposite  actions  upon  the  extreme  rays  of  the  s|)ectruni, 
aucl  no  action  at  all  upon  the  intermediate  ones.  Dr. 
Brewster  has  shown  that  these  curious  anomalies  have 
their  oiigin  in  the  unbalanced  action  of  three  rectangu- 
lar axes, — an  opinion  which  derives  great  support  from 
the  circumstance,  that  if  the  primitive  form  of  Apo- 
phyllite be  made  to  vary  in  one  diinension,  it  will  pass 
through  that  of  the  cube;  and  which  affords  a  peifect 
cxpianalion  of  all  the  anomalous  tints  of  Apophyllite. 

The  attention  of  Mi.  Htrschel  was  early  elirected  to 
the  phenomena  of  circular  or  rotatory  polarisation,  as 
seen  along  the  axis  of  quartz  ;  and  t!ie  account  of  his 
experiments,  which  was  read  before  the  Cambridge  Phi- 
losophical Society  on  the  17th  April,  1820,  is  printed  in 
the  first  volume  of  their  Transactions.  "  Although  M. 
Biot,"  as  Mr.  Herschel  remarks, ''  has  assured  us  that  no 
peculiarity  in  the  crystalline  form  can  lead  us  to  con- 
jecture what  may  prove  the  direction  oi  rotation  in  a 
given  specimen  of  rock  crystal  previous  to  trial,"  yet 
Mr.  Herschel  actually  found,  that  the  direction  of  the 
rotation  was  invariably  the  same  with  that  of  the  Pla- 
giedral  planes  adjacent  to  the  summit,  the  polarisation 
being  direct  or  retrograde,  according  as  these  planes 
leaned  forward  or  backward  round  the  summit.  This 
most  important  fact  has  been  established  by  experiments 
on  no  fewer  Khzn  fifty-three  crystals,  in  all  of  which  the 
relation  was  found  without  exception.  In  comparing 
the  number  of  crystals,  in  which  the  Plagiedral  planes 


•  Proceedings  of  the  Cambridge  Pliilasophical  Sotiety,  m  tlie  Edinburgh  Philosophical  Journal,  vol.  v.  p.  213, 
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haii  an  inclination  to  the  left  with  those  which  are  inclin- 
ed to  the  right,  Mr.  Herschel  determined  that  the  former 
were  to  the  latter  nearly  as  2  to  1.* 

Although  the  Achromatic  telescope  was  invented,  and 
received  all  its  impiovements  in  Eni;land,  yet  the  atten- 
tion of  the  English  mathematicians  had  never  been  di- 
. reeled  to  the  mathematical  theory  of  their  construciion. 
Mr.  Herschel  is  the  first  of  our  countrymen  who  has  in- 
vestigated this  difficult  subject ;  and  his  paper  "  On  the 
aberrations  of  comfiound  lenses  and  object  glasses,"  wljjch 
was  read  to  the  Royal  Society  on  the  22d  March,  1821, 
will,  we  have  no  doubt,  be  held  in  equal  value  both  by 
the  malhcma'.ician  and  the  optical  artist.  As  the  pro- 
blem of  the  destruction  of  the  spherical  aberration  in  a 
compound  object  glass  of  two  or  mure  lenses  is  inde- 
terminate, it  becomes  a  matter  of  the  greatest  import- 
ance to  fix  the  best  possible  condition  for  limi'.ing  it. 
D'Alcmbert  had  proposed  the  condition  of  annihilating 
the  spherical  aberration  of  rays  of  all  colours,  and  also 
the  superior  one  of  destroying  the  aberiaiiim  for  an  ob- 
ject situated  out  of  the  axis  of  the  telescope;  but  both 
of  these  are  as  useless  in  practice  as  they  are  over-re- 
fined in  theory.  Clairaut  has  employed  a  condition  bet- 
ter than  either  of  them,  viz.  that  of  the  lenses  touching; 
throughout  the  whole  e.ttent  of  their  interior  surfaces, 
which  has  the  advantage  of  giving  convenient  curva- 
tures; but  Claiiaut  used  the  refractive  indices  of  1  600 
and  1 .55,  which  belong  to  glass  not  easily  met  with  ;  and 
when  the  average  values  of  those  kinds  of  glass,  which 
are  likely  to  occur  most  frequently,  are  employed,  the 
constiuction  becomes  imaginary  for  the  more  dispersive 
kinds  of  glass,  and  within  the  limits  for  which  it  is  real, 
the  radii  of  curvature  vary  with  such  rapidity,  that  it 
is  difficult  to  interpolate  between  their  calculated  values. 

The  only  valuable  method  of  limiting  the  problem,  is 
that  which  Mr.  Herschel  has  adopted,  and  which  has 
been  so  unaccountably  overlooked,  although  the  for- 
mulae of  abei  ration,  as  he  remarks,  almost  force  it  upon 
our  notice.  The  object  of  this  condition  is,  to  insure 
the  destruction  of  the  spherical  aberration,  not  oiiiy  fur 
rays  which  are  parallel  and  flow  from  very  remote  ob- 
jects, but  also  for  those  which  diverge  from  objects 
placed  at  any  moderate  finite  distance,  so  as  to  produce 
a  telescope  ec|ually  perfect  for  terrestrial  and  celestial 
purposes.  Although  the  accomplishment  of  this  object 
is  one  of  considerable  utility,  yet  Mr.  Herschel's  condi- 
tion has  other  and  still  higher  advantages.  The  curva- 
tures necessary  in  his  construction  are  all  n>ore  mode- 
rate than  in  almost  any  other  proposed  on  theoretical 
grounds.  The  radii  of  the  two  exterior  sui  faces  vary 
within  such  narrow  limits  by  any  variation  either  in  the 
refractive  or  dispersive  powers,  that  from  this  circum- 
stance alone  there  results  the  following  simple  practical 
rules  for  calculating  the  curvatuies  in  any  proposed 
state  of  the  data,  viz.  "  That  a  double  object  glass  will 
be  nearly  free  from  aberration,  /irovided  the  exterior  sur- 
face, or  the  radius  of  the  croivn  lens,  be  6.72.  and  of  the 
flint  14.2,  the  focal  length  of  the  combination  being  10  00, 
and  the  radii  of  the  interior  surfaces  being  comftnted 
from  these  data  by  the  formula  given  in  all  elementary 


works  on  o/itics,  so  as  to  make  ihe  focal  lengtlis  of  the 
two  glasses  in  the  direct  ratio  of  Che  dis/iersive  flowers. i' 
From  this  brief  account  of  the  optical  labours  of  Mr. 
Herschel,  our  readers  will  join  us  in  the  anticipation 
of  still  greater  efibrls.  Possessing  the  rare  combination 
of  mathematical,  chemical,  and  physical  acquirements, 
in  a  degree  unequalled  by  any  philosopher  of  the  pre- 
sent day,  we  have  no  doubt  that  every  branch  of  science 
will  soon  experience  the  influence  of  his  genius  and  in- 
dustry; hut  while  we  indulge  tliis  agreeable  piospecl, 
that  the  reputation  of  Et  glish  science  will  be  suslaineci 
by  his  talent,  we  are  not  less  gratified  with  the  certainty 
that  its  libeial  and  disinterested  character  will  also  be 
preserved  by  his  own,  and  that  thobe  personal  and  na- 
tional jealousies,  which,  in  attempting  to  establish  a  mo- 
nopoly of  fame,  have  perverted  the  history  of  optical 
discoveries,  will  find  in  him  a  determined  enemy,  and 
will  be  finally  put  down  b^-  the  disinterested  philosophers 
of  all  countries. 

For  fdrthej-  information  on  the  history  of  optics,  the 
reader  is  referred  to  the  following  works  : 

Montucla's  Historic  dcs  Mathematiques,^  vols.  Priest- 
ley's History  and  Present  Stale  of  Discoveries  relating  t» 
Vision,  Light,  and  Colours,  Lond.  1772,  2  vols.  Bos- 
sul's  Hist.  Gen.  des  Mathematiques,  2  vols.  8vo.  S  nith's 
Comflleat  System  of  Ofitics,  2  vols.  Cainb.  1738.  Bjp- 
tista  Porta,  Magia  jYaiuralis,  1658.  Id.  Be  Refrat- 
tione,  1593.  Kircher,  ^rs  Magna  Lucia  et  Umbre, 
1671.  Roger  Bacon's  Oflus  Majus.  Risner,  Ofltict 
Thesaurus,  Bas.  1585.  Dc  Domiiiis  de  Radiis  Visus  et 
Zmcis,  Ven.  1611.  Borelli,  De  Vero  Tclescoflii  Inven- 
tore.  Hag.  1655.  Kepleri  Diofllrica,  Augsb.  1611  Des- 
cartes's  Diofltrica,  in  his  0/iusc.  tom.  ii.  Huygenii, 
Dio/itrica,  1690,  and  Traite  de  la  Lumiere.  Vossius, 
De  A^'atura  Lucis.  Zucchi  Ofltica  Philosoflhia,  Ly- 
ons, 1552.  Rtcorde's  Pathnvay  to  Ktioivlcdge,  Lond. 
1551.  L.  Digges's  Pantometria,  Lond.  1571  and  1591. 
Pkiloso/ihical  Magazine,  vol.  xviii.  and  xix.  J.  Grego- 
ry's Ofltica  Promota.  1653.  Grimaldi,  Physico-Ma- 
thesis  de  Lumine,  Bolog.  1665.  Xewton's  Ofltics, 
17  IS,  and  Lectiones  Ofliicx,  \72%.  Mariotte,  Oc!irre«, 
2  vols.  Leyd.  1717.  Le  Cat's  Traite  des  Sens,  Amst. 
1744.  Bou^ucv'a  Traite  d'Ofltigue.  Lambert's  P//o- 
tometria,  .\ugsb.  1760.  Porterfield  On  the  Eye,  2  vols. 
Edin.  1759  ;  and  Dr.  Thomas  Young's  I^ectures  on  Na- 
tural Philosoflhy,  2  vols.  Lond.  1807.  See  also  in  this 
work  the  articles  Aberr.vtion.  AnciDENi  al  Colours, 
AcHKOMATic  Telescopes,  Burning  Instruments, 
Camera  Lucida,  Kaleidoscope,  and  Microscope. 

In  proceeding  to  give  an  account  of  the  science  of  op- 
tics, our  object  is  to  draw  up  an  article  as  practical 
and  intelligible  as  is  consistent  with  the  na'ure  of  the 
subject,  and  to  omit  all  those  mathematical  discussions 
which  are  not  necessarily  connected  wiih  the  principles 
or  leading  objects  of  the  s'-ience.  In  doing  this,  wc 
%Ui\\  frst  treat  of  the  Theory  of  Optics  ;  secondly,  the 
Application  of  this  Theory  to  the  explanation 
OF  Xatuual  I'hf.no,men-a  ;  and  thirdly,  of  the  Princi- 
ples AND  Construction   of  Opfical  Instruments. 


•  See  Ihe  Kdinburgh  Philasopnical  .hurnal,  vol.  vi.  p.  379 ;  and  also  vol.  iv.  p.  371.  Mr.  Herschel's  second  p.iper  on  the  devi.-ttion 
of  the  tints  will  be  found  in  the  same  Journal,  vol.  iv.  p.  334,  and  vol.  v.  p.  334.     Eclin.  Tvuiis.  vol.  xi.  Part  ii.  p.  317. 

t  The  re;i<ler  will  find  a  very  valuable  and  popul.ir  abstract  of  Mr.  Hersclicl's  paper,  drawn  up  by  himself,  under  the  title  oi Prac- 
tical Rules  fir  the  detenniiiatian  nf  tlte  radii  of  a  double  achromatic  object  glass,  in  the  Edinburgh  FhilosophicaUournal,  \ul.  vi.  p.  361 — 
370. 
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Part.  I.     ON  THE  THEORY  OF  OPTICS. 


The  theory  of  optics  embraces  the  two  great  divisions 
of  Geometrical  and  Physical  Optics,  and  comprehends, 
1.  DioiTHics;  2.  Catoptkil'S  ;  3.  Chromatics;  4. 
Thk  Inflexion  or  Dikfkactiox  of  Light  ;  5.  The 
Phenomena  of  Thin  and    Thick   Plates;    6.    The 

SUBJECT  OF    DOIRLE  ReFHACTION   AND    I'oLAKISATION. 

Alihouj;h  the  nature  of  liij;ht  is  absolutely  unknown, 
atid  probably  will  long  remain  among  the  arcana  of  sci- 
ence, yet  philosophers  have  been  led  by  the  phenomena 
which  it  exhibits  to  suggest  two  hypotheses  respecting 
its  origin  and  propagaiioiL  By  one  party,  including 
Newton,  and  a  great  number  of  English  philosophers, 
light  is  supposed  to  consist  of  material  particles  emitted 
by  the  luminous  body  with  prodigous  velocity,  moving 
uniformly  in  straight  lines,  and  capable  of  having  its 
qualities  and  its  direction  altered  by  reflexion  from  the 
surfaces  of  bodies,  by  refraction  through  their  substance, 
and  by  inflexion  in  passing  by  their  edges.  Ry  another 
party,  including  Descartes,  Iluygens,  and  Euler,  light 
is  supposed  to  resemble  sound,  and  to  consist  in  the 
undulations  of  a  highly  elastic  fluid,  diffused  through 
all  nature,  and  excited  by  the  action  of  the  luminous 
source. 

During  the  last  century,  the  Newtonian  theory  of  lu- 
minous particles  was  almost  universally  entertained  both 
in  England  and  on  the  Continent ;  but  the  discoveries  of 
the  present  day  have  revived  the  theory  of  Huygens, 
and  it  seems  highly  probable  that  this  great  question 
will  speedily  be  set  to  res'.. 

But  whatever  be  the  origin  of  light.,  and  the  mode  of 
its  propagation  through  space,  it  has  certain  general  pro- 
perties, which  have  been  discovered  by  experiment,  and 
are  entirly  independent  of  its  nature. 

1.  Light  is  emitted  in  alt  directions,  and  from  every 
ftoint  in  the  surface  of  luminous  and  visible  bodies — This 
property  of  light  is  established  by  the  fact,  that  wherever 
we  are  placed  in  relation  to  a  luminous  or  visible  body, 
every  point  of  the  part  of  the  body  turned  towards  us  is 
visible.  ^Vllen  the  body  is  not  self-luminous,  the  light 
by  which  it  is  visible  must  be  that  which,  coming  origi- 
nally froiM  a  self-luminous  source,  is  reflected  from  the 
surface  and  interior  parts  of  the  visible  body. 

2.  Light  consists  of  se/iarate  and  indefiendent  flarts. — 
A  beam  or  mass  of  light  fl/wing  from  a  luminous  body 
may  be  divided  laterally  into  any  number  of  smaller 
portions,  which  are  called  rays  of  light.  These  rays 
may  be  supposed  to  be  divided  into  smaller  portions  in 
tlie  direction  of  their  lengtii  ;  for  we  can  stop  light  at 
any  point  of  its  path,  and  suffer  the  rest  of  it  to  [iroceed 
on  its  course.  Hence  we  may  with  perfect  propriety 
call  one  of  these  portions  of  a  ray  of  light  a  /lariicle,  or 
small  portion  of  light,  without  considering  whether  it 
consists  of  actual  niaitei',  or  is  merely  the  undulation  of 
an  elastic  medium. 

3.  Light,  whether  emitted  directly  from  the  sun,  or  re- 
fltcted  from  the  filancts,  moves  at  the  rate  of  195,000 
wiles  /icr  second. — This  important  fact  was  determined 
by  Roemer,  as  we  have  already  seen  in  our  history  of 
the  science.     See  page  475. 

4.  Light,  when  moving  in  the  same  uniform  medium, 
Jiroceeda  in  a  straight  line. — The  form  of  the  shadows  of 
bodies,  and  the  impossibility  of  seeing  objects  through 
■bent  tubes,  however  small  be  their  flexure,  aff'ord  the  most 
iimpie  and  palpable  proof  of  this  propei*y  of  light. 


5.  IVhen  light  issues  from  a  luminous  point, and  fiasses 
through  a  non-resisting  and  non-absorbing  medium,  its 
density  at  different  distances  from  that  fioint  is  inverscli/ 
as  the  square  of  the  distance. — If  we  suppose  that  the 
light  from  the  luminous  point  passes  througli  a  rectan- 
gular aperture  at  a  given  distance  from  the  point,  and 
is  received  at  a  greater  distance  upon  a  white  grouiirl, 
the  luniinons  image  of  the  rectangular  aperture  will  he 
a  similar  rectangle,  and  the  triangles  formed  by  the  rays 
passing  by  the  ends  of  the  homologous  sides  will  be 
similar.  Hence  it  follows,  that  the  homologous  sides 
will  be  to  one  another  as  their  distances  from  the  lu- 
minous point  ;  and  since  the  areas  are  as  the  squares  of 
the  homologous  sides,  the  areas  will  be  as  the  squares 
of  their  distances;  but  as  the  densiiies  arc  inversely  as 
the  areas,  they  will  also  be  inversely  as  the  squares  of 
the  distances. 

6.  Rays  of  light  do  not  consist  of  contiguous  fiarticlrs 
or  portions . — Wlien  rays  of  light,  issuing  from  different 
sources,  cross  one  another,  they  do  not  seem  to  disturb 
each  other's  motion,  or  produce  indistinct  or  imperfect 
vision,  which  would  undoubtedly  be  the  case  if  they 
consisted  of  contiguous  portions.  If  a  number  of  lumi- 
nous bulls  were  discharged  from  a  cannon  with  great 
rai)idity,  they  would  appear  to  occupy  an  uninterrupted 
line,  though  ihey  were  actually  moving  at  a  cnnsidcraljle 
distance  from  one  another.  This  effect,  which  may  be 
shown  more  simply  by  whirling  round  a  burning  stick, 
so  as  to  make  it  form  in  the  air  a  complete  circle  of 
liglit,  arises  from  the  duration  of  the  imjjression  of  light 
upon  the  retina.  RI.  d'Arcy  has  shown,  that  the  im- 
pression of  light  continues  eight-thirds,  or  nearly  one- 
eighth  of  a  second;  and  as  light  moves  through  26,010 
miles  during  that  small  portion  of  time,  it  is  evident 
that  constant  vision  will  be  mainlaitied  by  a  succession 
of  luminous  particles  or  luminous  waves  26,010  miles 
distant  from  each  other. 


CHAP.  I. 

On  Dioptrics. 

The  word  Dio/nrics,  from  the  Greek  4i<t,  through,  and 
iTTofixi,  to  sec,  is  that  branch  of  optics  which  treats  of 
the  refraction  of  light,  or  of  the  changes  of  direction 
which  light  experiences  in  passing  through  transparent 
bodies. 

Section  I. 

On  the  General  Princijtles  of  Refraction. 

Def.  1.  The  term  Refraction,  from  the  Latin  R<fractio, 
is  used  to  denote  the  change,  similar  to  breaking  or 
bending,  which  takes  place  in  a  ray  of  light  when  it  falls 
from  air  upon  any  substance,  such  as  Water  ot  Glass,  or 
from  these  substances  into  air. 

Def.  2.  A  Medium  is  the  name  given  to  any  portion 
of  space  or  of  matter,  which  either  allows  light  to  pass 
through  it,  or  reflects  it  from  its  surface.  Those  media 
which  transmit  light,  are  called  refracting  or  transfia- 
rcntjov  dia/ihanous  media;  and  those  which  either  re- 
flect the  rays,  or  absorb  them  completely,  so  as  to  trans- 
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niit  no  light,  are  called  opaque  media.  Every  medium 
except  a  vacuum  is  a  reflecting  medium,  unless  when 
they  arc  reduced  to  such  mi.ute  films,  that  they  cease 
to  have  the  power  of  driving  back  tiie  light  which  falls 
upon  them. 

Def.  3.  Light  or  its  rays  are  said  to  be  Incident  upon 
a  Medium.,  or  upon  a  body,  when  they  fall  upon  that  me- 
dium or  body. 

Prop.  I. 

When  a  ray  of  light  falls  from  a  rarer  upon  a  denser 
:efracting  medium,  it  suft'ers  such  a  change  in  its  di- 
rection, that  the  sine  of  the  angle  of  incidence  is  to  the 
sine  of  the  angle  of  refraction  in  a  constant  ratio,  and 
the  incident  and  the  refracted  ray  are  in  the  same  plane. 

Let  AC,  Plate  CCCCXXVIIL  Fig.  1.  be  a  ray  of 
light  incident  on  the  surface  RS  of  water,  or  any  other 
medium.  This  ray  is  found  to  suffer  such  a  change  in 
its  direction,  that  instead  of  proceeding  in  a  line  which 
is  a  prolongation  of  AC,  it  is  bent  or  refracted  at  C  into 
the  (liiection  CE.  In  like  manner,  another  ray  aC,  in- 
cident on  the  same  point  C.  is  found  to  be  bent  or  refract- 
ed into  the  line  Cf.  Through  the  point  C  draw  the  line 
PCQ  perpendicular  to  tiie  refractiiig  surface  RS,  and 
upon  C  as  a  centre  describe  a  circle  ABE(z,  then  the  an- 
gle ACP  is  called  the  Angle  of  Incidence  ;  AC  ECQ 
the  Angle  of  Refraction,  lor  the  ray  AC;  while  cCP  is 
the  angle  of  incidence,  and  eCQ  the  angle  of  refraction 
of  the  ray  aC-  If  we  now  compare  the  angles  of  refrac- 
tion with  their  corresponding  angles  of  incidence,  we 
shall  find  no  particular  relation  between  them  ;  except- 
ing that  the  one  increases  with  the  other,  :xn(\  vice  versa  ; 
but  if  we  compare  the  Sines  of  these  angles,  viz.  AD, 
the  Sine  of  the  angle  of  incidence  ACP  with  EF,  the 
Sine  of  the  angle  of  refraction  ECQ,  and  also  a  d  with 
e  f,  we  shall  find  that  the  ratio  of  the  one  to  the  other  is 
constant,  whatever  be  the  value  of  the  angles  of  incidence 
or  refraction. 

If  the  surface  RS  is  that  of  Water,  AD  will  be  to  EF, 
or  a  d  to  ef  as  4  to  3  nearly. 

If  the  surface  RS  is  that  of  Cronvn  glass,  AD  will  be 
to  EF,  and  c  d  to  cf,  as  3  to  2. 

If  the  surface  RS  is  that  of  Zircon  or  Sulphur,  AD 
will  be  to  EF,  and  ad  \.o  ef,  as  2  to  1,  or  1  to  ^. 

If  the  surface  RS  is  that  of  Diamond,  AD  will  be  to 
EF,  and  a  d  to  ef  us  1  to  -|.  Hence  it  follows,  that  the 
Sine  of  the  angle  of  Incidence  is  to  the  Sine  of  the  angle 
of  Refraction  in  a  constant  ratio. 

By  admitting  the  light  through  a  small  aperture  at  A, 
ao  as  to  pass  through  another  aptrture  at  C,  and  fall  upon 
the  bottom  of  the  vessel  at  E,  it  will  be  found  that  the 
three  points  A,  C,  E,  are  always  in  the  same  straight 
line,  whatever  be  the  angle  of  incidence  ACP.  Hince 
jt  follows,  that  the  refracted  ray  CE,  and  the  incident 
ray  AC,  are  always  in  the  same  plane. 

CoR.  When  a  ray  passes  from  a  rarer  into  a  denser 
medium,  the  refraction  is  always  made  towards  the  per- 
pendicular. This  follows  from  the  angle  of  refraction 
always  being  less  than  the  angle  of  incidence. 

Supposing  the  sine  of  the  angle  of  refraction  to  be  aU 
ways  1,  then  the  sine  of  the  angle  of  inciderice  will  be 
nearly  1.33  in  water,  and  1.50  nearly  in  glass.  In  this 
case  the  sine  of  the  angle  of  incidence,  or  1.33  and  1.50 
is  called  the  Index  of  Refraction,  or  the  Co-efficient  of 


Refraction  ;  and  this  mode  of  expression  is  universally 
adopted  to  indicate  the  relation  between  the  sines  of  in- 
cidence and  refraction.  AVIien  we  are  told,  for  example, 
that  the  refractive  power,  or  the  Index  of  refraction  be- 
longing to  diamond,  is  about  2.5,  we  learn,  that  if  2.5  is  to 
represent  the  sine  of  the  angle  of  incidence,  the  sine  of 
the  angle  of  refraction  will  be  1. 

Prop.  II. 

When  a  ray  of  light  falls  from  a  denser  upon  a  rarer 
medium,  as  in  passing  from  water  to  air,  it  will  suffer 
such  a  change  in  its  direction,  that  the  sines  of  the 
angles  of  incidence  and  refraction  will  be  in  a  constant 
ratio. 

Let  EC,  Fig.  1 .  be  a  ray  which  is  incident  at  C,  on  the 
rarer  medium  above  RS,  then  if  EC  be  the  refracted 
ray,  when  AC  is  the  incident  ray  from  the  rarer  medium, 
it  is  found  that  AC  is  the  refracted  ray  when  EC  is  the 
incident  ray. 

This  is  obvious,  from  the  simple  experiment  men- 
tioned under  the  last  proposition ;  for  since  the  points 
A,  C,  B,  are  seen  in  a  straight  line,  it  follows  that  the 
rays  of  the  object  at  E  reach  the  eye  along  the  line  CA. 
Hence  it  follows,  that  the  sines  of  the  angles  of  incidence 
and  refraction  are  in  the  same  ratio  as  when  AC  was 
the  incident  ray  ;  that  is,  in  a  constant  ratio. 

When  the  refraction  is  made  from  water  into  air 
this  ratio  is  4  to  3,  or  as  1.33  to  1,  and  so  on  with  other 
bodies. 

CoR.  When  a  ray  passes  from  a  denser  into  a  rarer 
medium,  the  refraction  is  always  made  from  the  per. 
pendicular. 

The  general  truth  of  this  corollary  is  well  shown  by 
the  common  experiment  known  since  the  time  of  Ptole- 
my, of  rendering  a  shilling  at  the  bottom  of  a  vessel  vi- 
sible by  refraction.  If  we  place  a  shilling  at  the  point 
E,  Fig.  1.  and  suppose  CQES  to  be  the  opaque  sides  of 
a  vessel,  then  it  is  clear  that  the  eye  placed  at  A  will 
not  see  the  shilling  at  E,  if  there  is  no  water  in  the  vessel 
CQES.  The  moment,  however,  that  it  is  filled  with 
water,  the  ray  EC,  issuing  from  the  shilling,  will  be  bent 
from  the  perpendicular  CP,  in  the  direction  CA,  so  as  to 
reach  the  eye  of  the  observer  at  A. 

Prop.  Ill, 

If  a  ray  of  light  is  incident  from  a  denser  upon  a  raret 
medium,  it  is  not  capable  of  being  refracted,  but  will 
return  into  the  rarer  medium,  when  the  angle  of  inci- 
dence is  greater  than  that  at  which  the  Sine  of  the  angle 
of  refraction  becomes  equal  to  the  Radius. 

Let  AC,  Fig.  2.  be  the  ray  incident  upon  the  rarei 
medium  RS.  It  will  be  refracted  from  the  perpendicu- 
lar DF  into  the  direction  CE,  so  that  AD  is  to  EF  in  a 
constant  ratio.  If  we  increase  the  angle  ACD,  the  angle 
FOE  will  also  increase  till  the  lines  CE  and  FE  coin- 
cide with  the  radius  CS.  But  if  beyond  this  position  of 
the  ray  AC,  the  angle  ACD  is  still  farther  increased,  it 
is  manifest  that  its  Sine  is  also  increased  ;  and,  conse- 
quently, in  order  that  the  ratio  may  be  constant,  the  Sine 
of  refraction  EF  must  also  increase,  which  is  impossible, 
as  it  is  already  by  hypothesis  equal  to  the  radius  Cs! 
Hence  it  follows,  that  w  henever  the  angle  of  incidence 
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is  greater  than  that  at  wliich  the  Sine  of  the  ansle  of  re- 
fraction becomes  etiual  to  the  radius,  the  ray  cannot  be 
refracted  consisicnily  with  the  constant  ratio  of  the  sines. 

This  is  found  to  be  the  case  by  experiment ;  and  at 
the  angle  tlius  indicated,  all  the  incident  rays  are  re- 
flected from  the  inner  surface  of  tlie  denser  medium, 
having  a  reflexion  more  brilliant  than  what  can  lie  pro- 
duced from  any  metallic  surface.  The  reflexion  is  then 
called  Total  K'Jlexion. 

The  angle  at  which  total  reflexion  takes  place  may 
be  thus  found :  Let  x  be  the  sine  of  incidence  at 
which  the  corresponding  sine  of  refraction  is  1,  and 
let  vi  represent  the  index  of  refraction,  or  the  ratio  of 

m 
the  sines;  then  x  :    1  =  1  :  »:  by  Prop.  I.  and  jt  — -— 

that  is,  total  reflexion  takes  place  when  the  sine  of  in- 
cidence is  equal  to  the  reciprocal  of  the  index  ol  re- 
fraction. 

In  iVatcr,  whose  index  of  refraction  is  1  336,  the  an- 
gle of  total  reflexion  is  48"  28' 

In  Class,  whose  index  of  refraction  is  1.50,  it  is 
41°  49'. 

In  Zircon  and  Suljihur,  whose  index  of  refiaclion  is 
about  2.00,  it  is  30°  o'. 

In  Diamond,  whose  index  of  refraction  is  about  2.50, 
it  is  23°  35'. 

Prop.  IV'. 

If  m  and  in'  are  the  indices  of  refraction  from  a  va- 
cuum into  any  two  media  of  different  refractive  powers, 
the  index  of  refiaclion  for  a  ray  of  light  passing  out  ol 
the  first  or  the  rarest,  into  the  second  or  the  densest, 

.     ,     »'' 
will  be  — . 

Let  a  ray  of  light  be  incident  from  air  upon  a  parallel 
plate  of  water,  whose  index  of  refraction  is  m,  lying  upon 
a  parallel  plate  of  glass,  whose  index  is  m',  then  it  is 
manifest  that  the  angle  of  incidence  from  the  water 
upon  the  glass,  is  the  angle  of  refraction  from  the  air 
into  the  water,  and  consequently  their  sines  are  to  the 
sine  of  incidence  as  I  :  m.  In  like  manner,  the  angle 
of  refraction  from  the  water  into  the  glass,  is  the  angle 
of  incidence  from  the  glass  into  the  air,  and  conse- 
quently its  sine  is  to  that  of  the  angle  of  refraction, 
from  glass  into  air,  as  1  :  m'.  Hence  the  since  of  inci- 
dence from  water  to  glass  is  to  the  sine  of  refraction, 
as  m'  :  m,  or  to    make   one    of    these   unity,  \vc    have 

ni' 
vi:  m  ZZ  \  •  — . 
w 

In  Water  M-A    Glass,  when  ni  and   jn'  arc    1.525  and 

1.336,  the  index  of  refraction  is  — ZZ  l.Ul. 

m 

From  the  principles  explained  in  the  preceding  pro- 
positions, the  refractive  powers  ol  bodies,  or  their  in- 
dices of  refraction,  may  be  easily  obtained.  The  me- 
thod used  by  Ptolemy,  and  described  in  page  591,  is 
sufficiently  simple ;  and  after  we  have  measured  one 
angle  of  incidence,  and  one  angle  of  refraction,  we  have 
only  to  divide  the  sine  of  the  former  by  the  sine  of  the 
latter,  in  order  to  obtain  the  index  of  refraction.  This 
method,  however,  is  never  used,  as  a  much  more  cor- 
rect result  mav  be  obtained  when  the  refraction  is  in- 


creased by  the  action  of  two  surfaces,  as  we  shall  after 
wards   have  occasion  to   describe.     (Sec  Prop.  IX.  p. 
634.) 

In  the  meantime,  wc  shall  collect  into  one  table  the 
principal  observations  on  refractive  powers  that  have 
hitherto  been  made.  Many  of  these  observations  are 
very  accurate  ;  but  others,  especially  those  on  doubly 
refracting  crystals,  are  less  correct,  in  consequence  of 
their  having  betn  made  before  the  laws  of  double  re- 
fraction for  crystals  with  two  axes  had  been  determined. 

It  may  be  pioper  to  state,  that  all  the  observations 
made  by  Dr.  Wollaston  are,  according  to  Dr.  Young, 
a|)propriate  to  the  extreme  red  rays,  whereas  those 
made  by  Dr.  Brewster  belong,  in  the  case  of  fluids  and 
soft  substances,  to  the  most  luminous  rays  of  the  spec- 
trum, and  in  minerals  to  tl>e  mean  reliangible  rays  of 
the  spectrum.  The  object  of  these  last  experiments  was 
not  to  ol)tain  measures  of  refractive  powers  for  optical 
purposes,  or  for  ascertaining  the  phenomena  of  double 
refraction,  but  solely  to  determine  the  general  action  of 
various  bodies  upon  light.  The  accuracy  of  the  num- 
bers, therefore,  depends  entirely  upon  itie  nature  of  the 
specimens  which  were  used,  and  which  were  often  of 
the  worst  description. 

Tabic  of  Refractive  Powers.^ 


Chromate  of  Lead,  gr.  refr. 

Do.  do.  another  kind 

Red  Silver  Ore 

Realgar,  artificial 

Chromate  of  Lead,  least  refr. 

Octohcdrite 

Diamond       .  . 

Do.  . 

Do. 

Do.         . 

Blende 

Phosphorus 

CJlass  ot  Antimony  . 

Do.         .  .  .  • 

Sulphur  melted 

Do   Native 

Do. 

Do.  . 

Scaly  Oxide  ol   Iron 

Glass  made  of  Lead,  3.  Flint  1. 

Tungstate  of  Lime,  greatest 

le--ist 
Carbonate  of  Lead,  greatest 

least 
Calomel 

Zircon,  greatest  cxt.     . 
least  ext. 

Do 

Glass  made  of  Lead,  2   Sand  I. 

Sulphate  of  Lead 

Glass  of  Antimony 

Glass,  Lead  2.  Flint  L   . 

Garnet 

Spinelle  Ruby     . 

Arsenic 

Blue  Sapphire 

White  do. 


Index  of  Ilefraciion.    Obsti-vciTi. 
2.974"] 
2.9i6  j 

2.564  '  Brew- 
2.549  '^- 
2.51)0 
5  00  J 


ster. 


2.75  5  Rochon. 
2.487 
2.470 

2.439  Newton. 
2.260 
2.224 
2  216 

1.9S0  Wollaston. 
2.148 
2.115 

2.1:4     Wollaston. 
1.953  llauy. 
2.1        Young. 
2  028  Zeihcr. 
2.129 
1.970 
2  084 
1  813 
1.970 
2.015 
1.961 

1  95  Wollaston. 
1.987  Wollaston. 
1  y25 

1.839  Newton. 
1.830  Zeiher. 
1.815 

1  812  Wollaston. 
'.811  Wollaston. 
1.7 'J  4 
1.768  Wollaston. 


All  the  observations  without  a  name  were  made  by  Dr.  Brewsler. 
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Pvrope 

Nitrate  of  Silver,  greatest 

least 
Glass,  Lead  1.  Flint  I. 
Ruby      •. 
Feldspar 
Chrysoberyl 
Nitrate  of  Lead 
Glass,  Lead,  3.  Flint  4. 
Glass,  Lead  I.  Flint  2. 
Axiiiilc 

Deep  Red  Coloured  Glass 
Glass  tinged  red  Ijy  Gold 
Epidole,  greatest     . 

least 
Carbonate  oi  Strontites,  great' 
least 
Boracite 

Orange  Coloured  Glass 
Suli)liuret  ot'C.»rbon  . 
Chrysolite,  greatest 

least 
Arragonite,  ordinary 

extraord.     . 
Calcareous  Spar,  ordinary 
extraord. 
Sulphate  of  Barytes 
extraord. 
ordin. 
Topaz,  colourless     . 
Brazilian  Topaz,  extraord. 

ordin. 
Anhydrite,  extraord. 

ordin. 
Euclase,  extraord. 

ordin. 
Moiher-of-Pearl 
Glass,  Hyacinth,  red 
Oil  of  Cassia 
Opal  Coloured  Glass 
Balsam  of  Tolu 
Castor 

Muriate  of  Ammonia     . 
Guiacum 
Flint  Glass 
Another  kind 
Meionite 
Flint  Glass 
Do.         . 
Another  kind 


Flint  Glass,  different  kinds 


Essential  Oil  of  Bitter  Almonds 

Grcf  n  Coloured  Glass 

Purple  Coloured  Glass 

Oil  of  Anise  Seeds 

Balsam  of  Peru 

Gum  Ammoniac 

Tortoise  Shell         .  • 

Pitch 

Balsam  of  Styrax 

Bottle  Glass 

Tartaric  Acid    . 


st 


Indes  of  Refraction.    Oliseners. 
1  792 
1.788 
1.729 

1.787  Zeiher. 
1.779 
1.764 
1.760 
1.758 
1.732 
1.724 
1  735 
1.729 
1.715 
1.703 
1  661 
1 .700 
1.543 
1  701 
1.69  5 
1  678 
1.685 
1.660 

1.6931    Malus. 
1.5348    Malus. 
1.6543   Mulus. 
1.4833  Malus. 
1.6468  Malus, 
1.6352   Malus. 
1.6201    Biot. 
1.6102  Biot. 
1.6401    Biot. 
1.6325   Biol. 
1.62  19   Biot. 
1.5772   Biot. 
1.6630  Biot. 
1.6429  Biot. 
1.653 
1.647 
1.641 
1.635 
1.628 
1.625 
1.625 
1.619 
1.616 
1.604 
1.606 

1.60512  Malus. 
1.576 
1.596 
1.625"^ 
1  604  I 

1.594  J>Bosco- 
1.593  j     vich. 
(_l.590j 
1.603 
1.615 
1.6U8 
1.601 
1.597 
1.592 
1.591 
1.586 
1.584 
1.582 
1.575 


Tartaric  Acid 

Pink  Coloured  Glass 

Horn 

(Quartz,  extraord. 

ordin. 
Mellite 
Do. 

Gum  Mastic 
Burgundy  Pitch 
Rosin 

Turpentine 
Rock  Salt 

Sugar  after  being  melted 
Gum  Thus 
Comptoniie 
Chalcedony 
Sulphate  of  Copper  greatest 

least 
Copal 

Canada  Balsam 
Elemi 

Oil  of  Tobacco 
Plate  Glass 
Do. 
Do. 
Do. 
Do. 

Old  Plate  Glass 
Dichroite 
Glass  of  St.  Gobin 
Colophony 
Bees'  Wax 
Olibanum 

Phosphoric  Acid,  solid 
Carbonate  of  Barytes,  least 
Crown  Glass 
Caoutchouc 
Do. 

Radcliffe  Crown  Glass 
Glass  of  Borax 
Glass  of  Phosphorus 
Oil  of  Sassafras 
Do. 
Do. 

Oil  of  Cloves      . 
Centre  of  the  Crystalline  of  a 
Dry  Crystalline  of  an  Ox 
Glass  like  Cinnamonstone 
Balsam  of  Capivi 
Leucite 
Plate  Glass 
Citric  Acid 
Shell  Lac 

Crown  Glass,  common 
Sulphate  of  Lime 
Gum  Myrrh 

Borax  Glass,  1.  Borax,  2.  Silex 
Gum  Dragon  (Tragacanth) 
Mesotype,  greatest 

least 
Nitre,  greatest  refr. 

least 
Do.         . 

Tartrate  of  Potash  and  Soda 
Dutch  Plate  Glass 
Sulphate  of  Zinc,  ord. 


9!> 


IiuIexofRerraction.    Obserren. 
1.518 
L570 
1.565 

1.5582  Malus. 
1.5484  Malus. 
1.556 
1.538 
1.560 

1.560  , 

1.559 
1.557 
1.557 
1.554 
1.554 
1.553 
1.553 
1.552 
1.531 
1.549 
1.549 
1.547 
1  547 
1.542" 
1.538 

1.529  ^Bosco- 
1.526  I     vich. 
L514J 
1.545 
L544 
1.543  Wollaston, 

1.543  Wollaston. 
1.542  Wollaston. 
1.544 
1.544 
1.540 
1.534 
1.534 

1.524  Wollaston. 
1.533  Wollaston. 
1.532 
1.532 
1.532 
1.536  Wollaston. 

1.544  Euler. 
1.535  Wollaston. 

ish       1.530  Wollaston. 

1.530  Wollaston, 
1.580 
1.528 
1.527 
1.527 
1.527 
1.525 

1.525  Wollaston. 
1.525  Wollaston. 
1.524 
1.522 
1.520 
1.522 
1.515 
1.5145 
1.335 

1.5238  Newton. 
1.515 
1.517 
1.517 
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Nadelstein  Faroe 

Bees'  Wax,  Reaum.  U" 

Do.  melting 

Do.  at  boiling  point 

Gum  Arabic 

Sulphate  of  Potash  . 

Do.         . 

Oil  of  Cumin 

Stilbite   . 

Nut  Oil        .  .       • 

Oil  of  Pimento  . 

Oil  of  Sweet  Fennel  Seeds 

Oil  of  Amber     . 

Oil  of  Rhodium 

Oil  of  Beech  Nat 

Oil  of  Nutmeg 

Balsam  of  Sulphur 

Sulphate  of  Iron,  greatest 

Oil  of  Angelica 

Oil  of  Marjoram 

Oil  of  Caraway  Seeds    . 

Castor  Oil  . 

Obsidian 

Tallow,  cold 

Sulphate  of  Magnesia    . 

Do. 

Oil  of  Hyssop     . 

Camphor 

Oil  of  Feugreck 

Cajeput  Oil 

Oil  of  Almonds 

Oil  of  Savine 

Oil  of  Penny  Royal 

Sulphate  of  Ammonia  and  Mag 

Carbonate  of  Potash 

Oil  of  Lemon 

Oil  of  Spearmint     . 

Butter,  cold 

Opal,  partly  Hydrophanous 

Oil  of  Thyme    . 

Oil  of  Dill  Seed 

Essence  of  Lemon 

Oil  of  Turpentine 

Do.  common 

Do.  rectified 

Rape  Seed  Oil  . 

Borax 

Oil  of  Juniper    . 

Oil  of  Beech 

Oil  of  Bergamot 

Oil  of  Olives 

Spermaceti  Oil 

Oil  of  Rosemary 

Oil  of  Olives,     . 

Do. 

Oil  of  Lavender 

Tallow  melted 

Oil  of  Poppy 

Oil  of  Lavender 

Alum 

Oil  of  Chamomyle 

Oil  of  Wormwood 

Crystalline  Lens  of  an  Ox 

Do.         . 

Spermaceti  melted  . 

Hydrophosphoric  Acid 


nesia 


Malus. 
Malus. 
Malus. 


Wollaston. 


WoUaston. 


Index  of  iurnciion.  Observe 
l.SiSS 
1.5123 
1 .4502 
1.4416 
1.512 
1.509 
1.49- 
1.508 
1.503 
1.507 
1.507 
1.506 

1.505  Wollaston. 
1.500 
1.500 

1.497  Wollaston. 
1.497 
1.494 
1.493 
1.491 
1.491 
1.490 
1.488 
1.49 
4.488 
1.465 
1.487 

1.487  Wollaston. 
1.487 
1.483 
1.483 
1.482 
1.482 
1.483 
1.482 
1.379 
1.48  1 

1.480  Wollaston. 
1.479 
1.477 
1.477 

1.476  Wollaston. 
1.475 

1.476  Wollaston. 
1.470  Wollaston. 
1.475 
1.475 
1.473 
1.471 
1.471 
1.470 
1.470 
1.469 

1.467  Newton. 
1.469  Wollaston. 
1.467  Wollaston. 
1.464  Wollaston. 
1.463 
1.457 

1.457  Wollaston. 
1.457 
1.453 

1.463  Euler. 
1.447  Wollaston. 
1.446  Wollaston. 
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Sulphuric  Acid  . 

1.440 

Sulphuric  Acid 

1.435  Wollaston 

Uo 

1.4285  Newton. 

I'luor  Spar 

1.436 

Do 

1.433  Wollaston 

OilofRhue 

1.433 

Phosphoric  Acid,  fluid  . 

1.426 

Nitric  Acid,  Spec.  Gray.  1.48 

1.410  Wollaston 

Muriatic  Acid  highly  concentrated 

1.4098  Biot. 

Do.                    strong     . 

1.401 

Nitric  Acid 

1.406 

Nitrous  Acid 

1.396 

Acetic  Acid 

1.396 

Malic  Acid 

1.395 

Alcohol 

1.374 

Do.                .... 

1.37    Wollaston 

Oil  of  Ambergrcase 

1.368 

White  of  an  Egg     . 

1.361 

Do 

1.351   Euler. 

Albumen      .... 

1.36    Wollaston 

Ether     .... 

1.358  Wollaston 

Jelly  Fish  (Medusa  ^cjuorea) 

1.345 

Cryolite 

1  349 

Distilled  Vinegar, 

1.344  Euler. 

Salt  Water 

1.343 

Eye,  Aqueous  Humour 

1.3366 

Vitreous  Humour  . 

1.3394 

Outer  Coat  of  Crystalline 

1.3767 

Middle  do. 

1.3786 

Central  do.        . 

1.3990 

Whole  Crystalline 

1.3839 

Water          .... 

1.336 

Ice          ...            . 

1.310  Wollaston 

Do 

1.307 

Tabasheer 

1.11145 

Air,  barometer  29.6  thermometer  50° 

1.000276  Bradley 

Vacuum       .... 

1.000000 

In  order  to  convey  to  the  reader  an  idea  of  the  dif- 
ferent degrees  of  refraction  produced  upon  a  ray  of  light 
when  acted  upon  by  different  bodies,  we  have  given  a 
representation  in  Fig  3  of  the  difference  of  the  effects 
of  Mr,  Tabasheer,  Water,  Flint  Glass,  Diamond,  and 
Chromate  of  Lead,  upon  the  same  incident  ray  AB  ; 
CD  beinp:  supposed  to  be  the  refracting  surface  of  each 
of  these  substances. 

In  the  preceding  Table  the  refractive  powers  of  dif- 
ferent bodies  are  given,  without  any  consideration  of 
their  densities  or  specific  gravities  ;  but  it  is  evident, 
that  if  a  body  of  small  specific  gravity  has  the  same 
refractive  power  as  another  body  of  greater  specific 
gravity,  the  former  must  have  a  greater  absolute  action 
upon  light  than  the  latter.  Hence,  if  we  wish  to  mea- 
sure the  absolute  refractive  powers  of  bodies,  we  must 
take  their  specific  gravities  into  account. 

Sir  Isaac  Newton  has  shown,  that  the  refractive  pow- 
er is  proportional  to  the  square  of  the  cosine  of  the  an- 
gle of  refraction  when  it  is  a  maximum  ;  so  that  if  we 
call  R  the  absolute  refractive  power,  m  the  index  of  re- 
fraction, and  S'  the  specific  gravity,  we  shall  have  Rn 

3 1 

— — -,  from  which  the  absolute  refractive  powers  of 

bodies  may  be  calculated,  when  their  specific  gravities 
and  their  indices  of  refraction  are  known.  In  this  way 
we  have  calculated  the  following  Table,  comprehend- 
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ing  bodies  of  all  varieties  of  refraclive  power,  from 
jiir  up  to  Chromate  of  Lead. 

Table  showing  the  absolute  R-fracthie  Ponvera  of  several 
Bodies. 


Tabasheer 

Cryolite  . 

Fluor  Spar     . 

Sulphate  ol"  Barytes 

Air 

Quartz     . 

Sulphuric  Acid 

Calcareous  Spar 

Rock  Crystal 

Nitric  Acid 

Flint  Glass,  lowest 

Ruby 

Bruzilian  Topaz 

Water     . 

Flint  Glass,  highest 

Spirit  of  Wine  rectified 

Carbonate  of  Poi.^.sh 

Chromate  of  Lead 

Muriate  of  Ammonia 

Nitre 

Muriate  of  Soda 

Camphor 

Oil  of  Olives 

Lintseed  Oil 

Bees'  Wax    . 

Spirit  of  Turpemine 

Amber 

Octohedrile 

Diamond 

Do.  .  . 

Realgar,  artificial 

Ambergris 

Sulphur 

Phosphorus 

Hydrogen 

Do. 

In  addition  to  the  conclusions  which  Newton  drew 
t'rom  his  measures  of  the  absolute  refractive  powers  of 
bodies,  and  which  we  have  given  in  p.  606  of  the  His- 
tory of  Optics,  the  preceding  Table  presents  us  with 
others  of  equal  interest.  With  the  exception  of  Taba- 
shetr,  the  substances  that  contain  fluoric  acid.  ?ui:h  as 
Crijolile  and  Fluor  S/iar,  have  lower  absolute  iclractive 
powers  than  any  other  bodies. 

When  the  substances  become  inflammable,  their  ab- 
solute refractive  powers  increase  very  rapidly.  Dia- 
mond, Sidf:liur,  P/iosfi/iorus,  and  Hydrogen,  have  all 
refractive  powers  increasing  with  their  imflammabi- 
lity  ;  and  such  is  the  rapidity  with  which  these  powers 
augment,  that  the  absolute  number  for  Hydrogen  is  more 
than  ten  times  that  for  Cryolite.  The  high  absolute  re- 
fractive power  of  .Ambergris  is  very  remarkable. 

Sect.  II.     On  the  Refraction  of  Rays  by  Bodies  with 
Plane  Surfaces. 


Index  of  Refraction 

Oiberrcrs; 

976.1 

2742 

3426 

3829 

4530 

Biot. 

.        5414.57 

Malus. 

6124 

Newton. 

6423.5 

Malus. 

65  35 

.        6C75 

7238 

7388  8 

7586  7 

78457 

Malus. 

8735 

ied 

.      10121 
10227 

.      10436 
11290 

.      11962 
12086 

Newton 

.      125:1 

Newton. 

126v7 

Newton. 

,      12819 

Newton. 

13308  1 

Malus. 

.      13222 

Newton. 

13634 

Newton. 

.      13816 

13964.5 

Malus. 

.      14556 

Newton. 

16666 

.      17000 
22000 

.     28837 
29964 

.      31852 

Paor.  V. 

When  a  ray  ot  light  is  transmitted  through  a  medi- 
um bounded  Ijy  parallel  surfaces,  the  emergent  ray  wiii 
be  parallel  to  the  incident  ray. 

Let  AB  b  a,  Fig.  4,  be  the  medium,  bounded  by  pa- 
rallel surfaces  AB,  a  b  C  ;  and  let  DE  be  the  incident 
ray  refracted  in  the  direction  EF,  at'd  emerging  in  the 
direction  FG;  the  ray  FG  will  be  parallel  to  DE. 
Through  the  points  E,  F,  draw  the  perpendiculars  PQ, 
RS.  Then  since  PQ  ai;d  RS  are  parallel,  the  angle  of 
refraction  QEF  at  the  first  surface,  is  equal  to  EFR,  the 
angle  of  inciuence  at  the  second  surface  ;  but  as  the 
ratio  of  the  sine  of  Q1:1F  to  DEP  is  the  same  as  that  of 
EFR  to  SFG,  by  Prop.  II.  the  angles  DEP  and  SFG 
must  be  equal,  and  consequently  their  complements 
AED,  b  FG  ;  and  if  we  add  to  these  the  equal  angles 
AEF,  b  FE,  the  whole  angles  DEF,  GF"E,  will  be 
equal,  and  consequently  the  rays  DE,  FG  parallel. 

Def.  a  Prism  in  optics  is  a  transparent  solid,  having 
at  least  two  platie  surfaces  inclined  to  one  anotlier* 

Prop.  VI. 

If  the  angles  of  incidence  and  refraction  of  a  rav 
transmitted  through  a  prism  are  so  small,  that  they  may 
be  considered  as  proportional  to  their  sines,  the  angle 
of  deviation,  or  that  which  is  formed  by  the  incident 
and  emergent  ray,  will  be  to  the  refracting  angle  of  the 
prism,  or  the  inclination  of  its  faces,  as  the  difference 
of  the  sines  of  incidence  and  refraction  is  to  the  sine  of 
incidence,  and  the  angle  of  deviation  will  be  invariable 
in  all  positions  of  the  ray. 

Let  I,  Figs.  5,  6,  7,  be  the  refracting  angle  of  tlie 
prism,  QA  the  incident  ray,  AC  the  refracted  ray,  and 
CS  the  emergent  ray.  Continue  the  incident  and  emer- 
gent rays  to  R  and  T,  and  at  the  points  of  incidence 
and  emergence  A  and  C  draw  the  perpendiculars  AB, 
CO,  meeting  at  E.  Calling  m  and  1  the  sines  of  inci- 
dence and  refraction,  and  supposing  the  ray  AC  to  go 
out  of  the  prism  both  ways,  we  have,  by  the  hypothe- 
sis, ACD  the  angle  of  incidence  to  DCT  the  angle  of 
refraction  as  ?>t  to  1  ;  consequentlv,  Geometry,  Prop. 
VI.  ACD  :  DCT— ACD,  or  ACT=:m  :  m—\,  and 
from  the  same  reasoning  C.\B  :  CAR^m  :  m — s, 
the  rav  beini:  suppo^sed  to  go  backward  along  CA. 
Hence'ACD  :'ACT— C.\B  :  CAR,  and  Eucl.  12.5  ACD 
4-  CAB  :  .ACT  -f  CAR  :=  m  :  ;«— i  ;  that  is,  AED  or 
AIC  :  RFS  the  whole  deviation,  as  m  :  m  —  s. 

CoR.  1.  When  the  ray  AC  within  the  prism  is  coin- 
cident with  one  of  the  perpendiculars,  as  AB,  Fig.  7, 
the  refraction  at  B  will  vL'.nish,  and  the  whole  deviation 
RFS  wid  be  produced  by  a  single  refraction,  and  will 
be  the  same  as  when  it  was  produced  by  the  two  re- 
fractions, as  the  angle  of  deviation  is  invariable. 

Cor.  2.  If  the  antrle  of  deviation  RF.S  is  given,  and 
also  the  angle  AIC  of  the  prism,  the  index  of  refraction 
n^ay  be  determined  in  prisins  with  small  refracting 
an  tries. 


•  It  is  by  no  means  iiecessan,'  to  the  idea  of  an  optical  prism,  that  it  is  a  geometrical  solid  bounded  by  three  rectangular  parallelo 
grams,  or  even  that  its  planes  meet.     The  inclination  of  two  plane  surfaces  is  the  onlv  thinti  that  is  essential  to  an  pptic»l  prism 
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Let  tluxe  rays,  0  I,  c  I,  d  I,  Fig.  8.  be  refracted  at 
tJie  surface  IK,  in  passing  out  of  a  dense  into  a  rare 
medium,  then  if  the  difftrciices  of  their  incidences 
A  I  c,  c  1  J  are  tquul,  the  sum  of  the  angles  of  refrac- 
tion for  the  extreme  rays  is  more  than  double  of  the 
angle  of  refraction  for  the  middle  ray,  that  is,  AIB  -f- 

Round  1  as  a  centre  describe  any  circle  aGAKa,  cut- 
tinj^  the  incident  rays  in  the  points,  b,  c,  d,  and  llie  re- 
fracted ones  proloni^cd  in  B,  C,  D.  Then,  since  the  an- 
gle b  I  f=f  I  d,  we  shall  have  the  arch  b  c  —  c  d.  Draw 
the  lines  b  n,  c  o,  d /i,  and  UN,  CO,  DP.  When  arches 
are  small,  they  are  proportional  to  their  sines,  and  the 
increase  of  the  arches  to  the  increase  of  their  sines ;  and 
when  the  arches  increase,  the  increase  has  a  greater  ra- 
tio to  the  increase  of  the  sine  ;  the  ratio  always  increas- 
ing as  the  arches  btcoiiie  larger.  Hence  the  sines  of  in- 
cidence and  refraction  have  a  constant  ratio,  and  also 
their  increments  ;  and  since  A  Bz^a  b,  then  we  have 

d  c  be  dc 

inc.  of  0  c  inc.  n  b  inc.  n  b 

and    inc.    n  b-:::^inc.   o  c.     In    like    manner, 

DC  BC 

is  much  greater  than 
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and  inc.  n  fixDC  much  greater  than  inc.  of+BC; 
and  dividing  by  inc.  n  b,  and  inc.  o  g,  which  have  not 
such  a  great  ratio,  we  have  DC-^:^BC,  consequently 
the  sum  of  the  arches  AB,  AD,  is  greater  than  twice 
AC,  that  is,  AIB  +  AID-:^2A1C. 

Prop.  VII. 

When  a  ray  of  light  is  refracted  through  a  prism, 
the  angle  of  deviation,  or  the  inclination  of  the  inci- 
dent and  emergent  rays,  is  least  when  the  angles  of  re- 
fraction at  both  the  surfaces  of  the  prism  are  equal. 

Let  ACB,  Fig.  9,  be  a  prism,  and  GRSN  a  ray  refract- 
ed equally  at  11  and  S  ;  ond  IPQL  another  ray,  unequally 
refracted,  being  refracted  more  at  P  and  less  at  Q.  Lit 
these  rays  be  produced  till  they  meet  QL  produced  in 
T,  and  NS  produced  in  V.  The  angle  RVS  will  be 
greater  than  PTQ,  and  the  complement  of  RVS  which 
is  the  real  angle  of  deviation,  less  than  that  of  P  TQ. 
Tn  order  to  understand  this,  conceive  the  rays  PQ  and 
RS  emtrs;ing  on  both  sides  from  the  piism,  and  thus 
refracted  "from  a  denser  into  a  rarer  medium.  Now, 
in  the  triangles  CPQ,  CRS,  since  llie  angle  C  is  com- 
mon, the  sum  of  the  other  angles  will  be  equ;d  ;  and, 
therefore,  since  CRS  is  an  isosceles  triangle,  2CRSr: 
CPQ+CQP.  Wherefore  the  incidence  of  the  ray  QP 
at  P  is  as  much  greater  llum  the  incidence  of  RS  at  S, 
as  the  same  incidence  is  greater  than  PQ  at  Q;  conse- 
quently the  differences  of  the  three  incidences  are  equal ; 
and  hence,  by  the  preceding  lemma,  the  sine  of  the  an- 
gles of  refraction,  produced  by  the  greatest  and  least  an- 
gles of  incidence,  will  be  greater  than  twice  the  angle 
of  refraction  produced  at  the  n.i'ldle  ank'le  of  incidence, 
that  is,  QPT-f  PQl'-p'-^RSV,  oi-rP'RSV-f  VRS.  Since, 
therefore,  in  the  triangles  PTQ,  RVS,  tbe  sum  of  the 
angles  at  the  base  PQ  is  greater,  than  the  sum  of  those 
at  the  base  RS,  the  vertical  angle  RVS  is  greater  than 
the  vertical  angle  PTQ.  But  the  complements  of  these 
two  angles  are  the  real  angles  of  deviation  produced  by 


the    prism,   and,   consequently,   the    angle   of  deviation 
RV^F  is  less  than  the  angle  of  deviation  PTE. 

Coil.  AVhen  the  rays  are  incident,  as  st.itcd  in  Ihe 
proposition,  the  angle  of  refraction  is  equal  to  hulF  tliC 
angle  of  the  prism. 

Prop.  VIII. 

When  a  ray  of  light  is  either  incident  upon,  or  emer- 
ges perpendicularly  from  one  of  the  sides  of  a  prism, 
the  sine  of  incidence  will  be  to  the  sine  of  refraction,  as 
the  sine  of  the  ium  of  the  angle  of  the  piisoi  and  the 
angle  of  deviation  ia  to  the  sine  of  the  aui^lo  of  tile 
prism. 

Let  SC,  Fig.  7.  be  a  ray  incident  on  the  pris  n  AIC, 
and  refracted  in  the  direction  CA,  so  as  to  emerge  at  A 
in  a  direciion  AQ  perpeiuiicuLir  to  I.\.  The  angij  of  inci- 
dence, or  TCD  is^  DC.\-J-  rCA,  that  is,  .^^  ncdi  ncc 
;Z  -i:^  refraction  +  „£:1.  devi  ition  ;  ajiil  since  m  :  1  — 
Sin.  ..e^  incid.  :  Sin.  .^^  refract,  we  have  by  substitution 
m  :  \  ZZ.  Sin.  (.^^  Refract,  -f  ..irl  I)  viation)  :  Sin. 
.c^  Refraction.  But  in  the  similar  light  angled  trian- 
gles AIC,  ADC,  the  angle  DCA  ^  AIC,  that  is,  the 
angle  of  refraction  is  equal  to  the  angle  of  the  prism. 
Consequently,  by  substituting  tiie  latter  in  place  of  the 
former,  we  have  w  :  1  ~  Sin  (.^^l.  Piism  -f  t^  Devia- 
tion) :  Sin.  angle  of  prism.  Since  -SC  is  the  refracted 
ray,  when  Q.\  is  the  incident  one,  the  very  same  reason- 
ing applies  to  the  case  when  the  ray  is  incident  perpen- 
dicularly upon  the  prism. 

CoK  Since  m  :  \  ZZ  Sin.  («^  Prism  -f  .<i^  Dev  ) 
:  Sin.  ^i:!.  Prism,  we  have  tlie  index  ijf  refraction,  or  m  ~~ 

(^^  Prism  -f  ^^  Dev.)  Sin.    a  4-   d. 


Sin. 


Sin. 


Prism 


Sill. 


calling  a  the  angle  of  the  prism,  and  d  the  deviation 
produced  by  refraction. 

Prop.  IX. 

When  a  ray  of  light  is  refracted  by  a  prism,  so  that 
the  angles  of  refraction  at  both  the  surfaces  of  the 
prism  are  equal,  the  sine  of  incidence  will  be  to  the 
sine  of  relraciion  as  the  sine  of  half  the  sum  of  the  an- 
gle of  the  prism  and  the  angle  of  deviation,  is  to  the  sine 
of  half  the  angle  of  tiie  pnsni. 

The  circumstances  described  in  this  proposition,  and 
represented  in  Fig.  5.  may  be  reduced  to  those  in 
Prop  VIII.  and  shown  in  Fig.  7.  by  drawing  the  line 
IM,  Fig.  5  so  .is  lo  bisect  the  angle  AK^  of  the  pvisni. 
For,  since  lACiZiCA  by  the  hypothesis,  and  A  I  \T  — 
CIM  by  coiis'.rui  tion,  the  ray  AC  will  be  perpendicular 
to  IM.  We  may  therefore  consider  half  the  angle  of 
refraction,  and  consequently  half  the  angle  of  deviation, 
as  produced  by  the  prism  AIM,  and  the  other  half  by 
the  prism  CIM.  Hence,  for  each  half  of  the  prism  we 
have  7«  :  1  —  Sin.  (.MM-fCAR);  Sin.   AI.M,  th.it  is, 

„.      (AIC-fR'S)  AIC 

m  :    1  ~  Sin.  i :  bin. — —  ;  or    calling  a 

the  angle  of  the  prism,  and  d  the  deviation,  as  be.'bre, 
we  have 

m  :  1  ~  Sin. :  Sin.  -  and 

2  2 

m  zz  Sin.  —^ — j-  Sin.  - 
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Scholium. 

The  two  preceding  propositions  furnish  us  with  ex- 
cellent practical  methods  of  measuring  the  refractive 
powers  of  solid  and  fluid  bodies,  when  they  are  shaped 
into  the  form  of  a  prism,  and  one  of  these  methods  pos- 
sesses the  advantage  of  deducing  the  index  of  refraction 
from  a  large  angle  of  deviation,  or  one  produced  by  two 
separate  refractions. 

First  method — In  the  first  method,  founded  on  Prop. 
V^lll.  a  ray  of  light  QA,  Fig.  7.  is  made  lo  fall  perpen- 
dicularly upon  one  of  the  faces  of  the  prism,  whose  re- 
fractive power  is  required;  the  angular  deviation  of  this 
ray  is  measured  either  by  a  divided  instrument,  or  by  de- 
ducing it  from  a  measurement  of  its  tangent  at  a  given 
distance  from  the  prism  ;  and  when  the  angle  of  the 
piism'has  been  measured  by  a  reflecting  goniometer, 
the  value  of  m,  or  the  index  of  refraction,  is  immedi- 
ately deduced  from  the  foiviiula  of  Prop.  VIII. 

In  this  method,  however,  we  have  to  encounter  tlie 
practical  difficulty  of  placing  the  surface  lA  perpendi- 
cular to  the  incident  tay  QA.  This  may  be  done  prctiy 
nearly,  by  observing  when  the  reflected  ray  from  the 
surface  nearly  coincides  with  the  incident  r.iy,  and  by 
various  other  methods  ;  but  as  this  operation  is  unne- 
cessary in  the  second  method,  and  as  the  first  has  no  pe- 
culiar advantages,  it  is  needless  to  pursue  it  any  farther. 
Second  inethod. — The  second  method  is  founded  on 
Prop.  IX.  and  derives  its  practical  advantages  from  the 
truth  in  Prop.  VII.  that  the  angle  of  deviation  is  a  ?«i- 
nimum  under  the  circumstances  of  Prop.  IX.  Having 
placed  the  prism  on  the  goniometer,  as  described  in  our 
articles  Crystallography,  and  Goniometer,  let  the 
angle  of  its  two  plane  or  refracting  surfaces,  be  determin- 
ed with  the  greatest  care,  and  in  the  same  manner  as  the 

(/ZHangle  of  deviation 
fil^angle  of  prism 

a-f  rf~sum  of  these  angles 

a4-d 

—^  ZZJ  sum  of  these  angles 

—ITS  angle  of  prism 


angles  of  crystals  are  measured,byobserving  the  reflexion 
of  a  small  luminous  image,  such  as  a  candle,  or  an  aper- 
ture in  the  windovv-shulter  of  a  dark  room,  from  both  the 
surfaces.  Let  the  goniometer  be  now  turned  round,  till  the 
refracted  image  T  of  the  luminous  object  at  Q  is  seen 
through  it,  and  while  the  eye  looks  at  this  image  T,  let 
the  goniometer  be  still  turned  till  the  image  appears 
stationary,  or  is  at  that  point  where  it  is  nearest  Q,  or 
where  its  deviation  is  a  ?ninimum.  'W'hen  this  hap- 
pens, the  refracted  ray  AC,  Fig.  S.  makes  equal  angles 
witn  the  faces  lA,  IC,  by  Prop.  VII.  and  therefore  the 
piism  is  placed  in  the  circumstances  of  Prop.  IX.  The 
point  on  the  wall  or  the  floor,  where  the  most  luminous 
pan  of  the  image  T  is  projected,  is  now  to  be  marked, 
and  the  angle  of  deviation  QFT  ascertained.  This  may 
be  done  in  two  ways.     By  measuring  the  distances  FQ 

and  QT,  we  shall  have  Tang.  QFTrr^.;  or  if  QT  is 

Qr 

not  at  right  angles  to  QF,  QFT  may  be  obtained  by 
measuiing  the  three  sides  QT,  QF,  and  TF,  and  dedu- 
cing the  angle  from  them  trigonometrically.  The  angle 
QFT  may  also  be  measured  optically  with  the  gonitr- 
meter.  by  bringing  the  reflected  image  of  Q  to  coincide 
successively  with  the  points  T  and  Q  ;  and  twice  the 
arch  upon  the  goniometer,  corresponding  to  the  revolu- 
tion of  this  image  from  Q  to  T,  will  be  the  angle  QFT. 
The  angle  of  deviation  and  that  of  the  prism  bcin^ 
thus  measured,  the  index  of  refraction  will  be  obtained, 
as  in  the  following  example. 


Required  the  index  of  refi-action  for  Tabaalieer,  the 
angle  of  the  prism  being  22°  9',  and  the  angle  of  devi- 
ation 2°  30'  20". 


2°  30' 20" 
22      9 


24"  39'  20" 

12     19   40  Log.  Sin.  9.3294056 

11      4  30  Log.  Sin.  9.2835 13r 


w~Sin, 


-^-^-=  1.11145 


Log.  Sin.  0.0458921 


Hence    the 
1.11145. 


Index    of    Refraction     for    Tabasluer    is 


Prop.  X. 


When  a  ray  of  light  falls  perpendicularly  upon  the 
lirst  of  two  prisms  of  different  refractive  powers,  to  find 
the  angle  of  deviation  produced  by  ;heir  joint  actions, 
when  their  angles  and  refractive  powders  are  known,  and 
to  determine  the  refractive  power  of  the  first  prism 
horn  the  refractive  power  of  the  second. 

Let  ABC,  ACL,  Fig.  10,  be  the  refractive  angles  of 
two  piisms  placed  m  an  inverted  order,  and  hjving  a 
common  face  AC.  The  ray  DE  falling  perpendicularly 
tipon  AB  will  pass  unrefracied  to  the  point  F,  in  the 
common  face  AC,  where  it  will  be  refracted  from  the 
perpendicular  in  the  direction  I'OK  ;  but  on  arriving  at 
the  point  O  in  the  side  LC,  it  will  be  refracted  from 


the  perpendicular  in  the  direction  OR.  Let  H  be  the 
point  of  intersection  of  the  perpendiculars  IF,  PO, 
drawn  through  the  points  F,  O,  and  S,  Q,  the  intersec- 
tions of  the  straight  lines  OH,  OR.  with  DG,  the  pro- 
longation of  the  incident  ray  DE.  Now  POR^OQS-f 
OSQ,  but  OQS^rGQR,  the  total  refraction  of  the  eincr- 
gtiit  ray  OQR  from  its  primitive  direction  I3G  ;  and 
since  in  the  quadrilateral  fiijure  BESO,  BES,  BOS,  arc 
right  angles,  the  angle  ABC  must  be  the  supplement  of 
I-2SO  to  two  right  angles,  and  must  therefore  be  equal 
to  OSQ.  But  because  ACLr=BAC-f  ABC,  ABC  is  the 
difi'crcnce  of  the  refracting  angles  BAC  and  .\CL  of  the 
two  prisms.  If,  therefore,  we  cull  the  angle  B.\C=a, 
and  ACL— -5.  the  last  uiurle  of  refraction  POR— y,  and 
the  tutil  deviation  GQR  or  OSQ=^,  we  shall  have 
yZZb  —  a-f-rf. 

On  account  of  the  sipiilar  right  angled  iri.mglcs  AEF. 
lEF,  tlie   first  angle  of  ii.cidence   DFl — F..\F— ^,  iheii 
calling  the  first  angle  of  rt^fraction  lll"0=.r,  and  mak- 
3  V.  2 
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ing  m  the  index  of  refraction  for  llie  first  prism,  and  vi' 

lliat  of  the  second,  we  shall  have  m'  :  m  ZZ  Sin.  a  :  Sin. 

,  „.  m  Sin.   a       m 

x  :  and  Sin.  x  ~ -. ~— ,  bin.  «. 

711  m 

In  the  quadrilateral  fiijnre  FHOC,  right  angled  at  F 
and  O,  the  angle  FCO  is  tlic  supplement  of  l"HO;  but 
in  the  triangle  OFH  the  sum  of  the  two  angles  OFH, 
HOF,  is  the  stipplement  of  ihe  same  angle  FIIO  ;  hence 
ACLzrOIH  +  nOF.and  MOI—ACf.  —  OFH  ;  that  is, 
the  second  angle  of  incidence  is  cijual  to  the  difTeiente 
between  the  angle  of  the  second  pi  Ism  and  the  first  an- 
gle of  refraction  ;  or  ~  6  —  x,  calling  the  second  angle 
of  refraction  PORzii/,  we  have  1  ;  m'  —  Sin.  (6  —  x  ); 
Sin.  y  ;  and  Sin.  y^m'  Sin.  (6  —  x). 

If  we  now  suppose  that  the  second  prism  ACL  cor- 
rects the  refraction  of  the  first  prism  IIAC,  the  devia- 
tion d  vanishes,  or  rf— 0.  Hence  the  formula  y^b — a-\-d 
becomes  i/r:* — a,  aiid  by  substituiing  this  \,.iiie  ol  r/ 
in  the  thin  lomuila,  or  Sin.  y:z.m'  Sin,  {b  —  x),  it  be- 
comes Sin.  (6 — a)'ZZ>i'  Sin. (A  —  x),  and  Sm.  (i — ■^)^^ 

^ '—,  and  the  second  formula,  or 

m' 

m  „.         ,  ™'  Sin.  X, 

Sin.  X  ZZ.—  Sin.  a  becomes  n)~ — — . 

in'  Sin.  a. 

The  following  example,  by  which  Boscovich  illus- 
trates the  above  proposition,  is  suited  to  common 
crown  glass,  and  will  show  the  application  of  the  last 
formula. 

0=  IS"   10' 
6=13°    14' 
t  — 0=  — 1°  56' 
x=  14"  26'.  4 
Then  Sui.-—  1°  56=8.528102 
m'=:1.602rz0.204662 


Sin   b — xz:  1°    12'.  4    8,323440 
Hence  x  =  14°  26'.  4 

;«'=!  1.602— 0.204662 
Sin.  X,  or  14°  26',  4     9  39683r 


9.601499 


Sin.  a,  or  15°  10'         9.417684 


m=l,f27  0.183815 

Prop.  XI. 

When  diverging  or  converging  rays  are  incident 
nearly  at  right  angles  upon  a  plane  surf  ice,  the  distance 
of  the  focus  of  incident  rays  from  the  suifuce,  is  to  the 
distance  of  the  focus  of  refracted  rays  fioni  the  same 
surface  as  the  sine  of  refraction  is  to  the  sine  of  inci- 
dence. 

Let  the  rays  FA,  FC,  diverging  from  F,  fall  on  the 
plane  surface  AC  of  a  refracting  medium,  and  let  FC 
be  incident  perpendicularly.  Throut^h  A  draw  GAH 
parallel  to  FCU,  which  will  be  a  straight  line,  as  the 
ray  FC  suffers  no  refraction  at  C  :  let  FA  be  refracted 
into  AB,  and  produce  B.\  backwards  till  it  meets  FD 
in  /  Now  Sin.  of  incidence,  or  Sin.  GAF:3Siii.  AFC  = 
\Vf;  and  Sin.  of  refraction,  or  Sin.  BAHnSin.  A/F. 
Hence  FA  :/A=Sin.  A/F:  Sin.  AF/=Sin.  RclVac- 
tion:  Sin.  Incidence.     If  we  now  suppose  that  the  point 


of  incidence  .\  approaches  to  C,  and  ultimately  coincides 
with  it,  FA  will  be  ultimately  equal  to  FC,  and  /.\ 
to/C;  conse(|uently  we  have  by  substitution  FC  :yc= 
Sin.  Refraction  :  Sin.  Incidence. 

When  the  rays  are  convergent  to  F,  as  in  Fis;.  12. 
it  may  be  shown  by  the  same  reasoning,  Ihat/C  :  FC= 
Sin.  refraction  :  Sin.  Incidence. 

Prop.  XII. 

When  diverging  or  converging  rays  are  transmitted 
neiirly  perpendicularly  through  a  medium  with  parallel 
plane  surfaces,  the  distance  beiween  the  foci  of  incident 
and  emergent  rays  is  to  the  thickness  of  the  medium,  as 
the  difference  of  the  sines  of  incidence  and  refraction  is 
to  the  sine  of  incidence  on  the  first  surface. 

Let  MN,  Fig.  13.  be  the  medium,  and  FA,  FC,  di- 
verging rays  incident,  as  in  Prop.  XI.  upon  the  first 
surface  AC.  Let  T  be  the  point  where  the  first  re- 
fracted ray  AB  produced  cuts  FC  produced,  and  y  the 
point  where  the  second  refracted  ray  BD  produced  cuts 
FC. 

Since  by  Prop.  V.  FA  is  a  parallel  to /B,  we  have 
TA  :  ABzzTF:  T/;  and  on  account  of  the  parallelism 
of  AC,  Be;  TA:  ABz^FC:  C  c,  consec|ueiuly  TF^ 
F/=TC  :  Cc,  and  TF  :  TC=F/:  C  e.  But  by  Prop. 
XI.  FC  :  TCziSin.  refraction  :  Sin.  Incidence  ;  and  by 
Geometry,  Prop.  V.  FT  :  TC  =  Sin.  Incidence  — 
Sin.  Refraction  :  Sin.  Incidence  ;  hence  by  substitu- 
tion, F  /  :  Cc^Sin.  Incidence  —  Sin.  Refraction: 
Sin.  Incidence. 

If  the  rays  are  incident  in  the  direction  DB,  so  as  to 
converge  to  y,  their  focus  will  be  F ;  and  therefore  the 
same  result  will  be  obtained  as  in  the  last  case. 

Scholium. 

This  proposition  will  be  found  of  great  use  for  many 
practical  purposes  in  optics.  The  Duke  de  Chaulnes 
employed  it  as  a  method  of  determining  the  refraciivc 
power  of  glass  in  the  following  manner.  Lot  MN,  Fig. 
14.  be  a  plate  of  glass  with  parallel  surfaces.  A  mi- 
croscopic object  placed  at  A  will  send  out  rays  to  F  and 
D,  where  they  will  be  refracted  into  the  lines  FG,  DE, 
as  if  they  had  proceeded  from  C,  which  is  now  iheir 
focus.  If  the  refractive  power  of  the  glass  is  small,  C  A 
will  be  small,  and  it  will  increase  with  the  refractive 
power.  By  means  of  a  compound  microscope  and  ac- 
curate micrometers,  the  Duke  de  Chaulnes  measured 
the  distance  AC  in  fifteen  different  kinds  of  glass,  and  by 
comparing  it  with  the  thickness  .AB  of  the  plate,  he  ob- 
tained the  ratio  of  the  sines  of  incidence  and  refraction. 
In  Crown  glass,  for  example,  when  AB  was  2  78  of  an 
inch.  AC  was  1.85;  and  in  Flint  glass,  when  AB  was 
2.42,  BC  was  1  52.  See  the  Memoirs  of  the  Academy  of 
Sciences.  1767.pagfe  431. 

Dr.  Bre«ster  has  employed  the  same  principle  in  the 
construction  of  single  microscopes  made  of  thick  pieces 
of  glass,  for  the  purpose  of  removing  the  place  of  the 
object  farther  from  the  eye,  and  for  other  purposes; 
and  he  has  suggested  it  as  of  great  use  in  many  optical 
experiments,  when  it  may  be  required  for  temporary 
purposes  to  increase  or  diminish  the  convergcncy  or  di- 
vergency of  rays. 
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Sect.  III. — On  the  Refraction  of  Rays  by  Bodies  loith 
Sflherical  Surfaces. 

Ptop.  XIII. 

When  parallel  rays  fall  nearly  perpendicularly  upon 
a  spherical  surface,  ihe  distance  of  the  focus  of  refracted 
rays  from  the  surface  is  to  its  distance  from  the  cen- 
tre of  the  sphere  as  the  sine  of  incidence  is  to  the  sine 
of  refraction. 

Let  DA  GC,  Fig.  15.  be  two  parallel  rays  incident 
upon  iht  convex  surface  ACB  of  any  medium,  one  of 
which  GC  passes  through  E,  the  centre  of  the  spherical 
surface.     Having  joined  EA  and  produced  it  to  H,  and 


having  also  produced  DA  to  K,  then  DAH  will  be  the 
angle  of  incidence,  and  EAF  the  angle  of  refraction  of 
the  ray  DA.  Now  in  all  the  four  cases  represented  in 
Figs.  15,16,  ir,  and  18,  the  angle  AEF  is  equal  either 
to  the  angle  ol  incidence,  or  to  its  supplement,  and  EAF 
is  equal  cither  to  the  angle  of  refraction  or  its  supple- 
ment; consequently,  Sin.  AEF^Sin.  angle  of  incii'iicr, 
and  Sin.  EAF^Sin.  rel'iaction.  Hence  FA  :  FF. — 
Sin.  AEF  :  Sin.  EAF^Sin.  Incid.  :  Sin.  Refrac.  If  we 
now  suppose  the  point  A  to  approach  to  C,  it  will  ulti- 
mately coincide  with  it,  and  FA  will  ultimately  be  equal 
to  FC ;  consequently,  by  substituting  FC  in  place  ot 
FA,  we  have  FC  :  FE^:Sin.  incidence  :  Sin.  refraction 
Cor.  1.  Since  by  the  proposition  we  have, 


FC  :  FE— Sin.  incidence  :  Sin.  refraction  ;  we  have. 
By  Geom.  Prop.  VI.  p.  212,  FC  :  CE— Sin.  incidence  :  Sin.  incidence — Sin.  refraction,  and, 

FE  :  CE— Sin.  refraction  :  Sin.  incidence — Sin.  refraction. 


Cor.  2.  If  upon  E  as  a  centre  with  the  radius  EF,  Fig. 
16,  we  describe  an  arch  of  a  circle  FH,  then  H  will  be 
the  locus  of  parallel  rays  incident  in  the  direction  5'EA, 
for  these  rays  are  incident  under  precisely  the  same 
circumstances  upon  the  spherical  surface  as  the  rays 
passing  along  GEC.  In  like  manner,  parallel  rays 
passing  through  the  centre  E,  and  incident  upon  any 
part  of  the  spherical  surface,  will  have  their  focus  in  a 
circle  HF,  described  round  E  as  a  centre,  and  with  EF 
as  a  radius. 

Hence  it  follows  that  rays  diverging  from  H,  or 
any  point  of  the  circle  HF,  will  be  refracted  parallel  to 
HE. 

CoH.  3.  The  Focus  F  of  refracted  raysis  farthest  from 
the  spherical  surface  when  the  point  A  coincides  with  C. 
Let  the  geometrical  focus  be  at/,  Fig.  16,  and  m  the 
index  or  ratio  of  refraction  ;  then,  by  Cor.  1. 

yE  :  CE— m  :  m  —  1.     But, 
FE  :  FA— m  :  1      Therefore, 

FE  :  FE—FAi^m  :  m— 1.     Hence, 

/E  :  CE  zzFE  :  FE— FA. 

But  FE — FA  is  less  than  EA  or  EC  ;  and,  therefore, 
FE  is  less  than  /E.  The  point  F  is  consequently 
nearer  to  the  spherical  surface  than  /.  The  distance 
Vf,  or  the  difference  of  the  distances  of  the  focus  of  re- 
fracted rays  incident  at  A  and  C,  is  called  the  sflherical 
aberration,  or  the  aberration  of  figure,  or  sfihericity,  and 
■will  be  more  fully  illustrated  in  a  subsequent  section. 

Def.  The  distance  FC,  or  the  distance  of  the  focus 
of  refracted  rays  from  the  spherical  surface,  when  the 
incident  rays  are  parallel,  is  called  the  firincifial  fbcal 
distance  of  the  surface,  and  the  point  F  the  princijwi 
focus. 

Prop.  XIV. 

When  diverging  or  converging  rays  are  incident 
nearly  perpendicularly  upon  a  spherical  suiface,  the 
distance  of  the  focus  of  incident  rays  from  the  principal 
focus  of  rays  coming  in  the  contrary  direction,  is  to  its 
distance  from  the  centre  of  the  refractmg  surface,  as  its 
distance  from  the  surface  is  to  its  distance  from  the 
geometrical  focus  of  reli acted  rays. 

As  this  refraction  admits  of  no  fewer  than  eight  cases, 
from  the  ra\s  being  either  convergent  or  divergent,  inci- 
dent either  on  a  convex  or  concave  surface,  an>i  refracted 
either  by  a  dense  uv  by  a  rare  medium,  we  shall  t-ike 
only  the   case  represented  in  Fig.  19,  where  diverging 


rays  are  incident  upon  the  convex  spherical  surface  of 
a  dense  medium. 

Let  QA,  QC,  be  two  rays  diverging  from  the  point 
Q,  and  one  of  which  QC  is  incident  nearly  perpendicu- 
larly upon  the  refracting  spherical  surface  ACB.  Let 
E  be  the  centre  of  the  surface,  and  F  the  principal 
focus  of  refracted  rays,  incident  in  the  opposite  direc- 
tion. Upon  E  as  a  centre,  with  the  radius  EF,  describe 
the  arch  FG,  cutting  QA  in  G.  Join  EG,  and  draw 
Aq  parallel  to  GE.  Then,  by  Prop,  xiii.  Cor.  2.  rays 
diverging  from  G  will  be  refracted  parallel  to  GE, 
that  is,  in  the  direction  Ag,  consequently  the  ray  QA 
passing  through  G  will  also  be  refracted  into  Ag.  Nnw, 
on  account  of  the  parallelism  of  GE  and  Ag,  QG  :  QE 
^  QA  :  Q<7;  but  the  point  A  being  supposed  to  ap- 
proach to  C,  and  consequently,  G  to  F,  QA  will  become 
ultimately  equal  to  QC,  and  QG  to  QF :  and,  therefore, 
by  substituting  these  values  in  the  last  circles,  we  have, 
QF  :  QEziQG  :  Qy. 

Scholium. 

The  limits  assigned  to  this  article  will  not  permit  us 
to  enter  into  any  details  respecting  the  various  cases  of 
the  preceding  proposition ;  but  the  reader  will  have 
no  difficulty  in  deducing  them  from  the  case  given. 
Those  who  wish  to  study  the  subject  more  in  detail 
may  consult  Smith's  Ofitics,  vol.  i.  p  9.  Wood's  Optics, 
p.  73  ;  but  particularly.  Boscovich's  Ofiera  Pertinenlia  ad 
Ofiticam.  is'c.  torn.  i.  p.  325.  where  he  shows  the  meiiiod 
ol  determining  trigonometrically  all  the  circumstances 
connected  with  the  refraction  of  spherical  surfaces. 

The  following  general  formula,  investigated  by  the 
same  author,  will  be  found  of  great  use  in  practice,  viz. 

1   m—\    r 

-= +  —ft: 

q  a  m 

where  y— Focal  distance  of  rays  infinitely  near  the  axis. 
m— Index  of  refraction. 
0— Radius  of  the  refracting  surfaces. 
/'ZZThe  distance  of  the  radiating  point. 
The  value  of  a  is  positive  or  negative,  according   as 
the  centre  of  tiie  spherical  surface  lies  on  this  side,  or 
beyond  the  suvfare  in  respect  to  the  radiant  point.     The 
value  of  fi  is, /iQsitive  or  negative,  according  as  the  rays 
converge  or  diverge,  or  as   the  radiating  point  lies  on 
tins  sK'.e,  or  beyou.i  the  suifiice.     The  value  of  y  will  be 
positive  or  negative,  according   as  the   radiaiv    point  is 
beyond  or  on  this  side  of  the  surface,  the  refracted  ray 
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in  the  first  case  converging  to  the  axis,  and,  in  the  second, 
diverging  from  it. 

Sect.  IV.-^On  the  Refraction  of  Rays  by  Sfiherical 
Lenses. 

DEt-.  A  Ltna  is  ihc  name  given  to  a  portion  of  glass, 
or  of  any  otiicr  transparent  substance,  bounded  by  sphe- 
rical surfaces. 

1.  A  Plane  Lens,  shown  at  A,  Fig.  20.  is  a  lens  in 
which  the  centres  of  its  two  surfaces  arc  infinitely  dis- 
tant from    it. 

2.  A  S/i/terieal  Lens,  or  S/ihere,  shown  at  B,  Fig.  20. 
is  a  lens  having  the  centres  of  its  two  surfaces  coiiicidi;iit 
in  the  centre  O  of  the  spliere. 

3.  A  Double  Convex  Lens,  shown  at  C,  Fig.  20.  has 
two  convex  surfaces,  whose  centres  are  at  finite  dis- 
tances, and  the  centres  of  cnrvature  on  opposite  sides  of 
the  lens.  It  is  equally  convex,  wlien  tlie  radius  of  each 
surface  is  equal;  and  unequally  convex,  when  the  radii 
of  both  surfaces  are  unequal. 

4.  A  Double  Concave  Lens,  shown  at  D,  Fig.  20.  has 
two  concave  surfaces,  whose  centres  are  at  fiinie  dis- 
tances, and  the  centres  of  curvature  on  opposite  sides  of 
the  lens. 

5.  A  Piano-Convex  Lens,  shown  at  E,  Fig.  20.  is 
bounded  by  .>  filane  and  a  coni^ex  surface. 

6.  A  Plario-Concave  Lens,  shown  at  F,  Fig.  20.  is 
bounded  by  a  filane  and  a  concave  surface. 

7.  A  Meniscus,  shown  at  CI,  Fig.  2i),  is  bounded  by  a 
concave  and  a  convex  spherical  surface,  which  meet  if 
continued,  the  centres  of  the  surfaces  benig  on  the  same 
side  of  the  lens. 

8.  A  Concavo-Convex  Lens,  shown  at  H,  Fig.  20,  has 
one  oi  its  surfaces  concave  and  the  other  convex  ;  but 
the  convex  surface  has  a  less  curvature,  and  dues  not 
meet  the  concave  surface  if  continued. 

The  axis  of  all  these  lenses  is  a  straight  line  MN, 
passing  through  their  centre  of  figure  or  gravity,  and 
also  through  the  centres  of  their  spherical  surfaces. 
The  lenses  are  merely  represented  as  sections  in  Fig. 
20. ;  but  if  we  suppose  lliese  sections  to  revolve  round 
MN  as  an  axis,  they  will  generate  the  diffcrenl  solids 
which  they  represent,  and  of  which  they  are  sections. 

9.  Cylindrical  Lens.  This  lens  consists  of  two  cylin- 
drical segments  placed  transversely,  as  sliown  at  a  A  c  d. 
Fig.  20,  and  united  by  their  plane  surfaces.  It  has  no 
advantages  over  other  lenses,  and  is  practically  useless 
from  the  difliculty  of  executing  it. 

T!ic  effects  of  a  plane  lens  having  already  been  ex- 
plained in  Sec!.  I.  we  shall  proceed  to  investigate  the 
influence  of  all  the  other  lenses  upon  rays  incident  upon 
their  surface. 

Puop.  XV. 

AN'hen  parallel  rays  are  incident  upon  a  sphere  cither 
of  a  denser  or  a  rarer  medium,  the  ilisiance  of  their  fo- 
cus from  the  posterior  or  anteiior  surfjce  of  the  sphere 
is  one  half  the  distanre  of  the  focus  of  rays  incident  on 
the  first  surface  from  the  posterior  or  anterior  surface  of 
the  sphere. 

Let  Q.\,  QC,  Figs.  21.  22.  be  the  incident  rays,  and 
CD  a  diameter  of  the  splierc,  parallel  to  Q.^.  Let  T 
be  their  focus,  after  the  first  refraction  at  AC,  then  the 
•point  F  which  bisects  TD  will  be  their  focus  after  the 


second  refraction  at  GD.  Let  II  be  the  intersection  of 
the  incident  ray  QA,  and  the  refracted  ray  OF,  and  join 
EA  and  Fd.  Then,  since  F,\(i  is  isosceles,  the  angks 
E.AG,  EGA  «re  equal,  and  a  ray  AG  or  0.\  incident  at 
A  and  G,  at  equal  angles,  will  he  equally  refrartei'. 
But  on  account  of  the  parallels  All,  E  F,  we  have  MACJ 
ZlFG  r,  ami  U.VfJ^GTE,  consequently  G  rF:z:F(;  F, 
and  FT— FG.  When  .\  theiefore  approaches  to  C,  G 
will  coincide  with  D,  and  the  triangle  GF.F  becorncs 
evanescent,  GF  will  become  equal  to  half  the  base  GT, 
ihat  is,  DF  will  become  half ol  DT. 

CoR.  1.  Since  2FU— ID,  and  21)Er:C;i),  we  obtain 
2  ED=p=2  DEzil  l)r5=:CI).  that  is,  2  FKzrTC. 

CoH.  2.  Since  by  I'rop.  XIII.  Cor.  I.  TC:  CE— Sin. 
Incidence:  Sin.  Incidence — Sin.  Refraction,  we  have 
2  FE  :  CEzrSii).  Inri/lcnce  :  Sin.  Incidence — Sin.  Re- 
fraction, or  FE  :  CErrSin.  Incidence  :  2  Sin.  incidence 
•—2  Sin.  Refraction,     llcnce  we  have, 

Index  of  Ilcfr. 
In  a  sphere  of  Tabasheer  FE  :  CF.— 1,11145  :  0  2229 
Water         FE   :   CEziI.3.j6       :  0,672 
Glass  FE  :  CE^l.sdo       :  l.ooo 

Zircon         F"E  :   CEz:2  000       :  2.000 

When  the  index  of  refraction  exceeds  2,  the  point  F 
will  fill  vvithin  the  sphere,  and  will  coincide  with  E  wlien 
the  relracting  force  is  infinitely  great. 

Lemma. 

There  is  within  every  double  convex  or  double  concave 
lens,  a  certain  point  called  its  centre,  throngii  wliich 
every  ray  that  passes  will  have  its  incident  and  emer- 
gent parts  parallel  ;  but  in  filano-convev  or  filano-con- 
cave  lenses,  this  point  is  removed  to  tlie  vertex  of  the 
convex  or  concave  surface;  and  in  rneniacuses  and  con^ 
cavo-convex  lenses,  it  is  removed  a  little  way  out  of  them, 
and  lies  nearest  the  surface  which  has  the  greatest 
curvature. 

Let  Hr,  Fig.  23 — 26.  be  the  centres  of  the  surfaces 
A  a  of  these  lenses,  and  RE  ?•  their  axes.  Draw  any  two 
ol  their  radii  R.\,ra,  parallel  to  each  other,  and  joining 
A,  a  the  point  where  this  line  intersects,  the  axis  will  be 
the  point  E  above  described.  For  since  the  triangles 
I^EA,  r  I",  a,  arc  similar,  R.\  :  r  az::RE  :  r  E,  and  there- 
Ion-  by  CiEoM.  Prop.  IV.  or  V.  R\  -7=  r  a  :  r  a 
::iRE=p:r  E  (or  R  r)  :  r  E  ;  and  as  the  three  first  terms 
ol  this  .iiialogy  are  invariable,  the  last  r  E  must  also 
be  invariable.  Hence  it  follows,  that  to  whatever  points 
in  the  surfaces  of  the  lens  the  parallel  radii  R.\,  r  a,  are 
drawn,  the  line  A  a  produced,  if  necessary,  will  always 
cut  the  axis  R  r  in  the  same  p'<int  Fj. 

If  we  now  suppose  the  ray  A  a  to  pass  both  ways  out 
of  tlie  lens,  it  will  be  retracted  equally,  and  in  contrary 
directions;  because  R.^.r  a  being  perpendiculars  to  the 
surfaces  at  A  and  a,  the  angles  of  incidence  of  the  ray 
A  a,  or  a  A,  will  be  equal.  Consequently  AQ  will  be  pa- 
rallel to  a  q.  In  plano-convex  or  planoconcave  lenses, 
one  of  the  radii  R.\  or  r  a  becomes  infinite,  and  conse- 
quently parallel  to  the  axis  RE,  the  other  rjdius  will 
therefore  also  coincide  with  the  axis,  and  the  points  A, 
E,  or  a,  c,  will  coincide  in  the  vertex  of  the  convex  or 
concave  surface. 

Cor.  When  the  thickness  of  a  lens  is  inconsiderable, 
and  when  a  ray  falls  nearly  perpendicularly  upon  it,  the 
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path  of  the  ray  through  E,  viz,  QAL"  a  </  iiiay  be  taken 
as  a  straight  line  passing  th;<nij;li  the  centre  E  of  the 
lens;  foi-  the  perpendicular  dibtance  of  AQ  and  a  q  di- 
minishes both  with  the  tliickiiess  oi  the  lens,  and  with 
the  oblitjuity  of  the  ray  to  the  axis. 

Prop.  XVI. 

To  find  the  principal  focus,  or  the  fncus  of  parallel 
rays  fahin;;  perpendicularly  upon  a  lens  whose  thickness 
is  incon=,iclLrable. 

In  the  six  difPercnt  kinds  of  lenses,  shown  in  Figs. 
1 — 6.  let  E  be  tlieir  centre,  R  r  their  axis,  passing 
through  the  centres  R,  r  of  their  surfaces.  Let  g  EG 
be  a  line  parallel  to  the  rays  incident  upon  the  surface 
B.  Draw  the  radius  IJR  parallel  to^  E,  and  in  BR  pro- 
duced let  V  be  the  focus  of  the  rays  after  their  first  re- 
fraction at  the  surface  B,  and  havinij  joined  V  r.  the 
point  G  where  it  cuts  g  E  will  be  the  focus  of  rays  re- 
tracted by  the  lens.  Since  V  is  the  focus  of  the  rays 
incident  upon  the  second  surface  A,  the  refracted  rays 
must  have  their  focus  in  some  point  of  the  line  V  r, 
drawn  throuv^h  r  perpendicular  to  that  surface,  conse- 
quently the  focus  of  all  the  ra)s  must  beat  the  intersec- 
tion G  of  the  ray  g  EG  with  the  ray  V  r. 

CoR.  1.  If  the  inclination  of  the  incident  rays  to  the 
axis  of  the  lens  is  gradually  diminished  till  they  become 
parallel  to  it,  the  focal  distance  EF  will  be  equal  to  EG. 
In  passini;  from  GE  to  FE,  the  first  and  second  foci  V 
and  G  will  describe  circular  arcs  VT,  GF,  having  their 
centres  in  R  and  E.  For  as  RV^  is  to  RB,  as  the  lesser 
of  the  sines  of  incidence  and  refraction  is  to  their  differ- 
ence, the  line  EG  will  be  invariable,  being  to  the  given 
line  RV  in  the  given  ratio  o!  r  E  to  r  R,  on  account  of 
the  similar  triangles  EG  r,  RV  r. 

CoR.  2.  The  following  rule,  for  determining  the  focal 
distance  of  a  thin  lens,  is  deducible  from  the  siniilariiy 
of  the  triangles  EG  r,  RV  r.  Aj  the  interval  between 
the  centres  of  the  surfaces,  or  R  r,  is  to  the  radius  of 
the  second  surface  r  E,  so  is  the  continuation  of  the  first 
radius  to  the  first  focus,  viz.  RV'  or  RT,  to  the  focal  dis- 
tance of  the  lens  EG  or  EF,  which  must  be  on  the  same 
side  as  the  emergent  rays,  if  the  lens  is  thicker  in  the 
middle  than  at  its  edges,  and  on  the  opposite  side,  if  it  is 
thinner  in  the  middle  ;  that  is, 

Rr  :  r  EziRT  :  EF  ;  and  EFz:'^— • 

R  r 

CoR.  3.  The  distance  of  the  principal  focus  of  a  lens 
from  its  centre  F.  is  the  same  on  each  side  of  the  lens, 
that  is,  EF  and  E /"  are  equal,  when  rays  fall  on  both 
sides  of  the  lens.  Continue  E  r  to  f,  the  first  focus  of 
rays  falling  parallel  upon  the  surface  ;  and  since  r  R  : 
r  E  ~  RT  ~  EF,  we  shall  for  the  same  reason  have 
rR  :  RE^r?  :  E/".  Consequf ntly,  since  the  rectan- 
gle under  r  E  RT,  and  also  RE,  r  r,  are  equal,  we  shall 
have  E/~  EF  ;  for  r  E  :  r  r,  and  RE  :  RT,  in  the  same 
given  ratio. 

CoK.  4.  The  focal  length  of  a  double  convex  or  double 
concave  lens  of  ^7a.s«,  whose  index  of  refraction  is  1  500, 
is  equal  to  the  radius  of  the  surface.  Since  by  Prop. 
XIII.  Cor.  2.  BR  :  RV  =  Sin  Incid.— Sin.  Refract.: 
Sin.  Incid.  that  is,  BR  :  RVnl.S — 1  :  1  ZZO.d  :  Irr 
1  :  2,  and  RV:32  BR.  But  because  BRnA  r,  we  have 
A  r  :  BR  -f  A  r  :  1  :  2  IT  RV  :  EG  =  2  BR  :  EG.  Con- 
sequently, EG  =  BR. 

Cor.  5.  In  filano-convejc  and  filano-concave  lenses  of 


glass,  the  focal  length  is  equal  to  tiie  diameter  of  the 
spherical  stirfarc  ;  in  this  case  the  centre  r  of  the  plane 
surface  is  iniini;!  U  distant,  and  V  r  is  parallel  to  ER. 
Consequently  Gl.UV  is  a  parallelogram,  and  EG—  RV 
=:  2  BR. 

CoH.  6.  In  Zircon,  Sul/i/iur,  and  other  bodies,  whose 
index  of  refraction  is  2.000,  it  may  be  shown  by  the  same 
reasoning  as  in  the  two  preceding  corollaries,  that  the 
focal  length  of  double  convex  and  double  concave  lenses 
is  equal  to  half  t be  radius  of  either  surface,  and  that  in 
plano-convex  lenses  it  is  equal  to  the  radins  of  the  sphe- 
rical surface. 

Proi'.  XVII. 

When  diverging  or  converging  rays  are  incident  upoir 
a  spherical  lens,  to  find  the  focus  of  eniergent  rays. 

Let  a  pencil  of  rays  diverge  from  a  radiant  point    Q, 

Figs.  7,  8,  9,  10,  and  fall  upon  a  lens  or  sphere  whose 

centre  is  E.  Let  F  be  the  focus  of  parallel  rays  incident 

upon    the   lens   in   the    opposite    direction ;    then    make 

Eyn  EF,  anti  say,  as  QF  :  FE—  Y.f  -.fq,  which  gives 

FE  X  E/" 
f  q  — — -— -; — .    L,t\.fq  thus  found  be  set  in  the  oppo- 

site  Way  from/  that  Q  is  from  F,  and  the  point  q  will  be 
the  focus  of  refracted  rays. 

L'^pon  E  as  a  centre,  and  with  the  radius  EF  or  Ey 
describe  the  arches  FG,/^-,  cutting  any  ray  Q.^  q  in  G 
and  g,  and  join  EG  and  E  g.  Then,  supposing  rays 
such  as  G.\  to  diverge  from  G,  the  convergent  rays  a, J- 9 
will,  by  Prop.  XIII.  Cor.  2.  be  parallel  to  GE,  and  the 
triangles  QGE,  qg'E,  will  be  similar.  Hence  QG  :  GErz 
E^"  :  g  q.  But  if  we  suppose  QA  to  approach  gradual- 
ly to  QE,  qa  will  also  approach  to  q  E,  and  we  shall 
uUimaiely  have  QG  =  QF,  GE=  FE,  EG  :=  E/,  and 
g  q  — f  q.  Consequently  we  have  ultimately,  or  lor  rays 
near  QE  q,  QF  :  FE  =  ^f:fg- 

CoR.  1.  When  Q  approaches  to  F,  so  as  to  coincide 
with  it,  the  refracted  or  convergent  rays  become  paral- 
lel, or,  which  is  the  same  thing,  q  recedes  to  an  infinite 
distance;  and  when  Q  passes  to  the  other  side  of  F,  the 
focus  q  will  also  pass  to  the  other  side,  or  to  the  same 
side  with  F. 

Cor  2.  On  account  of  the  similarity  of  the  triangles 
QGE,  QAy,  QG  :  QEnQA:  Q?,  or  ultimately  QF  : 
QE^iQCiQy. 

CoR.  3.  Since  in  the  analogy  QF  :  FE^Eyiy^, 
the  middle  term,  or  the  rectangle  under  FE  and  Eyis 
invariable,  the  distance y  7  varies  reciprocally  as  FQ, 
and  the  points  q,  Q  lie  in  opposite  directions  fiomy  and 
F. 

CoR.  4.  When  the  foci  Q  q  lie  on  the  same  side  of 
the  lens,  if  the  incident  rays  diverge  from  Q,  the  re- 
fracted rays  will  also  diverge  from  q  ;  and  if  the  inci- 
dent rays  converge  to  Q,  the  refrac'.ed  rays  will  also 
converge  to  q.  \\'hen  Q  and  q  are  on  opposite  sides  of 
the  lens,  the  contrary  will  happen.  The  points  Q  and  g 
are  called  the  Conjugate  Foci. 

Scholium. 

As  our  limits  will  not  permit  us  to  enter  into  any  far- 
ther details  on  this  branch  of  the  science,  we  shsU  lay 
before  our  readers  the  formulae  for  the  foci  of  lenses,  as 
deduced  analytically  by  the  celebrated  Dr.  Halley. 


640  OPTICS. 

In  these  iormulic  wc  have  ?  =  the  radius  of  the  surface  next  the  image. 

w  :  n  ZZ  the  ratio  of  refraction.  t  =:  thickness  of  the  Lens, 

rfn  distance  of  the  object,  or  of  the  radiant  point.  /  =  focal  length  of  the  Lens, 
r  ~  the  radius  of  the  surface  next  the  object. 


General  Formula, 

m  /i  tl  r  f  —  nd^t  +  nfir^  t 

m  dr  +  m  cl  ^  —  m  fi  r  ^  —  m  —  n.d  t  -\-  nr  t' 

\2dr^ 3(/f '  +  9rf  r  For  Ifaffr,  whose  index  ofrefraction  is  nearly  1.3333,  or 


-'— 4rir+ 4(/f  —  12  rf  — c/i  +  3r<'  m  :  n_4  :  3 

/•_!         o  <  rf       ~  c  f — -j- f — ^ p^j,  Qi^g^   whose  index  is  1.500,  or  m  :  ri=3  : 

3(/r+3(/?  —  6rf  —  dt  +  2rt 

f  — 3 i — — ^ — ^!—^ — i .     For  Diamond,  whose  index  is  2.500. 

•'       5(/r+5(^?—  3°'-?  —  3  d  C  -\-  2  r  c 

Formula  ivhen  the  Thickness  of  the  Lens  is  omitted. 

''     '^  ^ .     For  c/iDer^'iwi' rays,  which  becomes/ =—-—^  for  ^ara//f/ ray*. 


■^        dr  +  d  f — fl  r  f  0/7  ^^  ^ 

/■  = — •.     For  Glass,  whose  index  of  refraction  is  1.500. 

•'        d  r  +  d?  —  2  r^ 

^^—  2  d  T  p 
-}.y  = -— — .     For  converging  rays  falling  on  a  double  convex  lent  of  glass. 

2  dr  ^  For  diverging  rays  falling  on  a  meniscus  of  glass,  f  being  positive  when  2  r  j 

J  = il,-   \   d  p  II.  2  re  '*  '^**  ''^^"  ''  '' —  "^  ?>  otherwise  negative, 

+  2  rf  r  f  For  converging  rays  falling  on  a  meniscus  of  glass,  f  being  positive  when 

f  ~i   dr dp  +  2  re'  <^  ?  —  rfr  is  less  than  2  r  f ,  but  if  greater,/ is  negative. 

—  2  rf  r  f  For  converging  rays  falling  on  a  double  concave  lens  of  £■ /ass, /being  always 

/•^  1   (1  r  +  d  p—  2  r  p  negative,  excepting  when  2  r  j  exceeds  d  r  -{-  d  ^. 

_  f— .     For  diverging  rays  fallin?  on  a  double  concave  lens  of  elass. 

•'      dr  +d  ^  +  2r^  sa/  b  & 

/— — .    For  diverging  rays  falling  upon  z  plano-convex  lens  oi  glass. 

f— — .     For  diverging  rays  falling  on  an  equally  double  convex  lens  of  glass. 

•'       2  d  —  ji  r  00. 

f'^\pr.     Vox  parallel  rays  falling  on  the  last  lens  of  glass. 

d  — — .     To  find  d  the  distance  of  the  object. 

rf+?f—/"-^ 

e  — V ;..     To  find  e  one  of  the  radii. 

ti  — — ? — zz  -  }—.     To  find  the  Index  or  ratio  of  refraction. 

'        m  —  n       d  ^r  •\-f^r 

Before  we  conclude  this  section  on  the  focal  lengths  wards   1,  and   put   the   numbers   \,  ^,  i,  4,  See.   to  the 

of  lenses,  we  shall  describe  the  method  employed  by  points   of  division,  as   in  Fig.   11.     Thini;s   bcinp:  thus 

Dr.  Smith  for  illustrating  experimentally  the  motion  of  prtparcd,  darken  the  room,  and  place  a  candle  at  Q  over 

conjugate  foci  along  the  axis  of  a  lens.  the  mai  k  I.     Tlic  rays  transmitted  tlirough  the  lens  will 

Having  determined  the  focal  distance  EF  of  a  con-  converge  at  <?  upon  a  piece  ot  pajier  held  over  the  op- 
vex  lens  of  glass  E,  Fig.  1 1.  and  fixed  it  on  a  thin  piece  posite  mark  I .  If  the  candle  is  removed  to  II,  and  the 
of  wood  CE,  placed  vertically  on  a  long  table  or  lloor,  paper  to  ^•■,  the  rays  will  tl;.;ru  also  be  converged  into  a 
draw  a  long  line  AB  perpendicular  to  tlie  board,  and  distinct  image  ;  and  in  like  manner  it  will  be  found, 
through  the  point  C,  and  on  this  line,  lay  down  the  fo-  that  when  the  candle  is  r,t  III,  the  disiinct  imai;e  will  be 
cal  distance  of  the  glass  from  C  to  F,  and  set  the  same  at  ^,  at  IV,  and  1,  kc.  the  offecl  remaining  exactly  the 
distance  from  F  to  I,  I  to  II,  1!  to  111,  &c.  and  also  on  same  if  the  paper  and  tl'.e  candle  be  made  to  change 
the  other  side  of  C  from  C  to/  IVom/to  1,  1  to  2,  2  to  places  Hence  it  is  obvious  that  f  g  varies  reciprocally 
3.  Let  5,  T,  i.  7-  &c.  of  the  focal  distance  be  next  as  FQ ;  thAi  is,  it  increases  in  the  same  proportion  as 
taken,  and  set  from  F  towards   I,  and  also  from  /  to-  FQ  increases,  and  vice  versa. 
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Si-XT.  V. —  On  the  Refraction  of  Kaya  to  a  single  Point 
by  Ellifttical,  and  HijjierbuUcal,  and  other  Ltnsts. 

l-'roni  the  truths  demonstraleil  in  the  two  precedini^ 
sections,  it  is  manifest  that  those  rays  which  are  inci- 
dent near  the  axis  of  a  lens,  or  of  a  spherical  surface, 
are  converged  to  a  different  focus  from  those  which  fall 
at  a  distance  from  the  axis.  This  error,  or  deviation  of 
the  rays  from  a  mathematical  point,  is  called  the  S/iheri- 
cal  Aberration. 

As  the  convergence  of  the  incident  rays  to  one  focus 
is  essentially  necessary  to  the  perfection  of  images 
formed  by  optical  instruments  of  all  kinds,  it  has  been 
proposed,  as  we  have  already  seen  in  the  History  ol 
Optics,  to  use  lenses  generated  by  the  revolution  of  the 
ellipse  or  hyperbola.  In  compound  lenses,  whose  dia- 
meter is  considerable,  the  accurate  convergence  of  the 
rays  may  be  effected  by  a  proper  adjustment  of  the  sur- 
faces of  spherical  lenses,  as  will  be  afterwards  shown  ; 
but  this  mode  of  producing  an  exact  convergence  of  the 
rays  to  a  single  iocus  is  impracticable  in  small  lenses, 
such  as  are  used  in  microscopes  and  eye-pieces  ;  and 
therefore  we  have  no  doubt  but  that  the  ingenuity  of 
opticians  will  again  be  turned  to  the  construction  of  el- 
liptical and  hyperbolical  lenses,  the  theory  of  which  we 
shall  now  proceed  to  explain. 

Prop.  XVIII. 

A  meniscus  has  the  property  of  refracting  all  con- 
verging rays  if  its  first  surface  is  convex,  or  all  diverg- 
ing rays  if  its  first  surface  is  concave,  to  a  single  focus, 
provided  the  distance  of  the  radiating  point  from  the 
centre  of  the  first  surface  is  to  the  radius  of  the  first 
^surface,  as  the  sine  of  the  angle  of  incidence  is  to  the 
sine  of  the  angle  of  refraction. 

Let  MADN,  Fig.  12.  be  a  meniscus,  and  QABC, 
Q'A'B'C  rays  converging  to  the  point  C  Take  the 
point  F,  so  that  CE  :  EA  ~  Sin.  Incidence  :  Sin.  Re- 
fraction, and  from  F,  with  any  radius  FB  less  than  FA, 
describe  the  circle  MBB'N,  the  rays  QA  Q'A,  and  all 
others,  will  be  refracted  accurately  to  the  point  F,  so 


that  the  lens  is  entirely  free  of  spherical  aberration. 
Since  Sin.  Incidence:  Sin.  RefractionzzCE  :  EA=Sin. 
CAE:  ACE,  and  since  CAE  is  equal  to  the  angle  of 
incidence,  ACE  must  be  equal  to  the  angle  of  refrac- 
tion, that  is,  to  EAC.  But  the  angle  AEC  is  common 
to  the  two  triangles,  ACE,  AFE,  consequently  the  tri- 
angles are  similar,  and  CE  :  EA^:EA  :  EF  ;  and  as  the 
three  first  terms  of  this  analogy  are  constant,  EF  is 
also  constant,  and  all  the  refracted  rays  will  meet  the 
axis  in  the  same  point  F.  But  as  these  rays  converge 
to  F  the  centre  of  the  spherical  surface  MBX,  they  will 
fall  perpendicular  upon  that  surface,  and  will  therefore 
pass  on  to  F  without  suffering  any  farther  change  in 
their  direction. 

When  diverging  rays  fall  under  similar  circumstances 
upon  the  concave  surface  of  a  lens,  the  proposition  is 
proved  in  the  very  same  manner. 

Piiop.  XIX. 

If  a  lens  has  its  anterior  surface  part  of  a  prolate 
spheroid  formed  by  the  revolution  of  an  ellipse,  whose 
greater  axis  is  to  the  distance  between  its  foci  as  the 
sine  of  incidence  is  to  the  sine  of  refraction,  and  if  the 
other  surface  is  concave,  and  part  of  a  sphere  whose 
centre  is  the  farther  focus  of  the  spheroid,  a  pencil  of 
rays,  parallel  to  the  axis  of  the  spheroid,  will  be  re- 
fracted, so  as  to  converge  accurately  to  the  farther  focus 
of  the  spheroid. 

Let  PDQ,  Fig.  13.  be  the  lens,  whose  anterior  sur- 
face PDQ  is  part  of  a  prolate  spheroid,  generated  by 
the  revolution  of  the  ellipse  PDQK.  about  it  major  axis 
DK,  having  II  and  I  for  iis  foci,  and  let  is  posterior 
surface  PQ,  placed  at  any  distance  between  D  and  I, 
have  I  for  its  centre,  the  rays  AB,  MD,  parallel  to  the 
axis  DK,  will  be  refracted  accurately  to  the  focus  I. 
Having  joined  IIB,  IB,  draw  EBC,  touching  the  gene- 
rating ellipse  in  B,  and  through  B  draw  GBL  perpen- 
dicular to  EBC,  and  cutting  DK  in  N.  Since  by  the 
nature  of  the  ellipse,  fCoNic  Sections,  Prop,  viii  ) 
HBC  iz  IBE,  and  NBC  :=.  NBE,  we  have  HB\=r 
INB,  and  by  Geometry,  Prop.  XVII. 


Geom.  Prop.  IV. 
Geom.  Prop.  III. 
But  by  hypothesis 

But 


IB  :  BH  =  IN  :  NH, 

IB  :  IB  -f  BH  (DK)=IN :  IH,  and 

IB  :  IN=:DK:  III 

DK  :  IH  =  Sin.  Incidence  :  Sin.  Refraction,  hence 

IB  :  IN  ZZ  Sin.  Incidence  :  Sin.  Refraction, 

IB  :  IN  =  Sin.  INB  :  Sin.  IBN  =  Sin.  BNH  or  Sin.  ABG  :  Sin.  IBI. 


Consequently,         Sin.  ABG  :  Sin.  IBL  =  Sin.  Incidence  :  Sin.  Refraction. 


But  Sin.  ABG  is  the  Sine  of  incidence,  consequently 
Sin.  IBL  is  the  Sine  of  refraction,  and  BI  is  the  ray 
refracted  by  the  speroidal  surface  PDQ.  But  since 
PQ  is  a  spherical  surface,  whose  centre  is  I,  the  ray 
BI  will  fall  perpendicularly  upon  it,  and  will  therefore 
pass  on  to  I  without  suffering  any  farther  refraction. 

In  the  very  same  manner  it  may  be  shown,  that 
every  other  ray  of  a  pencil,  parallel  to  AB,  will  be  re- 
fracted to  the  same  point  I. 

The  same  property  may  be  shown  by  similar  reason- 
ing to  belong  to  a  concave  lens,  whose  first  surface 
MKN,  Fig.  13.  or  that  which  receives  the  parallel  rays 
AB,  is  part  of  a  prolate  spheroid  ;  but  the  second  sur- 
face OR  must  be  spherically  convex,  and  have  II  for  its 
centre. 
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Cor.  Rays  diverging  from  I,  will,  after  refraction 
through  the  lens,  be  parallel  to  ID. 

Prop.  XX. 

If  a  lens  has  its  posterior  surface  part  of  a  hyperbo- 
loid,  formed  by  the  revolution  of  a  hyperbola,  whose 
greater  axis  is  to  the  distance  between  the  foci,  as  the 
sine  of  incidence  is  to  tlie  sine  of  refraction  ;  and  if  the 
other  surface  is  plane,  a  pencil  of  rays  parallel  to  the 
axis  of  the  spheroid  will  be  refracted  so  as  to  converge 
accurately  to  the  farther  focus  of  the  spheroid. 

Let  PDQ,  Fig.  14.  be  the  lens,  whose  posterior  sur- 
face PDQ  is  part  of  a  hyperboloid,  (generated   by  the 
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revolution  of  the  iiyperbola  PBDQ,  about  its -major 
axis  DK,  having  H  and  I  for  iis  foci,)  and  whose  other 
surface  PQ  is  plane,  and  perpendicular  to  DK,  the  pa- 
rallel rays  AB,  Ml),  will  be  refracted  to  its  farther  focus 
I.  Havin;,'  joined  HJi,  IB,  then  by  consuucting  the 
diagram  as  in  Prop.  XIX.  it  may  be  shown  l)y  almost 
the  same  steps  that  the  ray  AB,  which  suffers  no  re- 
fraction at  all,  by  fulling  at  right  angles  upon  the  plane 
surface  PQ,  will  be  relracied  by  the  hyperboloidal  sur- 
face to  the  focus  I. 

The  same  property  may  be  shown  to  belong  to  a 
piano  concave  lens  P'  Q'  g  ft,  having  one  hyperbolic 
surface  P'KQ',  and  a  plane  surface  fi  y,  upon  which  the 
incident  rays  fall  perpendicularly. 

Prop.  XXI. 

To  determine  the  figure  of  a  refracting  surface  which 
shall  refract  accurately  to  one  point  all  the  incident 
lays. 

Let  A,  Fig.  15.  be  the  point  from  which  the  rays  AK, 
AD  diverge,  B  the  focus  in  which  it  is  required  to  unite 
them  after  refraction,  and  let  D  be  taken  at  pleasure  as 
the  summit  of  the  surface  which  is  to  refract  them. 
From  A  and  B,  as  centres,  and  with  the  radii  AD,  BK, 
describe  the  circles  DX,  KY,  then  they  will  all  meet  in 
one  point  B,  provided  the  curve  KGD  is  such  that  lines 
AK,  K3,  drawn  from  any  point  K,  have  such  a  ratio 
that  the  excess  of  AK  above  AD  or  KX,  shall  be  to 
thai  of  BD  above  BK,  or  DY,  as  the  sine  of  incidence 
is  to  the  sine  of  refraction.  Take  the  point  G  infinitely 
near  K,  so  that  K  G  may  be  considered  as  a  tangent  to 
the  curve  at  the  point  K,  and  draw  ZKH  perpendicular 
to  it,  so  that  AKZ  will  be  the  angle  of  incidence,  and 
BKfl  the  angle  of  refraction.  Now,  since  in  every  point 
of  the  curve  the  difference  between  AK  and  AD  is  to 
the  difference  between  BD  and  BK,  in  the  same  ratio, 
the  difference  of  lines  infinitely  near  to  KA,  viz.  AG 
and  BG  will  be  in  the  same  ratio ;  that  is,  GQ  :  GL 
=»  :  Sin.  Incidence.  Sin.  Refraction;  but  LGQ,  and 
GKQ,  are  respectively  equal  to  AKZ  and  BKH,  the 
angles  of  incidence  and  refraction  ;  consequently  KL 
and  KQ,  which  are  the  sines  of  tlie  angles  LGQ,  GKQ, 
being  to  one  another  as  the  sine  of  incidence  to  the  sine 
of  refraction,  it  follows  that  the  sines  of  the  angles  AKZ 
and  BKH  are  in  the  same  ratio,  and  therefore  that  KB 
is  the  refracted  ray  when  AK  is  the  incident  ray. 

In  order  to  describe  this  curve,  viz.  KD,  Fig.  16. 
take  in  the  line  AB  any  point  C,  and  let  CD  be  divid- 
ed at  the  point  E,  in  such  a  manner  that  DE  :  DC,  as 
the  sine  of  refraction  is  to  the  sine  of  incidence.  From 
ihe  point  A,  and  with  AC  as  radius,  and  from  the  point 
B  with  the  radius  BE,  describe  circles  C  c,  E  c  and 
their  intersection,  or  the  point  K,  will  be  a  point  in 
the  curve  required;  for  it  is  obvious  that  AK  will 
decrease,  and  BK  increase,  in  such  a  manner  that  their 
respective  increments  and  decrements  will  be  in  the 
same  ratio  as  DC  and  DE,  which  is  the  property  found 
in  the  proposition.  Sec  Newton's  Lecliones  0/tlica:, 
part  i  sect  iv.  Prop,  xxxiv.  p.  141.;  Montucla's  //;»- 
coire  des  Mat/iematigues,  &c.  torn.  ii.  p.  260  and  266  ; 
nnd  Huygens's  Traiie  de  la  Lumiere,  p.  111. 

Prop.'XXIL 
To  determine  the  figure  of  one  side  of  a  lens,  which 


shall  refract  incident  rays  accurately  to  one  focus,  when 
the  other  side  of  the  lens  is  given,  and  is  such  that 
tangents  can  be  drawn  to  it. 

Let  the  figure  of  the  given  surface  be  such  as  is  ge- 
nerated by  the  revolution  of  the  curve  KAK,  Fig.  1". 
round  the  axis  AV,  and  let  this  surface  AK  receive  the 
rays  diverging  from  the  point  L.  Let  AB,  the  thick- 
ness of  the  lens,  be  also  given,  and  let  F  be  the  focus 
to  which  all  the  rays  are  to  be  accurately  converged, 
whatever  may  have  been  the  refraction  of  the  first  sur- 
face AK. 

If  LG  is  one  of  the  rays  incident  at  G,  its  refracted 
ray  GV  will  be  deterrahied  by  means  of  the  index  of  re- 
fraction of  the  medium,  and  a  tangent  drawn  to  the 
curve  at  G.  We  must  therefore  find  in  the  line  GV  a 
point  D,  so  that  FD-f  7;ixDG  shall  be  equal  to  a  given 
line  ;  and  in  like  manner  for  any  other  ray  LM,  refract- 
ed into  MO,  we  must  find  a  point  N,  so  that  FN-f-7nx 
MN  shall  be  equal  to  the  same  given  line,  m  represent- 
ing the  index  of  refraction.  For  the  dcmonstraiion  of 
this  proposition,  which  is  not  of  much  practical  utility, 
we  must  refer  the  reader  to  Huygens's  Traiic  dc  la  Lu- 
miere, p.  114,  lis. 


Sect.  VI. — On  the  Formation  of  Images   by  Plane  and 
Spherical  Lensca. 

Prop.  XXIII. 

The  image  of  any  object  formed  by  a  plane  lens  is 
equal  and  similar  to  the  object,  and  in  a  similar  situa- 
tion on  the  same  side  of  the  lens. 

Let  A  a  A  B  be  a  plane  lens,  PQ  the  object,  and  PA, 
PC,  two  rays  from  P,  incident  upon  the  lens,  and  QB, 
QC,  two  rays  from  Q,  incident  upon  the  lens.  The  rays 
PA,  QB,  being  supposed  to  fall  perpendicularly,  will 
pass  on  unrefracted  to  a  and  b,  but  the  rays  PC,  and 
QC,  will  be  refracted  at  C  in  the  direction  C  e,C  d,  and 
will  again  be  refracted  at  the  second  surface,  so  as  to 
emerge  at  U  and  e,  parallel  to  PC  and  QC,  as  if  they 
had  come  from  the  points /;  and  y,  determined  by  draw- 
ing e  /I  and  d  ij  parallel  to  PC  and  QC.  As  l!ie  distances 
V  p  and  Q  (j  depend  solely  upon  the  thickness  of  the 
glass,  and  upon  its  refractive  power,  these  will  be  in- 
variable for  the  different  points  of  the  object,  and  con- 
sequently p  rj  will  be  equal  and  parallel  to  PQ. 

Prop.  XXIV. 

An  image  formed  by  a  prism  is  upright,  and  equal  to 
the  object,  and  lies  on  the  same  side  of  the  prism,  and 
at  the  same  distance  from  it  as  the  object,  provided  the 
refracting  angle  of  the  prism  and  its  refractive  power 
be  small. 

Let  two  rays  PE,  QE,  from  tlie  extremities  of  the 
object  PQ,  pass  throui^h  the  point  E,  so  near  the  sum- 
mit of  the  prism  ABE,  that  the  distance  between  the 
points  of  incidence  and  emergence  is  very  small.  Now 
since  the  total  refractions  of  the  rays  Pl'-N,  QEO  are 
equal,  they  will  cross  each  other,  so  thut  the  angle 
PEQ~NEO~/i  E  (/  formed  by  the  emergent  rays  pro- 
duced backwards,  and  because  the  distance  E;^~EP, 
and  E  y~EQ.  the  image  ft  q  will  be  upright,  and  of  the 
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same  size  as  the  object,  and  at  an  equal  distance  on  the 
same  side  of  the  prism. 

Prop.  XXV. 

If  an  object  placed  before  a  lens  has  the  form  of  a 
circular  arch,  whose  centre  is  that  of  the  lens,  its  image 
will  be  a  similar  concentric  arch  ;  the  length  of  ihe  ob- 
ject will  be  to  tlie  length  of  the  image  as  their  dis- 
tances from  that  centre,  and  tlie  image  will  be  erect  or 
inverted,  according  as  it  lies  on  the  same,  or  on  the  op- 
posite side  of  the  centres. 

Let  AB,  Fig.  20.  Plate  CCCCXXIX.  and  Figs.  I,  2. 
Plate  CCCCXXX.  be  the  lens,  and  E  its  centre,  and 
let  the  object  PQR  have  the  form  of  a  circular  arch, 
whose  centre  is  E.  In  FQR,  take  any  point  Q,  and 
having  joined  QE,  let  F  be  the  principal  focus  of  rays 
incident  in  the  opposite  direction.  In  QE,  produced 
if  necessary,  take  QF  :  FE  ~  QE  :  E  y,  and  setting  <j  E 
from  E  to  y,  (/  will  be  the  image  of  the  point  Q.  Upon 
E  as  a  centre,  with  the  radii  EF,  E  g,  describe  the  cir- 
cular arcs  OFH,  fi  q  r,  and  draw  PE,  RE  meeting 
ft  g  r  in  fi  and  r;  then  fi  <]  r  will  be  the  image  of  the 
object  PQR.  Since  EP~EQ,  and  EG~EF,  we  have 
EP=t:EH=QE=±=EF  ;  that  is,  PHizQF  ;  but  by  the 
construction  E  /iZzE  g,  and  QF  :  FE~QE  :  E  ?  ;  con- 
sequently PH  :  HF~PE  :  E  /),  or  fi  is  the  image  of  the 
point  P.  In  like  manner  it  may  be  shown,  the  angle 
PER  being  always  supposed  small,  that  every  other 
point  in  PQR  will  have  its  image  in  a  corresponding 
point  of  /:  y  r.  As  the  arches  PQR,  fi  q  r  subtend 
equal  angles  at  E,  they  are  similar.  Since  the  axes 
RE  r,  PE  fi  of  the  incident  pencils  are  reckoned  straight 
lines,  passing  through  E,  the  angle  PER~/j  E  r,  and 
consequently  PR  :  /!  r  :=  PE  :  /;  E  =  QE  :  E  y.  As  the 
points  r  and  fi  are  necessarily  in  the  axes  RE  r,  PE  /;, 
they  will  be  on  the  same  or  on  contrary  sides  of  E,  ac- 
cording as  their  middle  points  Q  y,  are  on  the  same  or 
on  contrary  sides  of  F  ;  that  is,  the  image  will  be  erect 
or  inverted,  according  as  these  points  are  on  the  same 
or  on  the  contrary  sides  of  E. 

CoK.  As  the  object  PR  approaches  nearer  to  a 
straight  line  in  proportion  to  the  smallness  of  the  angle 
which  it  subtends  at  E,  a  small  rectilineal  object  placed 
at  a  considerable  distance  from  the  centre  of  the  glass 
may  be  supposed  to  have  very  nearly  a  straight  image. 

Prop.  XXVI. 

The  image  of  a  rectilineal  object,  formed  by  a  lens  or 
sphere,  is  the  arc  of  a  conic  section,  being  an  ellifise,  a 
fiarabola.  or  a  hyperbola,  according  as  the  distance  of 
the  object  is  greater  than,  equal  to,  or  less  than,  the  prin- 
cipal focal  distance  of  the  lens  or  sphere. 

Let  AB,  Figs.  3,  4,  5.  be  a  lens  or  sphere,  whose 
centre  is  F,  PQZ  a  rectilineal  object  placed  before  its 
focus  F,  as  in  Fig.  3.  between  the  focus  and  the  lens, 
as  in  Fig.  4.  or  in  the  focus,  as  in  Fig.  5.  Through 
E  draw  QE  q,  at  right  angles  to  PZ,  and  in  PZ  take 
any  point  P,  and  having  drawn  PE,  produce  it  towards 
ft.  Let  F  be  the  principal  focus  of  rays  incident  in 
the  opposite  direction,  and  upon  E  as  a  centre,  with 
the  radius  EF,  describe  the  circles  FG/L,  cutting  PE 
in  G.  In  the  line  PE  /;,  take  PG  :  PElzPE  :  P  fi,  set- 
ting P  fi  to  the  left  hand  of  P,  if  G  is  to  the  left  hand 
of  fi,  as  in  Fig.  4.  then  fi  is  the  image  of  the  point  P. 


Draw  fi  D  parallel  to  Q  y,  and  on  account  of  the  simi 
larity  of  the  triangles  PEQ,  P/;  D. 

PE:P/!=:QE:D/i 
Consequently,  PG  :  PE  =  QE  :  D /).     But 

PG:FEzzPE:E/;,and 
Geom.  Prop.  III.  PG  :  PE  =  DE  (or  FE)  ;  Efi, 

Consequently,  QE  :  D  /;  3:  FE  :  E  /i,  and 

Geom   Prop.  III.  QE  :  FEz=  D/j :  E/i. 

Hence  E/i,  the  distance  from  the  focus,  bears  a  con- 
stant ratio  to  D  fi,  the  distance  from  the  directrix  PQ, 
and  consequently  /;  is  a  point  in  a  conic  section,  whose 
focus  is  E,  and  whose  directrix  is  PQ.  See  Coxic  Sec- 
tions. 

Sect.  VII — On    Sfi/ierical  Aberration,   and  Cauttiv 
Curves  firoduced  by  Refraction. 

We  have  already  seen,  in  the  preceding  section,  thai 
rays  passing  near  the  centre  of  a  lens  huve  a  different 
focus  from  those  which  pass  near  its  circumference, 
and  that  incident  rays  can  only  be  refracted  to  a  mathe- 
matical focus  by  means  of  lenses  having  the  form  of  the 
conic  sections,  or  the  compound  figures  already  de- 
scribed. As  it  is  necessary,  however,  in  practice  to  use 
spherical  surfaces,  it  becomes  of  importance  to  deter- 
mine the  exact  amount  of  spherical  aberration  under 
different  circumstances,  and  to  explain  the  methods  by 
which  it  may  be  diminished  or  corrected  by  opposite  re- 
fractions. 

Def.  Let  AB,  Fig.  6,  be  a  lens  receiving  the  paral- 
lel rays  NA,  EP,  V  the  focus  of  the  central  rays  EP, 
and /the  focus  of  the  marginal  rays  NA  ;  then  having 
drawn  through  F  the  line  F'G,  perpendicular  to  the 
axis  ECF  of  the  lens,  F  /  is  called  the  Longitudinal 
Sfiherical  Aberration,  and  FG  the  Lateral  Aberration. 
AB  is  called  the  Afierture,  and  AC  the  Semi-afterture  of 
the  lens. 

Prop.  XXVII. 

When  parallel  homogeneous  rays  are  incident  upc; 
a  spherical  surface,  the  longitudinal  aberration  is  to  tiie 
versed  sine  of  the  semi-aperture,  as  the  square  of  the 
sine  of  refraction  is  to  the  rectangle  of  the  sine  of  in- 
cidence, and  the  difference  of  the  sines  of  incidence  and 
refraction  very  nearly. 

Let  ACB,  Fig.  6.  be  a  spherical  surface,  separating 
two  refracting  media,  E  its  centre,  C  its  vertex,  AC  its 
semi-aperture,  AP  the  sine  of  the  semi-aperture,  PC 
the  versed  sine  of  the  semi-aperture,  and  F  the  focus 
of  parallel  rays  infinitely  near  the  axis.  Let  the  ex- 
treme marginal  ray  NA  be  refracted  in  the  direction 
AG,  crossing  CE  in/,  which  will  therefore  be  the  fo- 
cus of  extreme  parallel  rays.  Join  EA,  and  having  pro- 
longed GA  towards  M,  let  fall  the  perpendiculars  EM, 
EN  upon  the  lines  AN,  AM  ;  upon  /  as  a  centre,  with 
the  radius/ A,  describe  the  arch  AD.  The  angle  EAN 
is  the  angle  of  incidence,  and  EAM  or  EA/the  angle 
of  refraction,  and  EN  and  EM  are  the  sines  of  inci- 
dence and  refraction,  which  we  shall  call  n  and  m. 

Then,  because  the  triangles  E/M  and  A/P  arc  si- 
milar, we  shall  have 

E/:/Aor/D=EM:  AP,  or  EN;  but  byProp.  Xtl! 
EM  :  EN  =  EF  :  FC.     Hence, 
Ef-.fD  —  EF-.FC. 

5  F  2 
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Bv  Geome'iry,  Prop  VJ. 
E/  :  £/— /  D  =  EF  :  EF— 1-C,  that  is, 
E/:  ED~EF  :  EC,  and  by  Geometiiy,  Prop.  II.  and 
III. 

EF  :  E/zzEC  :  ED,  aiid  by  Geometry,  Prop.  V. 
EF — E/:  llFziEC — ED  :  EC  ;  that  is,  by  substitution, 
F/:  EFzrUC  :  EC,  and  by  Geometry,  Prop.  III. 
F/:  DC=1:F  :  EC=EM  :  EN=:m  :  vi—n 

But  since  the  versed  sines  PD,  PC,  of  small  arches 
AD,  AC  of  unequal  circles  that  have  the  same  right 
sine  AD,  are  reciprocally  proportional  to  their  radii 
Dy,  EC,  we  have 

PD:PC=:CE:  D/. 
But  as  tlie  point  A  approaches  to  C,  FC  approaches 
to  equality  witli  D/,  and  may  therefore  be  assumed  as 
nearly  equal  to  it.  we  have 

PD:PC=:CE:FC, 
and  by  Geometry,  Prop.  IV. 

DC  :  PC  z=EF:FC  =;«:«. 
But  we  had  formerly 

Fy :  DC  ZZ  m  :  m — n. 
Hence,  by  compounding  these  ratios,  we  have 


F/:  PC  ZZm-'  :  mn—yr,  and 

E/~FC  X -,  or  (making  f/:Z'« — ")  IZ  — 

Cor.  1.  ^VM)en  the  refraction  is  made  from  a  dense 
to  a  rare  medium,  then  m  will  be  the  sine  of  refraction, 
and  71  that  of  incidence,  consequently  the  aberration 
wilt  be, 

n-  v/- 

—J- ,    or  --. 

;  — m  a  m 


d  n' 


Hence  we  Iiave, 

m^        n"         d  m 

-T—  :  -T—  IZ  -^ :  -Ti — '«"  :  n"  ; 

d7i      dm         d   nm      d   in  n 

that  is,  the  aberration  is  always  less  when  the  refraction 
is  made  from  a  rare  into  a  dense  medium,  in  the  ratio 

of    711^   to  72''. 

CoR.  2.  In  refractions  from  a  dense  to  a  rare  medium, 
if  we  make  m  :  n  rr  1 12  :  100,  as  it  is  from  Tabasheer 

to  Air,  then  — - ,  and  consequently  the  longitudinal  abet' 


dm 
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ration  of  parallel  rays,  or  F/—  :  •  PC  ZI  \0\    PC, 

or  \Q\  times  the  thickness  of  the  lens. 


71  ~  1 12  :  100,  as  it  is  in  Tabasheer,  then 
;  71  ~  4  :  3,  as  it  is  in  Water,  then 

;  n  ^  3  :  2,  as  it  is  in  Croivn  Glass,  then 
n  z^  3.2333  :  2,  as  in  Flint  Glass,  then 
7j  ~  4  :  2,  as  in  Zircon,  then 

72  ^  5  :  2,  as  in  Diamond,  then 


F/=:10}  PC. 


If  7«  : 
If  7n 

If  771 

If  m  : 

If  7n 

If  7n 

If  771  :  71  ^:  6  :  2,  as  it  is  nearly  in  Chromate  of  Lead,  F/— 4,J  PC. 


F/=5^  PC. 
F/=l^  PC. 
F/=:4i  PC. 
F/=:4  PC. 
Vf—ii,  PC. 


Hence  we  observe  a  curious  law  in  the  aberration 
when  the  thickness  of  the  lens  is  constant,  and  the  re- 
fractive power  varies.  The  spherical  abei  ration  or  re- 
fraction from  a  dense  into  a  rare  medium,  is  a  maxi- 
mum in  air,  when  the  rcfi active  power  is  nearly  a  nuni- 
mum.  It  then  gradually  increases  in  all  substances  up 
to  Zircon,  when  il  becomes  equal  to  n,  or  when  the  dif- 
ference of  the  sines  of  incidence  and  refraction  is  equal 
to  the  sine  of  incidence,  and  then  it  is  a  minimum.     It 


next    gradually  increases,  and    becomes  a   maximum, 
when  the  refractive  power  is  infinitely  great. 

C'oR,  2.  In  refractions  from  a  rare  to  a  dense  medium, 


as  it  is  from  air  to  Tabasheer,  then  —  becomes  : 

dn 


10000 
1344* 


and  consequently  the  longitudinal  akcrr-iion  of  parallel 
rays  is  as  follows  : 


If  772  :  72  =  112:   100  as  in  Tabasheer,  then 

If  7/2  :  71  =  4  :  3,  as  in  IVdter,  then 

If  7n  :  72  =  2  :  3,  as  in  Crown  Glass,  then 

If  7/2  :  72  =  3  2333  :  2,  as  in  Flitit  Glass,  then 

If  7«  :  72  ==  4  :  2,  as  in  Zircon,  then 

If  772  :  72  =  5  :  2,  as  in  Diamond,  then 

If  7?:  :  72  z:  6  :  2,  as  in  Chromate  of  Lead,  then 


F/=  7.45  PC. 
F/=  2i  PC. 
F/=  11  PC. 
F/=  1  PC. 
F/=  i  PC. 

F/=iPC. 


Hence  it  appears,  that  in  refractions  from  a  rare  into 
a  dense  medium,  the  aberration  diminishes  with  the  re- 
fractive power,  and  with  great  rapidity. 

Cor.  3.  The  segment  APBC  may  be  considered  as  a 
])lano-convcx  lens,  upon  whose  plane  side  the  rays  are 
incident.  Hence  the  aberration  of  sucli  a  lens,  in  such 
a  position,  will  be  4|  times  PC  in  crown  glass,  whose 

3 
index  of  refraction  is  1.50,  or  -,  and  for  other  substances 

as  in  the  first  of  the  preceding  Tables. 

Cor.  4.  \Vc  may  obtain  the  aberration  in  terms  of 
the    semi-aperture,   by  considering    that    PC  :   AP  n 

AP^ 
AP  :  2  EC,  Euclid,  vi.  13.  we  have  PC  ~  near- 

ly, and  lhat;by  Prop.  XIII.  p.  637,  EC  =  "'~"  X  CF. 


Hence  we  have 

1V= 


7« 


AP' 


«2 


APs 


772  72 72"  2  EC  (772—72)^  2CF 

Cor.  5.  Drawing  FG  perpendicular  to  the  axis,  we 
sliall  have  FG  :  F/=:AP  :/P,  or  CF,  or      "    -X  CE. 

AP^ 


771 


.72 


Hence  we  obtain  FG  ~ 
AP^ 


m' 
1? 


772 


2EC2"~    (772—72) 


Z 


2  CF" 

CoR.  6.  When  the  radius  of  the  refracting  surface,  or 
the  focal  length,  is  given,  the  longitudinal  aberrations 
are  as  the  squares,  and  the  lateral  aberrations  as  the 
cubes,  of  the  linear  aperture  of  a  plano-convex  lens. 

Cou.  7.     In  the  same  medium,  and   with  the  same 


orrici";. 


(545 


hj-)l.tricai  su:iace,  the  aberration  varies  as  the  versed  sine 
of  tbe  semi-aperture. 

PuoH.  xxviir. 

When  parallel  homogeneous  rays  fall  upon  a  plano- 
convex lens,  the  diameter  of  each  circle  of  aberration  is 
equal  to  <ine-half  the  lateral  aberration  of  the  extreme 
ray. 

Let  a  y  f'l  Fig.  7,  be  a  refracted  ray,  cutting  the  axis 
ECT  in/',  and  the  extreme  ray  A/G  in  y.  Draw  xy 
perpendicular  to  the  axis.  Then  as  the  point  of  inci- 
dence a  recedes  from  the  vertex  c,  the  focus  f  of  pa- 
rallel rays  will  shift  from  F  toy,  where  it  will  arrive 
when  a  C^C  A  ;  hence  x  y  will  first  increase,  because  the 
arch  a  C  constantly  increases,  and  it  will  afterwards  de- 
crease on  account  of  the  continual  diminution  of  the  line 
ff.  At  the  time  when  it  reaches  its  maximum,  all  the 
rays  incident  on  CB  will  obviously  pass  through  it.  In 
order  to  determine  this  maximum  value,  let  y  o  cut  PB 
in  b,  and  calling  P6zzts/:r— z,  PA— c,  P /rzc/, / Fz:^-. 
Then  by  Cor.  6.  Prop.  XXVII.  we  have  the  aberration 


F/:  S-. 


and 


/F_F/'=//'=(^)c=_ 

But  P/ :  PAzr/x 
or  by  substitution, 


Fr=^.. 


Consequently, 


xy  , 


Likewise  /;  a  '•  {i  f  or  Py— jr  y 
or  by  substitution  of  symbols, 
c  z     c 


xf'i 


dZZ- 


Hence  we  obtain, 


Z  IT 

Consequently -{c-}- 1)  )—-(c-}-x')(c  —  '")■> 

p. 
And  r~-rT'(n  —  v). 

Hence  it  follows,  that /a,-  is  a  maximum  when  the 
<;Ucintiiy  -v  [c —  v),  or  P  bxb  B  is  a  maximum  ;  that  is, 
Euclid,  vi.  13.  when  P  b-^Z  (5B,  or  when  vzi^  c.  If  we 
now  substitute  this  value  of  v  in  the  last  equation,  we 
obtain  the  maximum  value  of  zZZi  b,  or  the  greatest 


value  of  fxzzifV.  Hence,  since  /x  :  x  i/=:/'F  :  FG, 
the  greatest  value  of  x  y— ^  FG,  and  if  .r  y  denotes  a 
ciicle  about  the  axis  P  x,  it  will  be  the  circle  of  aberra- 
tion through  which  all  parallel  homogeneous  rays  inci- 
dent upon  AB  must  necessarily  pass. 

Prop.  XXIX. 

When  diverging  or  converging  homogenous  rays  are 
incident  upon  a  spherical  surface,  to  determine  the  sphe- 
rical aberration. 

Let  R  be  the  radiant  point,  and  F  its  conjugate  focus, 
and  let  the  ray  RD  be  incident  upon  the  spherical  sur- 
face DO,  whose  radius  is  SO.  Let  the  refracted  ray 
DK  cut  the  axis  RO  in  K  ;  let  DX  be  the  sine  of  the 
arch  D  o,  and  put  R=:RO,  SizSO,  and  X=:XO,  and 
m  :  n~Sin.  Incidence  :  Sin.  Refraction  ;  and  dzun  —  n. 

Through  S  draw  BSZM  parallel  to  RD,  and  cutting 
DK  produced  in  Z,  draw  SA  perpendicular  to  RD,  and 
let  ;  and  M  be  the  foci  of  refracted  rays,  whose  parallel 
incident  rays  fall  nearest  to  the  radii  SO,  SB.     Then  by 

Prop.  XIII.  p.  637,  we  have  SM  or  S  ^ZZSO^  and  if  the 

incident  ray  RD  were  parallel  to  SO,  then  its  aberration, 

644,  Cor.  6. 

the  aberration  MZ  :  t  yziSX^  :  DX^'sRS^  :  RO*. 
Hence  we  have, 

MZ-^^"-fQ')  X  -^XO,  and  SZ  =  ^SO  -  MZ. 

KO*  md  d 

But  on  account  of  the  similarity  of  the  triangles  RKD, 
SKZ,  we  have 

RK  :  SKz=RD  :  SZ. 
By  Geom.  Prop.  IV.  RK  :  RS=RD  :  RD-f  SZ. 

^"^^^=RD  +  SZ' 
and  substituting  for  SZ  its  value,    already  found,  and 
RO  _  SO  for  RS,  we  have 

(RO  — SO)RD 

RKz= ; -. 

RD-f.-SO— MZ 
d 

When  the  point  D,  therefore,  approaches  to  O,  and  K 

to  F,  the  focus  conjugate  to  R,  we  have 

(RO  —  SO)RO 

RKrz n 

ROx-SO 
a 

and  consequently  the  Aberration 


or  t  y:z: — -XO  ;  and  by  Prop.  XXV'II.  p 

t  i/zzSaT' 


RD 


RO 


l'K=RK— RF=RO— SOLr,  ,  n  „^        ,^.,, 


=RO— SO 


/rOxMZ— ^SoVrO  —  RD) 
^RD-f-jSO—  Mz")  (RO-f ^SO^ 


With  the  radius  RD  describe  the  arch  DF,  cutting  SO  in  E,  then  we  have  RO  —  RD— EO,  and  RD— RO  — 
KO.     Hence  we  have,  by  substitution, 

(RO  — SO)(rOxMZ— ^SOxOe')  RO  — SO 

FK=  ^^ — ^  =  /„„  ,«„„\^/'rOxMZ— ^SOxOe), 

(ro-i-^so-mz-oe)(ro-h^so)    (^°+d^^j   ^  "  I 

because^RO-f-SO j     is  very  large  in  comparison  with   (RO-f-SOJ  (MZ-fOE.) 
But  (see  Prop.  XXVI.)  XO  :  XE=:RE  :  SO,  and 
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By  Geom.  Prop.  VI.  XO  :  XO  —  XE  =  RE  :  RE  _  SO. 

Or  by  substituting  RO  for  RE,  to  which  it  is  nearly  equal,  we  have 

XO  :  EO  =  RO  :  RO  —  SO.     Hence 


EO  = 


HO  —  SO 


RO 


■X  XO; 


and  by  substituting  in  the  general  equation  the  values  of  EO  and  MZ,  and  m  —  n  for  cl,  we  obtain  finally 

^  __  RO— SO 
The  Aberration  FK  =  l' 


(RO— SO   \ 
RO+^H-So) 
m—n        / 


n^RO  .^n^SO  — mnSO       „^ 
X :— X  XO. 


Cor.  1.  Inordcrto  obtain  an  expression  of  the  aber- 
ration in  terms  of  the  semi-aperture,  in  place  of  the 
thickness  of  the  lens,  we  have,  Euclid  vi-  13,  OX  :  XD 

XD* 
~XD  :  20S  and  OX~^,^„  ;  hence,  we  obtain 


"20S' 


—n-SO—7nnSO 


XD2. 

rrt-n       /  (2mROxSO) 

Con.  2.  When  the  radius  SO  becomes  inHnite,  the 
surface  is  plane,  and  hence  we  have  for  the  aberration 
of  a  ray  refracted  at  a  plane  surface, 
m»— n»      XD' 

—     m~^2RO- 

Cor.  3.  When  RO  and  SO  are  given,  the  longitudi- 
nal aberration  of  the  outermost  refracted  ray  varies,  as 
XD*,or  as  the  square  of  the  semi-aperture. 

CoR.  4.  By  considering  the  change  that  takes  place 
in  the  signs  of  the  different  quantities,  according  as  the 
centre  of  the  refracting  surface,  the  conjugate  foci,  and 
the  radiant  point,  are  on  the  same  or  on  different  sides, 
we  may  easily  obtain  an  expression  of  FK  for  all  kinds 


m  —  ny^m  RO 

of  surfaces,  and  for  converging  and  diverging,  and  pa- 
rallel rays. 

Coil.  5.  The  aberration  of  lenses  may  be  found  by 
the  application  of  the  preceding  formulae.  After  deter- 
mining the  aberration  of  the  first  surface,  we  must  con- 
sider the  focal  distance  of  the  second  as  shifted  by  the 
aberration  of  the  first,  and  then  determine  the  general 
aberration  by  the  formula. 

Scholium. 

As  our  limits  will  not  permit  us  to  treat  this  subject 
at  any  greater  length,  we  must  refer  to  the  Optics  of 
Dr.  Smith,  whom  we  have  followed,  after  Iluygens, 
in  the  above  propositions,  for  any  farther  information 
he  may  require.  We  shall,  however,  lay  before  our 
readers  some  of  the  most  useful  formulx,  the  demon- 
stration of  which  will  be  found  in  the  works  quoted  at 
the  end  of  this  scholium. 

The  following  are  Dr.  Smiths's  formulae  for  lenses  of 

3 
glass  whose  index  of  refraction  is  1.5  or-. 


I,  The  longitudinal   aberraliomz 
2.  Aberration" 


Let  P:z:Thickness  of  the  lens. 

R^Radius  of  the  jfrs?  surface. 
/i~Focal  distance  of  the  lens. 
r::zRadius  of  the  second  surface. 
Di^Difference  of  thickness  of  the  centre  and  margin  of  the  lens. 

,+66RRrr) 
-f  URrr     5     — 52RRrr 


i-'__uinercncc  ui  i 

+   6Rr    CpP' 
—    rrr  J 


Then 


6PP(R_r)-.— 24PRr(R  — r)  +  24RR'T 


D. 


— 27RR-f6Rr— 7rr, 


D. 


For  parallel  rays. 

For  parallel  rays  in  terms  of  R  and  /i,  when  the  centre 
of  the  surfaces  are  both  on  one  side. 

For  do.  when  the  centres  of  the  surfaces  are  on  differ- 
ent sides  of  the  lens. 

.,         ..     7/;/i-)-4r/i-f  rr  For  do.  in  terms  of  r  and  ft,  when  the  centres  of  the  surfaces 

Aberrations: ; — ■ D.  „  .  .,      '' 

are  on  the  same  side. 


6(R— r)^ 

27RR-f24R/;  + 7/1/3,, 

3.  Aberration:=: ^  „,/  ~.  "  D. 

..         ^.  27RR_24R/2-f7/)/i,^ 

4.  Aberration— '  ^  ' '  \i. 

oU 


6rr 


7/!/! — 4r/j+rr 
6.  Aberration — — D.     For  do.  when  the  centres  are  on  opposite  sides. 


From  these  formulae,  Huygens  and  Dr.  Smith  deduced 
the  following  numerical  results. 

1.  For  z  filano-convcx  tens,  with  its  plane  side  turned 
towards  parallel  rays,  as  it  would  be,  if  placed  as  an 
object  glass  in  a  telescope,  with  the  plane  side  out- 
wards, or  as  it  would  he  if  used  as  a  microscope,  with 
the  plane  side  towards  the  eye,  the  aberration  is — 41 
times  its  thickness. 

2.  For  a  ftlano-convcx  lens,  with  its  convex  side  to- 
wards parallel  rays,  as  it  would  be,  if  placed  as  an  ob- 
ject glass  in  a  telescope,  with  the  convex  side  outward, 
or  as  it  would  be  if  used  as  a  microscope,  with  the  con- 


vex side   next  the   eye,  the  aberration  is: 


:i 


17 

Too' 


of  its 


thickness.  Hence  it  is  always  advisable  wlien  a  plano- 
convex lens  is  used,  to  have  the  parallel  rays  either  in- 
cident or  emergent  from  its  convex  surface. 

3.  A  double  convex-  glass,  the  radii  of  whose  con- 
vexities are  as  2  to  5,  has  the  same  properties  as  the 
l)lano-convex  glass  in  §  1.  if  its  flattest  side,  or  the 
side  whose  radius  is  5,  is  turned  to  paraile!  rays  ;  or 
it  has  the  same  property  as  the  plano-corivex  lens  ir 
§2.  if  its  most  convex  side,  or  that  whose  radi''.sis2.  i* 
turned  towards  parallel  rays. 
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6.  A  double  lens  with  equal  convexities  or  concavi- 


4.  The  lens  of  least  s/iherical  aberration  is  one  which 
has  its  radii  ab  1  to  6,  the  side  whose  radius  is  1  be- 
ing turned  to  parallel  rays.     The    aberration  is    then 

7 
only  1   — of  its  thickness. 

5.  When  this  same  lens  with  radii  as  1  to  6,  has  its 
flattest  side,  viz.  6,  turned  to  parallel  rays,  its  aberra- 

45 
tion  is  3- —  of  its  thickness;  and  is,  therefore,  very  un- 
fit for  vision. 

a,  6,  c,  d,  ~  The  radii  of  the  four  spherical  surfaces. 

f,  ~  Radius  or  semidiameter  of  the  aperture  of  the  lens. 
«,  y,  —  Thickness  of  the  first  and  second  lenses, 
|8,  —  Interval  between  the  lenses. 
VI  :  1,  M  :  1  ~  The  ratios  of  refraction  in  the  two  kinds  of  glass. 
fi  :z  Distance  of  the  radiating  point,  or  of  the  object, 
y,  r,  Q,  R  —  Focal  distance  of  rays  infinitely  near  the  axis,  neglecting  the  intervals  between  the  sur 
faces. 
A,  H  ~  Focal  distances  of  parallel  rays  infinitely  near  the  axis  for  the  first  and  second  lenses  re 
spectively,  neglecting  the  intervals  between  the  surfaces. 


ties  has  its  aberration,  1  — •  of  its   thickness ;   and  is, 

therefore,  inferior  to  a  plano-convex  lens,  or  to  the  double 
lens  in  §  4. 

Tlifc  following  formulse,  investigated  by  Boscovich  in 
his  0/iera  Pertinentia  ad  Opticam,  &c.  Tom.  i.  p.  174,  re- 
late to  the  focal  length  of  ihe  lenses  placed  together,  viz. 
a  convex  and  concave  one  of  different  refractive  powers, 
and  will  be  of  great  use  in  all  calculations  respecting 
achromatic  combinations. 
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The  last  but  one  of  these  formulae  consists  of  three 
parts,  viz.  r,  or  the  focal  length  of  an  infinitely  slender 

pencil  of  rays,  r*  x  — j-  the  correction  lor  the  thickness 

of  the  lens,  and  r^  j  the  spherical  aberration. 

The  last  formula  also  consists  of  three  terms,  viz.  R, 
or  the  focal  distance  of  a  slender  pencil  of  rays  refracted 
by  both  lenses,  their  thickness  and  their  distance  being 

Imit       &        My\ 
neglected;   then  —  ^'('"T  +  ^^  +  TTT  J  '^  "^ 

tion  for  the   thickness  and  distance  of  the   lenses,  and 
R* — (f+°")  the  correction  for  the  aberration. 

Dr.  Maskelyne  has  given  a  very  useful  formula  for 
the  aberration  of  a  lens,  which  we  shall  here  explain. 
He  asbumed  the  form  of  the  lens  to  be  a  meniscus,  the 
radius  of  whose  convex  surface  is  greater  than  that  of 
its  concave  surface,  and,  consequently,  having  the  cen- 
tres of  both  lying  on  the  same  side  of  the  lens  as  the  ra- 
diant point  upon  which  the  incident  rays  diverged. 
The  ray  which  falls  from  the  extreme  pait  of  the  lens 
will,  after  refraction,  diverge  from  a  point  before  the 

*u        .•            (m^— 2m=7i-l-2n  =  )Y\  (mn-f  4n^- 
Aberratlon=  ^^ — T^T-^ 1- 


Jens,  nearer  to  it  than  the  geometrical  focus  of  rays  di- 
verging from  the  same  radiant  point,  and  passing  in- 
definitely nearer  the  vertex.     In  the  following  formulse, 

Q    ::::  the  distance  of  the  radiant  point,  before  the 

lens  from  its  vertex. 
P.    ZZ  the  radius  of  concavity  of  the  first  surface. 
r     zn  radius  of  convexity  of  the  second  surface. 

V  "principal    focus,  which    will  be  on  the  same 
e  correc-  side  of  tlie  lens  as  the  radiant  point,  because 

R  is  less  than  r. 

Y  zithe  semi-aperture  of  the  lens;  and 
7! :  ?i  :^  ratio  of  the  sines  of  incidence  and  refraction. 


(;«  —  n)"x2;nxF3         ^    (m  —  n)  X  2  ;«  X  F^  r 
(2??;+  2ri)Y3    ^     (3m  -f  2  n^i^ 


Then  the  angular  aberration  of  the  ray  falling  on  the 
margin  of  the  lens,  or  the  angle  made  between  this 
r.iy,  after  being  refracted  tiirough  the  extremity  of  the 
lens,  and  another  ray  or  line  supposed  to  be  drawn 
from  the  same  extremity  of  the  lens  to  the  geometrical 
focus  of  rays  diverging  from  the  same  radiant  point, 
and  passing  indefinitely  near  the  vertex  of  the  lens,  ex- 
pressed in  measures  of  the  arc  of  a  circle,  the  radius  uni- 
ty will  be 

(4n''  +  3mn--SCT')Y3 
(m  — ;;)X2»JXQF* 


IJK31       (w-f2n)Y3 
■*"     2mxFr» 


m  X  QF  r 
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In  tliis  formula,  K,  the  radius  of  the  first  surface,  is  exterminated,  and  r,  the  radius  of  the  second,  retained. 
If  we  exterminate  r,  and  retain  R,  the  radius  of  the  first  surfac",  the  angular  aberration  will  be 


Aberration" 


m^  X  Y3 


(2  m  +  n)\^  {m  +  2n)Y^  (3  +  n)  Y^  (3  m  +  2  «)  Y' 


+ 


(OT_n)^X2  1-'3       (m_,!)x2F*H^     2  J»  X  I" R^  ^  (m  —  w)2QF2 
(3  m  +  2n)  Y' 
2ot  X  Q^F" 


m  X  1-QR 


In  order  to  adapt  the  formula  to  those  cases  where 
the  principal  focus  lies  behind  the  glass,  F  must  be  taken 
negative.  When  the  rays  fall  converging  on  the  lens, 
Q  must  be  taken  negative.  If  the  first  surface  is  con- 
vex, R  must  be  taken  negative;  and  if  the  second  sur- 
face be  concave,  r  must  be  taken  negative.  If,  after 
all  these  circumstances  are  taken  into  account,  the 
value  of  the  aberration  comes  out  positive,  it  will  make 
the  focus  of  the  extreme  rays  fall  nearer  the  lens  before 
it  than  the  geometrical  focus,  or  farther  from  the  lens 
behind  it  ;  but  if  the  value  of  the  aberration  comes  out 
negative,  it  will  cause  the  focus  of  the  extreme  rays  to 
fall  farther  from  the  lens  before  it  than  its  geometrical 
focus. 

The  following  formulas  are  given  by  Boscovich  for 
determining  the  relative  radii  of  the  sphericities  that 
give  a  minimum  aberration,  a  being  the  radius  of  the 
first  surface,  or  that  next  the  incident  parallel  rays,  and 
b  the  radius  of  the  second  surface. 


1 2  jii^+m 

a 


2  m+4. 


for  Parallel  rays. 


1 2  m'  +  m      4  m  -f_4 

6         2m  +  4~      2  m  +  4 
ing  rays. 


6~o 

When  n!=|,  or 
When  m  = 
When  m  =: 
When  m         = 


for  Converging  and  Diverg- 


1.50  a 

1.52  a 

1.53  a 
1  54  a 


;  6=1 
;  6=1 
6=1 
6=1  : 


~6. 
— 6.83 
—7.33 
—7.89 


In  order  to  convey  an  accurate  idea  of  the  effect  of 
aberration,  Boscovich  has  computed  a  table  for  three 
different  kinds  of  crown  or  plate  glass,  and  suited  to 
the  two  species  of  lenses  which  are  of  most  use  in  eye- 
glasses, viz.  for  those  which  receive  parallel  rays,  and 
those  which  receive  rays  converging  to  their  principal 
focus. 


Index  of  refraction, 
or  m  c=     . 

1.50 

1.52 

1.54 

Radii  of  S/ihericUies  that  give  a  Minimum  Aberration, 
the  Focal  Length  being  1. 

a 
b 

0.5833 
—3.5 

0.5961 
—0.4072 

0.6085 
—0.4800 

b' 

0.3182 
0.875 

0.3216 
0.8431 

0.3248 
0.8152 

Ratio  of  the  Radii  that  give  a  Minimum  Aberration. 

a  :  b 
d-.b' 

1  :— 6. 
I:      2.75 

1:— 6.831 
I:     2.621 

I  :— 7.889 
1:     2.510 

Errors  in  Lensea  of  different  kinds. 

Error  in  lens  that 
gives  the  mini- 
mum aberration. 

0.267 

u.0040 

0.274 
0.039 

0280 
0.038 

Piano-convex  lens, 
plane  side  turned 
to  the  eye 

0.291 
0.1  J5 

0.293 
0.149 

0.295 
0.161 

Double  isosceles 
convex  lens 

0.416 

0.375 

0.434 
0.400 

0.455 
0.427 

Plano-convex  lens, 
plane  side  turned 
to  the  objc-ct 

1.125 
0.760 

I  155 

0  796 

1.186 

0.833 

For  farther  information  on  the  subject  of  spherical 
aberration,  see  Ilugenii  Diofnrica.,  p.  88,  and  prop,  xxvii. 
and  xxviii.  Barrow's  Lectiones  Ofitic<£.  Newton's 
Lectiones  Ofitica,  prop,  xxxvii.  part  i.  sect.  iv.  p.  148. 
Smilli's  0/ilics,  vol.  i.  p.  134.  ','52.  Kiingenstierna, 
Phil.  Trans.  1760,  p.  944.  INIaskelyne,  Phil.  Trans. 
1761,  p.  17.  Kaestner,  Comment.  Gotting.  i.  p.  185.  ii. 
p.  183.  Euleri  Dio/itrica,  vol.  i.  Boscovich,  Ojiera 
Pertinejitia  ad  0/iticam,  is'c.  vol.  ii.  p.  128,  Sic.  Wood's 
Ofitics,  p.  195  ;  and  Robison's  System  of  Mechanical  Phi- 
losofihy,  vol.  iii.  p.  409. 

Before  we  conclude  this  section,  we  shall  consider  tiie 
manner  in  which  tlie  light  is  distributed  in  the  circle  of 
aberration,  whose  radius  is  x  y.  Fig.  7.  Every  point  of 
an  image  formed  by  a  spherical  lens  is  represented  by 
this  little  circle,  and  an  indistinctness  must  arise  from 
the  interference  and  crossings  of  all  these  expanded  ele- 
mentary tmages.  Sir  Isaac  Nevvion,  who  seems  to  have 
first  investigated  this  point,  supposes  th.it  the  light  is 
much  moie  dense  at  the  centre  than  at  the  circumfer- 
ence ;  and  he  therefore  concluded  that  the  error  from 
the  spherical  figure  was  much  less  than  it  really  is. 
This  oversight  of  our  illustrious  countryman  was  first 
pointed  out  by  the  Abbe  Boscovich,  in  a  dissertation 
published  at  Vienna  in  1767;  and  he  afterwards  re- 
sumed and  completed  the  inquiry,  in  his  0/tera  Pcrti- 
nentia  ad  0/iticam  et  Astronomicain. 

Def.  a  Caustic  is  a  curve  formed  by  the  intersection 
of  a  great  number  of  rays  of  light,  and  as  the  space  of 
aberration  or  diffusion  is  bounded  by  an  infinite  number 
of  rays  of  light  advancing  to  different  points  of  tlic  axis, 
and  therefore  crossing  one  another,  the  bounding  line 
will  be  a  caustic. 

Prop.  XXX. 

To  determine  generally  the  distribution  of  the  light  in 
the  circle  of  diffusion,  produced  by  the  spherical  aberra- 
tion of  a  refracting  surface. 
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Let  FAF',  Fig.  9.  be  the  lens  or  refracting  surface, 
n  tiie  point  of  intersection,  or  focus  of  the  two  marginal 
rays,  FBC,  F'B,C,  and  I  Uie  point  of  intersection  of  the 
rays  near  the  centre,  such  as  ABI.  The  foci  of  all  the 
rays  will  therefore  be  contained  in  the  the  line  IB  ;  COC 
will  be  the  diameter  of  the  circle  of  diffusion,  and  DCI, 
D'C'l',  will  be  the  two  caustic  curves  formed  by  the  con- 
tact or  intersections  of  all  the  rays  that  cross  the  axis 
between  B  and  I. 

These  caustics,  in  the  parts  which  are  infinitely  near 
the  axis  at  I,  approach  infinitely  to  the  parabola  of  the 
third  degree,  which  has  the  squares  of  its  ordinatcs  TN, 
(Fig.  10,)  as  tlie  cubes  of  the  abscissx  IN.  The  arch 
DID  of  Fig.  9.  may  be  considered  as  a  curve  of  this 
kind.*  The  subtangent  LN  is  to  the  abscissae  IN  as  2 
to  3  ; — EB  is  f  IF  ;  BO^i  BI,  and  consetjuently  the 
diameter  of  the  aperture  Ff,  which  is  to  the  diameter 
of  the  circle  of  diffusion  CC  as  AB  supposed  equal  to 
A  I,  is  to  BO,  will  be  as  4  to  I. 

From  the  centre  O  of  the  circle  of  diflusion  there  can 
obviously  be  drawn  two  rays  or  lines,  OV,  OV  touch- 
ing the  caustics  in  V  and  V.  The  point  O  will  there- 
fore receive  the  ray  AO  passing  through  the  vertex  of 
the  refracting  surface,  and  likewise  all  the  rays  which 
pass  through  the  circumference  of  a  circle  described  on 
the  refracting  surface  by  the  extremity  of  the  ray  OV, 
or  OV,  and  therefore  the  density  of  the  tight  ivill  be  in- 
dejinitelii  great  in.  the  centre  of  the  circle  of  diffusion. 

In  like  manner  we  may  conceive  that  there  may  be 
drawn  from  the  point  C  or  C,  in  the  circumference  of 
the  circle  of  diffusion,  only  two  lines  or  rays,  CD,  CD', 
one  of  them  touching  the  caustic  in  D,  and  the  other  in 
D'  on  the  opposiie  side.  The  rays  whicii  touch  the 
caustic  in  tlie  immediate  vicinity  of  C,  both  in  the  arciies 
CV  and  CI,  will  cut  OC  in  points  indefinitely  near  each 
other;  for  their  distance  on  the  line  OC  will  be  to  their 
distance  on  the  refracting  surface  FF',  as  the  interval 
between  their  points  of  contact  with  the  caustic,  is  to 
the  distance  of  those  points  from  the  refracting  surface 
FF'.  Although,  therefore,  only  two  rays  can  arrive  at 
the  point  C,  C',  yet  a  great  number  pass  infinitely  near 


to  it,  and  consecjueMtly  in  the  tircximfercnce  of  the  circle 
of  diffusion,  the  density  of  the  light  will  be  indefinitely 
great. 

In  order  to  obtain  distinct  conceptions  of  the  manner 
in  which  the  distribution  of  the  light  takes  place,  let  us 
conceive  a  thread  fixed  at  the  point  I,  and  lapped  up 
against  the  convex  surface  of  the  caustic  DCI,  and  after 
being  gradually  unlappcd,  again  lapped  up  against  the 
curved  surface  of  the  other  caustic  D'  C  I ;  or,  in  some 
cases,  it  will  be  better  to  conceive  the  straight  edge  of 
a  ruler  laid  against  the  convex  surface  DCI.  and  rolled, 
as  it  were,  upon  it,  so  that  the  point  of  ccntact  cf  the 
ruler  and  of  the  caustic  may  move  along  the  whole 
caustic.  Let  us  now  suppose  that  the  edge  of  t!ie  ruler  is 
brought  into  contact  with  the  straight  line  FD,  touching 
the  refractiiij.':  surface  at  F,  and  the  caustic  at  D,  the 
part  of  it  DC,  which  diverges  from  the  caustic,  will  cut 
COC  in  the  point  C.  Let  the  ruler  now  revolve  so 
that  its  extremity  at  F  passes  over  the  space  FA,  its 
point  of  contact  with  the  caustic,  which  was  at  first  at 
D,  will  move  gradually  along  the  branch  DV  of  the 
cauitic  ;  and  when  it  arrives  at  V,  the  extremity  of  it 
will  be  at  Y,  on  the  refracting  surface,  and  the  intersec- 
tion of  the  edge  of  it  with  C  C  will  be  at  Of.  As  the 
motion  of  the  ruler  continues,  the  point  of  contact  will 
move  from  V  to  Z,  and  the  extremity  of  it  from  Y  to  Q 
on  the  refracting  surface  ;  and  the  intersection  of  its  edge 

O  C- 

with  CC  will  be  at  7,  so  that  O  q- .  The  point 

of  contact,  will  next  move  from  Z  to  C,  the  extremity 
of  tlic  ruler  fiorn  Q  to  Y  on  the  refracting  surface,  and 
the  intersection  of  the  edge  from  rj  to  C. — While  the 
point  of  contact  continues  to  advance  from  C  to  I,  the 
extremity  of  the  rulej-  will  move  from  X  to  A,  and  the 
intersection  of  the  edge  with  CC  will  move  backwards 
from  C  to  O. 

The  ruler  being  now  applied  to  the  other  caustic, 
ICD'  the  point  of  contact  commencing  with  I,  the  very 
same  effects  which  we  have  now  enumerated,  will  take 
place  only  in  a  retrograde  order.     Thus, 


When  the  contact  is  at  C,  the  extremity  is  at  X',  and  the  edge  at  C 
When  the  contact  is  at  Z',  the  extremity  is  at  Q',  and  the  edge  at  q' 
'  When  the  contact  is  at  V,  the  extremity  is  at  V,  and  the  edge  at  O 

When  the  contact  is  at  D',  the  extremity  is  at  F',  and  the  edge  at  C. 

In  this  manner  the  extremity  of  the  ruler  has  passed  two  rays  can  possibly  arrive  at  the  points  C  C,  while 

over  the  whole  refracting  surface  FE',  the  point  of  con-  three  only  can  arrive  at  any  intermediate  point,  excepting 

tact  descending  from   D  down  the  curve  DVZCI,  and  at  the  centre  O,  where  only  two  in  a  given  plane  can  ar- 

again  ascending  the  curve  ICZ'V'D',  while  the  inter-  rive,  but  an  infinite  number  from  the  circumference  of  a 

section  of  its  edge  with  the  line  CC  has  passed  from  C  circle   described   on   the  refracting  surface,  as  already 

to   C  ;  back  again  from    C  to   C,  and  then  back  again  mentioned. 


from  C  toC,  where  it  stops,  having  thrice  passed  through 
every  intermediate  point  of  CC.  Now  every  one  of  the 
infinite  number  of  positions  of  the  edge  of  the  ruler 
while  its  extremity  passes  from  1-'  to  F',  may  be  consi- 
dered as  one  of  the  infinite  number  of  rays  which  are 
refracted  by  the  surface  of  the  lens  FF'.  Hence  it  is 
obvious  that  the  edge  of  the  ruler  pasSes  only  twice 
through  the  points  C  C,  and  three  times  through  any 
point  intermediate  between  C  and  C,  and  therefore  only 


In  order  to  determine  the  density  of  the  light  in  dif- 
ferent points  H  of  the  circle  whose  diameter  is  CC,  let 
us  conceive  a  ray  jih  infinitely  near  PH,  the  point  of 
whose  intersection  with  the  caustic  may  be  assumed  at 
T,  the  same  as  that  for  PH.  The  density  of  the  rays 
in  the  small  elementary  space  HA  will  be  to  their  den- 
sity in  the  corresponding  elementary  space  P/;  on  the 
refracting  surface,  as  the  annulus  P /;  is  to  the  annulus 
H  h.     But  the  area  of  the  foimer  is  to  the  area  of  the 


•  The  figure  is  quite  out  of  proportion,  the  caustic  curves  being  magnified  very  much  in  relation  to  the  focal  length  K\,  in  order  to 
ihow  the  contacts  and  intersections  of  the  lines.    '^ 

\  The  line  YO,  and  also  the  lines  «  q,  XC,  are  not  completely  drawn  in  the  Figure,  lest  it  should  become  too  complicated,  and  more 
'mportant  lines  be  obliterated. 
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latier  in  the  compouiicl  ratio  ol  their  breadths  P/;,  H  A, 
and  of  the  circumference  of  a  circle  whose  radius  is  AP, 
to  the  ciicumfercnee  of  a  circle  whose  radius  is  Oil. 
The  first  of  these  ratios  is  that  of  PT  :  TH  or  AN  : 
NO  ;  and  the  second  ratio  that  of  AP  to  OH,  or  AL  to 
OL.  Conseciuciitly  these  ratios,  when  compounded,  will 
be  that  of  AN  x  AL  to  NO  X  OL.  But  on  account  of 
ihe  great  distance  of  A  from  the  points  N  and  L,  nearest 
to  I,  AN  and  AL  may  be  both  reckoned  equal  to  the 
constant  quantity  A I ;  and  therefore  since  the  density  of 
the  light  in  the  annulus  P/j,  or  that  of  the  incident  rays, 
rs  constantly  the  same  ihrougliout  the  whole  aperture, 
the  density  in  H  will  be  reciprocally  as  the  rectani^lc 
NOxOL,'  or  as  SN  is  triple  of  ON  by  the  property  of 
the  caustic  already  mentioned,  we  have  the  density  at  H 
reciprocally  as  ONxNS. 

This  variation  in  the  density  of  lipiht  may  be  well  re- 
presented by  the  followini<  construction.  Upon  the 
line  OS,  as  a  diameter,  describe  the  circle  S  «  O  ;  throujjh 
N  draw  N  s  perpendicular  to  SO,  and  cutting  the  cir- 
cumference of  the  circle  in  s.  Then  we  have  (Geo- 
METRV,  Prop.  XXVIII.  )  N  s'=ON  x  NS,  and  con- 
sequcntly  the  density  at  H  will  be  reciprocally  as 
N  «2.  Hence  we  have  the  following  rule  for  estiniaiing 
the  density  at  any  point.  From  the  point  where  any  ray 
touches  the  caustic,  such  as  T,  draw  a  line  TN  to  the 
axis,  and  continue  this  to  the  circumference*;  the  den- 
sity will  vary  as  N  .sVor  joining  R  s,  and  drawing  R  (3  per- 
pendicular to  NS,  let  fall  from  /3  the  line /3  o  perpendicu- 
lar to  N  s,  and  meeting  s  R  prolonged  in  o  ;  then  s  o  will 

vary  as that  is,  the  density  of  the  light  will  vary 

s  N* 
as  «  0. 

Let  us  now  suppose  that  the  point  H  coincides  with 
O  ;  ill  this  c:ise  N  will  coincide  with  S,  and  s  o  will 
be  i;. finite.  While  H  moves  from  O  to  C,  the  point  N 
will  approach  lo  R,  and  «  o  diminish  till  H  comes  toy, 
and  T  lo  Z,  and  s  to  r,  and  o  to  R.  When  H  moves 
from  (J  towards  C,  the  point  T  passes  Z,  and  s  o  again 
increases  till  it  becomes  infinite,  when  H  reaches  the 
point  C  ;  T  the  point  C  ;  and  N  the  point  O  .* 

Hence  it  follows,  in  general,  t/iat  the  density  of  the 
light  in  the  circle  of  diffusion  is  infinite  at  its  centre. 
From  this  fioint,  it  diminishes  to  a  fioint,  the  square  of 
ivhose  distance  is  erjual  to  half  the  square  of  the  radius. 
Jt  then  increases  again,  till  at  the  circumference  it  be- 
comes infinite  a  second  time-  ./it  the  point  -where  it  is  a 
minimum,  its  density  is  so  strong  as  to  be  equal  to  the 
density  that  it  would  have  had,  if  the  light  had  been 
equally  distributed  over  the  whole  circle  of  diffusion. 

From  these  results,  it  appears,  that  the  indistinctness 
arising  from  spherical  figure  is  much  greater  than  New- 
ton had  supposed;  and  that  the  correction  of  colour, 
even  in  the  most  perfect  manner,  would  still  have  left 
the  refracting  telescope  with  many  imperfections,  had 
not  the  combination  of  sui  faces  enabled  the  optician 
to  correct  the  spherical  aberration  along  with  that  of  co- 
lour. 

In  I  he  present  improved  state  therefore,  of  optical  in- 
struments, we  must  on  no  account  abandon  the  hope  of 
still  removing  from  single  lenses,  or,  at  least,  diminish- 
ing the  amount  of,  their  spherical  aberration,  especially 
after  means  have  been  taken  to  remove,  by  the  use  of 


liomogencous  light,  all  the  errors  ol  the  different  rcfran- 
gibiliiy  of  light. 

Piiop.  XXX. 

To  detcrinine  the  shape  and  properties  of  caustic 
curves  formed  by  refraction. 

Having  already  seen,  that  rays  incident  upon  a  refract- 
ing surface  or  lens  are  collected  at,  or  converge  to,  dif- 
ferent points  in  the  axis  of  the  refracting  body,  it  is 
niunifest  that  the  rays  must  intersect  one  another  before 
they  reach  the  axis; — that  these  points  of  intersection 
will  lie  in  curve  lines  called  caustics; — and  that  the  na- 
ture of  these  will  vary  with  the  apenure  of  the  lens  and 
with  the  position  of  tlie  radiant  point. 

If  we  expose  a  globe  of  glass  or  water  to  the  rays  of 
the  sun,  or  to  those  of  a  candle,  and  receive  the  rclVacted 
rays  upon  a  piece  of  white  paper,  held,  as  nearly  as  can 
be,  parallel  to  the  axis  of  the  beam  of  light;  we  shall 
observe,  that  the  luminous  figure  on  the  paper  is  bound- 
ed by  two  bright  caustics,  which,  as  their  distance  from 
the  globe  increases,  gradually  approach  towards  one  an- 
other, and  to  the  axis  of  the  lens,  where  they  meet,  form- 
ing a  sharp  cusp  or  angle,  the  point  of  which  is  the 
focus  of  the  rays.  Upon  examining  these  curves,  ii  will 
be  seen  that  they  are  iormed  by  the  intersections  of  any 
ray  with  the  adjacent  one  taken  in  their  order  of  sue* 
cession,  from  one  side  of  the  globe  to  the  other.  The 
brightness  of  the  paper  within  the  curves,  is  therefore 
produced  by  a  number  of  intersections  of  rays  within, 
and  the  darkness  of  the  paper  without  the  cutvcs,  from 
there  being  there  no  intersections  at  all. 

In  Fig.  1 1.  let  Q  be  a  candle,  or  a  radiant  |)oint  of  any 
kind,  ABC  a  refracting  globe,  whose  centre  is  F,  and 
let  a  divergent  beam  of  light  issuing  from  Q  lull  upon 
its  anterior  surface.  Now  the  rays  Q  0,  Q  1,  will  form 
an  inierseciion  at  q,  the  conjugate  focus  to  Q.  The 
rays  Q  1,  Q  2,  will  form  another  intersection  at  1  ;  the 
rays  Q  3,  Q  4,  another  at  2;  and  the  rays  Q  s,  Q  6,  at 
6 ;  and  the  same  will  take  place  with  the  rays  on  the 
other  side  of  the  axis  QE  q. 

Wiien  the  radiant  point  Q  approaches  to  the  sphere, 
the  conjugate  focus  q  will  recede  from  it  ;  and  when  Q 
comes  near  F,  the  ai.terioi'  focus  of  the  sphere,  the  rays 
nearest  the  axis  will  first  become  parallel,  then  those  a 
liltle  diitaiice  from  the  axis,  and  so  on;  and  while  liiose 
near  tlie  axis  are  paralkl,  those  remo'.cr  from  it  will 
form  intersections  with  the  parallel  ones;  and  corres- 
j)0iidi!ig  rays  on  each  side  will  form  interseclions  and 
partial  fo  i  without  number  along  the  axis  of  the  sphere. 

This  effect  will  be  understood  from  Fig.  12.  where 
the  radiant  point  Q  is  coincident  with  the  anterior  focus 
F.  The  rays  Q  1,  1,  infinicely  near,  the  axis,  are  of 
course  parallel,  as  shown  in  the  figure  at  1  y,  I  q.  The 
rays  Q  2,  Q  2  at  a  greater  distance  from  the  axis  will 
form  intei sections  at  I,  1,  with  the  rays  Q  1,  Q  I,  while 
the  corresponding  ones  on  opposite  sides  of  ihe  axis  will 
form  iiitersections  with  one  another,  and  with  the  cen- 
tral ray  at  2  5- ;  and  the  rays,  Q  3,  Q  3,  will  also  form 
iutersections  at  3  q. 

When  the  point  Q  is  a  little  within  F,  the  rays  Q  I, 
Q  1,  will  become  divergent,  and  will  have  their  nega- 
tive or  virtual  intersection  in  front  of  the  sphere,  and 


•  These  conclusions  may  be  deduced  with  equal  facility,  merely  by  considering^  the  change  which  takes  place  in  the  rectangle 
•NxNS,  by  making  the  point  N  move  along  the  line  S  O, 
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to  Uie  right  ot  1'.  v.hiie  the  rays  Q  2,  Q  2,  will  now  be 
parallel  to  the  axes,  and  Q  3,  Q  3,  will  be  convergent 
to  a  positive  focus  in  the  axis  of  the  lens.  Hence  wc 
have  the  paradoxical  result,  that  the  same  sphere  will 
riiverge  rays  incident  near  its  axis  from  a  given  radiant 
point  ;  will  render  parallel  rays  from  the  same  radiant 
point,  but  incident  more  remote  from  the  axis;  and  will 
corivergtf  rays  from  the  same  ladiant  point,  but  incident 
at  a  greater  distance  from  the  axis. 

When  Q  approaches  very  near  the  sphere,  the  inter- 
sections of  ail  the  rays  fall  in  front  of  it,  and  causiics 
are  formed,  diverging  from  a  point  near  its  anterior  lo- 
cus, and  away  from  the  sphere. 

In  order  to  form  an  idea  cf  the  shapes  of  causticd 
curves,  we  must  consider  sonje  of  tlieir  modes  of  for- 
mation. 

1.  Let  EBE,  Fitj.  13.  be  a  convex  refracting  suii'ace 
terminating  a  dense  medium,  A  its  focus,  and  C  its  cen- 
tre. Upon  A  as  a  centre,  and  with  the  radius  AC,  de- 
scribe the  circle  DCD,  and  draw  the  equal  ch.ords  CD 
CD,  so  that  CD:  CBlzSin.  Incid  :  Sin.  Refract.  Then, 
if  we  draw  the  incident  rays  EDE,  EDE,  the  caustic 
will  commence  at  the  points  E,  E,  and  will  approach 
the  axis  .'\F,  (ill  it  ineels  it  at  the  principal  focus  F, 
■where  it  will  form  a  cusp  or  sharp  point,  provided  AB 
exceed  the  focal  length  of  the  refracting  surface. 

2.  When  C.\  :  CB~Sin.  Incidence:  Sin.  Refraction  ; 
then,  by  Prop,  xviii.  the  caustic  will  be  contracted  into 
a  single  point  F,  from  which  all  the  rays  will  diverge. 

3  When  the  parallel  rays  AB,  AB,  Fig.  H.  fall  up- 
on the  plane  side  of  a  plano-convex  lens,  and  are  refr.ict- 
ed  only  at  its  spherical  surface  BB,  the  position  of  the 
refracted  rays  is  determined  in  the  same  manner  as  in 
the  following  case. 

4.  Let  us  suppose  the  radiant  point  A,  Fig.  15.  to  be 
the  larer  medium,  and  C  the  centre  of  the  refracting 
surface  in  the  denser ;  then  having  drawn  the  tangents 
AD,  AD  to  the  circle  DBD,  join  CD,  CD,  upon  them 
as  diameters,  describe  the  semicircles  CED,  CED,  to- 
wards the  denser  medium,  and  take  lines,  CE,  CE,  so 
that  CE  :  CD=Sin.  Refraction  :  Sin.  Incidence,  and  the 
legs  of  the  caustic  will  begin  from  the  points  E,  E,  in 
the  direction  DE,  DE. 

Some  of  the  most  interesting  phenomena  of  caustic 
curves  may  be  illustrated  experimentally  hy  covering 
one  side  of  a  globe,  or  of  a  large  convex  lens,  with  a  cir- 
cle of  dark  paper,  the  diameter  of  which  has  a  row  of 
small  holes  made  in  it  with  a  pin,  at  equal  distances  from 
one  another.  V\'hen  a  piece  of  white  paper  is  held  close 
behind  the  globe  or  lens,  and  perpendicular  to  its  axis, 
the  spots  of  light  formed  by  the  holes  will  appear  on  the 
paper  at  equal  distances  from  one  another  j  but  when 
the  paper  is  withdrawn  from  the  globe  or  lens,  the  in- 
terval between  the  exterior  spots  will  grow  less  than  that 
between  the  interior  ones,  and  will  unite  at  the  points  of 
intersection.  With  a  deep  concave  lens,  on  the  contrary, 
the  interval  between  the  interior  spots  will  grow  less 
than  that  between  the  exterior  ones,  in  consequence  of 
the  exterior  rays  diverging  from  points  nearer  the  lens 
than  those  from  which  the  interior  rays  issue. 

For  farther  information  on  the  subject  of  caustics  by 
refraction,  see  Smith's  Ofiiics,  vol.  i.  p.  21,  1791  ;  and 
Huygens,  Trail'  de  '.a  Lvrr.ierey  p.  119. 


Sect.  VlU.—Qn  ihe  Theory  of  ihe  Refraction  of  Light. 

Having  found,  from  various  optical  facts,  that  light 
exhibited  the  appearance  of  being  attracted  and  repel- 
led by  bodies  near  which  it  passed.  Sir  Isaac  Neivion 
concluded,  that  the  phenomena  of  refraction  were  pro- 
duced by  an  attractive  power  residing  in  all  bodies,  and 
extending  to  some  distance  beyond  their  surfaces.  He 
has  also  shown  that  this  power  is  infinitely  stronger  than 
the  force  of  gravity.  As  all  bodies  attract  one  another 
by  the  force  of  gravitation,  he  has  demonstrated  that  the 
attractive  forces  of  two  homogeneous  spheres  upon  par- 
ticles of  mutter,  placed  near  their  surfaces,  are  in  the 
ratio  of  the  diameters  of  the  spheres  •.  If  a  refracting 
medium,  for  example,  of  the  same  density  as  the  earth, 
be  spherical,  the  attractive  force  exerted  by  the  earth 
near  its  surface  will  surpass  that  of  the  medium  near  its 
surface,  as  much  as  the  diameter  of  the  earth  surpasses 
the  diameter  of  the  medium,  or  almost  infinitely.  When 
we  consider,  however,  that  a  ball  impelled  from  the 
mouth  of  a  canron  is  at  first  scarcely  deflected  towards 
the  earth  in  virtue  of  its  attraction,  and  that  gravity  acts 
upon  all  bodies  alike,  it  follows,  that  the  least  particle  of 
the  ball,  if  separated  from  the  rest  of  the  mass,  would 
be  no  more  deflected  than  the  whole.  Hence,  it  follows, 
that  a  panicle  of  light  which  moves  with  an  infinitely 
greater  velocity  than  a  cannon  ball,  would  be  much  less 
deflected  from  its  path  by  the  attractive  force  of  the 
whole  earth,  and  therefore  infinitely  less  by  the  attrac- 
tive force  of  the  medium,  as  it  is  infinitely  weaker  than 
that  of  the  earth.  But  as  the  ray  of  light  is  actually  de- 
flected from  its  path,  or  refracted  in  a  very  considerable 
degree  by  the  small  spherical  medium,  it  follows,  that 
it  must  be  acted  upon  by  some  other  power  residing 
in  the  medium,  than  its  force  of  gravity;  and  that  this 
power  must  be  infinitely  stronger  near  the  surface  of  the 
medium  than  the  force  of  gravity.  From  whatever  cause 
this  power  of  refracting  light  is  derived,  we  raay  call  it 
the  refracting  force,  although  the  law  of  its  action  is  still 
unknown.  As  it  is,  howeve.r  infinitely  stronger  than 
gravity  at  the  surface  of  bodies,  and  is  imperceptible  at 
very  minute  distances  from  them,  there  is  reason  to  sup- 
pose that  it  decreases  more  rapidly,  or  in  a  much  greater 
ratio,  than  the  force  of  gravity. 

The  refracting  force  of  a  homogeneous  medium  acts 
upon  light  in  directions  parallel  to  the  refracting  sur- 
face ;  that  is,  in  every  point  of  a  plane  drawn  parallel  to 
the  refracting  surface,  it  will  be  equally  strong,  though, 
in  the  next  succeeding  plane,  its  force  may  be  different. 
The  extent  of  the  refracting  force  will  therefore  be 
bounded  by  two  planes  parallel  to  one  another  and  to  the 
refracting  surface,  and  the  space  between  them  has  been 
called  the  space  of  activity,  whether  the  power  whicli 
resides  within  it  is  exerted  in  attracting  or  repelling  the 
incident  light. 

In  order  to  show  that  the  refracting  force  will  act 
upon  light  in  lines  or  directions  perpendicular  to  its  sur- 
face, let  ABCD,  Fig.  16.  be  the  refracting  medium,  and 
let  a  particle  of  light  P  be  acted  upon  by  any  uniform 
power  in  the  line  o  /;  parallel  to  the  surface  of  the  me- 
dium, and  P  9  a  line  drawn  from  P,  perpendicular  to  o  }i. 
Then  the  refracting  power  exerted  at  any  point,  q  will 
draw  the  particle  P  in  the  direction  P  q,  and  taking  any 
two  points,  c,  rf,  equidistant  from  9,  it  is  obvious  that  thi 


•  Principia,  Lib.  i.  Prop.  71.  Cor.  2.  and  Lib.  iii.  Prop,  8. 
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"iclraciiiii;  forces  at  c  and  cl  liciiiR  of  equal  intcniiiy,  ami 
acliiig  al  C(iual  aiigks  upon  llic  jiaiticle  P,  will  chaw  F 
likewise  in  llic  clireclion  P  tj  ;  and  as  the  same  is  Hue 
of  tfiual  forces  in  all  lines  within  the  space  of  activity 
parallel  to  the  refracting  surface,  it  follows,  that  by  the 
refractive  force  of  every  part  of  the  refracting  n)e(huni, 
the  particle  F  will  he  acted  upon  in  directions  perpen- 
dicular lo  the  surface  of  the  medinin.  The  velocity  of 
the  particle  1'  will  obviously  be  increased  or  diminished 
according  as  the  lorce  of  the  inciliuni  acts  in  the  direc- 
tion of  its  motion,  or  in  an  opposite  dirct^ion,  and  when 
the  particles  have  passed  through  the  space  of  activity, 
ihey  will  move  tliiough  the  medium  with  the  velocity 
ivhich  they  had  accjuired  when  they  ([uitted  it. 

When  a  ray  of  light  IIP  I'jIIs  obli()uely  upon  the  space 
<jf  activity  o  /i  vi  n  of  a  rcfracliiig  medium  ABCD,  as 
in  Fig.  1".  the  refracting  force  will  now  act  obliquely 
upon  its  paiticlts,  and  will  boid  the  ray  into  a  curve  P 
q  r  in  the  same  manner  as  all  other  bodies  arc  deflected 
from  their  path  by  the  action  of  any  attracting  medium. 
After  the  ray  has  entered  the  surface  of  the  medium  at 
</,  it  will  still  be  attracted  to  the  mediuin,  till  it  arrives 
;it  the  point  r,  foi-  till  it  reaches  the  line  iiui.  there  will 
not  be  so  many  particles  above  it,  which  will  attract  it 
upwards,  as  there  arc  particles  below  it,  that  will  attract 
it  flownwaids;  so  that-,  after  it  has  penetrated  the  surface 
AB  at  (/,  in  the  direction  P  y,  it  will  not  proceed  in  that 
direction,  but  will  continue  to  describe  a  curve  as  <j  r. 
As  soon,  however,  as  it  quits  the  space  of  activity  at  r, 
it  will  advance  forward  in  a  straight  line  r  S  with  the 
velocity  which  it  has  acquired,  as  it  is  now  equally  at- 
tracted on  all  sides. 

When  a  ray  passes  out  of  a  denser  into  a  rarer  me- 
dium, the  same  effects  take  place,  but  with  some  mo- 
dificaiioDE.  If  the  ray  falls  perpendicularly  upon  the 
surface  of  the  rarer  medium,  its  velocity  is  diminished 
jn  passing  through  the  space  of  activity.  But  if  its  di- 
rection is  oblique,  as  in  Fig.  2.  the  ray  S  r  is  constantly 
bent  from  the  perpendicular,  and  its  deflection  continues 
till  the  r<'y  escapes  at  P  into  the  rarer  medium. 

If  the  obliquity  of  the  ray,  however,  is  greater  than 
that  of  S  r  ia  Fig.  2.  and  like  that  of  RP  in  Fig.  18,  the 
ray  will  go  on  to  y,  bending  from  the  perpendicular,  and 
when  it  rcashes  r/,  it  will  be  so  mucli  acted  upon  by  the 
refracting  force,  that,  insieud  of  advancing  through  the 
remaining  portion  of  the  space  of  activity,  it  will  actually 
be  tuined  backward  in  the  direction  (/  r,  and,  as  it  were, 
reflected  in  the  direction  rS.  In  this  case  the  refrac- 
tion of  the  ray  is  performed  in  llie  same  manner  as  if  a 
■stone  were  projected  in  the  direction  RP,  and  made  to 
describe  a  curvilincal  path  F  q  r  by  the  force  of  gravity. 
If  we  suppose  the  attraction  of  the  carlli  to  extend  no 
higher  than  tlie  line  o  //  in  Fig.  2.  then  the  stone  escap- 
ing from  its  influence  at  P,  would  move  on  in  a  straight 
line  PR.  But  we  may  conceive  the  force  of  projection 
so  weak,  or  the  gravity  of  the  stone  so  great,  or  the 
direction  of  its  path  so  oblique  to  the  horizontal  line  o/i, 
Fig-  3.  that  it  cannot  ascend  so  high  as  this  line.  The 
stone  will  consequently  descend  from  tlie  highest  point 
of  its  path,  viz.  i/,  by  the  same  degrees  of  deflection 
•vith  which  it  ascKnded,  that  is,  in  a  curve  r/r  similar  to 
P  (/,  and  if  the  gravitating  force  is  supposed  to  cease  at 
all  points  below  m  n,  the  stone  will  advance  onward  in 
•_he  direction  >' S  of  the  last  portion  of  the  curve.  The 
rav  may  even  emerge  from  the  medium,   as  shown  by 


UVS',  and  still  be  reflected  back  into  it,  provided  the 
highest  point  of  its  passage,  viz.  i;  is  not  without  the 
boundary  o  /i  ol  the  space  of  refracting  activity. 

Iliiheito  we  have  supposed  that  the  ray  pisscs  fiom 
a  vacuum  into  the  refracting  medium,  or  t'/cc  vrrna,  but 
the  very  same  cft'ects  will  be  produced,  though  in  a  dif- 
ferent degree,  when  the  ray  passes  from  one  medium 
into  another  of  diflerent  density.  Tne  ray  will,  in 
this  case,  not  be  so  much  refracted  from  its  rectili- 
neal direction;  for,  since  the  attraction  of  the  particles 
of  the  upper  medium  is  exerted  in  a  direction  contrary 
to  that  of  the  lower  n>edium,  tlie  attraction  of  the  denser 
medium  will  be  in  some  measure  destioyed  by  that  of 
the  rarer,  the  light  being  affected  only  by  the  ditference 
or  resultant  of  the  forces  with  which  it  is  influenced. 
If  the  two  media  act  upon  light  with  equal  forces,  their 
opposite  actions  will  destroy  one  another,  and  the  ray 
will  pass  from  the  one  into  the  other  without  changing 
either  its  velocity  or  its  direction. 

As  the  distance  between  the  limits  o  /;,  m  n  of  the 
space  of  activity  is  exceedingly  small,  even  in  bodies  of 
the  highest  refractive  power,  the  curved  portion  P  (/  r 
of  the  path  of  the  ray  is  always  neglected  in  optical  dis- 
cussions, and  the  refraction  is  supp.  seel  to  be  performed 
at  a  point  in  the  surface  of  the  refracting  medium. 

Although  we  have  already  sliown,  from  direct  expe- 
riments, that  in  all  refractions  the  sine  of  the  angle  of 
incidence  bears  a  constant  proijortion  to  the  sine  of  the 
angle  of  refraction,  yet  it  is  intci  csting  to  sec  how  this 
fundamental  truth,  on  which  the  whole  science  of  diop- 
trics is  founded,  is  a  necessary  consequence  of  the  New- 
tonian theory  of  refraction  which  we  have  now  ex- 
plained. 

Prop.  XXXI. 

When  light  is  refracted  by  transparent  media,  the 
sine  of  the  angle  of  incidence  is  to  the  sine  of  the  angle 
of  refraction  in  a  constant  ratio. 

In  demonstrating  this  proposition.  Sir  Isaac  Newton 
supposes  only  that  bodies  refract  light  by  acting  on  its 
rays  in  lines  perpendicular  to  their  surfaces.  He  dis- 
tinguishes the  motion  of  every  ray  into  two  motions, 
the  one  perpendicular  to  the  refracting  surface,  and  the 
other  parallel  to  it  ;vind  he  lays  down  the  following  pre- 
liminary proposition,  concerning  the  perpendicular  mo- 
tion of  any  body  moving  with  any  velocity  on  any  broad 
and  thin  space,  terminated  on  both  sides  by  two  parallel 
planes,  and  in  its  passage  through  that  space  urged 
perpendicularly  towards  the  farther  planej  by  any  force 
which,  at  given  distances  from  the  plane,  is  of  given 
quantities.  The  perpendicular  velocity  of  that  body, 
emerging  out  of  that  space,  will  be  always  equal  to  the 
square  root  of  the  sum  of  the  square  of  the  perpendi- 
cular velocity  of  that  body  at  its  incidence  on  that  space, 
and  of  the  square  of  the  perpendicular  velocity  which 
that  body  would  have  al  its  emergence,  if  at  its  inci- 
dence its  perpendicular  velocity  was  inrmilcly  little.  If 
the  body  is  perpendicularly  retarded,  the  same  propo- 
sition is  true  ;  but  instead  of  the  sum  of  the  two  squares 
we  must  take  their  difi'erencc.* 

Let  a  ray  RC  incident  very  obliquely  on  the  refract- 
ing  surface    RS    at  C,  be  refracted  into  the  line  C  e; 


See  the  Princi]>i<i,  Lib.  i.  Prop,  xxxi.x.  and  Newton's  Ojiiici,  Book  1.  Prop.  vi.  p  6S. 
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and  if  it  is  required  to  find  the  line  CE,  into  which  any 
other  ray,  as  AC,  shall  be  refracted,  let  RC,  AD  be  the 
sines  of  incidence  of  the  two  rays,  and  EF,  e/ their 
sines  of  refraction.  Let  the  equal  nioiion  of  the  inci- 
dent rays  be  represented  by  the  equal  lines  RC  and 
AC.  As  the  motion  RC  is  parallel  to  the  refracting 
plane,  the  other  motion  AC  may  be  resolved  into  two 
motions  AD  and  AC,  of  which  AD  is  parallel,  and  DC 
perpendicular  to  the  refraclin^  surface.  In  like  man- 
ner, let  the  motions  C  e,  CE  of  the  refracted  rays  be  re- 
solved into  two  motiotis,  one  parallel  and  llie  other  per- 
pendicular to  the  refracting  plane.     The  perpendicular 

RC 
motion  of  the  ray  RC  will  be -^,  C/,  and  that  of  the 

AD 

ray  AC  will  be  -p-=  CF.     Now,  if  the  force  of  the  re- 
'  LF 

fracting  surface  begins  to  act  upon  the  rays,  either  at 
that  surface,  or  at  a  certain  distance  from  it  on  the  one 
side,  and  terminates  at  a  certain  distance  from  it  on  the 
other  side  ;  and  if,  in  all  places  within  these  two  limits, 
or  within  the  space  of  activity,  as  above  explained,  it 
acts  upon  the  rays  in  lines  perpendicular  to  the  refract- 
ing surlace,  and  the  action  upon  the  rays  at  equal  dis- 
tances from  the  refracting  surface  be  equal,  and  at  un- 
equal distances  either  equal  or  unequal,  in  any  ratio 
whatever; — then  the  motion  of  the  ray  which  is  parallel 
to  the  refracting  surface  will  suffer  no  change  by  that 
force,  but  the  motion  which  is  perpendicular  to  it  will 
be  altered  accsrding  to  the  rule  above  staled. 

RC 

If  Ave  then  represent  by — -   Cy'the   perpendicular 

velocity  of  the  refracted  ray  C  e,    then  the  perpendi- 

AD 

cular  velocity  of  any  other  ray  AC,  which  was  =rr:  Cf, 

Ec 

will    be    altered    by   the    above    rule  so  as  to  become 
CD'+^CF-;   thatis,  f^CpV  =  CD^    -f 


J 


CF*.     By  adding  to  each  side  of  the  equation  the 


RC^ 

'J" 

equal  quantities  AD'  and  RC"  —  CD",  and  then  di- 
viding each  side  by  the  equal  quantities,  C /^  +  e/^  and 

AD-       "RP^ 
CE='  +  EF^.we  shall  have^^  =i^,    that  is,  AD  : 

Er         ej " 

EF~RC  :  e/ ;  that  is,  the  Sine  of  Incidence  is  to  the 
Sine  of  Re/raciion  in  a  given  ratio. 

CoR.  1.  When  light  is  incident  from  a  rarer  upon  a 
denser  medium,  and  therefore  refracted  to  the  perpen- 
dicular, its  velocity  is  increased  ;  and  when  it  is  re- 
tracted from  the  perpendicular  as  it  is  passing  out  of  a 
denser  into  a  rarer  medium,  its  velocity  is  diminished. 
In  the  first  case,  therefore,  we  must  consider  it  as  having 
•received  this  increase  of  velocity  from  forces  conspiring 
more  or  less  wiih  the  direction  of  its  potion,  that  is, 
tVom  an  attractive  force  ;  and,  in  the  second  case,  that  it 
has  been  acted  upon  by  forc<;s  acting  in  opposition  to  the 
direction  of  its  motion,  that  is,  by  an  attracting  force 
drawing  it  backwards  to  tlie  refracting  medium  from 
which  it  is  emerging. 

Cor.  As  the  change  produced  upon  the  square  of  the 
A'elocity  of  light  incident  upon  a  refracting  surface  is  a 
constant  quantity,  the  refraction  will  diminisli  as  the 
velocity  of  the  incident  light  increases. 

Having  thus  explained,  as  briefly  as  possible,  the 
Neivlonian  theory  of  the  refraction  of  light,  it  would  be 


improper  to  quit  this  subject  without  endeavouring  to 
convey  to  the  reader  some  idea  of  the  theory  of  refrac- 
tion, which  is  adopted  by  those  philosophers,  particu- 
larly Huygens,  who  suppose  that  light  consists  in  the 
undulations  of  an  elastic  ethereal  medium.  The  strong 
arguments  by  which  the  Newtonian  theory  has  been  so 
long  sustained,  have  been  much  weakened  by  recent 
discoveries  ;  and  the  Huygenian  system  can  now  boast 
of  being  supported  by  philosophers  of  the  most  distin- 
guished eminence,  and  by  arguments  which  have  not 
yet  received  any  satisfactory  reply  from  the  adherents 
of  the  Newtonian  hypothesis. 

According  to  Huygens,  light  consists  in  the  undula- 
tions of  a  highly  elastic  and  subtle  fluid  pervading  all 
bodies,  which  are  propagated  round  the  luminous  centre 
in  spherical  waves,  as  represented  in  Fig.  1 .  which  shows 
the  general  manner  in  which  they  issue  from  every  point 
of  a  candle.  Each  point.  A,  B,  C,  for  example,  propa- 
gates around  itself  as  a  centre  a  series  of  concentric  waves, 
which  intersect  one  another  without  producing  any  con- 
fusion. In  these  undulations  the  particles  of  the  ether, 
though  in  continual  motion,  are  not  themselves  carried 
along,  but  receive  only  such  an  impulse  that  they  necessa- 
rily communicate  it  to  those  around  them  in  the  same 
manner  as  sound  is  propagated  through  air.  But  while 
each  particle  of  the  ethereal  matter  in  which  a  luminous 
wave  is  propagated,  communicates  its  motion  to  the  next 
particle  in  the  straight  line  drawn  through  the  luminous 
source,  it  also  necessarily  communicates  a  portion  of  its 
motion  to  all  the  other  particles  which  touch  it,  and  op- 
pose its  motion.  Hence  it  follows  that  each  particle 
will  create  round  it  a  new  spherical  undulation,  of  which 
it  is  the  centre.  Consequently  if  DCF,  Fig.  2  is  a 
wave  propagated  from  the  luminous  point  A  as  its  cen- 
tre, any  particle  B  within  the  sphere  DCEF  will  propa- 
gate round  it  ks  /larticu/ar  wave  KCL,  and  the  particle 
G,  its  particular  wave  LEF,  which  will  touch  the  wave 
DCEF  at  C  and  E,  at  the  same  moment  that  the  prin- 
cipal wave  DCEF,  propagated  from  the  point  A,  arrives 
in  DCF.  Hence  it  is  manifest  that  it  is  only  the  point 
C  of  the  wave  KCL  which  will  touch  the  wave  DCEF, 
viz.  the  point  which  is  in  the  straight  line  drawn  througti 
AB.  In  like  manner  the  other  panicles  within  the 
sphere  DCEF,  such  as  b,  6,  b,  b ;  d,  d,  d,  rf,  will  have 
each  propagated  its  wave  round  itself.  But  each  of 
these  particular  waves  must  be  infinitely  weak,  when 
compared  with  the  wave  DCEF,  to  the  composition  of 
which  all  the  others  contribute  by  the  part  of  their  sur- 
face which  is  most  remote  from  the  centre  A.  The 
wave  DCEF  is  determined  by  the  extremity  of  the  mo- 
tion which  issues  from  the  point  A  in  a  certain  space  of 
time,  having  no  motion  beyond  this  wave,  though  there 
is  motion  in  the  space  which  it  incloses,  viz.  in  the  parts 
of  the  particular  waves,  which  parts  do  not  touch  the 
sphere  DCEF. 

Each  part  of  a  wave  ought  to  propagate  itself  in  such 
a  manner,  that  the  extremities  are  always  comprehended 
between  the  same  straight  lines  drawn  fjom  the  lumi- 
nous point  A.  Thus  the  part  of  a  wave  BG  having  for 
its  centre  the  luminous  point  A,  will  propagate  itself  in 
the  arch  CE,  terminated  by  the  straight  lines  ABC, 
AGE.  For  though  the  particular  waves  produced  by 
the  p.inicles  contained  in  the  space  C.AE,  also  spread 
themselves  out  of  this  space,  yet  they  do  not  concur  at 
the  same  instant  to  compose  together  a  wave  which  ter- 
minates the  motion  excepting  in  the  circumference  CE, 
which   is  ihcir  common  tangent.     Hence  we  see  the 
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reason  why  liglu,  considered  as  ilic  ycsult  of  undula- 
tions, is  propagated  unly  in  sUuiglU  lines  ;  for  it  we 
suppose  lid  an  aperture  bounded  by  opaque  bodies 
BH,  GI,  the  wave  of  light  propagaleu  Ironi  liic  point 
A  will  be  always  terminated  by  the  siriiight  lines  AC, 
AF,  as  has  been  shown,  the  parts  ol"  tlie  particular 
waves  which  extend  without  the  space  ACE,  too  t'echle 
to  produce  light.  Hence,  in  this  theory,  wc  may  con- 
sider light  as  propagated  in  straight  lines. 

In  order  to  expl.vin  the  phenomena  of  refraction,  Huy- 
gcns  shows  tl'.ai  there  are  t/irce  ways  in  which  the  un- 
dulations constituting  light  may  propagate  ii  through 
bodies.  1.  If  the  ethereal  matter  does  not  penetrate 
bodies,  he  supposes  that  the  particles  of  water,  gbss, 
&c.  may  communicate  to  one  another  the  motion  im- 
pressed upon  them  by  the  ethereal  undul.itions.  2.  He 
supposes,  what  he  considers  most  probable,  that  the 
ethereal  matter  occupies  tlie  interstices  and  pores  of 
all  transparent  bodies.  3.  He  supposes  that  the  motion 
of  the  luminous  waves  may  be  transmitted  indifferently 
through  tiie  particles  of  the  ethereal  matter  contained 
in  transparent  bodies,  or  through  the  particles  of  the 
bodies  themselves,  so  that  the  motion  passes  from  the 
one  to  the  other. 

Upon  these  data  Iluygens  proceeds  in  the  following 
manner  to  explain  the  principal   phenomena  of  refrac- 
tion.    Let  AB    represent  a    plane   surface  separating 
two  transparent  media,   and  AC  a  part   of  a  wave   of 
light,  whose  centre  is  so  rem.ote,  that  the  part  AC  of 
the  wave  may  be  considered  as  a  straight  line.     The 
part  C  of  this  wave  will  in  a  certain  space  of  time  reach 
the  refracting  surface  AB,  in  the  direction  CB,  which, 
as  it  comes  from  the  luminous  centre,  will  be  at  right 
angles  with  AC.     But  in  the  same  time  that  C  moves 
from  C  to  B,  the  point  A  will  have  arrived  at  G  in  the 
rectilineal  direction  AG,  which  is  equal  and  parallel  to 
CB,  and  for  the  same  reason,  every  point  of  the  wave 
AC  will  be   in  GB,  provided  the  transparent  medium, 
whose   surface   is   AB,  transmitted  the  motion  of   the 
■wave  as  quick  as  that  of  the  other.     But  if  we  suppose 
that  it  transmits  this  motion  slower;  for  example,  one- 
third  slower,  then  the  point  A  will  only  have  advanced 
tivo-lhirds  of  CB,  into  the  medium  AB,  i.nd  will  there- 
fore form  a  particular  spherical  wave,  whose  circumfer- 
ence SNR  has  A  for  its  centre,  and  AR~|  AG  or  |  CB 
for  its  radius.     By  the  same  reasoning  it  may  be  shown, 
that  the  other  points  HH  of  the  wave  AC  will,  during 
the  time  that  C  has  reached  B,  have  not  only  arrived  at 
the  points  K;K,  in  AB,  but  will  have  advanced  into  the 
medium  by  a  space  KN,  KN,  equal  to  ^  of  KM,  KM, 
and  will  have  created  round  the  centres  K,  K,  particular 
■waves  represented  by  circumferences,  whose  radii  KN, 
KN,  are  respectively  |  of  KM,  KM  ;  that  is  §  of  the 
continuation  of  HK,  HK,  to  the  straight  line  BG  ;  for 
these  radii  would  have  been  equal  to  the  whole  of  KM, 
if  the  two  transparent  media  had  the  s^mc  penetrability. 
But  all  these   circumferences  have   for  their  common 
tangent  the   straight  line  BN,   which  is  the  tangent  to 
the  first  circumference  SNR  at  the  point  N,  as  is  ob- 
vious from  the  parallelism  of  the  lines  AR,  KR.     Tlie 
line  BN,  therefore,  formed  by  the   small  arcs  of  these 
circumferences,  terminates  the  motion  which  the  wave 
AC  has  communicated  to  the  transparent  medium,  and 
where  this  motion  is  found  in  much  greater  quantity 
than  any  where  else.     Hence  this  line  is  the   propapa- 
fion  of  the  wave  AC  at  the  moment  that  C  arrives  in  B; 
(t>r  there  is  no  other  line  below  the   refracting   plane 


AB,  whiel.,  like  BN,  is  the  common  tangent  of  alt  the 
particular  waves.  In  order  to  understand  how  the  wave 
AC  has  come  successively  into  BN,  we  have  only  to 
draw  the  straight  lines  KO,  KO,  parallel  to  BN,  and 
KL,  KL,  parallel  to  AC.  In  this  manner  it  will  be 
seen,  that  the  wave  CA  bas  been  bent  from  a  straight 
line,  as  shown  at  LRO,  LRO,  and  has  again  become  a 
straight  line  at  BN. 

If  we  now  draw  EAF,  cutting  the  plane  AB  at  right 
angles  at  the  point  A,  and  AD  perpendicular  to  the 
wave  AC,  DA  will  be  ibe  incident  ray  of  light,  and 
AN  perpendicular  to  BN  the  refracted  ray,  since  the 
rays  are  only  straight  lines,  along  wliich  the  parts  of  the 
waves  are  propagated. 

If  we  now  consider  AB  as  the  radius  of  a  circle,  BC 
will  be  the  sine  of  BAC,and  AN  the  sine  of  ABN.  But 
B.\C3:DAE,  or  its  supplement  D.\P,  since  each  ot 
them  added  to  CAE  make  a  right  angle.  And  AHM — 
NAF,  since  BAN  is  the  complement  of  both  to  a  right 
angle.  Hence  the  sine  of  the  angle  DAE  is  also  to  the 
sine  of  NAF,  as  BC  to  AN.  But  the  ratio  of  BC  to 
AN  exi)resses  the  ratio  of  the  velocities  of  light  in  the 
medium  from  which  the  wave  AC  came,  and  the  medi- 
um by  which  it  was  refracted.  Consequently  the  sine 
of  the  angle  of  incidence  is  to  the  sine  of  the  angle  of 
refraction  as  the  velocities  of  light  in  the  two  media  be- 
fore and  after  refraction. 

In  order  to  observe  how  the  luminous  waves  will  be 
refracted  in  passing  from  a  dense  into  a  rare  medium, 
let  Fig.  4.  be  constructed  in  precisely  the  same  manner 
as  I'ig.  3.  with  this  difference  only,  that  J  is  substituted 
in  place  of  \;  and  it  will  be  found  from  the  very  same 
reasoning  on  this  new  figure,  that  when  the  point  C  of 
the  wave  AC  has  arrived  at  the  point  B  of  the  refracting 
surface  AB,  every  point  of  the  wave  AC  will  be  advan- 
ced to  BN  ;  so  that  BC  drawn  perpendicular  to  AC 
will  he  to  AN  drawn  perpendicular  to  BN  as  2  to  3, 
and  that  this  same  ratio  of  2  to  3  will  be  that  of  the  sine 
of  tlie  angle  of  incidence  EAD,  and  the  sine  of  the 
angle  of  refraction  FAN.  Hence  we  see,  that  the  re- 
fractions must  be  reciprocal,  as  experiment  has  deter- 
mined ;  that  is,  the  refracted  ray,  in  passing  from  a  rare 
into  a  dense  medium,  being  supposed  to  be  the  inci- 
dent ray  when  falling  from  the  same  dense  medium 
upon  the  same  rare  medium,  the  former  incident  ray 
will  now  he  the  refracted  ray. 

The  remarkable  phenomenon  oi  total  reflexion,  \(\\\ch 
happens  in  the  kind  of  refraction  we  have  been  consi- 
dering, is  a  necessary  result  of  the  Iluygenian  theory. 
For  if  the  angle  D.^Q,  or  CBA,  is  such,  that  in  the 
triangle  ACB,  CB  is  equal  to  two-thirds  of  AB,  or  great- 
er ;  then  AN  cannot  forni  the  side  of  a  triangle  .\NB, 
because  it  becomes  equal  to,  or  greater  than  .AB,  wliich 
ought  to  be  perpendicular  to  it.  Hence  it  follows,  that 
the  incident  ray  cannot  in  this  case  penetrate  the  re- 
fracting surface.  If  it  sliould  be  asked  why  no  light 
passes  in  this  case  through  AB,  since  the  arrival  of  the 
wave  AC  against  the  surface  AB  ought  to  produce  a 
motion  in  the  ethereal  matter  on  the  other  side,  the  ex- 
planation given  by  Huygens  is  very  satisfactory.  Though 
an  infinity  of  particular  waves  are  generated  in  the 
ethereal  matter  below  AB,  Fig.  4.  yet  these  waves  can- 
not at  tlie  same  instant  have  a  common  tangent  either 
straight  or  curved;  so  that  there  is  no  line  which  ter- 
minates the  propagation  of  the  wave  AC  beyond  the  plane 
AB,  nor  where  the  motion  is  accumulated  in  a  sufficient 
quantity   to  produce  lipht.     Hence  when  C^-^^  AB, 
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the  waves  geneiatcd  beyond  tlic  buiiacc  AB  will  have 
no  common  tangent,  if  from  the  centres  K,  K,  wc  de- 
scribe circles,  having  their  radii  equal  to  |  of  LB,  (the 
same  as  KM  in  the  other  case.)  for  all  the  circles  will 
be  inclosed  in  one  another,  and  will  all  pass  beyond  the 
point  B.  As  this  case  is  a  very  interesting  one  in  the 
theory,  we  have  represented  it  in  Fii^.  5.  where  MN, 
PQ,  are  the  circles  described  round  K,  K,  with  radii 
equal  to  I  of  LB. 

We  siiall  now  conclude  this  abstract  of  the  Huyge- 
nian  theory  of  refraction  in  homogeneous  media,  with 
the  very  curious  proposition  demonair?.ted  by  Iluygens, 
but  previously  proposed  by  Fermat. 

Prop.  XXXII. 

When  a  ray  of  light  passes  from  a  given  point  in  one 
medium  to  a  given  point  in  another,  it  is  refracted  at 
the  stparaiing  surface  of  the  two  media,  in  such  a  man- 
ner that  it  employs  the  least  possible  time  in  passing 
from  the  one  medium  to  the  other. 

Let  DE  be  the  refracting  surface,  and  let  P  be  the 
point  in  one  medium  (of  yiir,  for  example,)  from  which 
the  ray  sets  out,  and  tlic  point  C  the  other  given  point 
in  the  more  dense  medium,  such  as  Water,  and  let  the 
ray  AB,  incident  at  A,  be  refracted  into  the  line  BC, 
according  to  the  usual  law  of  the  sines  ;  or  so  that  Sin. 
ABP  :  Sin.  CBQ,  as  the  velocity  of  liglu  in  air  is  to  the 
velocii.y  of  light  in  water.  Tlien  the  passage  of  the 
light  along  AB  and  BC  is  effected  in  the  least  time 
possible.  Let  us  suppose  that  tlie  light  could  pass 
quicker  by  the  directions  AF,  FC,  so  that  the  point  of 
retraction  F  is  more  distant  than  B  from  the  point  A, 
and  draw  FO  parallel  to  AB,  AO  perpendicular  to  AB, 
Bli  perpendicular  to  FO,  and  FG  perpendicular  to 
BC  Then  because  HBF  =  PBA,  and  BFG=QBC,  it  fol- 
lows thatSin  HBF  :  Sin.  BFG,  as  velocity  of  light  in  the 
medium  A  or  air  to  the  velocity  of  light  in  C  or  water  ; 
but  these  sines  are  the  lines  MF,  BG  ;  BF  being  radius. 
Hence  HI"  and  BG  are  to  one  another  in  the  ratio  of 
the  above  velocities ;  and  if  OF  is  tlie  incident  ray, 
the  time  in  which  the  light  passes  along  HF  is  equal  to 
the  time  in  which  it  passes  alonp;  BG  wi.hln  the  dense 
medium;  but  the  time  ot  describing  AB  is  equal  to  the 
lime  of  describing  OH  ;  consequently  the  time  of  de- 
scribing OF  is  equal  to  the  time  of  describing  AB  and 
BG.  But  the  time  of  describing  FC,  the  hypothenusc, 
must  be  longer  than  the  time  of  describing  GC  ;  conse- 
quently the  time  of  describing  OFC  will  be  longer  tlian 
the  lime  of  describing  ABC;  and  as  AF  is  greater  than 
OF,  the  time  of  describing  AFC  will  exceed  still  more 
the  time  of  describing  ABC. 

Let  us  next  suppose,  that  the  ray  arrives  at  C  by  the 
route  AK,  KC,  ihe  point  of  refraction  K  being  nearer 
to  A  than  B  is.  Then  draw  KN  parallel  to  BC,  CX 
perpendicular  to  BC,  and  BM  and  KL  respectively 
perpendicular  to  KN  and  BA.  It  may  be  shown,  as 
before,  that  BL  and  KM,  or  the  sines  of  the  angles  of 
incidence  and  refraction,  are  to  one  another  as  the  velo 
cititsof  the  light  before  and  after  refraction.  Now  the 
time  of  describinc;  LB  is  equal  to  the  time  of  describing 
KM,  and  since  the  time  of  describing  BC  is  equal  to 
the  time  of  describing  MN,  the  lime  of  describing  LBC 
will  be  equal  to  ihe  time  of  describing  KMN.  But  the 
time  of  describing  AK  is  longer  than  that  of  describ- 
ing AL  ;  consequently  the  time  of  describing  AKN  is 


longer  than  that  of  describing  ABC.  And  as  KC,  the 
hypoihenuse,  is  longer  than  KN,  the  time  of  describ- 
ing AKC  will  be  stdl  more  than  the  time  of  describing 
ABC.  Hence  it  appears,  that  the  time  of  describing 
ABC  is  the  shortest  possible. 

Hiiheno  we  have  considered  only  the  progress  of  the 
waves  in  a  homogeneous  medium.  We  shall  there- 
fore conclude  this  chapter  with  the  explanation  which 
Huygens  has  given  of  the  refraction  of  light  in  media 
of  variable  density,  such  as  the  atmosphere  of  the  earth. 

If  A,  Fig.  7.  is  a  luminous  point,  such  as  the  top  of 
a  spire,  the  waves  which  are  propagated  from  it  in 
every  direction,  ought  to  extend  themselves  more  wide- 
ly above,  as  shown  in  the  figure,  and  less  widely  below  ; 
and  in  other  di:ections  more  or  less,  in  proportion  as 
these  directions  coincide  more  or  less  with  the  two  ex- 
tremes. Let  BC  be  the  wave  which  conveys  to  the 
eye  of  the  spectator  at  B  the  impression  of  the  light 
vvhich  emanates  from  A  ;  and  let  BD  be  the  straight 
line  which  cuts  this  wave  perpendicularly.  Then  because 
the  ray,  or  the  straight  line  by  which  we  judge  of  the 
place  where  an  ol)ject  appears  to  us,  is  nothing  more 
tlian  the  perpendicular  to  the  wave  which  arrives  at 
our  eye,  it  is  obvious  that  the  point  A  will  be  seen  as 
if  it  were  in  the  straight  line  BD,  and  higher  than  it 
is  in  reality.  The  light  issuing  from  the  point  B  has 
therefore  moved  through  the  atmosphere  in  a  direction 
AEB,  which  is  necessarily  perpendicular  to  all  the 
waves  propagated  from  A  as  a  centre. 

For  further  information  on  the  subject  of  this  section, 
see  Huygens's  Traire  de  la  Lumiere,  chap.  i.  ii  iii.  and 
iv.  Barrow's  Leciiones  0/iiiccs,  Sect.  ii.  4.  Euler,  Can- 
jcci.  P/njs.  Euler's  Lettera  to  a  German  Princeaa  j  and 
Young,  in  his  Syllabus,  Art.  382,  &c.  in  Phil.  Tram. 
13  0,  p.  128  ;  and  in  his  ElemenCi  of  A'atural  Phitoac- 
Jihy,  vol.  ii.  p.  613,  &c. ;  and  M.  Fresncl's  Memoire  sut 
la  Diffraction  de  la  Lumicre. 


CHAP.  n. 

On  C.iTopTRics. 

The  word  Catoptrics,  from  the  Greek  k«t«,  from, 
and  ozTTouxi,  to  *c(?,  is  that  branch  of  optics  which  treats 
of  the  Reflexion  of  Light,  or  of  the  changes  of  direction 
which  light  experiences  when  it  is  repelled  or  reflect- 
ed//ow  the  surfaces  of  transparent  or  opaque  bodies. 

Prop.  I. 

When  light  is  incident  upon  a  plane  or  curved  sur- 
face, the  angle  which  the  incident  ray  forms  with  a 
perpendicular  to  that  surface  at  the  point  of  incidence 
is  equal  to  the  angle  which  the  reflected  ray  forms  with 
the  same  perpendicular. 

Let  RS,  MN,  Fig.  8.  be  reflecting  surfaces  ciihcrplanc 
or  curved  ;  ,^C  a  ray  incident  upon  them  at  the  point  C, 
and  CP  a  perpendicular  to  the  surface  at  the  point  C. 
Then  having  drawn  from  C  the  line  CB  in  the  plane 
passing  through  ACP,  so  that  PCB  =  PC.\.  CB  will  be 
the  reflected  ray.  If  we  take  any  plane  surface  with  a 
graduated  semicircle,  and  make  it  coincident  with  the 
incident  ray  AC  and  the  perpendicular  CP,  so  that  the 
point  of  incidence  C  coincides  with  the  centre  of  the 
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graduated  semicircle,  and  if  wc  admit  a  ray  of  light 
through  a  nunute  aperture  at  A,  it  will  be  found  uni- 
versally that  whatever  be  the  position  of  A,  the  arch 
AP,  which  measures  the  angle  ACP,  is  equal  to  the 
arch  PB,  which  measures  the  angle  PCB,  and  that  the 
rellectcd  ray  CB  is  in  the  same  plane  with  AC  and  PC. 
Now  the  angle  ACP  is  called  the  Angle  of  Incidence, 
and  the  angle  PCB  the  Angle  of  Rejlexion.  Hence  it 
follows,  that  in  all  reflexions,  whether  from  plane  or 
curved  surfaces,  the  angle  of  Incidence  is  equal  to  the  an- 
gle of  rejlexion,  and  that  the  rijlccted  ray  is  in  the  same 
filane  with  the  incident  ray. 

Coil.  1.  If  BC  be  made  tlie  incident  ray,  CA  will  be 
the  reflected  ray.  / 

CoR.  2.  If  the  ray  PC  be  incident  perpendiculSrly  at 
C,  it  will  be  reflected  back  again  in  the  direction 
CP,  and  if  it  is  incident  horizontally  in  the  direction 
SC,  it  will  be  reflected  horizontally  in  the  direction 
CR,  RCS  forming  one  straight  line. 

Cor.  3.  If  we  prolong  AC  to  E,  the  angle  BCE  will 
measure  the  deviation  ol  the  reflected  ray  from  its  pri- 
mitive path. 

CoR.  4.  When  the  ray  is  incident  perpendicularly  as 
at  PC,  its  angle  of  deviation  is  180°,  or  two  right  an- 
gles ;  when  it  is  incident  in  the  direction  BC,  so  that 
BCP  is  45°,  the  angle  of  deviation  will  be  2x45°ZZ90°, 
or  one  right  angle ;  and  when  it  is  incident  at  an  angle 
of  90°,  or  SC,  the  angle  of  deviation  will  be  nothing. 

Def.  A  Mirror  or  Speculum  is  a  piece  of  metal  or 
c;lass,  with  a  highly  polished  surface,  which  reflects 
the  rays  of  light.  It  may  be  either  ftlanc,  concave,  or 
convex.  When  a  glass  mirror  is  used,  the  incident 
light  is  refracted  at  the  first  surface,  and  then  reflected 
from  a  coat  of  tin  and  quicksilver,  made  to  adhere  to 
the  posterior  surface,  for  the  purpose  of  increasing  the 
brilliancy  of  the  reflexion.  When  we  speak  of  a  mir- 
ror or  speculum,  therefore,  we  always  mean  a  metallic 
one,  where  the  light  does  not  suffer  any  refraction  be- 
fore it  is  reflected. 


Sect.  I. — On  the  Reflexion  of  Rays  from  Plane,  Con- 
vex, and  Concave  Mirrors. 

Prop.  II. 

When  rays  of  light  are  reflected  from  a  plane  mir- 
ror, the  reflected  rays  have  the  same  degree  of  incli- 
nation to  one  another  as  their  corresponding  incident 
rays. 

C.vsF.  1.  Parallel  Rays.— Lei  AB,  CD,  Fig.  9.  be 
two  parallel  rays  incident  upon  the  plane  mirror 
MNOP;  from  their  points  of  incidence  B,  D,  draw 
the  perpendiculars  BE,  DP;  join  BD,  and  let  DH  be 
the  intersection  of  the  planes  CDI',  GBD  ;  or  since  BE, 
DF  are  both  drawn  perpendicular  to  the  same  plane,  they 
are  parallel.  Geometry.  Prop.  V.  Cor.  I. ;  and  as  AB, 
CD, are  parallel,  the  angles  of  incidence  ABE,  CDF,  are 
equal,  Geometry,  Prop.  X.  In  consequence  of  the  pa- 
rallelism of  EB,  and  FD,  and  AB  and  CD,  the  planes 
ABG,  CDH,  are  parallel,  Geometry,  Prop.  XI.  and 
they  are  intersected  by  the  plane  GBDH  ;  consequently 
DH  is  parallel  to  BG,  Geometry,  Prop.  VII. ;  and  EBG 
:z:FDH,  Geometry,  Prop.  X.  But  EBG  ^  angle  of  rc- 
llexion  of  AB,  consequently  FDH:^ angle  of  reflexion  of 


CD  ;  and  as  DH  is  in  the  pl.inc  CDF,  ClJ  is  rcflecteil 
in  the  direction  DH,  which  is  parallel  to  BG. 

Case  2.  Diverging  Rays — Let  RAI5,  Fi;;-.  10,  b6  a 
pencil  of  diverging  rays  incident  upon  the  plane  mirror 
PB,  and  from  R  draw  RF  perpendicular  to  PAB,  and 
cutting  the  surface  of  the  mirror  in  P.  Let  AD  be  the 
reflexion  of  an  incident  ray  RA,  produce  DA  back- 
ward to  F.  Then,  by  Prop.  I.  p.  G55.  PAR  ^:  BAD  zr 
PAF,  consequently  in  the  right  angled  triangles  PAR, 
PAF,  the  angles  arc  all  equal,  and  PA  common  ;  hence 
RPir  PF,  that  is,  the  reflected  ray  AD  procseds  as  it 
came  from  a  point  F,  on  the  other  side  of  the  mirror, 
and  at  ihc  same  distance  from  it  as  P.  In  like  manner, 
it  may  be  shown,  that  every  other  ray  will  proceed  as 
if  they  diveiged  from  F,  and  therefore  F  is  the  virtual 
focus  of  all  the  reflected  rays.  Since  PR.\~PF.-\,  ii 
may  be  shown  in  the  same  way  that  PRB:r:PFB  ; 
hence,  taking  equals  from  etjuals,  the  remainder  A F R — 
ARB,  that  is,  the  rays  alter  reflexion  have  the  same  de- 
gree of  inclination  as  before  reflexion. 

Case.  3.  Converging  Rays. — If  DA,  CB,  Fig.  10.  is  a 
pencil  of  incident  rays  converging  to  the  point  F,  it 
follows  from  the  above  reasoning  that  they  will  con- 
verge to  the  focus  R  after  reflexion.  See  Cor.  1.  Prop. 
V.  p.  657. 

Prop.  HI. 

If  parallel  rays  are  incident  upon  a  convex  or  a  con- 
cave mirror,  they  will  be  reflected  to  a  focus  equidistant 
from  the  surface  and  the  centre  of  the  mirror. 

Let  UA,  RE,  Fig.  1  1.  be  parallel  rays  incident  upoi, 
the  spherical  mirror  AEB,  whose  centre  is  C.  The  ray 
RE  passing  through  the  centre  C,  and  therefore  fallini; 
perpendicularly  on  the  mirror  at  L'.,  will  be  reflected  iii 
the  direction  EC.  Having  joined  CA,  and  made  the 
angle  CA  </ziCAR,  the  ray  RA  will  be  reflected  in  the 
direction  Ay.  At  the  point  of  incidence  A,  draw  the 
tangent  GH,  cutting  CE  produced  in  II.  Then,  on  ac- 
count of  the  parallelism  of  RA,  RE,  the  angle  R  AC — 
ACE=:CA  /,  consequently  C  f=:f  A.  But  /  AH 
™RAG~AH  /,  Geometry,  Prop.  XXI.  conse- 
quently A  fz^f  H,  and  CF~FH.  If  we  now  sup- 
pose the  ray  RA  to  approach  the  axis  RE,  the  arch 
AE  will  diminish,  and  its  secant  CH  will  ultimately  be- 
come equal  to  the  radius  CE,  consequently  y  H  will 
then  become  equal  to  /'E,  and  therefore  Cf:^f'E. 

When  the  ray  R'  A,  falls  upon  tlie  convex  surface  of 
AEB,  it  may  be  shown  by  the  very  same  reasoning, 
that  y,  which  is  now  the  virtual  focus  of  the  reflected 
rays,  or  their  focus  when  produced  backwards,  is  equi- 
distant from  C  and  E. 

Cor.  If  several  pencils  of  parallel  rays  be  incident 
nearly  perpendicularly  upon  a  spherical  mirror,  the  foci 
of  the  reflected  rays  will  be  in  a  spherical  surface  con- 
centric with  that  of  the  mirror.  For  since  each  locus  is 
by  the  proposition  equidistant  from  the  centre  of  the 
mirror,  the  distance  of  all  the  foci  from  the  mirror  must 
be  exactly  the  same;  that  is,  they  must  be  in  a  surface 
concentric  with  that  of  tiie  mirror. 


Prop.  IV. 

When  diverging  or  converging  rays  are  incident  upon 
a  concave  or  a  convex  mirror,  the  distance  of  the  prin- 


OPTICS. 


657 


cipal  focus,  from  tlic  centre  is  a  mean  proportional  be- 
tween the  distance  of  the  radiant  point  from  the  prin- 
cipal focus,  and  the  distance  of  the  p?incipal  focus  from 
the  conjugate  focus. 

Let  AEB,  Fig.  12.  be  the  spherical  mirror,  whose  cen- 
tre is  C;  and  RA,  HE,  two  rays  <!ivel•^i^.^  from  R, 
and  incident  upon  the  mirror  AB.  The  ray  RE,  which 
passes  through  the  ceii're,  will  be  reflected  back  again 
in  the  direction  ER.  Having  joined  CA,  draw  A  r  for 
the  refl'^cied  ray,  making  the  same  angle  as  the  inci- 
dent ray  with  CA.  Draw  DA  parallel  to  RE,  make 
CA  e~CAD,  and  bisect  EC  in  F.  Then,  since  DAC~ 
CA  e,  and  RAC— CA  r,  we  have  D.\R— e  A  r.  But 
in  the  triangles  AH  e.  Are,  the  angle  r  e  A  is  common, 
and  consequently  they  are  similar.  Hence  R  e  :  e  A:^ 
e  A  :  c  »■;  or,  by  Prop.  iii.  as  e  A  ~  e  C,  we  have  R  e  : 
f>  C  ~  «  C  :  e  r.  If  we  now  suppose  the  point  A  to  ap- 
proach C,  then  the  point  e  will  ul;imately  coincide  wiih 
r,  and  therefore  we  have  ultimately  RF  :  FC  ZZ  FC  : 
Fr. 

By  constructiog  the  figure  for  converging  rays,  the 
same  result  will  be  obtained  by  the  veiy  s.ime  reasoning, 
and  if  the  lines  in  Fig.  12.  are  all  produced  behind  tiie 
mirror  AB,  we  shall  have  similar  results  for  rays  inci- 
dent upon  a  convex  mirror. 

CoR.  I.  When  the  radiant  point  is  in  the  centre  of 
the  mirror,  the  rays  being  ail  incident  perpendicularly, 
will  be  reflected  back  in  the  same  line,  and  therefore 
the  radiant  point  and  the  focus  will  coincide  in  the  centre. 

Cor.  2.  As  the  radiant  point  R  appioaches  to  the 
mirror,  the  focus  r  recedes  from  it.  When  R  arrives 
at  C,  r  arrives  also  at  C,  as  in  Cor.  1.  and  when  R  gets 
to  the  right  hand  of  C,  r  gets  to  the  left,  and  gradually 
recedes  to  the  left  as  R  advances  to  F.  When  R  reaches 
F,  the  point  r  has  receded  to  an  infinite  distance,  and 
the  reflected  rays  are  parallel;  but  when  R  passes  F, 
r  becomes  a  virtual  focus  on  the  right  hand  of  the  mir- 
ror AB,  or  the  point  from  which  the  diverging  reflected 
rays  now  appear  to  issue.  As  R  approaches  to  E,  r  ap- 
proaches to  E,  and  the  two  conjugate  foci  finally  coin- 
cide at  the  vertex  E  of  the  mirror. 

Cor.  3.  As  R  e  :  f  C  iz  e  C  :  f  r,  we  have  R  e  :  RC 
~  f  C  :  r,  and  R  f  :  e  C  31  RC  :  C  r  :  when  A  has  ap- 
proached to  F,  we  shall  have  ultimately  RF  :  F.C.  —  R 
c.Cr. 

Cor  4.  As  CARizCA  r,  we  have,  (by  Geometry, 
Prop.  XVH.)  RA  :  A  r  =  RC  :  C  r,  and  ultimately, 
RE:  Er=RC  :  Cr. 

Cor.  5.  As  the  conjugate  foci  of  rays  meet  at  r  only 
when  they  are  incident  nearly  perpendicularly  upon  a 
mirror,  a  spherical  mirror  is  incapable  of  reflecting  in- 
cident rays  to  the  same  focus,  unless  in  the  case  of  Cor. 
1.  when  they  radiate  from  and  return  to  the  centre. 
There  is,  therefore,  a  iftherkal  aberration  in  all  mirrors, 
analogous  to  that  which  exists  in  lenses  of  a  spheiical 
form. 

Sect.   II. —  On  the  Formation  of  Images  by  Plane, 
Convex,  and  Concave  Mirrors. 

Prop.  V. 

When  any  object  is  placed  before  a  plane  mirror,  the 
image  of  it  appears  at  the  same  distance  behind  it,  of  the 
same  magnitude,  and  equally  inclined  to-^he  mirror. 

Let  MN.  Fig.  13.  be  a  plane  mirror,  and  AB  an  ob- 
ject  ph.r<  d  before  ii,  and  let  the  position  of  the  object 
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be  Fuch  that  the  reflected  rays  may  enter  an  eye  placed 
at  H.  From  A  and  B  let  fall  upon  the  mirror  the  per- 
penoiculars  A  a,  B  6  Then  by  Piop.  II.  Case  I.  rays 
AF,  AG  diverging  from  A,  will  be  reflected  in  the  lines 
FH,  GK,  as  if  they  came  from  the  point  a,  so  situated 
that  EA  =  E  a;  and  hence  (he  point  A,  which  is  ren- 
deied  visible  to  the  eye  at  H  by  the  r^ys  FII,  GK,  witl 
be  seen  at  the  point  a.  In  like  manner  it  may  be 
shown,  that  the  point  B  of  the  object,  which  is  rendered 
visible  to  the  eye  at  II  hy  the  rays/  H,  ^^  K  will  appear 
at  6,  so  situated  that  GB  =  G  6.  By  taking  any  otner 
rays  at  pleasure,  divergent  from  any  other  point  of  the 
object  AB,  it  mav  in  a  similar  manner  be  shown,  tljat 
they  will  have  their  foci  in  points  of  tiie  line  a  b,  formed 
by  drawing  perpendiculars  from  the  given  points  of  the 
object.  Hence,  since  A  a  is  parallel  to  B  b,  and  EA  = 
E  a,  and  GB  =t  G  6,  the  image  a  6  of  the  object  AB  will 
be  of  the  same  magnitude  as  the  object,  and  will  be 
equally  inclined  to  the  mirror. 

Prop.  VI. 

If  the  image  of  an  object  is  seen  by  reflexion  from  tw» 
plane  mirrors,  and  if  the  reflexion  is  made  in  a  plane 
perpendicular  to  their  coiimion  intersection,  the  angular 
deviation  of  the  image  from  the  object  will  be  equal  to 
twice  the  inclination  of  the  reflecting  mirrors. 

Let  AB,  CD,  Fig.  14.  be  the  two  plane  mirrors,  whose 
inclination  is  BGD,  and  let  a  pencil  of  rays  PA,  PB,  di- 
verge  from  any  point  P,  and  after  reflexion  at  the  points 
A,  B  be  again  reflected  to  the  eye  at  H,  from  the  points 
C,  D,  of  the  second  mirror.  Continue  PB  meeting  the 
same  ray  DH  in  H,  and  continue  HD  and  KC  to  O. 
The  image  will  appear  at  O,  and  its  angular  deviation, 
or  distance  from  the  object,  will  be  PHO,  which  will 
be  equal  t3  twice  BGD.  As  the  angle  HBG  =  ABP 
=  DBG,  the  sum  of  any  two  of  these  equals  will  be 
equal  to  double  of  either  of  them,  or  DBH  ~  2  DBG. 
For  the  same  reason  BDO  =j  2  BDC.  But  Euclid  xxxii. 
1.  BGD  =  BDC  —  DBG;  and  multiplying  by  2  we 
have  2  BGD  =  2  BDC  —  2  BDG;  consequently  by 
subsiiiuiion  2  BDG  =  BDO  —  DBil  =  BHD. 

Scholium. 

This  proposition  constitutes  the  principle  upon  which 
Hadley's  quadrant  is  constructed.     See  Quadrant, 

Prop.  VII. 

If  an  object  is  placed  between  two  plane  mirrors,  in- 
clined to  each  other  at  any  angle,  several  images  of  any 
object  placed  between  them  will  be  formed,  and  these 
images  will  be  arranged  in  the  circumference  of  a  cir- 
cle, whose  centre  is  the  intersection  of  the  two  planes, 
and  whose  radius  is  the  distance  of  the  object  from  that 
centre. 

Let  AO,  BO,  Fig.  15.  be  two  plane  mirrors,  whose 
inclination  is  AOB,  and  let  C  be  an  object  pliced  be- 
tween them.  Upon  O  as  a  centre,  and  wiili  OC  as 
radius,  describe  the  circle  EXQGE,  and  ficm  C  draw 
CE  perpendicular  to  AO  ia  D,  ar.d  meeting  the  circle 
in  E;  EG  per]iendiculjr  to  BO  at  F;  GH  perpendicu- 
lar to  AO  ;  ai,u  H  V  perpendicular  to  OB.  In  like  rrwn- 
ner,  from  C  draw  CL  perpendicular  to  OB  in  K,  LK 
perpendicular  to  OA  in  M,  NP  perpecdicular  to  OB 
5  H 
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and  Py  perpendicular  to  OA.  Now,  as  the  points  C, 
E,  are  in  the  circle  wliose  centre  is  O,  and  CE  perpen- 
dicular to  OA,  we  shall  have  the  triangles  ODE,  ODC, 
equal,  and  CD  =  DE ;  and,  in  like  manner,  it  may  be 
shown,  that  all  the  other  lines  EG,  CL,  LN,  Sec.  &c. 
are  bisected  in  points  F,  K,  and  M,  lyinc;  either  in  the 
surface  of  the  mirror  OA,  OB,  or  in  these  lines  pro- 
duced. Hence,  it  follows,  that  E  is  the  imaj^e  of  the  ob- 
ject C,  formed  by  the  mirror  OA ;  fJ  the  image  of  the 
object  E,  formed  by  the  mirror  OB  ;  L  the  image  of  E, 
formed  by  OB  ;  N  the  image  of  L,  formed  "by  OB, 
every  image  being  an  object  from  which  a  new  image 
is  formed  by  the  other  mirror.  The  different  images, 
therefore,  formed  by  successive  reflexions  between  the 
mirrors,  are  arranged  in  the  circumference  of  a  circle 
described  round  O  as  a  centre,  and  passing  through  the 
object  C. 

Cor.  1.  If  we  consider  the  whole  angular  opening  of 
the  mirrors,  viz.  the  sector  OAB  as  the  object,  images 
of  it  will  be  formed  in  a  circle  whose  ct-ntre  is  C,  anti 
the  images  of  any  point  C,  viz.  those  at  E,  G,  L,  M,  will 
occupy  the  same  position  in  each  image  of  the  sector, 
that  C  does  in  tiie  real  sector  ABO. 

Coil.  2.  If  the  inclination  of  the  mirrors  gradually 
diminishes,  the  inclination  of  the  lines  CE,  EG.  will 
also  diminish,  and  the  number  of  images  increase,  and 
when  the  inclinations  ate  infinitely  small,  so  that  the 
mirrors  become  parallel,  the  lines  CE,  EG,  will  coin- 
cide, and  the  images  will  all  be  arranged  in  a  straight 
lino,  passing  through  the  object,  and  perpendicular  to 
both  mirrors,  and  will  be  infinite  in  number.  But  as  a 
portion  of  light  is  lost  at  every  reflexion,  they  will  gra- 
dually diminish  in  brightness,  and  will  soon  become  in- 
visible. 

Scholium. 

This  proposition  forms  the  foundation  of  the  Kaleido- 
scope, in  so  far  as  the  mulcifilication  of  the  images  is 
concerned  ;  but  it  has  no  relation  whatever  to  the  firin- 
cifile  of  symmetry  in  the  combination  of  the  images, 
which  is  essential  to  the  production  of  beautiful  forms 
by  multiplied  reflexions.  The  proposition  above  demon- 
strated is  true,  independent  of  the  position  either  of  the 
object  or  the  eye,  provided  that  the  rays  from  the 
former  fall  upon  the  mirror,  and  the  latter  receives  the 
reflected  rays;  but  in  order  that  the  images  may  be  ac- 
tually see?i  arranged  in  the  circumference  of  a  circle,  the 
object  and  the  eye  must  have  certain  positions.  See  the 
article  Kaleidoscope  in  this  work,  vol.  xii.  and  Dr. 
Brewster's  Treatise  on  the Kakidoscojie.  Edinburgh, 1819. 

Prop.  VIII. 

The  number  of  images  of  any  object  placed  between 
two  inclined  plane  mirrors,  whose  inclination  is  an  ali- 
quot part  of  four  right  angles,  is  equal  to  the  number 
«f  times  that  the  angle,  formed  by  the  mirrors,  is  con- 
tained in  four  right  angles. 

Let  AO,  BO,  Fig.  15.  be  the  mirrors,  as  in  the  last 
proposition  ;  then,  since  CE,  LN,  GH,  Sec.  were  drawn 
perpendicular  to  the  same  mirror  0.\,  they  will  be  pa- 
rallel ;  and,  for  the  same  reason,  CL,  EG.  NP,  &c.  will 
be  parallel.  Consequently,  Geom.  Prop.  X.  the  arches 
of  CE,   LG.    NH,  PV,  will  be  equal.     Call  the  incli- 


nation of  the  mirrors,  or  AOBssi,  the  arches  CA=a, 
and  CBt=i;  then    we   have  CE  =  2   a,  and  CL  =  2  *, 
CN=2  a  +  2  6  =  2  z,  CH  =  2  i  +   2  a,  and   CNQ  = 
2  i-f-2  a  +  2  b—i  i.     Hence  the  distances  of  the  images 
E,  H,  Q   from  C  are, 
Distance  of  C  from  E=i2  a 
Distance  of  C  from  K=2  i-f-2  a 
Distance  of  the  next   =ii^ia 

2ni  —  2i+ia=s2ni  —  2  a, 
where    n  is  the  numbir  of    iina^-s.     Now  this   scries 
will  be  continued    while   2    ni  —  2  4  is  less  than  CNR 
or    180°  -f  a,  and  therefore  the  number  of   linages   n 
in    this    series,  is  the  wHol';    number  immediately   ue- 


low 


180  +  0  +  2*       i80+;+A 


But   there  is  a  second 


2  «  2  J 

series  of  images  formed  at  N,  Q,  whose  distances  are 
2  !,  4  2,  6  i, 2  mi,  a  series  which  will  be  con- 
tinued while  2  m  I  is  less  than  180+a;  consequently, 
the  number  of  images  is   the    whole  number  immedi- 

.  ,     ,    ,        180+n 
ately  below  — .     In    the    same    way,   it    may,   be 

shown,  that  the  number  of  images  formed  by  reflexion 
from  the  mirror  BO  will  be  the   whole  number  imine- 


,1-   .  1     u  1         180  +  i+a       ,  180  +  a 

diately  below  i-^ — and 2_. 

2  i  2i 


But,  if  i  is    con- 


tained an  even  number  of  times  in  180°,  the  number  of 

1 80° 
images  in  each  of  the  /our   series   will   be  — —t    be- 

180"  +  ;+^       180°        i+b       ,       , 

cause -J — .___.^_3:_;  the  latter  part  is  ne- 

•it  ji    1  2    t 

glected,    being  less  than  unity.     Hence  the  number  of 

1.     ,      r  •,,    u  180        360 

images  in   all   the  four  series  will  be  4  x = 

2  i  i 

If,  on  the  other  hand,  t  is   contained  an  odd   number  of 

times  in   180°,  2  i  will    be  a  measure  of  180°  +  i  or 

180  —  i,  and  the  number   of  images   will   be 4- — 

,    180—;        180 +  !    ,    180 —  J        360         „  ...      ,, 

+  ^7- + -17- +  ——=—•  ^"  ^°°'** 
0/itics,  (whose  demonstration  of  this  proposition  we 
have  adopted,)  Prop.  xiv.  p.  38,  and  the  Treatise  on  the 
Kaleidoscofie,  p.  10 — 15. 

Prop.  IX. 

When  any  object  is  placed  before  a  convex  mirror, 
the  image  of  it  appears  nearer  to  the  surface  of  the 
mirror,  and  of  a  less  size. 

Let  MN.  Fig.  16.  be  the  convex  mirror,  whose  cen- 
tre is  C,  and  AB  the  object,  and  let  the  position  of  the 
object  be  such,  that  the  reflected  rays  may  enter  an  eye 
placed  at  H.  From  C  draw  CA,  CB,  cutting  the  mirror 
MN  in  E  and  F.  The  rays  AF,  AG,  will  be  reflected 
to  H  and  K,  making  equal  ani^lcs  with  the  perpendicu- 
lars passing  from  C  through  F  and  G,  and  will  there- 
fore enter  the  eye  as  if  they  came  from  some  point 
a,  at  the  intersection  of  these  rays  with  the  perpen- 
dicular AC  ;  consequently  the  point  A  of  the  object 
will  have  its  image  visible  at  a.  In  like  manner,  rays 
B/,  B  J-,  falling  upon  the  points/jg-.  will  be  icflected  to 
the  e)e  as  if  lliey  came  from  i,  the  point  wnere  they 
intersect  the  perpendicular  drawn  from  B  to  C.  Now, 
as  the  reflected  rays  diverge  more  than  the  incident 
ones,  the  point  a  will  be  nearer  the  mirror  than  A,  and 
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tlie  image  a  b  will  be  less  than  the  object  AB  in  the 
ratio  of  C  6  to  CB. 

Prop.  X. 

When  an  object  is  placed  before  a  concave  mirror, 
the  image  of  it  has  various  magnitudes  and  positions 
depending  on  the  distance  of  the  object  from  the  mirror. 

1.  When  the  object  is  between  the  concave  mirror 
and  its  principal  focus,  the  image  appears  behind  the 
mirror,  and  is  more  distant  from  it,  and  of  greater  mag- 
nitude than  the  object. 

Let  MN,  Fig.  17.  be  the  concave  mirror,  F  its  prin- 
cipal focus,  C  its  centre,  and  AB  the  image.  From  C 
draw  CA  a,  CB  />,  passing  tlirough  A  and  B,  and  let 
the  image  be  so  placed  that  the  reflected  rays  will  reach 
the  eye  at  H.  The  rays  AD, AG,  proceeding  from  A,  and 
Bd,B  g,  proceeding  from  B,  will  be  reflected  to  the  eye 
at  H,  making  equal  angles  with  the  perpendiculars  CG, 
C  g,  kc.  and  they  will  diverge  less  than  before  reflex- 
ion, as  if  tliey  had  come  from  a  remote  point  a,  situated 
in  the  intersection  of  those  rays  with  the  perpendicu- 
lar CA  a.  In  like  manner  the  rays  B  rf,  B  ^,  will  en- 
ter the  eye  at  H,  as  if  they  had  proceeded  from  b,  a 
point  where  they  intersect  CB  b.  These  points  a,  b,  will 
be  farther  from  MN  than  A  and  B  are,  and  the  image 
a  b  will  be  greater  than  AB,  in  the  ratio  of  C  6  to 
CB. 

2.  When  the  object  is  withdrawn,  so  as  to  be  placed 
in  the  principal  focus  F,  the  rays  will,  by  Cor.  3.  of 
Prop.  IV.  be  reflected  in  parallel  directions,  so  that  the 
image  will  be  formed  at  an  infinite  distance. 

3.  When  the  object  is  situated  between  the  principal 
focus  and  the  centre,  the  image  is  formed  on  the  other 
side  of  the  centre,  and  is  inverted  and  larger  than  the 
object. 

Let  MN,  Fig.  18,  be  the  mirror,  C  its  centre,  F  its 
focus,  and  AB  the  object.  Through  C  draw  the  lines  C  A, 
CB,  and  continue  them  backwards  to  a  and  b.  Then  let 
AD,  AG  ;  B  f/,  B  g,  be  two  pencils  of  rays  flowing  from 
the  extremities  A,  B.  These  rays  will,  after  reflexion 
in  the  directions  D  a,  G  a,  and  d  b,  g  6,  meet  the  per- 
pendicular lines  C  a,C  b,  in  the  points  a,  b,  at  a  greater 
distance  from  the  mirror  than  the  centre  C,  and  will 
then  form  an  image  of  those  points  of  the  object.  The 
image  is  therefore  more  remote  from  C  than  the  object 
is,  and  the  size  of  the  one  will  be  to  that  of  the  other 
as  a  C  is  to  AC  ;  that  is,  the  image  will  be  larger  than 
the  object. 

4.  When  the  object  is  situated  beyond  the  centre, 
the  image  will  then  be  formed  between  the  centre  and 
the  principal  focus,  and  will  be  inverted  and  less  than 
the   object. 

This  is  the  converse  of  the  preceding,  and  will  be 
made  obvious  by  considering  the  rays  us  fit  si  flowing 
from  a  b  arid  converged  to  AB, 

5.  When  the  middle  part  of  the  object  is  placed  in 
the  centre  of  the  mirror^  the  obj  ct  vili  coincide  with 
the  image,  and  the  image  will  bt  inverted. 

That  the  centre  of  the  in.age  and  that  of  the  object 
will  be  coincident,  is  obvious  Iron.  Cor.  1.  oi  Prop.  IV. 
p,  646.  If  A.,  B,  Fig.  19.  are  the  extreiii'tiijs  of  ihr  ob- 
ject, then  a  ray  AD  fulling  on  the  minor  of  MX  sit  D,  will 
be  reflected  to  B,  because  the  angle  ADC  =  BDC;  and 
in  like  manner  a  ray  BD  falling  from  li  will  be  reflected 


to  A,  consequently  the  image,  tbougli  coincident  with 
the  object,  will  be  inverted. 

CoR.  1.  In  every  case  where  the  rays  are  converged 
so  as  to  form  a  positive  image  in  front  of  the  mirror, 
an  observer  will  perceive  this  image  suspended  in 
the  air,  and  perfectly  distinct,  provided  his  eye  is  above 
seven  inches  distant  from  it,  in  the  very  same  manner 
as  he  would  see  any  other  object.  This  will  be  very 
obvious,  from  considering  that  all  the  rays  which  form 
the  image  cross  one  another  at  every  point  of  the  image, 
and  therefore  diverge  from  every  point  of  it  in  every 
direction  in  front  of  it,  as  if  it  were  a  real  object.  The 
object  will  therefore  be  seen  by  those  rays,  provided  it 
is  at  or  beyond  the  least  distance  of  distinct  vision. 

CoR.  2.  When  the  eye  is  situated  between  the  image 
and  the  mirror,  and  directed  to  the  mirror,  the  object 
will  be  seen  behind  the  mirror,  and  will  appear  more 
indistinct  and  larger  the  further  the  eye  recedes  from 
the  surface  to  the  place  of  the  image. 

Let  AB,  Fig.  20,  be  the  object,  and  a  b  its  image 
formed  by  the  mirror  MN,  between  the  centre  C  and 
the  mirror.  Let  o  ft  he  the  pupil  of  the  eye,  which 
will  receive  the  rays  H  o,  K/j  on  their  way  to  the  point 
a  of  the  image.  The  point  A  of  the  object,  therefore, 
from  which  these  rays  come,  will  be  seen  diffused  over 
the  space  RS,  and  for  the  same  reason  the  rays  K  o. 
L  fi,  from  the  point  B  will  be  received  by  the  eye,  and 
the  point  B  will  be  diffused  over  TV,  so  that  the  object 
will  seem  to  fill  the  space  RV,  but  it  will  be  very  indis- 
tinct, as  all  the  intermediate  points  of  AB  will  have 
their  diffused  images  between  R  and  V.  If  the  pupil 
is  now  withdrawn  from  the  mirror  to  e /,  h  will  then, 
receive  the  reflected  rays  E  e,  G  /",  and  also  L  e  and 
O  f,  and  by  means  of  the  two  first  the  image  of  the 
point  A  will  be  diffused  over  YX,  and  by  means  of 
the  two  last  the  image  of  the  point  B  will  be  dilfused 
over  VZ,  and  consequently  the  object  will  appear  to 
occupy  the  more  enlarged  space  XZ. 

Prop.  XI. 

To  determine,  in  general,  the  magnitude  and  situation 
of  images  formed  by  concave  or  convex  mirrors. 

In  Figs,  21,  22,  23.  let  MN  be  the  mirror,  C  its  cen- 
tre, and  AB  the  object,  the  magnitude  and  situation  of 
the  image  of  which  is  required.  Through  its  extremi- 
ties A,  B,  and  the  centre  C  of  the  mirror,  draw  the  lines 
AC,  BC,  and  produce  them  in  Figs.  22  and  23  ;  and  as 
these  lines  are  perpendicular  to  the  surface  of  the  mir- 
ror, the  extreme  points  of  the  image  corresponding  to 
A  and  B  must  be  somewhere  in  them.  Through  the 
middle  point  F  of  the  object  and  the  centre  C,  produceil 
in  Figs  22  and  23.  till  it  meets  the  mirror  inG,  and  this 
line  will  likewise  be  at  right  angles  to  the  mirror. 
Through  G  draw  GA  and  GB,  till  they  intersect  the 
lines  CA,  CH  ;  and  the  points  a,  b,  where  this  intersec- 
tion takes  place,  will  be  the  points  where  the  image  of 
the  extreme  points  A,  B,  are  formed.  The  ray  AG, 
proceeding  from  A,  will  be  reflected  to  li,  because  FA 
=:FB  by  construction,  and  AGF=BGF,  and  FG  a 
perpendicular  at  the  point  B.  Hence  the  image  of  the 
point  A  must  be  in  the  line  BG  as  well  as  in  the  line 
AC,  and  consequently  it  n;ust  be  at  their  intersection 
in  the  point  a.  For  the  sainc  reason  the  image  of  the 
point  B  will  be  formed  at  b. 

S  H2 
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When  no  imeiseciion  oi  liic  rays  AG]  AC  takes  place, 
then  the  object  AB  is  in  ihe  focus  of  parallel  rays,  and 
the  rays  issuinij;  from  A  will  be  reflected  in  parallel  di- 
rections, and  will  form  no  iniat;c  wli^tuxcr. 

Cor.  1.  The  imaj^e  of  any  object  aubunds  ai  the  ver- 
tex of  the  mirror,  and  also  at  the  centre  of  the  mirror 
the  same  angle.  Tbis  is  manifest  from  Figs.  21  and  23, 
where  a  G6  =  .\tiB,  and  aC  A=.\C1J. 

Cor.  2.  The  maj;nitude  of  the  image  is  to  the  mag- 
nitude of  the  object,  as  the  distance  of  the  image  from 
the  vertex  of  the  mirror  is  to  the  distance  of  the  object 
from  the  same  vertex  ;  and  also  as  the  distance  of  the 
image  from  the  centre  of  the  mirror  is  to  the  distance 
of  the  object  from  the  centre.  la  Figs.  21,  22,  and  23. 
a  b  :  AB=.G/:  GF,  and  a  b  :  AB=<:/:  C  F. 

Prop.  XII. 

The  image  of  a  rectilineal  object  formed  by  a  spheri- 
cal miri'ir  is  a  conic  section. 

Let  AEB,  Fig.  I.  be  the  mirror,  whose  centre  is  C, 
RR'  tie  object  placed  before  it,  and  having  drawn 
throuu-h  C  the  line  UCN,  at  riglu  angles  to  RR',  draw 
CR.  CR'  through  any  point  R'  R'  of  the  object,  and  con- 
tinue these  if  necessary.  The  image  of  the  points  R's  R' 
■will  obviously  be  in  some  points  ;  suppose  r  r'  of  the 
lines  CR  r,  CR'  r.  Bisect  CE  in  F,  and  having  taken 
CD=CP,  bisect  CE  in  F,  and  from  r  and  /  draw  r  H, 
r  H'  parallel  to  DN,  and  r  r'  parahel  to  RR'. 

Now.  since  r  is  the  image  of  the  point  R  RF:  FC  = 
CR  :  C  r,  and  Geom.  Prop.  III.  RF  :  CH=FC  :  C 
r.  But  CR  :  C  r  =  CP,  or  CD  :  CS,  coi.sequently 
RF  :  FC=CD  :  CS,  and  by  Geom.  Prop.  IV,  and  V. 
RF  :  RFrys  FC=CD  :  CD  =^  CS,  that  is,  RF  :  CR 
=  CD  :  DS,  or  H  r;  therefore  CD  :  H  r=FC  :  C  r, 
ami  Geom.  Prop  III.  CD  :  FC=  H  r  :  C  r,  that  is, 
H  r  has  an  invariable  ratio  to  C  r,  and  consequently 
r  is  a  point  in  the  conic  section  whose  focus  is  in  C, 
and  whose  directrix  is  DH.  In  like  manner  it  may  be 
shown,  that  the  poir.t  r',  and  all  other  points  of  the 
image,  is  in  a  conic  section. 

The  conic  section  is  a  Parabola  when  CP=CF,  in 
■which  case  H  r=C  r ;  and  it  is  an  EUi/ise,  oi  llylierbola., 
according  as  CP  is  greater  or  less  than  CF. 

Scholium. 

The  reader  will  find  this  curious  subject  tq-eated  at 
much  greater  length  in  B.trrow's  Lectioiiks  OfiUca, 
Lect.  xvii.  and  xviii.  Smith's  0/i<;cs,  vol.  ii.  Remarks, 
n.  72.  where  the  various  cases  arc  illustrated  in  separate 
diagrams  ;  and  Wood's  0/iCics,  p.  43. 

Sect.  Ill- — On  the  Rejiexion  of  rays  to  a  single  Point  by 
Parabolic  and  ElHfiticat  Mirrors. 

It  appears  from  some  of  the  propositions  in  Sect.  I. 
ihat  those  rays  which  are  incident  nearly  perpendicu- 
larly on  spherical  mirrois,  are  reflected  to  a  point  far- 
ther  from  the  vertex  of  the  mirror  than  tliObC  rays 
which  fall  more  obliquely.  This  deviation  of  the  rajs 
from  a  mathematical  focus  is  called  the  Spherical  Aber- 
ration of  the  mirror. 

As  the  accurate  convergency  of  the  incident  rays  is 
more  necessary  to  the  perfection  of  instruments  cpn- 


sisting  of  miri  jrs,  than  in  those  consisting  Of  lenses,  it 
is  of  great  importance  to  know  what  is  the  particular 
form  of  the  mirror  which  will  produce  this  desirable 
effect. 

.     Prop.  XIII. 

If  the  reflecting  surface  of  a  mirror  is  a  portion  of  a 
Paraboloid  formed  by  the  revolution  of  a  paraboia  round 
Its  axis,  parallel  rays  will  converge  accurately  to  its  fo- 
cus if  it  is  concave,  and  will  diverge  accurately  hoin  us 
focus  if  it  is  convex. 

Let  AEB,  Fig.  2.  be  a  parabola,  vhich  forms  a  para- 
boloidal  surfjce  by  its  revolution  round  its  axis  RFE, 
and  let  R.\.  RE,  RB,  be  parallel  rays  incident  upon  it  at 
the  poiiits  A.  E,  B.  Let  F  be  the  focus  of  the  parabola. 
Join  AF,  BF,  and  draw  GH,  touching  the  parabola  in 
A.  Then  liy  Conic  Sections,  Prop.  VI.  the  angle 
GAR=HAFj  but  GAR  is  the  complement  of  the 
angle  of  incidence,  and  therefore  HAF  is  the  coniple- 
ment  of  the  angle  of  reflexion;  consequently  AF  will  be 
the  reflected  ray.  In  the  same  way  it  may  be  shown, 
that  every  other  ray,  whether  near  the  axis  RE  or  re- 
mote from  it,  will  be  reflected  to  the  focus  F. 

By  producing  RA  to  R',  and  FA  to  r,  and  considering 
R'A  as  a  ray  falling  on  \.be  coytvex  surface  AEB,  it  may 
be  shown  by  the  same  reasoning,  that  R'AH^r  A(i,  and 
that  r  F  is  the  reflected  ray,  and  diverges  accurately  fiom 
F. 

CoR.  If  the  rays  diverge  from  the  focus  F,  either 
really,  as  when  the  mirror  is  concave,  or  converge  virtu- 
ally to  it,  as  they  do  when  the  mirror  is  convex,  they 
will  be  reflected  parallel  to  the  axis  RE  in  the  direction 
ARor  AR'. 

Prop.  XIV. 

If  the  reflecting  surface  of  a  mirror  is  a  portion  of  a 
Spheriod,  or  an  Ellipsoid,  formed  by  the  revolution  of 
an  ellipse  about  its  greater  axis,  rays  diverging  I'lom 
one  of  its  loci  will  be  reflected  accurately  to  the  other 
focus  if  it  is  concave;  or  rays  converging  to  one  focus 
will  diverjje  accurately  IVom  the  other  focus  if  it  is  con- 
vex. 

Let  AEB,  Fig.  3.  be  a  portion  of  an  ellipse,  by  whose 
revolution  round  its  axis  an  ellipsoidal  suilace  is  form- 
ed. Let  R  and  F  be  its  fori;  R.\,  RE,  KB,  rays  di- 
verging from  R,  and  incident  upon  the  points  A,  E,  and 
B  ;  and  (HI  a  tangent  to  the  ellipse  in  the  point  A.  Join 
AF,  BF.  Then  since  by  Conic  Sections,  Prop.  VIII. 
the  angle  HAI'=GAR,  and  since  GAR  is  the  com- 
plement of  the  angle  of  incidence,  HAF  is  the  com- 
plement of  the  angle  of  Reflexion;  consequently  AF 
will  be  the  reflected  ray.  In  like  manner  it  may  be 
shown,  that  every  other  ray,  whether  near  the  axis  RE 
or  remote  from  it,  will  be  reflected  to  the  same  point 
P. 

By  producing  RA  to  R',  and  FA  to  r,  and  considering 
R'.^  as  a  ray  falling  on  the  convex  surface,  it  may  be 
shown  in  a  similar  manner,  that  R'.\H  =  r  AG,  and 
tliat  tY  is  the  reflected  ray,  and  diverges  accurately 
from  F. 

Cor.  If  the  rays  diverge  from  the  focus  F,  either 
readily,  as  th&y  do  when  the  mirror  is  ccncave  ;  or  con- 


OPTICS. 


661 


verge  virtually  fo  it,  as  they  do  when  liie  mirror  is  co7i- 
vcxi  they  will  be  reflected  to  the  other  focus  either  in 
the  direction  AR  or  AR'. 

Prop.  XV. 

If  the  reflectincj  surface  of  a  mirror  is  a  por'.ion  of  a 
Hyperboloid,  generated  by  the  revolution  of  a  hyperbola 
about  its  axis,  rays  converging  to  one  focus  will  be  re- 
flected to  the  other  focus  il  it  is  concave,  or  rays  di- 
verging from  one  focus  will  diverge  virtually  from  tlie 
other  focus  if  it  is  convex. 

Let  AEB,  Fig.  4.  be  a  hyperbola,  by  the  revolution  of 
Mhich  round  its  axis  RE  a  hyperboloidal  surface  is  gene- 
rated Let  R  and  F  be  its  foci;  R'A.  R'E,  R'BJ  rays 
converging  to  one  of  its  foci  R,  and  incident  upon  the 
points  A,  E.  B.  Join  AF,  BF,  and  draw  GH,  touching 
the  l:jperbjlain  A.  Then  by  Coxic  Sections,  Prop. 
Xni.  the  an^h-  R'AG  =  HAF,  and  since  R'AG  is 
the  angle  of  inciaence,  HAF  must  be  the  angle  of  re- 
flexion, and  AF  the  reflected  ray.  In  the  same  manner 
it  n.ay  be  shown,  that  every  other  ray  converging  to  R 
will   be  refiecied  to  the  other  focus  F.     For  the  same 


or  nearly  one-half  of  the  versed  sine  of  the  semi-aper- 
ture. 

The  truth  of  this  |iroposition  might  have  been  deduc- 
ed siill  more  easily  from  Prop.  XXVILp.  643.  In  Fig. 
6.  of  Plate  CCCCXXX.  let  us  suppose  EM  the  sine  of 
the  angle  of  refraction  diminished  to  nothing,  and  then 
to  become  negative  and  equal  to  EN,  the  sine  of  the  an- 
gle of  incidence,  atid  the  refraction  of  the  ray  to  be 
changed  to  reflexion,  as  in  Fig.  5.  Plate  CCCCXXXIL 
then  by  Prop.  XX\'iI.  we  shall  have 
/F  :   CPzZm^  :  {—m  —  n)  n=n3  :  2  n''  —  \  :  ^2. 

CoK.  1.  The  longitudinal  aberration  is  exactly  equal 
to  the  difference  between  tlie  secant  and  the  radius  ot 
the  semi-aperture;  for  2/FziCD,  and  CD  is  the  differ- 
ence of  these  quantities. 

AP^ 
CoR.  2.  Tht  longitudinal  aberration  /F=    ;  for 


CP  = 


AP 


■4CE 


— — ,  Euclid,  VL  13,  and  dividing  this  by  2,  as/F 


=  '  CP,  we  have/F  = 


CoR. 


AP^ 
2CE 


AP;_ 
4CE 


AP^ 


In   the 


reason,  rays  diverging  from  the  one  focus  R,  and  falling 
on  tl:e  convex  surface  AEB,  will  be  leflecied  in  direc- 
tions A  r,  Br',  diverging  virtually  from  F. 

Cob.   If  the  rays  diverge  from   the  focus  F,  either 
really,  3.%  they  do  when  the  miTvor  \h  concave ;  or  con-     ^Jf^^^^f 
verge  to  it  virtually,  as  they  do  when  the  mirror  is  co?i- 
vex,  they  will  be  rtflected  so  as  to  diverge    virtually 
from  R,  or  virtually  from  F. 


The  lateral  aberration  FG  =- 

2CE2. 

similar  triangles/FG,/AP.FG  :F/=AP  :  P/near- 

F  /" X  AP 
ly.    Consequently  VG-=:—-^^ — ;  but  P/=i  CE  near- 


AP= 

=4CT:^ 


,  and  substituting  these  values  in  the 


preceding  value  of  FG,  we  have  FG  =  — 
AP' 


4CE 


Sect.  IV. — On  the  Sfiheri  cat  Aberration  of  Mirror  a, 
and  Caustic  Curves  formed  by  Reflexion. 

As  rays  can  be  converged  accurately  to  positive  foci 
only  by  paraboloidal,  ellipsoidal,  and  hyperboloidal  mir- 
rors, and  as  it  is  extremely  difficult  to  communicate 
these  figures  to  the  surfaces  of  polished  metals,  it  be- 
comes of  importance  to  determine  the  amount  of  the 
aberration  when  they  have  a  spherical  form. 

Prop.  XVI. 

When  parallel  rays  are  reflected  from  a  spheiical  mir- 
ror, whose  aperture  is  not  large,  the  longitudinal  aber- 
ration of  the  extreme  ray  is  nearly  equal  to  half  the 
Ttrsed  sine  of  the  serai-aperture. 

Let  ACE,  Fig.  5.  be  a  spheiical  reflector,  whose  cen- 
tre is  E,  its  vertex  C,  its  semi-aperture  AC,  the  sine  of 
its  semi-aper!ure  AP,  and  the  versed  sine  of  its  semi- 
aperture  PC.  Let  llie  extreme  marginal  ray  NA  l)e 
reflected  in  the  direction  AG,  intersecting  ihe  axis  CE 
in  /,  which  will  therefore  be  the  focus  of  extreme  pa- 
rallel rays.  Join  EA,  and  upon  E  as  a  centre,  with  the 
radius  EA,  describe  ihc  arch  AD,  and  join  AD. 

Since  by  Prop.  XXVII.  PD  :  PC=CE  :  D/,  and  as 
CE  is  neaily  equal  to  ivice  DF.  PD  will  be  nearly  equal 
to  2PC.  But  2/F=2/E— 2EF=:ED_EC=CD, 
or  nearly   equal  CP.     Consequemly/F=J  CP  nearly. 


2CE-- 

CoR.  4.  The  focal  distance  of  the  mirror  being  given, 
the  longitudinal  aberrations  will  vary  as  the  squares  of 
the  diameters  of  the  apertures,  and  the  lateral  aberra- 
tions as  the  cubes  of  the  diameters  of  the  apertures. 
This  follows  from  the  two  preceding  corollaries,  AP  be- 
ing half  the  diameter  of  the  aperture. 

Prop.  XVIL 

When  diverging  or  converging  homogeneous  rays  are 
incident  on  a  spherical  mirror,  to  determine  the  spheri- 
cal aberration. 

Let  DO,  Fig.  6.  be  the  reflecting  mirror,  R  the  radi- 
ant point  from  which  the  ray  RD  diverges,  DK  the  re- 
flected ray,  F  the  principal  focus.  Now  as  it  is  the 
same  thing,  whether  the  refracted  ray  goes  back- 
ward or  forward  in  the  line  DK,  we  may  suppose  the 
angle  of  refraction  SDK,  and  its  sine,  in  Fig.  8.  of  Plate 
CCCCXXX.  (see  Prop.  XXIX  p.  643.)  diminished  to 
notnin?;,  and  then  made  negative,  and  equal  to  the  angle 
of  incidence  SDR.  The  method  of  calculation  will  then 
remain  the  same  as  in  Prop.  XXIX.  and  we  have  only 
to  sijljsiitute  in  place  of  n  in  the  formula  of  that  propo- 
sition —  OT,  or  the  sine  of  the  angle  of  reflection,  after  it 
has  been  made  negative  and  equal  to  the  angle  of  inci- 
dence. Hence  the  expression  of  the  aberration  for  re- 
fracted rays,  or 


RO_SO 


KF  =1 


RO 


will  become,  for  reflected  rays, 


-SO      \ 


.     „2RO  — r,^  SO  — m«SO 


m  —  72  X  m  RO 


XXO, 
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Cob.  1.  In  order  lo  obtain  an  expression  of  the  aber- 
ration in  terms  of  the  semi-aperture  in  place  of  the 
tliickness  of  the  lens,   we  iiave  (see  Cor.    1.  of  Prop, 

XD 
XXIX.  p.  545.)  XO=:--— ,  which,  substituted  in  place 

/RO  — SO  \ 
of  XO  in  the  above  formula,  gives  FK=  (  iT(T^3"'to  j 

,XD  ~^ 

^  *SO. 

CoR.  2.  When  SO  becomes  infinite,  and  the  reflect- 
ing surface  a  plane  one,  the  aberration  becomes  nothing. 

CoR.  3.  Since  R/,  S/,  K/  are  continued  propor- 
tionals, they  arc  proportional  to  their  sums  or  their  dif- 
ferences; and  since  we  have  by  the  proposition  FK  :  ^ 
XOizRS*  :  R/2,  then  FK  :  |  XO  =  SK»  :  SF^  Con- 
sequently when  the  point  of  incidence  D  is  given,  XO 
and  SF  are  invariable.  The  aberration,  or  FK,  will  vary 
with  SK»,  or  the  square  of  the  distance  of  the  focus  from 
the  centre  of  the  surface. 

Prop.  XVIII. 

To  explain  the  formation  and   general  properties  of 
caustics  formed  by  reflexion. 

Let  ACB.  Fig.  7.  be  a  concave  mirror,  whose  centre 
is  E,  and  principal  focus  F,  and  let  a  pencil  of  rays,  AR, 
diverging  f?om  R,  fall  upon  its  upper  half  AC,  at  the 
points  1,2,  3,  4,  5,  the  ray  Rl,  near  the  axis,  will  have 
its  conjugate  focus  near  the  conjugate  focus/,  for  cen- 
tral rays,  but  a  little  to  the  right  hand  of  it.     The  next 
ray,  R  2,  will  cut  the  axis  nearer  F,  and  so  on  with  all 
the  rest  of  the  rays,  as  may  be  easily  ascertained,  either 
by  calculating  the  aberration,  and  setting  the  aberration 
for  each   ray,   from  /  towards  C,  or  what  is  easier,  by 
drawing  a  line  fom  E  to  each  point  of  incidence,  and 
drawing  the  reflected  ray  so  that  it  and  the  incident  ray 
may  make  equal  angles  with  the  perpendicular  from  E. 
When  this  is  done,  the  rays  will  intersect  one  another, 
as  in  Fig.  7.  and  form  by  their  intersections  the  caustic 
curve  stretching  from  A  to/.     Had  the  light  fallen  also 
upon  the   lower   half  of  the   mirror,  a  similar  caustic, 
shown  by  a  dotted  line,  would  also  have  been    formed 
from  y  to  B.     When  the  point  of  incidence,  therefore, 
beginning  at  A,  moves  along  the  concave  surface  of  the 
mirror  from  A  to  C,  tlic  conjugate  focus  of  two  contigu- 
ous rays,  or  of  an  infinitely  slender  pencil,  will  describe 
the  caustic  from  A  toy. 

Let  the  radiant  point  R  be  supposed  to  be  as  far  from 
C  to  the  right  hand,  as  it  is  now  to  the  left,  the  diver- 
gent rays  will  fall  upon  the  convex  surface  of  the  mir- 
ror, and  will  diverge  after  reflexion,  as  if  they  came  from 
the  various  intersections  in  the  caustic  Ay".  Hence  it 
follows,  that  an  imaginary  caustic  will  be  formed  behind 
the  convex  surface,  and  this  imaginary  caustic  will  be 
exactly  the  same  as  tlie  real  one,  shown  in  Fig.  7.  as 
formed  by  a  concave  surface. 

If  we  suppose  the  concave  mirror  ACB,  in  Fig.  7.  to 
be  nearly  completed  as  at  ASB,  tlien  the  divergent  pen- 
cil Ays,  incident  on  the  convex  surface  AS,  will  foim 
an  imaginary  caustic  A  <p,  less  than  Ay,  and  joining  it  at 
the  points  A,  B. 

As  the  radiasil  point  R  recedes  from  the  mirror,  the 


tangent  cy  of  the  real  caustic  will  diminish  on  account 
of  the  conjugate  focus  y  approaching  to  F,  and  for  the 
same  reason  the  tangent  S  ^  to  the  imaginary  caustic 
will  increase,  and  when  R  is  infinitely  distant,  the  cusps 
of  both  caustics  will  coincide  with  F'  and  F,  and  will  be 
of  the  same  size  and  shape. 

If,  on  the  contrary,  the  radiant  point  approaches  to 
the  mirror,  the  pointy  of  the  real  caustic  will  approach 
to  E,  and  the  tangent  CF  will  lengthen  ;  but  the  point 
^  of  the  imaginary  caustic  will  approach  to  S,  the  tan- 
gent S  ^  will  shorten,  and  when  R  coincides  with  S, 
(f>  will  also,  coincide  with  S;  the  imaginary  caustic  will 
vanish,  and  the  real  one  will  have  its  two  opposite  sum- 
mits meeting  in  the  point  S. 

If  the  radiant  point  R,  Fig.  8.  now  enters  the  circle 
of  the  reflecting  mirror,  and  is  nearer  to  E  than  S,  the 
intersection  of  the  rays  will  form  the  very  remarkable 
caustic  shown  in  Fig.  8.  where  the  two  long  curved 
branches  meet  in  a  focus  aty.  When  R  is  nearer  to  S 
than  E,  the  curved  branches  that  meet  iny  will  diverge, 
and  have  an  imaginary  focus  on  the  other  side.  When 
R  is  equidistant  from  S  and  E,  these  curved  branches 
are  pirallel  lines,  and  when  R  coincides  with  E,  the 
whole  caustic  is  condensed  into  a  single  point  in  the 
centre  E. 

When  the  radiating  point  R,  Fig.  9.  has  approached 
the  principal  focus  F,  and  is  a  little  way  within  it,  as  in 
Fig.  9.  so  that  the  rays  R  1,  R  1,  are  reflected  paral- 
lel to  the  axis  RC,  the  rays  R  2,  R  2,  will  meet  at  y  2, 
and  the  rays  R  3,  R  3,  at  y  3,  and  if  we  oppose  rays 
incident  nearer  C  than  R  \,  and  R  1,  they  will  be  re- 
flected so  as  to  diverge,  and  have  a  virtual  focus  behind 
the  mirror  ;  so  that,  by  exposing  only  the  part  of  the 
mirror  between  1  and  1,  it  will  diverge  rays  incident 
from  R;  by  exposing  only  the  part  between  2  and  1, 
and  2  and  1,  it  will  render  parallel  rays  incident  from 
the  same  point  R  ;  and  by  exposing  only  the  parts  with- 
out 2  and  2,  it  will  converge  to  foci,  y  2,  y  3,  rays  inci- 
dent from  the  same  point  R. 

Scholium. 

Caustic  curves  may  be  seen  in  a  very  perfect  manner 
in  the  bottom  of  cylindrical  China  vessels,  exposed  to 
the  light  of  the  sun  or  of  a  candle  ;  or,  when  these  are 
too  deep,  an  artificial  bottom  for  receiving  the  caustic 
may  be  formed  by  inserting  a  circular  piece  of  card  pa- 
rallel to  the  bottom  of  the  vessel,  or  by  pouring  in  milk, 
or  any  fluids  having  a  white  opacity.  By  far  the  bes'. 
way,  however,  of  exhibiting  all  the  varieties  of  caustics, 
is  to  take  a  piece  of  steel  spring,  highly  polished,  so 
that  by  bending  it  into  curves  of  various  sizes  and 
shapes,  and  placing  its  edge  perpendicular  to  a  piece  of 
white  paper  or  ground  glass,  the  caustics  will  be  finely 
exhibited.  Even  by  the  aid  of  a  piece  of  blue  watch 
spring,  the  caustics  may  be  well  represented. 

Sect.  V.  O71  the  Theory  of  the  Refexion  of  Light. 

Thk  reflexion  of  light  from  the  surfaces  of  bodies,  is 
a  phenomenon  of  'Jiore  diflicult  cxplau.ition  than  that  ot 
its  rclraction.     Bf^fore  ihc  time  ol  Sir  Isaac  Newton,  it 
was  generally  believed  that  light  was  reflected  by  im 
pinging  upon  the  solid  parts  of  the  reflecting  surface. 
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jn  the  same  manner  as  a  ball  of  ivory  is  reflected  from 
a  solid  plane.     Sir  Isaac  Newton,  however,  has  siiown 
the  improbability   of  this  opinion,  and  lliat,  if  it  were 
true,  the  reflexion  of  polisheo  bodies  could  not  be  so 
regular  as  it  actually  is.     He  shows,  that,  however  fine 
be  the  powder  with  which  glass  is  polished,  the  |)olish 
is  effected  by  grating  and  scralching  it,  and  removing 
its    protuberances;    and   that    when    it   is   polished,    its 
roughness  is  only  brought  to  a  very  fine  grain,  so  liiat 
the  scratchings  and  gratings  of  the  surface  become  too 
small   to   be   visible.     Hence,   if  the  roughness  of  the 
surface,  or  rather  the  liule  pits  and  protuberances  upon 
it,  bear  any  sensible  proportion  lo  the  magnitude  of  tiie 
particles  of  the  incident  light,  it  is  manifest  that  if  this 
light  actually  impinged  against  these  pits  and  protu- 
berances, it    would   be   scattered  as  much  by  the  most 
polished  as  by  the  roughest  glass.     As  the   light,  how- 
ever, is  more  peilectiy  and  abundantly   reflected  from 
polished  surfaces,  Sii  Isaac  Neivton  concluded  that  this 
regular  reflexion  of  light  was  not  owing  to  single  parts 
of  the  body  acting  upon  single    particles,  but  to  some 
flower  oj  the  body  f-venly  diffused  all  over  its  surface, 
and   by  which  ic  acts  ufion  the  rays  without  immediate 
contact. 

When  a  pencil  of  light  is  incident  perpendicularly 
upon  Water,  only  18  rajs  out  of  1000  are  reflected, 
while  the  greater  part  of  the  remaining  982  are  trans- 
mitted. When  the  same  pencil  is  incident  at  an  angle 
of  40°,  22  rays  are  reflected;  at  an  angle  of  65°,  97  rays 
are  rcfleciecl ;  at  an  angle  of  75°.  2  1  1  rays  ;  at  an  angle 
of  80°,  33  >  rays;  at  an  angle  of  85°.  501  rjys  ;  at  an  an- 
gle of  87i°.  614  rays;  at  an  angle  of  89°,  692  rays;  and 
at  an  angle  of  89i°,  721  rays  are  reflected.  If  in  place 
of  water  we  substitute  Glass,  we  shall  find  that  25  rays 
are  reflected  at  a  perpendicular  incidence  ;  and  that  the 
glass  always  reflects  more  light  than  the  water  till  at 
very  great  angles  of  incidence,  sucn  as  87^°,  when  it  re- 
flects only  584  rays,  while  water  reflects  614.*  In  like 
manner,  bodies  reflect  more  the  higher  that  their  re- 
fractive power  is,  although  at  very  great  angles  of  inci- 
dence they  reflect  less  light  than  water.  From  this,  and 
other  fuels.  Sir  Isaac  Newton  concluded  that  bodies  re- 
Jlect  and  refract  light  by  one  and  the  same  fiower,  vari- 
ously exercised  in  various  circumstances. 

Thus,  in  Fig.  10.  he  supposes  that  if  AB  is  the  sur- 
face of  a  transparent  body,  whose  space  of  refracting 
activity  extends  to  o  fi  and  m  n,  its  space  of  reflecting 
activity  will  extend  to  s  f  beyond  o  ft  ;  or  that  while  a 
ray  of  light  R  r  is  passing  through  the  space  of  reflect- 
ing activity  between  s  t  and  o  fi,  it  is  influenced  by  a  re- 
pulsive force  acting  in  lines  perpendicular  to  the  surface 
AB  of  the  body.  When  a  pencil  R  fi.  R'  ft',  therefore, 
is  incident  upon  the  body  AB,  a  poiliun  of  h  R  ft  passes 
through  the  spare  of  reflecting  activity,  and  is  refract- 
ed in  the  direction  R'^'  q'  r'  s'.in  the  manner  formerly 
explained  in  p.  65  1  ;  but  another  portion  R  ft,  experi- 
encing the  action  of  the  reflecting  force,  is  bent  up- 
wards in  a  curve  line  ^  ij,  from  the  united  iifluence  of 
the  vertical  repulsive  force,  and  the  oblique  force  with 
which  it  moves;  and  when  it  reaches  the  boundary  oft 
of  the  space  of  refracting  activity,  where  the  reflecting 
or  repulsive  force  is  supposed  to  be  a  maximum,  it  he- 
gins  to  ascend  in  a  similar  curve  in  the  direction  g  r, 
till  it  emerges  at  r,  where  it   has  recovered  during  its 


motion  from  ft  to  r,  during  which  the  repulsive  force  ac- 
celerates its  motion,  the  velocity  which  it  had  lost  in  its 
motion  from  ft  to  r/,  during  which  the  repulsive  force 
retarded  its  motion.  It  will  therefore  emerge  at  r,  and 
proceed  in  the  direction  r  S,  the  reflected  ray  r  S  mak- 
ing the  same  angle  with  the  perpendicular  GH  that  the 
incideiit  ray  R  ft  did. 

The  great  difticulty  in  this  theory  of  reflexion,  is  to 
understand  why  only  a  certain  number  of  the  incident 
rays  yield  to  the  repulsive  force,  while  the  rest  escape 
Ironi  its  action  ;  and  why  the  number  that  are  reflected 
iiicreases  wiili  the  refractive  pov^er  of  the  body.  Sir 
Isaac  Newton  has  endeavoured  to  explain  hese  facts 
as  well  as  many  others,  by  his  Theory  of  the  Fits  of  easy 
Reflexion  and  easy  Transmission.  He  supposes  that 
light,  in  its  first  emission  from  luminous  bodies,  is  put 
into  fits  of  easy  reflexion  and  easy  transmission  ;  that 
these  fits  continue  in  the  rays  during  their  progress  ■ 
and  therefore,  that  when  light  is  incident  on  the  surfaces 
of  thick  transparent  bodies,  these  surfaces  reflect  those 
rays  which  are  in  fits  of  easy  reflexion,  and  transmit 
those  which  are  in  fits  of  easy  transmission  ;  and  that 
those  surfaces  which  refract  light  most  strongly  when 
the  ray  is  in  a  fit  of  refraction,  also  reflect  it  most 
strongly  if  the  ray  is  in  a  fit  of  reflexion. 

The  theoretical  views  of  Sir  Isaac  Newton  have  been 
generally  adopted  by  those,  who  consider  light  as  con- 
sisting of  material  particles  projected  by  the  luminous 
body.  The  opinion  of  Newton,  and  other  philosophers, 
that  the  space  of  reflecting  activity  extends  beyond  the 
limits  of  the  space  of  reflecting  activity,  has  been  lately 
called  in  question  by  Dr  Brewster,  upon  considerations 
derived  from  the  law  of  the  polarisation  of  light  by  re- 
flexion. He  supposes  that  the  incident  ray  has  first  ex- 
perienced the  influence  of  the  refracting  force,  and  that 
the  reflexion  takes  place  at  or  near  the  surface  of  the 
body,  hut  at  a  place  nearer  the  body  than  the  boundary 
of  the  space  of  refracting  activity.  Upon  this  principle 
he  explains  not  only  the  leading  phenomena  of  the  po- 
larisation of  light  by  reflexion,  but  also  the  fact,  inex- 
plicable on  any  other  supposition,  that  water  reflects 
more  light  at  great  angles  of  incidence,  such  as  from 
78°  to  90°,  than  glass,  or  even  metals.  This  curious 
fact,  which  is  put  beyond  a  doubt  by  the  experiments 
of  Bouguer,  cannot  arise  from  the  superior  polish  or 
smoothness  of  the  aqueous  surface  ;  for  if  this  were 
the  case,  the  same  effect  ought  to  be  produced  at 
smaller  angles  of  incidence  ;  and  it  is  well  known,  that 
imperfections  in  the  polish  of  glass,  which  are  very  vi- 
sible at  small  angles  of  incidence,  disappear  entirely  at 
great  angles  ;  and  that  a  piece  of  rough  glass,  which 
will  not  reflect  a  single  ray  of  light  at  an  angle  of  10°, 
or  20°,  will  reflect  it  most  copiously,  and  will  appear 
perfectly  polished,  at  angles  of  70°  or  80°. 

Having  thus  explained  the  Newtonian  theory  of  re- 
fl:sion,  upon  the  supposition  that  light  consists  of  ma- 
terial particles  emitted  from  the  shilling  body,  wc  shall 
now  proceed  to  illustrate  the  ingenious  theory  of  re- 
flexion as  given  by  Iluygens,  on  the  undulatoiy  hypo- 
thesis. 

Let  AB,  Fig.  11.  be  the  plane  surface  of  any  plate 
of  gKs-,  or  metal,  which  wi  shall  suppose  at  present  to 
hi  fierfectly  ftolished.     Let  AC.  inclined  to  AB,  repre- 


•  These  results,  obtained  by  Bouguer,  will  be  given  in  fuller  detail  in  the  second  part  of  thi*  article,  when  we  treat  of  Photo, 
metry. 
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sent  a  part  of  a  wave  of  liglrt,  whose  centre  is  so  re- 
mote, that  AC  may  be  coiisidered  as  a  straight  line. 
The  point  C  of  the  wave  AC,  will,  in  a  cenain  lime, 
advance  to  the  point  B,  of  the  plane  AI3,  by  the  recti- 
lineal path  CB.  perpendicular  to  AC.  lim  in  the  sanio 
time  the  point  A,  of  the  same  wave,  which  is  prevented 
from  communicating;  its  motion  beyond  the  plane  AB, 
at  least  in  part,  ought  to  have  coiilinued  its  motion  in 
the  ethereal  matter,  which  is  a'love  this  plane,  and 
through  an  extent  equal  to  CR,  forii.irig  iis  pariicui;ir 
spherical  wave,  in  the  manner  formerly  dcscribi;d.  (See 
p.  653.)  This  particular  wave  is  here  leprestnted  by 
the  circumference  SNR,  whose  centre  is  A,  and  whose 
radius  is  AN,  equal  to  CB.  In  like  minner,  every  other 
point  HH,  of  the  wave  AC,  will,  after  its  arrival  at  K, 
K,  form  a  similar  particular  wave  represented  by  the 
circumference  of  circles,  whose  centres  are  K,  K,  and 
whose  radii  ore  LB,  LB.  But  all  these  ciicumfcrences 
have  for  their  common  tangent  the  straif^ht  line  BN, 
which  is  a  tangent  to  the  fust  circle  SNR.  The  line 
BN,  therefore,  contained  between  B  and  the  point  N, 
where  the  perpendicular  from  the  point  A  fjlls,  being 
formed  by  all  these  circumferences,  and  terminating  the 
motion  which  is  made  by  the  reflexion  of  the  wave  AC, 
is  the  point  where  this  motion  is  also  in  greater  quan- 
tity than  any  where  else.  It  is,  therefore,  the  propaga- 
tion of  the  wave  AC,  at  the  inslant  that  the  point  C  h\s 
arrived  in  B  ;  for  there  is  no  other  line  which,  like  BN, 
is  the  common  tangent  to  all  these  circles,  excepting 
BG,  below  the  reflecting  plane  AB,  which  would  be 
the  propagation  of  the  wave,  if  the  motion  had  been 
able  to  extend  itself  in  a  substance  homogeneous  to  that 
which  is  above  the  plane.  In  order  to  understand  how 
the  wave  AC  has  arrived  successively  at  BN,  draw  the 
straight  lines  KO,  KO,  parallel  to  BX  ;  and  KL,  KL, 
parallel  to  AC,  and  it  will  be  evident  that  the  rectilineal 
wave  AC  has  been  bent  in  all  the  lines  OK.L  succes- 
sively, and  has  become  rectilineal  again  in  BN. 

Now  the  triangles  ACB,  BNA,  being  rectangular,  and 
having  the  sides  AB  common,  we  have,  CB  =  NA  the 
angle  CAB  =  ABN  and  ABC  =  BAN.  But  as  CB 
perpendicular  to  CA  is  the  direction  of  the  incident  ray, 
AN  perpendicular  to  the  wave  BN,  will  be  the  direction 
of  the  reflected  ray,  consetiuenlly  the  angle  of  incidence 
is  equal  to  the  angle  of  rejle.vion. 

To  this  demonstration,  it  may  be  objected,  that  though 
BN  is  the  common  tangent  to  the  circular  waves  in  the 
plane  of  this  figure,  yet  the  waves  being  in  reality  sphe- 
rical, must  have  an  infinite  number  of  similar  tangents, 
viz.  all  the  straight  lines  which  are  drawn  from  the 
point  B  in  the  surface  of  a  cone  generated  by  the  revo- 
lution of  the  straight  line  BN  round  BA  as  an  axis.  In 
order  to  show  that  there  is  no  real  difficulty  in  this,  and 
at  the  same  time  to  explain  the  reason  why  the  incidcn' 
ray  is  always  in  the  same  plane  as  the  reflected  ray,  and 
in  a  plane  perpendicular  to  the  reflecting  surface,  Huy- 
gens  observes  that  the  wave  AC,  if  considered  only  as 
a  line,  will  not  produce  light.  A  visible  ray  of  light, 
he  remarks,  however  small  it  is,  has  always  some  thick- 
ness; and  in  order  to  represent  the  w;ive,  the  progress 
of  which  constitutes  a  ray,  we  must  substitute  in  place 
of  a  line  AC  a  |)lane  figure,  as  is  shown  at  HC  in  Fig. 
12.  the  luminous  point  being  supposed  infinitely  distant. 
Now,  when  every  point  of  the  wave  HC  arrives  at  the 
reflecting  plane  AB,  it  generates  fiom  each  point  a  par- 
ticular wave  of  its  own  ;  and  all  these  particular  waves, 
when  C  arrives  at  B,  will  have  a  common  plane  touch- 


ing them,  viz.  a  circle  BN  similar  toCH,  whicli  will  be 
cut  through  the  middle,  and  at  right  angles,  by  he  same 
plane,  which  also  cuts  in  a  similar  manner  the  circle 
CH  and  the  ellipse  AU» 

Hence,  it  is  manifest,  that  all  these  spheres  of  parti- 
cular waves  cannot  have  another  conimon  plane  toucii- 
ii.g  them  beside  the  plane  BN,  so  that  it  is  in  this  plan^ 
that  there  will  be  much  more  motion  reflected  than  in 
any  other,  and  which  will  therefore  carry  along  the  light 
continued  from  the  wave  CH. 

Although  the  motion  of  the  ethereal  matter  be  partly 
communicated  to  that  of  the  reflecting  body,  yet  this 
will  in  no  respect  alter  the  velocity  of  the  waves  upon 
which  the  equ.iliiy  of  the  angles  of  incidence  and  reflex- 
ion depend  ;  for  a  slight  percussion  generates  in  the  same 
medium  waves  with  as  great  velocity  as  a  strotiger  per- 
cussion, in  the  same  m.mner  as  elastic  bodies  recover 
their  shape  in  e(]ual  times,  whether  their  compression 
be  great  or  small.  I'lic  angles  of  incidence  and  reflex- 
ion will  therefore  be  enual,  although  the  reflecting  bodv 
may  take  away  part  ol   the  motion  of  the  incident  light. 

Hiiygens  was  well  aware  that  the  ordinary  theory  of 
explaining  reflexion  by  impact  against  the  solid  particles 
of  the  reflecting  body  was  inconsistent  with  llie  pheno- 
mena of  ri flexion,  and  he  therefore  has  endeavoured  to 
show  that  a  perfectly  polished  surface  is  not  necessary 
in  his  theory,  to  an  equal  and  regular  reflexion.  In  the 
theory  of  undulations,  it  is  supposed  that  the  solid  par- 
ticles of  the  reflecting  body  arc  much  larger  than  those 
of  the  ethereal  matter,  and  that  the  surface  consists  of 
particles  of  matter  put  together,  and  small  or  ethereal 
particles  over  and  above  them.  If  the  reflecting  sur- 
face, for  example,  is  mercury,  Huygens  considers  its 
particles  as  so  minute,  that  we  may  conceive  millions  of 
them  in  the  smallest  visible  space,  arranged  like  a  mass 
of  grains  of  sand,  having  its  surface  smoothed  as  much 
as  possible.  This  surface  will  then  become  uniform,  like 
that  of  polished  glass,  and  though  it  is  ahvays  rough  in 
relation  to  the  ethereal  particles,  yet  the  centres  of  all 
the  particular  spheres  of  reflected  undulations  are  nearly 
in  the  same  uniform  plane,  and  their  common  tangent 
will  touch  them  as  perfectly  as  is  necessary  to  tlie  pro- 
ductiofi  of  light;  fir  all  that  is  necessary  is,  that  some 
of  the  motion  reflected  from  all  points  sh.dl  not  produce 
any  opposite  effect. 


CHAP.  III. 

ox  CHBOJIATICS,  OR  THE  DECOMPOSITION  OK  LIGHT  CV 
PHlS'lS,  AND  ITS  INFLUENCE  ON  VISION  TllROUGlt 
OPTICAL   IXSTKUMENTS. 

In  the  preceding  chapters  we  have  considered  light  as 
a  simple  substance,  and  have  supposed  that  all  its  parts 
or  rays  had  the  same  properties,  and  were  etjually  acted 
upon  by  the  bodies  which  refracted  and  reflected  them. 
This,  however,  though  believed  to  lie  the  case  till  the  lime 
of  Sir  Isiac  Newton,  hcs  been  completely  disproved  by  his 
fine  experiments  with  the  prism;  and  we  shall  therefore 
proceed  to  consider  the  afi'ections  and  modifications  of 
light,  as  a  compound  substance,  capable  of  being  de- 
coirposed  into  its  elements,  and  exhibiting  in  its  elemen- 
tary state  new  properties  of  the  most  iniercsiing  kind. 
In  doing  this  we  shall  as  frequently  as  possible  use  the 
words  of  Sir  Isaac  New'on  himself,  as  he  seems  to  have 
laboured  to  give  the  simplest  and  most  convincing  views 
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of  the  various  properties  which  he  bad  established  by 
experiment. 

Sect.  I — On  the  Colours  of  Light,  and  their  Different 
Re/rangibilities, 

Prop.  I. 

The  light  of  the  sun  consists  of  rays  \vhich  differ  in 
colour  and  refiangibiliiy. 

"  In  a  very  dark  chamber,  at  a  round  hole  F,  Fig.  13. 
about  one-ihird  of  an  inch  broad,  made  in  the  shutter  of 
a  window,  I  placed  a  glass  prism  ABC,  whereby  the 
beam  of  the  sun's  light,  SF,  which  came  in  at  that  hole, 
might  be  refracted  upv/ards,  towards  the  opposite  wall 
of  the  chamber,  and  there  form  a  coloured  image  of  the 
sun,  represented  at  PT.  The  axis  of  the  prism  was,  in 
this  and  the  following  experiments,  perpendicular  to  the 
incident  rays.  About  this  axis  I  turned  the  prism  slowly, 
and  saw  the  refracted  or  coloured  image  of  the  sun, 
first  to  descend,  and  then  to  ascend.  Between  the  de- 
scent and  ascent,  when  tlie  image  seemed  stationary,  I 
stopped  the  prism,  and  fixed  it  in  that  posture,  for  in 
that  posture  the  refractions  of  the  light  are  at  the  two 
sides  of  the  refracting  angles,  that  is,  at  the  entrance  of 
the  rays  into  the  prism,  and  at  their  going  cut  of  it,  are 
equal  to  one  another. 

Then  I  let  the  refracted  light  fall  perpendicularly 
upon  a  sheet  of  white  paper,  MN,  placed  at  the  oppo- 
site wall  of  the  chamber,  and  observed  the  figure  and 
dimensions  of  the  solar  image,  PT,  formed  on  the  paper 
by  that  light.  This  image  was  oblong,  and  not  oval,  but 
terminated  by  two  rectilinear  and  parallel  sides,  and  two 
semicircular  ends.  On  its  sides  it  was  bounded  pretty 
distinctly  ;  but  on  its  ends  very  indistinctly,  the  light 
there  vanishing  by  degrees.  At  the  distance  of  \8^  feet 
from  the  prism  the  breadth  of  the  image  was  about  2i 
inches,  but  its  length  was  about  10|  inches,  and  the 
length  of  its  rectilinear  sides  about  8  inches ;  and  ACB, 
the  refracting  angle  of  the  prism,  by  which  so  great  a 
length  was  made,  was  64  degrees.  With  a  less  angle 
the  length  of  the  image  was  less,  the  breadth  remaining 
the  same.  It  is  also  to  be  observed,  that  the  rays  went 
on  in  straight  lines  from  the  prism  to  the  image,  and 
therefore  at  their  going  out  of  the  prism  had  all  that  in- 
clination to  one  another  from  which  the  length  of  the 
image  proceeded.  This  image  PT  was  coloured,  and 
the  more  eminent  colours  lay  in  this  order  from  the  bot- 
tom at  T  to  the  lop  at  P  ;  Bed,  Orange,  Yellotv,  Green, 
Blue,  Indigo,  Violet ;  together  with  all  their  intermediate 
degrees  in  a  continual  succession  perpetually  varying." 

Hence  "  the  light  of  the  sun  consists  of  a  mixture  of 
several  sorts  of  coloured  rays,  some  of  which  at  equal 
incidences  are  more  refracted  than  others,  and  therefore 
are  called  more  refrangible.  The  red  at  T,  being  nearest 
to  the  place  Y,  where  the  rays  of  the  sun  would  go  di- 
rectly if  the  prism  was  taken  away,  is  the  least  refracted 
of  all  the  rays  ;  and  the  Orange,  Yellow,  Green,  Blue, 
Indigo,  and  Violet,  are  continually  more  and  more  re- 
fracted, as  they  are  more  and  more  diverted  from  the 
the  course  of  the  direct  light.  For,  when  the  prism  is 
fixed  in  the  posture  above  mentioned,  so  that  the  place 
of  the  image  shall  be  the  lowest  possible,  the  figure  of 
the  image  ought  to  be  round,  like  the  spot  at  Y,  if  all 
Ibe  rays  that  tended  to  it  were  equally  refracted.  There- 
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fore,  since  it  is  found  ttiat  this  image  is  not  round,  bui 
about  five  times  longer  than  it  is  broad,  it  follows,  that 
all  the  rays  are  not  equally  refracted.  This  conclusion 
is  farther  confirmed  by  the  following  experiments. 

In  the  sunbeam  SF,  Fig.  14-.  which  was  propagated 
into  the  room  through  the  hole  in  the  window-shutter  F 
G,  at  the  distance  of  some  feet  from  the  hole,  I  held  t4ie 
prism  ABC  in  such  a  posture,  that  its  axis  might  be 
perpendicular  to  that  beam  :  then  I  looked  through  the 
prism  upon  the  hole  F,  and  turning  the  prism  to  and  fro 
about  lis  axis  to  make  the  image  fi  t  ni  the  hole  ascend 
and  descend,  when  between  its  two  contrary  motions  it 
seemed  stationary,  I  stopped  the  prism;  in  this  situation 
of  the  prism,  viewing  through  it  the  said  hole  F,  I  ob- 
served the  length  of  its  refracted  image /i  t  to  be  many 
times  greater  than  its  breadth  ;  and  that  the  most  refract- 
ed  part  thereof  appeared  violet  at  fi  ;  the  least  refracted 
appeared  red  at  /;  and  the  middle  parts  indigo,  blue, 
green,  yellow,  and  orange,  in  order.  The  same  thing 
happened  when  I  removed  the  prism  out  of  the  sun's 
light,  and  looked  through  it  upon  the  hole  shining  by  the 
light  of  the  clouds  beyond  it.  And  yet,  if  the  refractions 
of  all  the  rays  were  equal  according  to  one  certain  pro- 
portion of  the  sines  of  incidence  and  refraction,  as  is 
commonly  supposed,  the  refracted  image  ought  to  have 
appeared  round.  So  then,  by  these  two  experiments,  it 
appears  that  in  equal  incidences  there  is  a  considerable 
inequality  of  refractions." 

Having  discovered  this  fundamental  property  of  light, 
he  contrived  the  following  experiment,  to  prove  it  at 
sight. 

"  In  the  middle  of  two  thin  boards  DE,  d  e.  Fig.  15. 
I  made  a  round  hole  in  each,  at  G  and  g,  a  third  part  of 
an  inch  in  diameter ;  and  in  the  window-shutter  a  much 
larger  hole  being  made  at  F,  to  let  into  my  darkened 
chamber  a  large  beam  of  the  sun's  light,  I  placed  a 
prism,  ABC,  behind  the  shutter  in  that  beam,  to  reiract 
it  towards  the  opposite  wall;  and  close  behind  this  prism 
I  fixed  one  of  the  boards  DE,  in  such  a  manner  that 
the  middle  of  the  refracted  light  might  pass  through 
the  hole  made  in  it  at  G,  and  the  rest  be  intercepted  by 
the  board.  Tlieo,  at  the  distance  of  about  12  feet  from 
the  first  board,  I  fixed  the  other  board  d  e,  so  that  the 
middle  of  the  refracted  light,  which  came  through  the 
hole  in  the  first  board,  and  fell  upon  the  opposite  wall, 
iriight  pass  through  the  hole  g  in  this  other  board  d  c, 
and  the  rest  being  intercepted  by  the  board,  might  paint 
upon  it  the  coloured  spectrum  of  the  sun.  And  close 
behind  this  board  I  fixed  another  prism  a  6  c,  to  reirac; 
the  light  which  came  tlirough  the  hole  g.  Then  I  re- 
turned speedily  to  the  first  prism  ABC,  and  by  turning 
it  slowly  to  and  fro  about  its  axis,  I  caused  the  image 
which  fell  upon  the  second  board  d  e  to  move  up  and 
down  upon  that  board,  that  all  its  parts  might  pass  suc- 
cessively through  the  hole  in  that  board,  and  fall  upon 
the  prism  behind  it.  And  in  the  mean  lime  I  noted  the 
places  M,  jX,  on  the  opposite  wall,  to  which  that  light 
after  its  refraction  in  the  second  prism  did  pass ;  and  by 
the  difference  of  the  places  at  M  and  j\',  I  found  that 
the  light,  which,  being  most  refracted  in  the  first  prism 
ABC,  did  go  to  the  blue  end  of  the  image,  was  again  more 
refracted  by  the  second  prism  a  b  c,  than  the  light  which 
went  to  the  red  end  of  that  image.  For  when  the  lower 
part  of  the  light  which  fell  upon  the  second  board  d  t, 
was  cast  through  the  hole  g.  it  went  to  a  lower  place  M 
on  the  wall;  and  wl..jn  the  higher  part  of  that  light  was 
cast  through  the  same  hole  g,  it  went  to  a  higher  placi 
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N  on  the  wall ;  and  when  any  intermediate  part  of  the 
light  was  cast  ihroufjh  that  hole,  it  went  to  some  place 
in  the  wall  between  M  and  N.  The  unchanged  position 
of  the  holes  in  the  boards  made  the  incidence  of  the 
rays  upon  the  second  prism  to  be  the  same  in  all  cases. 
And  yet  in  that  common  incidence  some  of  the  rays 
were  more  refracted  and  others  less  ;  and  those  were 
more  refracted  in  this  prism,  which  by  a  greater  refrac- 
ti«i  in  the  first  prism  were  more  turned  out  of  their 
way  ;  and  therefore,  for  their  constancy  of  beings  more 
refracted,  are  deservedly  called  mere  refrangible ." 

Pnop.  II. 

The  light  of  the  sky,  or  the  light  of  the  sun  reflect- 
ed from  the  first  surface  of  bodies,  and  also  the  "white 
ilames  of  all  combustibles,  whether  direct  or  reflected, 
differ  in  colour  and  refrangibility,  like  the  direct  light 
of  the  sun. 

The  truth  stated  in  this  proposition  was  established 
by  Newton,  by  examining  all  those  lights  with  a  prism 
■when  they  were  faint,  or  transmitting  them  through  the 
prism,  as  in  Phop.  I.  when  they  were  sufHciently  intense. 

Prop.  III. 

The  light  of  the  sim  consists  of  rays  differing  in  re- 
flexibility  ;  and  those  rays  that  are  more  refrangible  than 
others  are  also  more  reflexible. 

A  prism  ABC,  Fig.  16.  whose  two  angles  at  its  base 
BC  were  equal  to  one  another  and  half  right  ones,  and 
the  third  at  A  a  right  one,  I  placed  in  a  beam  FM  of 
the  sun's  light,  let  into  a  dark  chamber  through  a  hole 
F,  one-third  part  of  art  inch  broad ;  and  turning  the  prism 
slowly  about  its  axis  until  the  light  which  went  ilirough 
one  of  its  angles  ACB,  and  was  refracted  by  it  to  G  and 
H,  began  to  be  reflected  into  the  line  MN  by  its  base  BC, 
at  which  till  then  it  went  out  of  the  glass,  I  observed 
that  those  rays  at  MH,  which  had  suflered  the  greatest 
•efraction,  were  sooner  reflected  than  the  rest.  To 
make  it  evident  that  the  rays  which  vanished  at  H  were 
leflected  into  the  beam  MN,  I  made  this  beam  pass 
through  another  prism  VXY,  and  being  refracted  by  it 
10  fall  afterwards  upon  a  sheet  of  white  paper  p.  t,  placed 
at  some  distance  behind  it,  and  there  by  that  refraction 
to  paint  the  usual  colours  at  /t  I.  Then  causing  the  first 
prism  to  be  turned  about  its  axis  according  to  the  order 
of  the  letters  ABC,  I  observed,  that  when  those  rays  M 
H,  which  in  this  prism  had  suffered  the  greatest  refrac- 
tion, and  appeared  blue  and  violet,  began  to  be  totally 
reflected,  the  blue  and  violet  light  on  the  paper  which 
was  most  refracted  in  the  second  prism  received  a  sen- 
sible increase  at  fi,  above  that  of  the  red  and  yellow  at 
; :  and  afterwards,  when  the  rest  of  the  light,  which  was 
green,  yelloiv,  and  red,  began  to  be  totally  reflected,  and 
vanished  at  G,  the  light  of  those  colours  at  t,  on  the 
paper/!  t,  received  as  great  an  increase  as  the  violet  and 
blue  had  received  before.  Which  puts  it  past  dispute, 
that  those  rays  became  first  of  all  totally  reflected  at  the 
base  BC,  which  before  at  ecjual  incidences  with  the  rest 
upon  the  base  BC  had  suffered  the  greatest  refraction. 
1  do  not  here  take  any  notice  of  any  refractions  made  in 
the  sides  AC,  AB,  of  the  first  prism,  because  the  light 
enters  almost  perpendicularly  at  the  first  side,  and  goes 
out  almost  perpendicularly  at  the  second ;  and  therefore 


suffers  none,  or  so  little,  that  the  angles  of  incidence  at 
the  base  BC  are  not  sensibly  altered  by  it;  especially  if 
the  angles  of  the  prism  at  the  base  BC  be  each  about 
40°.  For  the  rays  FM  begin  to  be  totally  reflected  when 
the  angle  CMF  is  about  50°,  and  therefore  they  will 
then  make  a  right  angle  of  90°  with  AC. 

"  It  appears  also  from  experiments,  that  the  beam 
of  light  MN,  reflected  by  the  base  of  the  prism,  being 
augmented  first  by  the  more  refrangible  rays  and  aftet"- 
wards  by  the  less  refiangible,  is  composed  of  ravs  dif- 
ferently refrangible. 

The  light  whose  rays  are  all  alike  refrangible,  I  call 
simfile,  homogeneous  and  similar ;  and  that  whose  rays 
arc  some  more  refrangible  than  others,  I  call  comjiound, 
heterogeneous,  and  dissimilar. 

The  colours  of  homogeneous  lights    I    call   /irimart/, 
homogeneous  and  simfile  ;  and   those  of   heterogeneous    i 
lights,  heterogeneous  and  com/tound.     For  these  are  al- 
ways compounded  of  homogeneous  lights. 

The  liomogeneous  lights  and  rays  which  appear 
red,  or  rather  make  objects  appear  so,  I  call  red-making  ; 
those  which  make  objects  appear  yellow,  green,  blue, 
and  violet,  \  CiWijellam  jiiaking,  blue  making,  violet  mak- 
ing ;  and  so  of  the  rest.  And  if  at  any  time  I  speak  of 
light  and  rays  as  coloured,  or  endowed  with  colours,  I 
would  be  understood  to  speak  not  philosophically.  For 
the  rays,  to  speak  properly,  are  not  coloured,  and  in  them 
there  is  nothing  else  than  a  certain  power  and  disposition 
to  a  sensation  of  this  or  that  colour." 

Prop.  IV^ 

To  separate  from  one  another  the  helerogencous  rays 
of  compound  light. 

"  That  the  rays  which  are  equally  refrangible  fall  upon 
a  circle  answering  to  the  suii's  apparent  disk,  will  be 
proved  by  experiment  by  and  by. 

Let  AG,  Fig.  IT.  represent  the  circle  which  all  the 
most  refrangible  rays,  propagated  from  the  whole 
disk  of  the  sun,  will  illuminate  and  paint  upon  the 
opposite  wall  if  they  were  alone;  EL  the  circle,  which 
all  the  least  refrangible  rays  would  in  like  manner 
illuminate  if  they  were  alone;  BH,  CI,  DK,  the  cir- 
cles which  so  many  intermediate  rays  would  paint 
upon  the  wall,  if  they  were  singly  propagated  from 
the  sun  in  successive  order-,  the  rest  being  intercepted  ; 
and  conceive  that  there  are  other  circles  without  num- 
ber, which  innumerable  other  intermediate  sorts  of 
rays  would  successively  paint  upon  the  wall,  if  the  sun 
should  successively  emit  every  sort  apart.  And  seeing 
the  sun  emits  all  these  sorts  at  once,  they  must  all 
together  illuminate  and  paint  innumerable  equal  cir- 
cles; of  all  which  being,  according  to  their  degrees  of 
refrangibility,  placed  in  order  in  a  continual  series, 
that  oblong  spectrum  PT  is  composed,  which  was  de- 
scribed in  the  first  experiment. 

Now,  if  these  circles,  whilst  their  centres  keep 
their  distances  and  positions,  could  be  made  less  in 
diameter,  their  interfering  one  with  another,  and  con- 
sequently the  mixture  of  the  heterogeneous  rays,  would 
be  proportionably  diminished.  Let  the  circles  AG, 
BH,  CI,  &c.  remain  as  before;  and  let  ag,6  h,  c  i, 
&c.  be  so  n>any  less  circles  lying  in  a  like  continual  se- 
ries, between  two  parallel  right  lines  o  e,  and  g  I,  with 
the  same  distance  between  their  centres,  and  illumi- 
nated  with  the  same  sorts  of  rays ;  that  is,  the  circle 
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a  J-  with  th8  same  sort  by  which  the  corresponding 
circle  AG  was  illuminated  ;  and  the  rest  of  the  circlts 
d  h,  c  i,  d  k,  e  I,  respectively  with  the  same  sorts  of 
rays  by  which  the  corresponding;  circles  lili,  CI,  DK, 
EL,  were  illuminated.  In  the  figure  PT,  composed 
of  the  great  circles,  three  of  those,  AG,  lill,  CI,  are  so 
expanded  into  each  other,  that  three  sorts  of  rays,  by 
■which  those  circles  are  illuminated,  together  with  in- 
numerable other  sorts  of  intermediate  rays,  are  mixed 
at  QR  in  the  middle  of  the  circle  BH.  And  the  like 
mixture  happens  throughout  almost  the  whole  length 
of  the  figure  PT.  But  in  the  figure /i  ;,  composed  of 
the  less  circles,  the  three  less  circles  a  g,  b  h,  c  i, 
which  answer  to  those  three  greater,  do  not  extend 
into  one  another ;  nor  are  there  any  where  mingled  so 
much  as  any  two  of  the  three  sorts  of  rays  by  which 
those  circles  are  illuminated,  and  which  in  the  figure 
PT  are  all  of  them  intermingled  at  QR.  So  then,  if 
we  would  diminish  the  mixture  of  the  rays,  we  are  to 
diminish  the  diameters  of  the  circles.  Now  these 
would  be  diminished  if  the  sun's  diameter,  to  which 
they  answer,  could  be  made  less  than  it  is,  or  (which 
comes  to  the  same  purpose)  if  without  doors,  at  great 
distance  from  the  prism  towards  the  sun,  some  opaque 
body  were  placed  with  a  round  hole  in  the  middle  of 
it  to  intercept  all  the  sun's  light,  except  so  much  as 
coming  from  the  middle  of  his  body  could  pass  through 
that  hole  to  the  prism.  For  so  the  circles  AG,  BH, 
and  the  rest,  would  not  any  longer  answer  to  the 
whole  disk  of  the  sun,  but  only  to  that  part  of  it 
which  could  be  seen  from  the  prism  through  that  hole  ; 
that  is,  to  the  apparent  magnitude  of  that  hole  viewed 
from  the  prism.  But  that  these  circles  may  answer 
more  distinctly  to  that  hole,  a  lens  is  to  be  placed  by 
the  prism  to  cast  the  image  of  the  hole  (that  is,  every 
one  of  tlie  circles  AG,  BH,  &c.)  distinctly  upon  the 
paper  at  PT  :  after  such  a  manner  as  by  a  lens  placed 
at  a  window  the  pictures  of  objects  abroad  are  cast 
distinctly  upon  a  paper  within  the  room.  If  this  be  done, 
it  will  not  be  necessary  to  place  that  hole  very  far  off, 
no,  not  beyond  the  window.  And  therefore,  instead 
of  that  hole,  I  used  the  hole  in  the  window  shutter  as 
follows. 

In  the  sun's  light  let  into  my  darkened  chamber 
through  a  small  round  hole, Fig.  18,  in  my  window-shut- 
ter, at  about  10  or  12  feet  from  the  window,  I  placed  a 
lens  MN,  by  which  the  image  of  the  hole  F  might 
be  distinctly  cast  upon  a  sheet  of  white  paper  placed 
at  I.  Then  immediately  behind  the  lens  I  placed  a 
prism  ABC,  by  which  the  trajected  light  might  be  re- 
fracted either  upwards  or  sidewise,  and  thereby  the 
round  image  which  the  lens  alone  did  cast  upon  the 
paper  at  I,  might  be  drawn  out  into  a  long  one  with 
parallel  sides,  as  represented  at  /i  t.  This  oblong 
image  I  let  fall  upon  another  at  about  the  same  dis- 
tance from  the  prism  as  the  image  at  I,  moving  the 
paper  either  towards  the  prism  or  from  it,  until  I 
found  the  just  distance  where  the  rectilinear  sides  of 
tlve  images  fi  t  become  most  distinct.  For  in  this  case 
the  circular  images  of  the  hole,  which  compose  that 
image,  after  the  manner  that  the  circles  a  g,  b  A,  c  i, 
&c.  do  the  figure  fi  t,  were  terminated  most  distinctly, 
and  therefore  extended  into  one  another  the  least  that 
they  could,  and  by  consequence  the  mixture  of  the 
heterogeneous  rays  was  now  the  least  of  all.  The  cir- 
cles aff,bfi,c  i,  &c.  which  compose  the  image  fi  c,  are 
each  equal  to  the  circle  at  I ;  and  therefore,  by  dimi- 


nishing the  hole  F,  or  by  removing  the  lens  farther 
from  it,  may  be  diminished  at  pleasure,  whilst  their 
centres  keep  the  same  distances  from  each  other. 
Thus,  by  diminishing  the  breadth  of  the  image  fi  t, 
the  circles  of  hetcrogeneal  rays  that  compose  it  may 
be  separated  from  each  other  as  much  as  you  please. 
Yet  instead  of  the  circular  hole  F,  it  is  better  to  sub- 
stitute an  hole  shaped  like  a  parallelogram,  with  its 
length  parallel  to  the  length  of  the  prism.  For  if  this 
hole  be  an  inch  or  two  long,  and  but  a  tenth  or  twen- 
tieth part  of  an  inch  broad,  or  narrower,  the  light  of 
the  image /i  ;  will  be  as  simple  as  before,  or  simpler- 
and  the  image  being  much  broader,  is  therefore  fitter 
to  have  experiments  tried  in  its  light  than  before." 

Prop.  V. 

"  Homogeneal  light  is  refracted  regularly  witbotit 
any  dilatation,  splitting  or  shattering  of  the  rays;  and 
the  confused  vision  of  objects  seen  through  refracting 
bodies  by  heterogeneous  light,  arises  from  the  different 
refrangibility  of  several  sorts  of  rays. 

In  the  middle  of  a  black  paper  I  made  a  rotind  hole, 
about  a  fifth  or  a  sixth  part  of  an  inch  in  diarheter.  Upon 
this  part  I  caused  the  spectrum  of  homogeneous  light, 
described  in  the  former  proposition,  so  to  fall  that  some 
part  of  the  light  might  pass  through  the  hole  in  the  paper. 
This  transmitted  part  of  the  light  I  refracted  with  a 
prism  placed  behind  the  paper  :  and  letting  the  refracted 
light  fall  perpendicularly  upon  a  white  paper  two  or 
three  feet  distant  from  the  prism,  I  found  that  the 
spectrum  formed  on  the  paper  by  this  light  was  not 
oblong,  as  when  it  is  made  in  the  first  experiment,  by 
refracting  the  sun's  compound  light,  but  was,  so  far  as 
I  could  judge  by  my  eye,  perfecdy  circular,  the  length 
being  nowhere  greater  than  the  breadth ;  which  shows 
that  this  light  is  refracted  regularly  without  any  dilata- 
tion of  the  rays,  and  is  an  ocular  demonstration  of  the 
mathematical  proposition  mentioned  above. 

In  the  homogeneous  light  I  placed  a  paper  circle 
of  a  quarter  of  an  inch  in  diameter:  and  in  the  sun's 
unrefracted,  heterogeneous,  white  light,  I  placed  an- 
other paper  circle  of  the  same  bigness;  and  going  from 
these  papers  to  the  distance  of  some  feet,  I  viewed 
both  circles  through  a  prism.  The  circle  illuminated 
by  the  sun's  heterogeneous  light  appeared  very  oblong, 
as  in  the  second  experiment,  the  length  being  many 
times  greater  than  the  breadth.  But  the  other  circle,  illu- 
minated with  homogeneous  light,  appeared  circular,  and 
distinctly  defined,  as  when  it  is  viewed  by  the  naked  eye  ; 
which  proves  the  whole  proposition  mentioned  above. 

In  the  homogeneous  light  I  placed  flies  and  other 
minute  objects,  and  viewing  them  through  a  prism,  I 
saw  their  parts  as  distinctly  defined  as  if  I  had  viewed 
them  with  the  naked  eye.  The  same  objects  placed  in 
the  sun's  unrefracted  heterogeneous  light,  which  was 
white,  I  viewed  also  through  a  prism,  and  saw  them 
roost  confusedly  defined,  so  that  I  could  not  distinguish 
their  smaller  parts  from  one  another.  I  placed  also  the 
letters  of  a  small  print  one  while  in  the  homogeneous 
light,  and  then  in  the  heterogeneous;  and  viewing  them 
through  a  prism,  they  appeared  in  the  latter  case  so 
confused  and  indistinct  that  I  could  not  read  tliem  ;  but 
in  the  former  they  appeared  so  distinct  that  I  could  read 
readily,  and  thought  I  saw  them  as  distinct  as  when  I 
viewed  them  with  my  naked  eve  :  in  both  cases,  I  view- 
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ed  ihe  saiDe  objecis  iliiough  llie  same  prisni)  at  ilic 
same  distance  from  me,  and  in  liic  same  situation. 
There  was  no  difference  but  in  the  lights  by  which  the 
objects  were  illuminated,  and  which  in  one  case  was 
simple,  in  the  other  compound ;  and  therefore  the  dis- 
tinct vision  in  the  former  case,  and  confused  in  the  lat- 
ter, could  arise  from  noihing  else  than  from  that  dif- 
ference in  the  lights.  Which  proves  the  whole  propo- 
^!tion. 

In  these  three  experiments,  it  is  farther  very  re- 
markable, that  the  colour  of  liomogeneous  light  was 
iicver  changed  by  the  refraction.  And  as  these  colours 
were  not  changed  by  refractions,  so  neither  were  tliey 
by  reflexions.  For  all  white,  grey,  red,  yellow,  green, 
blue,  violet  bodies,  as  fiafier,  ashes,  red  lead,  orfiiment, 
indigo,  bice,  gold,  silver,  copper,  grass,  blue  jloivcrs, 
violets,  bubbles  0/  ivater  tinged  -.villi  various  colours,  fiea- 
cock  feathers,  the  tincture  of  lignum  nefihriticum,  and 
such  like,  in  red  homogeneous  light  appeared  to- 
tally red,  in  blue  light  totally  blue,  in  green  light  to- 
tally green,  and  so  of  other  colours.  In  the  homoge- 
neous ligiit  of  any  colour  they  all  appeared  totally  of 
that  same  colour;  with  this  only  dilVercncc,  that  some 
of  lliem  reflected  that  light  more  strongly,  others  more 
faintly.  I  never  yet  found  any  body  which  by  reflect- 
ing homogeneous  light  could  sensibly  change  its  co- 
lour. 

From  all  which  it  is  manifest,  that  if  the  sun's  light 
consisted  of  but  one  sort  of  rays,  there  would  be  but 
one  colour  in  the  world,  nor  would  it  be  passible  to 
produce  any  new  colour  by  reflexions  and  refractions  ; 
and,  by  consequence,  that  the  variety  of  colours  depends 
upon  the  composition  of  light." 

Prop.  VI. 

"  Every  homogeneous  ray  considered  apart  is  re- 
fracted, according  to  one  and  the  same  rule  ;  so  that 
its  sine  of  incidence  is  to  its  sine  of  refraction  in  a 
given  ratio  :  that  is,  every  differently  coloured  ray  has  a 
different  ratio  belonging  to  it. 

Sir  Isaac  Newton  has  proved  this  by  experiment; 
and  in  other  experiments  he  has  determined  by  what 
numbers  these  given  ratios  are  expressed.  For  in- 
stance, if  an  heterogeneous  white  ray  of  the  sun  emer- 
ges out  of  glass  into  air  ;  or,  which  is  the  same  thing, 
if  rays  of  all  colours  be  supposed  to  succeed  one  another 
in  the  same  line  AC,  Fig.  19.  and  AD  their  common 
sine  of  incidence  in  glass  be  divided  into  Jifty  equal 
parts,  then  EF  and  GH,  the  sines  of  refraction  mio  air, 
of  the  least  and  most  refrangible  rays,  will  be  77  and  78 
of  such  parts  respectively.  And  since  every  colour  has 
several  degrees,  the  sines  of  refraction  of  all  the  degrees 
of  red  will  have  all  intermediate  degrees  of  magnitude 
from  77  to  77i; — of  all  the  decrees  of  orange  from  77.J. 
to  774  ; — of  yellow  from  77^  to  77 1 ; — of  green  from  77^ 
to  77i  ; — of  blue  from  77  J  to  77|  ; — of  indigo  from  77| 
to  77^  ; — and  of  violet  from  77^  to  78. 

Prop.  VII. 

Whiteness,  and  all  grey  colours  between  white  and 


black,  may  be  compounded  of  colours;  and  the  whiteness 
of  the  sun's  light  is  compounded  of  all  the  primary  co- 
lours, mixed  in  a  due  proportion. 

"  Let  that  spectrum  or  solar  image  PT,  in  Fig.  20. 
fall  upon  the  lens  MN,  above  four  inches  broid,  and 
about  six  feet  distant  from  the  prisni  ABC,  and  so 
figured  that  it  may  cause  the  coloured  light  which  di- 
vergtth  Iroin  the  prism  to  converge  and  meet  again  at 
its  focus  G,  about  six  or  eight  feet  distant  from  the 
lens,  and  there  to  fall  perpendicularly  upon  a  white 
paper  DE.  And  if  you  move  this  paper  to  and  fro, 
yuu  will  perceive  that  near  the  lens,  as  at  d  e,  the 
whole  solar  image  (suppose  at  ft  t)  will  appear  upon 
it  intensely  coloured  after  the  manner  above  explained", 
and  that  by  receding  from  the  lens  those  colours  will 
perpetually  come  towards  one  another,  and  by  mixing 
more  and  more,  dilute  one  another  continually,  until  at 
length  the  paper  come  to  the  foctis  G,  where,  by  a  per- 
fect mixture,  they  will  wholly  vanish  and  be  converted 
into  whiteness,  the  whole  light  appearing  now  upon  the 
paper  like  a  little  white  circle.  And  afterwards,  by  re- 
ceding farther  from  the  lens,  the  rays  which  before  con- 
verged will  now  cross  one  another  in  the  focus  G,  and 
diverge  from  thence,  and  thereby  make  the  colours  to 
appear  again,  but  yet  in  a  contrary  order;  suppose  at 
S'i,  where  the  red  t  is  now  above  which  before  was  below, 
and  the  violet/;  is  below  which  before  was  above. 

Let  us  now  stop  the  paper  at  the  focus  G,  where  the 
light  appears  totally  white  and  circular,  and  let  us  consi 
der  its  whiteness.  I  say,  that  this  is  composed  of  the 
converging  colours.  For  if  any  of  those  colours  be  in- 
tercepied  at  the  lens,  the  whiteness  will  cease  and  de- 
generate into  that  colour  which  ariseth  froin  the  com- 
position of  the  other  colours  which  are  not  intercepted. 
And  then  if  the  intercepted  colours  be  let  pass  and  fall 
upon  that  cornpound  colour,  they  mix  with  it,  and  by 
their  mixture  restore  the  whiteness.  So  if  the  violet, 
blue,  and  green  be  intercepted,  the  remaining  yellow, 
orange,  and  red,  will  compound  upon  the  paper  an 
orange,  and  then  if  the  intercepted  colours  be  let  pass 
they  will  fall  upon  this  compounded  orange,  and  togeth- 
er with  it  decompound  a  white.  So  also  if  the  red  and 
violet  be  intercepted,  the  remaining  yellow,  green,  and 
blue,  will  compound  a  green  upon  the  paper,  and  then 
the  red  and  violet  being  let  pass,  will  fall  upon  this 
green,  and  together  with  it  decompound  a  white.  And 
that  in  this  composition  of  while  the  several  rays  do  not 
suffer  any  change  in  their  colorific  qualities  by  acting 
upon  one  another,  but  are  only  mixed,  and  by  a  mixture 
of  their  colours  produce  luhite,  may  farther  appear  by 
these  arguments. 

If  the  paper  be  placed  beyond  the  focus  G,  suppose 
at  ^  e,  and  then  the  red  colour  at  the  lens  be  alternate- 
ly intercepted,  and  let  pass  again,  the  violet  colour  on 
the  paper  will  not  suffer  any  change  thereby,  as  it 
ought  to  do  if  the  several  sorts  of  rays  acted  upon  one 
another  in  the  focus  G,  where  they  cross.  Neither 
will  the  red  upon  the  paper  be  changed  by  any  alter- 
nate Slopping,  and  letting  pass  the  violet  which  cross- 
elh  it. 

And  if  the  paper  be  placed  at  the  focus  G,  and  the 
vhite  round  image  at  G  be  viewed  through  the  prisni 
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IIIK,  and  by  the  reiiaciion  of  that  prism  be  translated 
to  the  place  r  v,  and  there  appear  tinged  with  various 
colours,  namely,  the  violet  at  xi  and  red  at  r,  and  others 
between,  and  then  the  red  colour  at  the  lens  be  often 
stopped  and  let  pass  by  turns,  the  red  at  r  will  ac- 
cordingly disappear,  and  return  as  often,  but  the  violet 
at  V  will  not  thereby  suffer  any  change.  And  so  by 
stopping  and  letting  pass  alternately  the  blue  at  the 
lens,  the  blue  at  r  will  accordingly  disappear  and  re- 
turn, without  any  change  made  in  the  red  at  r.  The 
red  therefore  depends  on  one  sort  of  rays,  and  the 
blue  on  another  sort,  which  in  the  focus  G,  where  they 
are  commixed,  do  not  act  on  one  another.  And  there 
is  the  same  reason  of  the  other  colours. 

1  considered  farther,  that  when  the  most  refrangible 
rays  P  /;,  and  the  least  refrangible  ones  T  t,  are  by  con- 
verging inclined  to  one  another,  the  paper,  if  held  very 
oblique  to  those  rays  in  the  focus  G,  might  rellect  one 
sort  of  them  more  copiously  than  the  other  sort,  and 
by  that  means  the  reflected  light  would  be  tinged  in 
that  focus  with  the  colour  of  the  predominant  rays, 
provided  those  rays  severally  retained  their  colours  or 
colorific  qualities  in  the  coniposilion  of  while  made  by 
them  in  that  locus.  But  if  they  did  not  retain  them 
in  that  white,  but  became  all  of  them  severally  en- 
dued there  with  a  disposition  to  strike  the  sense  with 
the  perception  of  white,  then  they  could  never  lose 
their  whiteness  by  such  reflexions.  I  inclined  there- 
fore the  paper  to  the  rays  very  obliquely,  as  in  the  se- 
cond experiment  of  this  book,  that  the  most  refrangi- 
ble rays  might  be  more  copiously  reflected  than  the 
rest,  and  the  whiteness  at  length  changed  successively 
into  blue,  indigo,  and  violet.  Then  I  inclined  it  the 
contrary  way,  that  the  most  refrangible  rays  might  be 
more  copious  in  the  reflected  light  than  the  test,  and 
the  whiteness  turned  successively  to  yellow,  orange, 
and  red. 

Lastly,  I  made  an  instrument  XY,  in  fashion  of  a 
comb,  whose  teeth  were  about  an  inch  and  an  half 
broad,  and  the  intervals  of  the  teeth  tibout  two  inches 
wide.  Then  by  interposing  successively  the  teeth  of 
this  instrument  near  the  lens,  I  intercepted  part  of  the 
colours  by  the  interposed  tooth,  whilst  the  rest  of  them 
went  on  through  the  interval  of  the  teeth  to  the  paper 
DE,  and  there  painted  a  round  solar  image.  But  the 
paper  1  had  first  placed  so,  that  the  image  might  ap- 
pear white  as  often  as  the  comb  was  taken  away  ;  and 
then  the  comb  being,  as  was  said,  interposed,  that 
whiteness  by  reason  of  the  intercepted  part  of  the  co- 
lours at  the  lens  did  always  change  into  the  colour  com- 
pounded of  those  colours  which  were  not  intercepted, 
and  that  colour  was  by  the  motion  of  the  comb  perpetu- 
ally varied,  so  that  in  the  passing  of  every  tooth  over 
the  lens  all  these  colours,  red,  yellow,  green,  blue,  and 
purple,  did  always  succeed  one  another.  I  caused  there- 
fore all  the  teeth  to  pass  successively  over  the  lens,  and 
when  the  motion  was  slow,  there  appeared  a  perpetual 
succession  of  the  colours  upon  the  paper  :  Bui  if  I  so 
much  accelerated  the  motion,  that  the  colours  by  reason 
of  their  quick  succession  could  not  be  distinguished 
from  one  another,  the  appearance  of  the  single  colours 
ceased.  There  was  no  red,  no  yellow,  no  green,  no 
blue,  nor  purple,  to  be  seen  any  longer,  but  from  a  con- 
fusion of  them  all  there  arose  one  uniform  white  colour. 
©f  the  light  which  now  by  the  mixture  of  all  tlie  co- 


lours appealed  wnite,  ineie  wis  no  part  really  white. 
One  part  was  red,  another  yellow,  a  third  green,  a  fourth 
blue,  a  fifth  purple,  and  every  part  retains  its  proper 
colour  till  it  strike  the  sensorium.  If  ihe  impressions 
follow  one  another  slowly,  so  that  they  may  be  seve- 
rally perceived,  there  is  made  a  distinct  sensation  of 
all  the  colours,  one  after  another,  in  a  continual  succes- 
sion. But  if  the  impressions  follow  one  another  so 
quickly  that  they  cannot  be  severally  perceived,  there 
ariseth  out  of  them  all  one  common  sensation,  which 
is  neither  of  this  colour  alone  nor  of  that  alone,  but 
hath  itself  indifferently  to  them  all,  and  this  is  a  sensa- 
tion of  whiteness. 

Prop.  VIII. 

If  a  small  aperture  is  viewed  through  a  prism,  or  it 
the  sun's  light  passing  through  a  small  aperture  fallf- 
upon  a  prism,  the  spectrum  thus  produced  contains 
only  four  colours. 

In  the  spectrum  seen  by  Sir  Isaac  Newton,  and 
formed  from  the  sun's  disc,  the  colours  are  arranged  as 
in  rig.  1.  of  Plate  CCCCXXXIII.  and  occupy  the  re- 
spective spaces  represented  in  that  figure.  But  when 
a  beam  of  day  light  is  admitted  into  a  room  by  a  cre- 
vice about  j'jth  of  an  inch  wide,  and  received  by  the 
eye  at  the  distance  of  10  or  12  feet,  through  a  prism 
ABC,  Fig.  2.  of  Hint  glass,  free  Irom  veins,  and  held  neai 
the  eye,  so  that  the  angles  RAB,  RAC,  formed  by  the 
incident  rays  with  the  sides  of  the  prism,  are  equal,  the 
beam  will  be  refracted  into  the  four  following  colours 
only,  viz.  Red,  yellowish  Green,  Blue,  and  Violet,  as  re- 
present at  MN.  The  line  .'\,  which  bounds  the  red 
end  o(  the  spectrum,  is  somewhat  confused.  The  line 
B,  which  separates  the  red  and  the  green  spaces,  is  per- 
fectly distinct  in  a  certain  position  of  the  prism,  and  so 
are  the  bounding  lines  of  the  violet  space  at  D  and  E. 
The  boundary  C  of  green  and  blue  is  less  distinctly 
marked  than  the  rest;  and  on  each  side  of  this  line 
there  are  other  distinct  dark  lines  f  and  g,  either  of 
which  may  be  mistaken  by  an  inexperieoced  observer 
for  the  boundary  C.  The  proportions  of  the  coloured 
spaces  have  already  been  stated  in  the  History  of  Op- 
tics.* 

SCHOLIIM. 

The  very  important  discovery  contained  in  this  pro- 
position was  made  by  Dr.  WoUaston  ;  and  it  decidedly 
follows  from  it,  that  the  other  colours  in  the  spectrum 
described  by  Newton  are  comfiound  tints,  and  have  re- 
frangibilities  the  same  as  some  other  rays  in  the  New- 
tonian spectrum.  The  yellow  rays,  for  example,  in 
the  Newtonian  spectrum,  have  the  same  refrangibility 
as  some  of  the  green,  and  also  some  of  the  redvays  in 
the  same  spectrum,  and  their  apparent  existence  as  se- 
parate rays  arises  entirely  from  the  analysis  not  being 
complete,  in  consequence  of  too  large  an  aperture  hav- 
ing been  used. 

From  these  experiments  Dr.  WoUaston  and  Dr. 
Young  have  concluded,  that  the  yellC7u  rays  have  not 
a  separate  existence  in  the  s/iectrtun.  Dr.  Youne:,  who 
repeated  Dr.  Wollaston's  experiments  with  perfect  suc- 
cess, remarks  that  there  is  a  narrow  yellow  line  gene- 
rally visible  at  the  limit  of  the  red  and  green,  b\Ht[\?it  it« 


*  See  p.  615,  and  also  p.  606.     See  likewise  the  Plul.  Trans.  1802,  or  A'icfiolson's  Journal,  8vo.  vol  iv.  p. 89, 
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brcacUh  scarcely  exceeds  ihat  of  Uie  aperture  by  which 
Ihe  light  is  admilted,  and  that  Dr.  Wollaston  ailiibutcs 
it  to  the  mixlnrc  of  the  red  ivit/i  the  green  light.* 

Dr.  Brewster  has  however  recently  shown,!  that  the 
yellow  rays  have  a  separate  and  independent  existence 
in  the  spectrum,  Ibrmcd  in  the  manner  described  by  Dr. 
Wollaston,  and  that  they  arc  only  mi:icd  with  the  most 
refrangible  red  and  tlie  least  refrangilile  green,  with 
whicli  they  have  the  same  rcfrangibiliiy.  By  the  use 
of  coloured  media  which  absorb  these  two  kinds  of  rays, 
lie  has  been  able  to  insulate  the  yellow  space,  so  as  to 
establish  its  existence  beyond  a  doubt. 

Def.  When  a  pencil  of  while  light  is  separated  into 
its  component  colours,  it  is  said  to  be  clh/tersed  by 
tlic  prism  ;  that  is,  the  extreme  red  and  the  extreme 
violet  rays  are  dispersed  or  separated  from  the  mid- 
dle rays  of  the  spectrum.  The  dispersion  is  generally 
measured  by  the  part  of  the  whole  refraction  to  which 
it  is  proportional.  If  a  prism  of  crown  glass,  for  exam- 
ple, produces  a  deviation  in  the  mean  ray  of  27°,  the 
ilix/ienion,  or  the  angle  formed  by  the  extreme  red  and 
the  extreme  blue  rays,  will  be  1°  ;  that  is,  the  deviation 
of  the  red  rays  will  be  26"  30',  that  of  the  mean  or  green 
rays  27°,  and  that  of  the  extreme  violet  27°  30'.  Tlie 
dispersion  is  therefore  said  to  be  ^'^th  of  the  whole  re- 
fraction, and  this  fraction  is  a  measure  of  the  dispersive 
power.  We  must,  however,  carefully  distinguish  be- 
tween the  dispersion  of  any  substance  and  its  dispersive 
power,  which,  though  often  confounded,  differ  as  es- 
sentially as  the  refraction  of  any  substance  does  from 
its  refractive  power.  The  dispersion  varies  in  the  same 
substance  with  the  angle  of  the  prism  which  decom- 
poses the  light,  and  is  merely  used  to  signify  the  ac- 
tual separation  of  the  extreme  rays,  while  the  disper- 
sive power  is  the  ratio  of  that  separation  to  the  whole 
refraction. 

Prop.  IX. 

To  determine  the  nature  and  magnitude  of  the  im- 
perfections of  refracting  telescopes  and  other  instru- 
ments arising  from  the  different  refrangibility  of  the 
rays  of  light. 

Let  MN,  Fig.  3.  be  a  lens,  on  which  are  incident 
the  parallel  rays  RM,  RN  of  white  light.  In  conse- 
quence of  the  difl'crcnt  refrangibility  of  the  rays  of 
which  this  light  is  composed,  each  ray  will  be  refracted 
to  dift'erent  parts  of  the  axis,  the  extreme  violet  ray  be- 
ing refracted  in  the  lines  ML,  NL,  and  the  extreme  red 
ray  in  the  lines  MF,  NF.  Every  differently  coloured  my, 
therefore,  will  form  a  dificrent  image  of  the  object  from 
which  the  white  rays  RM,  RN  diverge,  and  as  these 
images  do  not  coincide,  but  occupy  different  positions 
between  L  and  F,  the  image  formed  behind  the  glass 
must  be  confused  and  indistinct.  Hence,  as  all  re- 
fracting telescopes  and  microscopes,  and  the  eye-glasses 
of  all  reflecting  telescopes  and  microscopes,  consist  of 
lenses,  these  instruments  must  all  be  rendered  imper- 
fect by  the  different  refrangibility  of  light. 

In  order  to  find  the  amount  of  this  imperfection,  and 


the  form  of  the  space  of  diffusion  LA  a  F,  and  the  dis- 
tribution of  the  light  in  dificrent  parts  of  it,  wc  shall 
suppose  1^1'  known,  as  it  is  easily  derived  from  the 
ratio  of  the  angle  of  dispersion  Ml',  to  the  wliolc  re- 
fraction ECM  of  the  mean  refrangible  ray,  which  i-;  in 
ordinary  glass  as  I  to  27.  As  the  angles  FN  a,  FMA 
are  small,  the  sides  LA,  L  a  may  be  considered  as  pa- 
rallel to  the  sides  F.\,  F  a,  and  therefore  LA,  F  a  may  be 
regarded  as  a  parallelogram  divided  into  two  c([ual  parts 
by  the  diagonal  A«.  But  CF  :  EF:=.\  a  :  MN,  and  al- 
ternately CF:A  c=EF  :  MN,  and  LFr:2CF:Aar: 
2  EF  :  Sin  ;  that  is,  the  lorigi/udinat  abcrrati'jn  of  re- 
frangibility,  or  LF,  is  to  the  lateral  aberration  or  the 
diameter  of  the  circle  of  dij/'usion  A  a,  as  twice  the  focal 
distance  is  to  the  a/nrlurc. 

With  regard  to  the  distribution  of  the  light  in  the 
circle  of  difl'usion,  represented  in  Fig.  4,  where  the 
diameter  A  a  corresponds  to  A  a  in  Fig.  3.  and  the 
points  I,  /,  to  the  same  points  in  Fig.  4.  Boscovich  has 
shown,  as  Newton  had  done  before,  that  if  the  point  N 
is  equidistant  from  .\  and  C,  the  density  of  the  rays  in 
any  point  B  will  be  to  the  density  in  any  point  N  as 
AB  :  BC  ;  and  that  the  whole  light  within  the  lesser 
circle  B  b,  will  be  to  the  whole  light  within  the  circle 
A  a,  as  the  difl'erencc  of  the  squares  of  CA,  A B  is  to 
the  square  of  CA.|  If  BC,  for  example,  is  one-fifth 
of  AC,  the  light  will  be  four  times  denser  in  B  than  in 
N,  and  the  whole  light  within  the  lesser  circle  B  b  will 
be  to  the  whole  light  within  the  greater  circle  as  9  to 
25.  The  intensity  of  the  light  will  therefore  diminish 
very  rapidly  towards  the  circumference  of  A  a,  where 
it  is  infinitely  rare,  and,  consequently,  a  very  luminous 
image  will  be  formed  near  the  centre  C  of  the  space  LF, 
the  eye  being  but  little  distracted  with  the  other  faint 
images  around  it. 


Proi'.  X. 

Different  bodies  possess  different  powers  of  dispers- 
ing the  rays  of  light. 

Let  several  prisms  be  made  out  of  different  solid  and 
fluid  substances,  and  the  prismatic  spectrum  be  formed, 
in  the  manner  described  in  the  preceding  experiments. 
Measure  the  length  of  the  spectrum  as  produced  by  the 
prisms,  and  compute  the  angle  wliich  it  subtends,  by 
measuring  its  distance  from  the  prism.  The  number 
of  times  that  this  angular  magnitude  is  contained  in  the 
angle  of  deviation  for  the  mean,  or  middle  ray  of  the 
spectrum,  as  found  by  Prop.  IX.  p.  634,  will  «ive  the 
dispersive  power  of  the  |)rism,  which  will  be  found  to 
vary  wilh  different  substances. 

The  same  experiment  may  be  made  in  a  simpler  man- 
ner, by  taking  two  prisms  of  crown  and  Hint  glass,  for 
example,  which  have  such  refracting  angles  as  to  give 
equal  angles  of  deviation,  or  produce  cc|iial  and  opfjosite 
refractions.  When  this  is  the  case,  it  will  be  found  that 
the  object,  though  not  displaced  by  refraction,  is  still 
highly  tinged  with  colour,  and  that  tlie  colours  will  have 
the  same  position  as  if  they  !iad  been  formed  by  a  small 
piism  placed  similarly  to  the  prism  of  flint  glass. 


•  See  Dr.  Young's  Mitura!  PMosop/iy,  vol.  i.  p.  438  and  p.  78G,  Fig.  419,  also  vol.  ii.  p.  637. 

+  Edinburgh  Tranmclion.1,  vol.  ix.  part.  ii.  ...  „,„ 

\   A  very  simple  demonstration  of  this,  for  which  we  cannot  find  room,  will  be  found  in  lioscovich's  Ojieia,  &C.  (oni.  jj,  p.  ijo— 255 
See  also  Newton's  Opiies,  p.  85. 
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The  most  extensive  series  of  eKperiments  on  the  dis- 
persive powers  of  bodies,  are  those  made  by  Dr.  Brew- 
ster Vi-ith  a  new  instrument,  in  wliich  the  dispersive 
power  of  any  prism  is  measured  by  correcting  its  co- 
lour with  a  standard  prism,  whose  refracting  angle  is 
made  to  vary  in  reference  to  a  given  line,  by  giving  it  a 
rotatory  motion  in  a  plane  which  bisects  the  refracting 
angle. 

In  order  to  explain  this,  let  AO,  BO,  CO,  DO,  EO, 
&c.  Fig.  5.  be  a  number  of  black  lines,  forming  equal 
angles,  AOB,  BOC,  &c.  and  let  them  be  viewed  by  a 
prism,  havinfi;  the  common  section  of  its  refracting  planes 
parallel  to  CG,  or  perpendicular  to  AE.  Then,  since 
the  refraction  is  made  in  the  direction  EA,  the  line  CG 
will  be  more  tinged  with  colour  at  its  edges  than  any 
of  the  other  lines,  the  red  and  yellow  colour  being  on 
the  right,  and  the  blue  and  violet  on  the  left  of  the  line. 
The  lines  BE  and  DH  will  be  tinged  with  less  colour, 
while  the  line  AE  will  appear  without  the  least  degree 
of  colour  at  its  edges.  If  the  prism  is  now  turned 
round  in  the  plane  which  bisects  the  refracting  angle, 
till  the  common  section  of  the  refracting  planes  is  pa- 
rallel to  DH,  and  perpendicular  to  BE,  the  refraction 
will  be  made  in  the  direction  BE;  the  line  DH  will  be 
coloured  in  the  same  manner  as  CG  was  coloured  be- 
fore; CG  and  AE  will  have  the  same  colour  that  BE  had 
formerly,  while  BE  will  be  completely  unaffected  with 
colour.  In  like  manner,  by  continuing  to  turn  the  prism 
in  the  same  plane,  till  the  common  section  of  its  refract- 
ing surfaces  is  successively  perpendicular  to  CG  and 
DH,  the  lines  CG  and  DH  will  be  free  of  any  prismatic 
tinge.  Hence  it  follows,  that  in  giving  a  rotatory  mo- 
tion to  a  prism  in  the  plane  which  bisects  its  refracting 
angle,  there  is  always  one  line  in  reference  to  which 
there  is  neither  refraction  nor  colour,  and  that  this  line 
is  perpendicular  to  another  line,  in  which  the  refraction 
and  colour  are  a  maximum.  While  the  prism,  there- 
fore, performs  ^th  of  a  revolution,  its  refracting  angle 
may  be  considered  as  having  varied  from  0°  to  the  real 
angle  of  its  refracting  surfaces.  Thus  in  Fig.  6.  let 
ABCDE  be  a  prism,  ABCD  one  of  its  refracting  sur- 
faces, ADE  its  refracting  angle,  and  CD  the  common 
section  of  its  refracting  planes.  From  any  point  O,  draw 
O  b  parallel  to  CD,  and  O  d  perpendicular  to  O  b. 
Then  it  is  obvious,  that  in  the  direction  O  b  the  refract- 
ing angle  of  the  prism  may  be  considered  as  0,  while  in 
the  direction  O  cl  the  refracting  angle  is  equal  to  ADE; 
and  in  any  inierniediate  direction  O  c,  the  refracting  an- 
gle, will  be  equal  to  Sin.  b  O  c  X  ADE,  or  Cos.  c  O  d 
X  ADE. 

In  applying  this  principle  to  the  measurement  of  re- 
fractive and  dispersive  powers,  it  is  necessary  to  have  a 
standard  prism  of  flint-glass,  or  crown-glass,  the  refract- 
ing angle,  and  the  refractive  and  dispersive  powers  of 
which  have  been  accurately  determined.  Another  prism, 
composed  of  two  parallel  planes  of  glass,  but  with  a 
much  smaller  refracting  angle,  must  also  be  construct- 
ed for  holding  the  different  fluids  that  are  to  be  subjected 
to  examination.  The  second  of  these  prisms  must  be 
fixed  upon  the  ring  OO,  at  the  end  of  the  arm  G  of  the 
goniometer,  (see  Goniomftek,  Plate  CCLXXVII.  Fig. 
13.)  or  any  oilier  circular  instrument  with  an  open  cen- 
tre, so  as  to  reiTiain  stedfast  in  that  position.  The  stand- 
ard prism  must  be  fixed  to  the  ling  at  the  centre  of  the 
circle  AB,  nearer  the  eye  of  the  observer,  and  in  such 
a  manner  that  the  two  prisms  may  refract  in  opposition, 
and  that  the  index  E  may  point  to  zero,  (the  scale  be- 


ginning at  90°,)  when  the  common  section  of  the  refract- 
ing planes  of  the  one  is  parallel  to  the  common  section 
of  the  refracting  planes  of  the  other.  In  this  situation, 
the  greatest  refracting  angle  of  the  one  is  exactly  op- 
posed to  the  greatest  refracting  angle  of  the  other.  Let 
the  common  section  of  the  refracting  jjlancs  be  in  a  ver- 
tical line,  and  let  the  observer  view  through  the  com- 
bined prisms  a  vertical  line  AB,  Fig.  7.  upon  a  light 
ground,  like  the  bar  of  a  window  seen  against  the  sky. 
Since  the  refraction  of  the  standard  prism  is  supposed 
to  be  greater  than  tliat  of  the  fixed  jjrism,  the  relVactcd 
image  A'lV  of  the  object  AB  will  appear  separated  from 
the  object  AB.  Let  the  standard  prism,  therefore,  be 
turned  round  by  means  of  the  finger  screw  Q,  till  the 
refracted  image  A'B'  comes  into  the  position  u  b,  and 
coincides  exactly  with  the  object  AB,  and  let  the  de- 
grees and  minutes  pointed  out  by  the  index  be  carefully 
marked.  Then,  if  A  be  the  greatest  angle  of  the  stand- 
ard prism,  and  M  the  arch  pointed  out  by  the  index,  we 
shall  have  Sin.  M  x  A  (or  the  reflecting  angle  of  the' 
prism,  when  the  direct  and  refracted  images  were  coio- 
cident.  Since  the  refracting  angle,  therefore,  of  both 
prisms,  and  the  refractive  power  of  the  standard  prism, 
are  known,  the  refractive  power  of  the  substance  in- 
eluded  in  the  fixed  prism  may  be  found,  from  the  for- 
mula to  be  afterwards  given. 

If  the  sides  of  the  rectilineal  object  AB  are  free  from 
colour  when  the  coincidence  takes  place,  then  the  stand- 
ard prism  has  the  same  dispersive  power  as  the  sub- 
stance in  the  fixed  prism,  provided  their  refractive  power 
be  the  same;  for,  at  the  same  angle  of  refraction,  the 
dispersion  of  the  fixed  prism  is  exactly  corrected  by 
that  of  the  standard  prism.  If  the  sides  of  the  object, 
however,  are  tinged  with  colour,  turn  round  the  stand- 
ard prism  in  the  same  direction  as  before,  and  if  the  co- 
lour increases,  the  dispersive  power  of  the  fixed  prism 
exceeds  that  of  the  standard  one  ;  if,  on  the  contrary,  the 
colour  diminishes,  the  dispersive  power  of  the  standard 
prism  exceeds  that  of  the  fixed  one.  In  order  to  find 
the  real  dispersive  power  of  the  fixed  prism,  turn  the 
standard  prism  till  the  vertical  line  is  completely  free 
from  colour,  and  let  m  be  the  angle  pointed  out  by  the 
index.  The  refracting  angle  of  the  standard  prism,  which 
corrects  the  colour  of  the  fixed  prism,  will  then  be  Sin. 
m  X  A,  from  which  the  dispersive  power  of  the  sub- 
stance contained  in  the  fixed  prism  may  be  readily  de- 
duced. In  these  experiments,  the  fixed  prism  must  be 
placed  in  such  a  position  with  respect  to  the  object  AB, 
that  a  line  joining  the  object  and  the  prism  may  be  per- 
pendicular to  the  first  refracting  surface,  which  may  be 
easily  effected  by  the  most  simple  contrivances.  By 
this  means  the  incident  rays  will  suft'er  no  refraction  at 
the  first  surface,  and  the  formulae  for  finding  the  re- 
fractive and  dispersive  powers  of  the  fixed  prism,  will 
be  much  less  complicated  than  if  the  rtfraelion  at  the 
first  surface  had  been  introduced.  Ti^e  following  for- 
mulae, which  are  very  simple,  are  nearly  the  same  with 
those  which  were  given  by  Boscovich. 

Angle  of  the  fixed  pi  ism  •         •         •         .         A 

Angle  of  the  variable  prism,  (or  Sin.  M  x  A'A,  A' 
being  the  refracting  angle  of  the  variable  prism,) 
by  which  the  lefraciion  of  the  fixed  prism  is  cor- 
rected     ........  a 

Angle  of  the  variable  prism  (or  Sin.  m  x  A')  which 
corrects  the  dispersion  of  the  fixed  prism         .  „ 

Index  of  refraction  of  the  fixed  prism  .         .        r 
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Index  01  vciVac'.ior.  o:  tlie  variable  prism     .         .  r 

The  portion  of  the  mean  refraction  to  which  the 
dispersion  is  equal  d  R.  d  r 

The  dispersive  power  of  the  fixed  prism         D  =  v;— , 

Therj  for  the  refractive  power  we  shall  have 

Sin.  a  —  A 


Sin.  a  —  X  =  ■ 


R 

The  sine  of  a  —  x  bein;;  found  from  this  f.jrmulss,  the 
sine  of  x  may  be  easily  found.     We  shall  then  have 
R       »■  X  Sin.  X 
Sin.  A    ■ 
When  the  prisms  do  not  differ  much  from  each  other  in 
refractive  power,  such  as  prisms  made  of  different  kinds 
of  glass,  the  following  more  simple  formula:  may  be 
used.     Thus,  make 

fi  z=a  —  A;  and(7  =  /i ,  then 

Rz:r  +  r  Sin.  q  Cot.  A. 
In  order  to  find  the  dispersive  power  of  the  fixed  prism, 
we  have 

Sin.  x'=:—  X  Sin.  A  ; 


and  when  x'  is  thus  found,  we  have 

7^  X  Cot.  x'  +  I, 


rfR      R       „         - 

-r-'^—  X  Tang.  «■ 
d  r       r 


R 


dRzzdry.-  xTang.a— x'xCot.  jr'+  l.and 


R 


n. 


dr  X  r 


X  Tang.  «  —  x'  X  Cot.  x'  +  I 


R- 


R  being  the  index  of  refraction  for  the  mean  refrangi- 
ble rays,  f/R  is  a  part  of  the  whole  refraction,  and  is  al- 
ways equal  to  the  difference  between  the  index  of  re- 
fraction for  the  first  red  ray,  and  the  index  of  refraction 
for  the  last  violet  ray. 

In  measuring  the  dispersive  powers  of  different  kinds 
of  Hint  or  crown  glass,  by  means  of  a  standard  prism  of 
the  same  glass,  or  in  every  case  where  R  is  nearly  equal 
lor,  we  have  x'~A  ;  and  therefore  the  formula  may 
be  greatly  simplified,  and  will  then  become 

_  ri  r  X  Tanuf.  g  —  A  X  Cot.  A  -f  1 
—  R— 1 

If  it  should  happen  that  the  fixed  prism  contained  a 
substance  of  si'.ch  a  high  refractive  or  dispersive  power, 
that  the  greatest  angle  of  the  standard  prism  was  inca- 
pable of  correcting  its  refraction  and  dispersion,  the 
standard  prism  may  then  he  fised  in  the  place  of  the 
other,  while  the  other  prism  has  its  refracting  angle  re- 
duced by  a  rotatory  motion,  till  it  corrects  the  refraction 
and  dispersion  of  the  standard  prism  ;  but  in  this  case 
the  emergent  ray  m«st  be  perpendicular  to  the  surface 
n  next  the  eye;  and  when  necessary  to  prevent  total  re- 
flexion at  the  surface  n,  a  parallel  plate  of  any  fluid  may 
be  introduced  between  the  prisms. 

In  order  to  increase  the  accuracy  of  these  observa- 
tions, the  goniometer  containing  the  two  prisms  might 


be  placed  before  tiic  objcct-giass  of  a  small  telescope 
through  which  the  observer  must  examine  the  object 
AB,  and  its  fringes  of  colour.  By  this  means  the  fringes 
will  be  greatly  magnified,  and  the  position  of  the  sl>ind- 
ard  prism,  wlien  the  refracted  imajjc  of  AB  is  perfectly 
achromatic,  will  afford  a  measure  of  the  angle  to  which 
it  has  been  reduced. 

The  subject  of  dispersive  powers  has,  till  within  these 
few  years,  been  investigated  merely  for  the  purpose  ol 
discovering  achromatic  combinations  for  the  improve- 
ment of  the  telescope.  The  disjicisions  of  two  or  three 
different  kinds  of  glass,  and  of  a  few  fluids,  were  nume- 
rically ascertained  ;  but  no  attempt  was  made  to  consi- 
der tlie  subject  in  a  general  manner,  or  to  investigate 
it  as  a  separate  branch  of  scimcc,  exhibitiiit;  the  most 
curious  results,  and  unfolding  new  propcnies  of  trans- 
parent bodies.  Dr.  VVollaston  had  the  honour  of  be- 
ginning this  important  inquiry  ;  and  he  determined  the 
oi'dcr  of  dispersive  powers  for  ili  substances,  without, 
however,  giving  any  numerical  estimate  of  their  magni- 
tude. By  means  of  the  instrument  which  has  been 
briefly  described,  Dr.  Biewstcr  has  ascertained,  in  num- 
bers, the  dispersive  powers  of  moi'e  than  a  hundred 
transparent  substances,  the  greater  pari  of  which  were 
never  before  examined. 

The  instrument  which  was  employed  in  these  expe- 
riments, is  represented  in  section  in  P'ig.  8.  The  circu- 
lar head  AB,  similar  to  that  which  is  shown  in  the  arti- 
cle GoxioMETER,  Plate  CCLXXVJI.  l"ig.  13,  is  divid- 
ed into  SCO  degrees  ;  and  has  a  tubular  sliuulder,  e,  e, 
which  moves  upon  the  tube  d  d',  d  d'.  Upon  the  tube 
d  d',  d  d',  is  fixed  another  small  tube,  that  carries  the 
the  arm  d  c,  on  the  circumference  of  which  is  the  ver- 
nier scale  for  subdividing  the  degrees  on  the  circular 
head.  The  extremity  d  d  of  tlie  tube  d  d',d  d'  is  fixed 
into  the  stand  CD,  and  upon  its  other  extremity  d'  d', 
which  terminates  in  a  ring,  is  fixed  the  i)risin  to,  wliose 
dispersive  power  is  required.  'Ihe  standard  prism  u, 
having  such  a  refracting  angle  as  to  produce  a  greater 
dispersion  than  that  of  m,  is  fastened  lo  a  tubt-y^',  v/hich 
screws  upon  the  outer  surface  of  the  shoulder  e  e'.  It 
is  obvious,  from  the  preceding  description,  that  when 
the  circular  head  AB  is  tunud  round,  the  tubey^-,  with 
the  standard  prism  >i,  will  be  carried  alonj;;  with  it, 
while  the  vernier  c  and  the  other  prism  m  remain  sta- 
tionary :  and  if  the  inner  surfaces  of  the  two  prisms 
were  parallel  to  each  other,  and  perpendicular  to  the 
axis  of  motion,  in  any  given  position  of  the  circular 
head,  this  parallelism  will  be  preserved  in  every  other 
position. 

A  horizontal  bar  AB,*  Fig.  9.  about  three  or  four 
inches  broad,  and  having  its  sides  perfectly  straight 
and  parallel,  is  stretched  across  the  window,  so  as  to 
be  exactly  perpendicular  to  a  plumb  line  CD  suspended 
from  the  top  of  the  window.  The  instrument  is  then 
placed  at  a  convenient  distance  from  the  bar,  and  in  such 
a.  position  that  a  line  joining  the  eye  of  the  observer  at 
O,  Fig.  8.  and  the  centre  of  the  bar  at  E,  Fig  12.  may 
be  perpendicular  to  the  anterior  surface  of  the  prism  m, 
and  to  the  bar  AB.  When  this  adjustment  is  made, 
the  whole  of  the  instrument  is  turned  round  in  the  tube 
which  forms  the  top  of  the  stand,  till  the  common  sec- 
tion of  the  refracting  surfaces  of  the  prism  7n  is  per- 
pendicular to  CD,  and  it  is  fixed  in  this  position  by  the 
screw  at«.     If  the  bar  AB  be  now  viewed  through  the 


•  If  AB  were  a  rectangular  lurtiinous  space,  placed  on  a  dark  ground,  it  would  answer  the  purpose  equally  well. 
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prism  TO,  Ihe  lower  side  of  it  will  be  bordered  with  red 
and  yellow,  and  the  upper  bide  will)  blue  and  violet; 
but  after  the  tube y 5-,  with  the  slatidard  prism  n,  is. 
screwed  upon  the  shoulder  e  t,  so  as  to  retract  in  op- 
position to  m,  with  the  common  section  of  its  planes 
turned  upwards,  and  perpendicular  to  CD,  the  red  and 
yellow  tringes  will  appear  on  the  upper  sine  of  AB, 
wliile  the  blue  and  violet  fringes  occupy  its  lower  side, 
on  account  of  the  superior  dispersion  produced  by  the 
standard  prism.  In  order  to  diminish  the  refracting 
ani^le  of  the  prism  n,  turn  round  the  circular  head  AB 
towards  the  right  hand,  the  eye  continuins^  to  observe 
the  image  of  the  bar,  AB,  ^'ig.  9.  and  the  coloured  fringes 
will  gradually  diminish.  As  soon  as  the  fringes  vanish, 
and  the  bars  appear  completely  free  from  colour,  mark 
the  degree  and  minute  of  the  circular  head  which  is  indi- 
cated by  the  vernier.  Turn  the  circular  head  towards 
the  left  hand,  till  the  fringes  again  disappear,  and  mark 
the  degree  and  minute  pointed  out  by  the  index.  Then 
if  (^  be  the  arcK  comprehended  between  these  two  po- 
sitions, and  B  the  angle  of  the  standard  prism  n,  the  re- 
fracting angle  «,  to  which  this  prism  has  been  reduced 
in  order  to  correct  the  dispersion  of  the  prism  m,  will 
be  obtained  from  the  following  formula,  viz. 

■»=:Cos.  I  xB. 

Thus  if  the  prism  m  has  an  angle  of  24°  39',  and 
contains  water,  and  if  n  is  a  prism  of  tlint  glass,  we  shall 
have  ^  HZ  156°  when  B  is  equal  to  41°  11',  and  conse- 
quently «=Cos.  78°  X  41°  1  l'z=8°  34',  that  is,  a  prism 
of  flint  glass  of  8°  34'  corrects  the  dispersion  of  a  prism 
of  water  of  24°  39'.  Hence,  if  the  refractive  power  of 
water  is  known,  and  also  the  refractive  and  dispersive 
powers  of  fiint  glass,  the  dispersive  power  of  water 
may  be  determined  from  the  formula  in  page  686.  As 
an  example  of  this  calculation,  we  shall  take  the  case 
of  JValer  and  Flint  glass. 


Angle  of  the  prism  of  yraf^r  .         .         .         . 

Angle  of  the  prism  of /"/mJ^Zns* 

Reduced  angle  of  the  prism  of  flint  glass,  which 

corrects  the  dispersion  of  the  prism  of  water 
Kefractive  power  of  the  prism  of  flint  glass 
Uefractive  pow  er  of  water       .... 
The  portion  of  tlie  mean  refraction  of  flint  glass 

to  which  the  dispersion  is  equal 

R=1.335.  Log.  0.125806 
r  =  1.616  .  Log.  0.208441 

—         .        .        9.917365 
Sin.  A=24°39'    9.620213 

Sin.  x'=20°  10'  9.537578 

a  =  8°  34' 
x'=20°  10' 

— »— x'  11°  36' 
Colangent  of  x'      10  435017 
Tangent  of  a  — x'    9312327 


24°  39=A 
41°  ll'=U 

8°  34'=  » 
1  616=U 
1  336=.r 

O.OS20=:(//- 


R 
X  — 

r 

Xdr 

</R=0.0117 
R— 1=  .336 

,^=0.0347 

it. 1 


9.91736ji 
a505150 

8067052 
9.526339 

8  540713 


—  0.5589 
+  1- 

.4411 


9.747344 
9.644537 


Hence  it  appears  that  the  dispersive  power  ot  watti 
is  0.0347.* 

By  this  method  the  dispersive  powers  in  the  follow- 
ing table  have  been  found.     The  first  column  contains 

d  R 
the  values  of  rr — -,  which  is  the  natural  measure  of  the 

dispersive  power;  and  the  second  column  contains  the 
values  of  d  R,  or  the  part  of  the  whole  refraction  to 
which  the  dispersion  is  equal. 

The  differerit  dispersive  powers  comprehended  in  the 
Table,  vary  from  0.022,  the  dispersive  power  of  Cryo- 
lite, to  0  400,  the  estimated  dispersive  power  of  the 
greatest  refraction  of  C/irc7nate  of  lead. 

The  substances  at  the  head  of  the  Table,  between 
the  dispersive  powers  of  0  0123  and  0.400,  present  us 
with  results  of  unexpected  magnitude.  Chromate  of 
lead,  realgar,  and  fi/ioa/ihorus,  included  within  these 
limits,  might,  from  their  chemical  properties,  be  sup- 
posed to  possess  a  great  degree  of  dispersion  ;  but  the 
oil  of  cassia,  which  exceeds  even  phosphorus  in  disper- 
sive power,  exerts  a  most  surprising  power  in  separating 
the  extreme  rays. 

In  the  two  simple  inflammable  substances,  snlphur 
and  phosphorus,  and  in  the  metallic  salts,  a  high  re- 
fractive density  is  accompanied  with  a  high  power  of 
dispersion. 

In  the  /irecious  stones,  on  the  contrary,  a  great  re- 
fractive power,  exceeding  that  of  flint  glass,  is  attended 
■with  a  dispersive  power  generally  much  lower  than 
water. 

The  dispersive  powers  of  the  resins,  gums,  oils,  and 
balsams,  greatly  exceed  that  of  water,  and  correspond 
in  some  measure  with  their  powers  of  refraction. 

The  dififerent  kinds  of  glass  coloured  ivith  metala 
have  a  higher  dispersive  as  well  as  a  higher  refractive 
power  than  Qint  glass. 

The  murialic,  the  nitric,  and  the  Jiitrous  acids,  have 
dispersive  powers  considerably  above  water;  while  the 
aul/2/iuric,  the  /i/ios/i/ioric,  the  citric,  and  the  tartaric 
acids,  which  surpass  the  former  in  refractive  density, 
possess  very  inferior  powers  of  dispersion. 

I-'luor  s/iar  and  cryolite,  minerals  in  which  fluoric  acid 
is  a  principal  ingredient,  have  the  lowest  dispersive 
powers  of  all  bodies,  and  the  lowest  refractive  powers 
of  all  solid  substances.! 

The  most  singular  result,  however,  in  the  following 
Table,  relates  to  the  dis/iersive  fiowera  of  doubly  refract- 
ing substances.  The  first  experiment  which  Dr  Brews- 
ter made  upon  these  crystals,  was  to  determine  the  dis- 
persive power  of  Iceland  sjwr,  and,  from  a  cause 
merely  accidental,  he  corrected  the  colour  of  the  least 
refraction.  The  result  thus  obtained  was  0  026,  consi- 
derably below  water,  which  stands  at  0  035  of  the  scale  ; 
and  upon  coniparing  it  with  the  place  assigned  to  Ice- 
land  crystal  by   Dr.  Wollaston,  Dr.  Brewster  was  sue- 


•  Another  observation  upon  water,  with  a  smaller  standard  prism  of  flint  glass,  makes  rfR=0.01 19.  and -^ =0.0352. 

'  »       '  K_l 

■j-  The  Topaz,  which  contains  from  17  to  20  parts  offluaric  acid,  has  a  disperiive  power  nearly  as  low  as  fluor  spar;  but,  like  tiie 

other  precious  stones,  it  has  a  grem  power  of  refraction. 
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prised  lo  find  that  he  placed  its  dispersive  power  very 
considerably  above  water,  and  even  above  diamond. 
This  unexpected  difference  between  the  two  measures 
induced  him  to  repeat  the  experiments,  not  only  with 
other  prisms  of  tlie  Iceland  spar,  but  also  with  other 
standard  prisms  of  Hint  and  crown  glass.  These  new 
results  served  only  to  confirm  the  accuracy  of  the  first 
experiment,  and  to  strengthen  his  suspicion  that  Dr. 
Wolhislon  had  committed  some  mistake.  As  this  rea- 
soning, however,  was  founded  on  the  assumption  which 
both  Dr.  Wollasion  and  Ur.  Brewster  had  made,  that 
the  spar  had  only  one  dispersive  power,  he  resolved  to 
measure  the  dispersive  power  of  the  extraordinary  re- 
fraction. Tliis  new  value  having  turned  out  to  be 
greater  than  that  of  water,  he  immediately  saw  that 
Dr  Woll.iston  had  measured  the  colour  of  the  greatest 
refraction,  while  he  had  measured  the  colour  of  the 
least;  and  that  this  remarkable  mineral,  which  had  so 
long  perplexed  philosopliers  by  its  double  refraction, 
possessed  the  no  less  extraordinary  and  inexplicable 
property  of  two  diaficrsive  fwwtrs.     In  subjecting  to  ex- 


amination other  crystals  that  afforded  double  images, 
such  as  carbonate  of  strontites,  earbonate  of  lead,  and 
chromate  of  lead,  he  found  that  every  separate  refrac- 
tion possessed  a  separate  dispersive  power  This  ge- 
neral law,  though  not  rtpu>;nant  to  any  optical  pheno- 
mena, is  still  of  such  a  nature,  that  it  could  not  have 
been  inferred  a /iriori  from  any  relation  which  is  known 
to  subsist  between  the  refractive  and  dispersive  powers. 
No  person,  indeed,  has  even  conjectured,  that  a  double 
dispersive  should  accompany  a  double  refractive  power;* 
and  if  we  were  to  reason  in  this  case  from  an  analogy 
founded  on  experiment,  an  analogy,  too,  which  is  by  no 
means  remote,  we  should  cerlaiidy  conclude,  contrary 
to  the  fact,  that  the  greatest  refractive  power  "ould  be 
accompanied  with  the  least  power  of  dispersion.  In  all 
the  minerals  in  which  a  metal  is  the  principal  ingre- 
dient, those  wliich  have  ilie  greatest  refractive  density 
have  also  the  greatest  faculty  of  producing  colour  ; 
while  in  all  the  precious  stones  a  high  refractive  power 
is  attended  with  a  low  power  of  dispersion. 


Table  of  the  Disficrsrve  Powers  of  various  Substances. 


Karnes  of  the  Substances. 


Chromate  of  lead  (great- 
est refiuction)  estima- 
teil  :it 

Chromate  of  lead  (great- 
est refraction)  miiat 
exceed 

Realgar,  a  different  kind, 
melted 

Chromate  of  lead  (least 
refraction) 

Kealgar,  melted    . 

Oil  of  cassia 

Sulphur  after  fusion 

I'hosphoriis 

Siilphiiret  of  carbon     . 

iSalsamof  Tola 

Balsam  of  Peru     . 

Carbonate  of  lead  (great- 
est refraction) 

Barbadoes  aloes 

Essenti.al  oil  of  bitter  al- 
monds 

Oil  of  anise  seeds 

Acetate  of  lead,  melted 

Balsam  of  styrax 

Guiacam 


Names  of  tlie  Substances. 


Dispersive 
power,  or 
values  of 

n-1 


0.400        0.-70 


0.296 

0.26r 

0  262 
0  255 
0.139 
0.130 
0.128 
0115 
0.103 
0  093 

+0.091 
0085 

0  079 
0.077 
'0  069 
0.067 
O.0C6 


0570 

0.394 

0.388 
0  374 
0.089 
0.149 
0.156 
0.077 
0.065 
0.05S 

-t-0  091 
0.058 

0.048 
0  044 
0.040 
0.039 
0.041 


Carbonate  of  lead  (least 

refraction)        .         .  0  066 

Oil  of  cummin               .  0.065 

Kssential  oil  of  tobacco  0  064 

Gum  ammoniac             .  0.063 

Oil  of  Barbadoes  tar  0  062 

Oil  of  cloves          .         .  0.062 

(ircen  coloured  glass  0.061 

Sulph.aleoflead            .  0.060 

Deep  red  glass              •  0.060 

Oil  of  sassafras  .  0  060 
Muriate  of  antimony  (Uefr. 

Vv.  1.598)         .         .  0,059 

Opal-coloured  glass     .  0.060 

Kosin             .         •         •  0.657 

Oil  of  sweet  fennel  seeds  0.055 

Oil  of  spearmint             .  0  054 

Orange  coloured  glass  0  053 

Hock  salt      ...  0  053 

Caoutchouc           .         .  0.052 

Oil  of  pimento      .         .  0.052 

Flint  glass     ...  0  052 

Deep  purple  glass         .  0.051 

Oil  of  angelica      .         .  0  051 

Oil  of  thyme         .         .  0050 

Oil  of  fenugreek           .  0  050 


Pan  of  the 
whole  refrac. 
tiun  to  wtiich 

thf:  disper- 
sioit  is  equal, 

or  values  of 

a  v.. 

0  056 
0.033 
0.035 
0.037 
0.032 
0033 
0.037 
0,056 
0.044 
0.032 

0.036 
0.038 
0.032 
0.028 
0.025 
0.042 
0.029 
0.028 
0.026 
0.032 
0.031 
0-025 
0.024 
0.024 


Karnes  of  the  Substances. 


Oil  of  wormwood 

Oil  of  pennyroyal 

Oil  of  caraway  seeds     . 

Oil  of  dill  seeds 

Oil  of  bergamot 

fFlint  glass 

Cliio  turpentine 

Gum  thus     . 

Oil  of  lemon 

Flint  glass 

Oil  of  juniper 

Oil  of  chamomyle 

tium  juniper 

Carbonate   of  strontites 

(greatest  refraction) 
Oil  of  brick 
Nitric  acid    . 
Oil  of  lavender      .         . 
Balsam  of  sulphur 
Tortoise  shell 
Horn    .... 
Canada  balsam 
Oil  of  marjoram 
Cum  ollbanum 
Nitrous  acid 
Cajeput  oil  . 


Dispersive  Part  of  the 

power,  or  whole  refi-ac 

values  of  tiun  lo  which 

d  R  the  (ll^pcr• 

—       sioll  is  eljual, 

R — 1        or  values  of 
riR. 

0.049 

0.049 

0  049 

0.049 

0.049 

0  048 

0.048 

0.048 

0.048  ' 

0.048 

0.047 

0.046 

0046 


0.046 
0.046 
0  045 
0.045 
0  045 
0.045 
0.045 
0.045 
0.045 
0.045 
0  044 
0.044 


0.022 
0.024 
0  024 
0  023 
0.023 
0.029 
0.028 
0.028 
0  023 
0,028 
0  022 
0.021 
0025 


0.032 
0  021 
0.019 
0021 
0.023 
0.027 
0.025 
0.024 
0.022 
0.024 
0018 
0.021 


•  In  a  Table  of  refracting  powers,  piibli.ihed  by  M.  Cavallo  in  his  Elements  of  Xatural  Philoaophij,  he  lias  added,  from  different 
authors,  a  numerical  estimate  of  the  dispersion,  or  dissipation,  as  he  calls  it,  of  a  very  few  substances,  and  for  each  refraction  of  tlie 
Iceland  spar,  lie  hassiven  a  separate  measure  of  its  ilisperdou.  These,  however,  are  not  measures  of  its  two  dispersive  powers,  as 
will  be  perfecily  obvious  bv  inspecting  the  Table,  but  merely  of  the  quantity  of  colour  produced  by  each  refraction,  which  is  of 
course  proportioned  to  the' refraction.s' themselves  ;— in  the  same  manner  as  two  prisms  of  Hint  glass,  with  difl'erent  angles,  have  two 
dispersions,  tliough  the  (lisjvrsivf  fiowev  of  both  is  llie  same. 

These  measures  of  dispersion,  copied  by  Cavallo,  were  taken  by  the  late  venerable  Abb(;  Uochon,  and  in  a  review  of  Dr.  Brewster's 
7Vca«'.?e  OH  PAj7. /««(.  written  by  M.  Arago,  and  piiblislied  in  the  liiilletin  ite  In  Socicte  Ptiihinathijuc,  1814,  p.  38,  note,  the  observa. 
lion  of  the  -\l)be  Huchon,  tliat  the  Isvo  images  of  Iceland  spar  bad  difierent  degrees  of  colour,  is  said  to  be  an  anticipation  of  Dr.  B.'s 
discoverv  of  double  dispersion.  .\s  Dr.  B.  knew  that  tlie  two  dispersions  were  entirely  difl'erent  from  two  dispersive  powers,  he 
went  toihe  Abb^  U'lclion  in  tlie  autumn  of  1814,  accompanied  bv  his  triend  Alexander  Scott,  Ksq.  and  that  candid  philosopher 
frankly  acknowledged  that  he  had  never  even  computed  its  dispersive  power,  and  alluded  only  to  the  two  dispersions.  Dr.  I),  com- 
municated the  result  of  this  conversation  personally  to  M.  Arago,  who  expressed  his  regret  that  he  had  made  the  mistake;  but  we 
cannot  discover  anv  correction  of  it  in  any  subsequent  volume. 

+  The  dispersive  power  of  the  dift'erent  kinds  of  flint  glass  tried  by  Boscovich,  varies  from  0.0457  to  0.0525.  Dr.  Robison  in. 
forms  us,  that  he  examined,  with  great  care,  a  parcel  of  (lint  glasf,  w'hosc  dispersive  power  was  0.038.  We  suspect  that  he  has 
cofDVniUed  some  mistake  in  the  reduction  of  his  cxjjeriments. 
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Table  of  the  Disfiersive  Powers  of  various  Substances — continued. 


Tsames  of  the  Substances. 


Oil  of  hyssop 
Oil  of  rhodium 
Pink  coloured  glass 
Oil  of  sa»iiie 
Oil  of  poppy 


Dispersive  Part  of  the 

power,  or  whole  rt-frac- 

vahies  of  tion  to  which 

d  R  the  disper- 

aion  is  equal, 

R— I  or  values  of 
(/R 

0044 
0.044 
0.044 
0.044 
0.044 


N'ames  of  the  Substances. 


Dispenive 

power,  or 

values  of 

dR 

R-I 


Zircon  (greatest'refraction)  0.044 

Muriatic  acid        .  .  0.043 

Gum  copal  .        .  *  0.043 

Nut  oil         ...  0  043 

Burgundy  pitch   .  .  0.043 

Oil  of  turpentine  .  0.042 

Oil  of  rosemary  .  0  042 

Feldspar        .         .  .  0.042 

Glue     ....  0.041 

Balsam  of  Capivi  .  0.041 

Amber          .        .  .  0.041 

Oil  of  nutmeg       .  0.041 

Stilbite          :         .  .  0.041 

Oil  of  peppermint  ,  0  040 

Spinelle  ruby  .  .  0.040 
Calcareous  spar  (greatest 

refraction)  .  0.040 

Oilof  rapeseed     .  .  0.040 

Bottle  glass           .  .  0.040 

Tartrate  of  potash  and 

soda          .         .  .  0.039 

Gum  Elemi           .  .  0.039 

Sulphate  of  iron  .  0.039 

Diamond      .  .  0.038 

Oil  of  olives         .  .  0.038 

Gum  mastich        .  .  0,038 

White  of  an  egg  .  0.037 


0.022 
0,022 
0.025 
0.021 
0.020 
0.045 
OOIG 
0.024 
0022 
0,024 
0.020 
0.020 
0.022 
0,022 
0,021 
0,023 
0.021 
0.021 
0.019 
0.031 

0.02r 
0.019 
0,023 

0,020 
0.021 
0.019 
0,056 
0.018 
0.022 
0.013 


Part  of  the 
whole  refrac- 
tion to  which 
the  disper- 
sion is  equal, 
or  valuts  of 
</R 
0.016 

0  020 
0.022 
0.018 
0,012 
0.020 
0.017 
0,018 
0.019 
0.020 
0.018 


Names  of  the  Substances. 


Dispersive 

power,  or 

values  of 

rfR 

R-t 


Oilofrhue            .        .  0.037 

Gum  myrrh          .   ,     .  0.037 

Beryl             .         .         .  0  037 

Obsidian        .         .  ■'      .  0  037 

Ether  ....  0.037 

Selenite        .        .        .  0,037 

Alum    ....  0.036 

Castor  Oil     .         .         .  0  036 

Sulphate  of  copper      .  0.036 

•Crown  glass,  very  green  0  036 

Gum-Arabic          .        .  0  036 
Sugar,  after  being  melted 

and  cooled        .         .  0,036         0.020 
Jelly  fisli,  body  of,  (.l/c- 

dusa^quorea)           .  0.035         0.013 

Water           .         .         .  0.035         0.012 
Aqueous  humour  of  a 

haddock's  eye           .  0.035        0.012 

Vitreous  humour  of  do.  0.035        0,012 

Citric  acid    .         .         .  0.035         0.019 

Rubellite               .         .  0  035        0  027 

Leucite         .        .        .  0  035        0  918 

Epidote         .        .        .  0.035        0,024 

Glass  of  borax       .        .  0  034        0,018 

Garnet          .        .         .  0  033        0.027 

Pyrope         .        .        .  0.033        0.026 

Chrysolite    .        .        .  0  033        0.022 

Crown  glass          .        .  0.033        0.018 

Oil  of  ambergrease       .  0.032        0.012 

Oil  of  wine            .  0.032         0.012 
Phosphoric  acid,  solid 

prism,  yellow            .  0.032        0.017 


Part  of  tlit^ 
whole  refiac- 
tion  to  which 
the  disper- 
sion is  equal, 
or  values  of 
dR. 

Glass  of  phosphorus,  white  0.03157    0  017 

Plate  glass 

Sulphuric  acid 

Tartaric  acid 

Nitre,  (least  refraction) 

Borax 

Axinite 

Alcohol 

Sulphate  of  barytes 

Tourmaline 

Phosphoric  acid,  fluid 

Carbonate  of  barytes  (least 
refraction) 

fCarbonote  of  strontites, 
(least  refraction) 

Rock  crystal 

Kmeralti 

Borax  glass,  1  bor.  2  silex. 

Calcareous  spar,  (least  re- 
fraction)  . 

Blue  sapphire 

Bluish  topaz  from  Cairn- 
gorm 

Chrysoberyl 

Blue  topaz,  from  Aber- 
deenshire 

Sulphate  of  Strontites 

Prussic  acid 

Malic  acid 

Fluor  spar    . 

Cryolite 


0.032 

0.017 

0  031 

0.014 

0.030 

0016 

0.0304 

0.009 

0  030 

0.014 

0.030 

0.022 

0.029 

0011 

0.029 

0.0  U 

0028 

0.019 

0.0283 

omi 

0.0285 

0.015 

0.027 

0,015 

0.026 

0.014 

0.026 

0.015 

0.026 

0.014 

0.026 

0.016 

0036   , 

•   0.021 

0.025 

0.016 

0.025 

0.019 

0.024 

0.016 

0.024 

0,015 

0  0227 

0.080 

0.0282 

OOU 

0.022 

0.010 

0.022 

0.007 

Def.  a  lens  or  prism  is  said  to  be  Achromatic,  if  it 
form  an  image  free  of  colour,  or  if  it  refracts  all  the  rays 
of  white  light  to  one  focus. 

Prop.  XI. 

A  compound  lens  may  be  made  achromatic,  or  nearly 
free  of  colour,  if  it  consists  of  two  lenses  formed  of  sub- 
stances of  different  dispersive  powers,  the  one  being 


convex,  and  the  other  concave,  and  having  their  focal 
lengths  proportional  to  their  dispersing  powers. 

Let  AD,  Fig.  10.  be  the  compound  lens,  consisting 
of  a  convex  lens  AB  of  any  substance,  suppose  crown 
glass,  whose  focus  is  at/l  and  a  convex  lens  o(  Jlint 
glass  CD,  whose  focus  is  at  F.  Let  RA,  RB,  be  paral- 
lel rays,  incident  upon  the  compound  lens  AD,  whose 
focal  length  is  E  r  for  red  rays,  and  E  v  for  violet  rays. 
Then  putting 


1  -I-  m  :  1  ^  Ratio  of  sines  for  red  rays.      ?  ,      .  . 

1  +   "  :  I  =  Ratio  of  sines  for  violet  r^ys.  $  ^"  ^^^  ""^'"^^  °'  "°''''  glass. 
1  -f  .^  :  1  ^  Ratio  of  sines  for  red  rays.      )  ,      ,  n-         , 

1  -f    y  :  i  =  Ratio  of  sines  for  violet  rays.  \  ^"  ^^^  """^'^  °'"  '^'"'  Sl^^s. 
Then,  if  F  is  the  focal  length  of  the  convex  lens,  and /that  of  the  concave  lens,  for  rerfrays,  wc  have 


m  F 


the  focal  length  of  the  convex  lens  for  violet  rays. 


— -  :  —  ^I/: the  focal  length  of  the  concave  lens  for  violet  rays. 

••„,/'/"'? 
violet  rays  it  will  be  -^ 

'  r  n 


Now,  since/  is  the  focus  of  AB  for  red  rays,  and  F 
that  of  CD  lor  the  same  rays,  the  focal  length  of  the 
compound  lens  for  these  rays  will  be  the  conjugate 
focal  length  of  CD  for  red  rays  converging  to  /;  that 
is,/F  :  FE=lE/:  E  r,  or/—  F  :  F=/:  E  r,  and  for 


'«  F  _  I'f 


'-^  :     E 


F  f 
Hence  E  r-:^-—^ — 


-/-F' 


and   E  Ti  = 


mfiYf 


njif — TO  rF' 


But 


•  The  dspersive  power  of  the  different  kinds  of  common  glass  (strass,)  tried  by  Boscovich,  varies  from  0.0330  to  0.0346.   Dr.  Ro- 
bison  found  the  dispersive  power  of  some  crown  glass  made  at  Leith,  so  low  as  0,027. 

\  The  dispersive  power  of  the  greatest  refracted  image  of  the  Carbonate  of  Barytes,  when  it  is  bright,  is  considerably  greater  than 
that  of  the  other.    See  Edinburgh  Traiisacliorit. 
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the  red  and  zHolct  rays  are  by  the  hypotliesis  united  at 
the  same  point  of  the  axis,  the  local  Icngtlis  of  the  com- 
pound lens  for  both  must  be  equal ;  that  is 
F/  _       '"/iF/ 
f — F      n  fi  f —  m  r  F' 
and  dixiding  l)y  F/and  reducing,  we  obtain  n  ft  f — 
7«  r  F~  m  fi  f —  m  p  F  ;  consecjuently  /j(«  —  m)  y"zz 
tn  (r  —  /i)  F,  and  V:/ZZfi  (" — m)  :  m  (r  —  /' )  — 

?!  —  m     r  —  fi 

xiui aiiu  - 

/' 


n  —  m         r  —  fi  - 

But and  — : —  arc  measures  ol 


m  fi  m 

of  the  dispersion  in  relation  to  the  refraction,  or  mea- 
sure of  the  dispersive  power.  Hence  it  follows,  that 
the  extreme  red  and  extreme  violet  rays  aix  united  in 
one  focus,  when  the  focal  leni^ths  of  the  lenses  are  pro- 
portional to  the  dispersive  powers. 

This  proposition  is,  however,  true  only  upon  the  sup- 
position, that  the  extent  of  each  coloured  space  in  the 
one  medium,  has  the  same  relation  to  the  extent  of  each 
coloured  space  in  the  other  medium,  as  the  lengths  of 
their  respective  spectra;  for,  if  this  is  not  the  case,  the 
intermediate  colours  will  not  meet  in  the  same  focus, 
even  though  the  extreme  rays  are  united. 

Scholium. 

The  determination  of  the  focal  lengths  of  lenses  for 
rendering  telescopes  achromotic  is  a  very  simple  opera- 
tion; but  as  it  is  necessary  at  the  same  time  to  correct 
the  spherical  aberration,  we  must  give  such  curvatures 
to  the  surfaces  as  will  produce  this  effect,  and  preserve, 
at  the  same  time,  the  relation  between  the  focal  lengths, 
which  is  requisite  for  correcting  the  aberration  of  re- 
frangibility. 

Def.  The  coloured  spaces  in  different  spectra  are 
said  to  be  Irrational,  if  they  have  not  the  same  ratio  to 
one  another  as  the  total  lengths  of  the  spectrum  ;  that 
is,  if  the  lengths  of  two  spectra,  for  example,  be  as  2 
to  '-,  and  the  length  of  the  green  spaces  in  each  in  a  dif- 
ferent ratio,  either  greater  or  less,  the  coloured  spaces 
are  said  to  be  irrational,  crown  glass  being  generally 
considered  as  the  standard. 

Prop.  XII. 

Different  bodies  give  different  spectra,  in  which  the 
coloured  spaces  have  not  the  same  ratio  to  one  another 
as  the  length  of  the  spectra. 

If  we  combine  either  two  prisms  or  two  lenses  of 
crown  and  flint  glass,  so  as  to  correct  the  aberration  of 
'■clour  as  completely  as  possible,  it  will  be  lound  that 
there  remains  what  has  been  called  a  .tfcundarij  afiec- 
trum,  which  consists  of  two  colours,  a  purple  or  claret 
coloured  space,  and  a  light  green  space.  By  increas- 
ing the  refracting  angles  of  the  prisms,  this  secondary 
spectrum  will  be  rendered  more  perceptible  ;  or  it  may 
be  increased  enormously  by  using  prisms  of  oil  of  cassia 
and  sulfihuric  acici,  which  give  spectra  in  which  the  co- 
loured spaces  arc  more  different  from  one  another  than 
those  in  any  other  bodies. 

In  order  to  explain  the  phenomena  of  uncorrected 
colour,  let  RRO,  Fig  11.  be  a  ray  transmitted  through 
a  hole  in  the  window  shutter  SS,  and  incident  upon  a 
prism  P,  which  refracts  the  light  in  the  direction  PM, 
and  forms  on  the  wall  OA  the  prismatic  spectrum 
AB ;  PM  being  the  mean  ray,  PB  the  extreme  red, 


and  PA  the  extreme  violet  ray.  The  spectrum  AB, 
which  it  forms,  will  be  composed  of  four  colours,  rcU, 
green,  blue,  and  violet ;  and  if  the  prism  is  made  of 
crown  glass,  the  mean  ray  PMN,  which  divides  the 
spectrum,  will  be  tlic  boundary  ol  the  blue  and  grten 
spaces.  If  a  prism  of  flint  glass,  with  a  less  refracting 
angle,  is  placed  so  as  to  form  a  spectrum  CU  of  the 
same  size  with  AU,  the  boundary  m  n  of  the  green  and 
blue  spaces  will  no  longer  be  the  mean  ray  of  the  spec- 
trum, but  will  be  considerably  nearer  the  red  extremity 
D.  Hence  the  least  refrangible  rays  will  be  more  coji- 
traded,  and  the  most  refrangible  rays  more  exfianded, 
than  in  the  spectrum  A15.  If  a  third  spectrum  EF,  of 
the  same  length  with  the  other  two,  is  formed  by  a 
prism  of  rock  crystal,  the  mean  ray  ftv  will  be  nearer 
the  violet  extremity  of  the  spectrum,  and  the  least  re- 
frangible rays  will  be  more  expanded,  and  the  most 
relrangible  ones  more  contracted,  than  in  the  spectrum 
formed  by  tlie  crown  glass. 

If  a  spectrum  formed  by  flint  glass  had  its  coloured 
spaces  exactly  of  the  same  dimensions  with  those  of  an 
equal  spectrum  foinicd  by  crown  glass,  any  object, 
such  as  the  sun,  or  a  window  bar  lying  parallel  to  the 
common  section  of  the  refracting  planes  sliould  appear 
perfectly  colourless  when  seen  through  the  combined 
prisms  But  if  the  coloured  spaces  in  the  two  spectra 
are  not  proportional,  as  is  represented  at  AB,  ami  CD, 
Fig.  11.  then  the  sun,  or  the  window  bar,  cannot  be 
altogether  free  from  colour  ;  for  though  the  extreme  red 
and  violet  rays  of  both  the  spectra  are  united,  yet  the 
intermediate  colours  are  not  rendered  coincident  In  the 
spectrum  AB,  formed  by  the  crown  glass,  the  first 
green  ray  MN,  which  is  here  the  mean  ray,  is  obvi- 
ously more  refracted  than  the  first  green  ray  vi  n,  in  the 
spectrum  CD  formed  by  the  flint  glass,  and  therefore 
the  Hint  glass  will  not  be  able  to  refract  the  green  ray, 
so  as  to  unite  it  with  the  red  and  violet.  Hence  the 
green  ray  will,  as  it  were,  be  left  behind,  while  the  red 
and  violet  rays  are  rendered  coincident.  Thus,  in  Fig. 
11.  if  a  prism/!  of  flint  glass  is  placed  behind  a  crown 
glass  prism  P,  so  as  exactly  to  correct  its  dispersion, 
the  spectrum  AB  will  be  reduced  to  a  secondary  spec- 
trum a  b,  the  upper  half  of  which  is  tureen,  which  is  left 
behind,  and  the  lower  half  is  of  a  claret  colour,  formed 
by  the  union  of  the  red  and  violet  rays.  If  the  bar  of 
a  window  had  been  examined  through  the  combined 
prisms  P,  fi,  the  upper  side  of  it  would  have  been  tinged 
with  green,  and  the  lower  side  of  it  with  a  claret-coloured 
fringe. 

By  comparing,  in  a  similar  manner,  the  spectrum  EF, 
formed  by  rock  crystal  with  the  sp  •ctrum  AB,  formed 
by  crown  glass,  it  will  be  found,  that  the  rock  crystal 
having  a  greater  action  than  the  ci'own  glass  upon  the 
green  ray,  will  carry  it  beyond  the  place  of  the  united 
red  and  violet,  and  will  form  a  secondary  spectrum  e/, 
the  lower  half  of  which  is  green,  and  the  upper  half  of 
a  claret  colour,  arising  from  the  union  of  the  red  and 
violet  Iiij;ht.  If  the  bar  of  a  window  were  viewed  through 
the  combined  prisms  of  crown  glass  and  rock  crystal,  it 
would  be  tinged  with  green  on  its  lower  side,  and  with 
a  claret-coloured  fringe  on  its  upper  side. 

When  a  horizontal  window  bar,  therefore,  is  seen 
through  any  two  prisms  which  correct  each  other's  dis- 
persion, without  uniting  all  the  colours,  the  green  fringe 
will  always  be  on  the  same  side  of  the  bar  with  the  ver- 
tex of  the  prism  which  has  the  least  action  upon  the 
green  light,  or  which  contracts  the  red  and  green  rays, 
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and  ex/iands  ihe  blue  and  violet  ones;  ihal  is,  if  the  ver- 
tex ot  the  flint  glass  prism  is  pointing  downwards,  the 
uncorrected  green  hinge  will  be  on  the  lower  side  of 
the  bar.  liy  observing,  therefore,  the  position  of  the 
green  fringe,  we  can  immediately  ascertain  which  of 
the  two  prisms  has  the  greatest  action  upon  the  green 
light. 

These  theoretical  deductions  from  the  assumed  in- 
equality of  the  coloured  spaces,  are  completely  establish- 
ed by  observation.* 

Tlie  following  Table  contains  the  result  of  a  numer- 
ous series  oi  observations  made  by  Dr.  Brewster  on  the 
secondary  spectra  of  different  bodies,  the  substances  be- 
ing arranged  inversely  according  to  their  action  upon 
green  light.  The  bodies  at  the  lop  of  the  Table  form 
spectra,  in  which  the  red  and  green  spaces  are  most 
contracted,  and  the  blue  and  violet  ones  most  expanded. 
The  relative  position  of  some  of  the  substances,  parti- 
cularly the  cssemial  oils,  is  quite  empirical ;  but,  by  a  re- 
ference 10  the  original  experiments,  it  will  be  seen 
■whether  or  not  the  relative  action  of  any  two  bodies  has 
been  determined.! 

Tabic  of  Trans/iarent  Bodies^  arranged  inversehj  accord- 
ing to  Cheir  Action  ufion  Green  Lighc. 


Pkop.  XIII. 


1  Oil  of  Cassia. 

Siilpluir. 

Sdlplmret  of  Carbon. 

Balsam  of  Tolu. 
5  Carbonate  of  lead. 

Essential  oil  of  bitter  almonds, 

Oil  of  anise  seeds. 

Oil  of  cummin. 

Oil  of  sasafras. 
10  Oil  of  amber. 

Acetate  of  lead  melted. 

Opal-coloured  glass. 

Orange-coloured  glass. 

Red-coloured  glass. 
15  Oil  of  sweet  fennel  seeds. 

Oil  of  cloves. 

Muriate  of  antimony. 

Oil  of  lavender. 

Canada  balsam. 
20  Oil  of  Turpentine. 

Oil  of  sage. 

Oi!  of  pennyroyal. 

Oil  of  poppy- 
Oil  of  hyssop. 
%A  Oil  of  spearmint. 

Amber. 

Oil  of  lemon. 

Oil  of  Caraway -seeds. 

Oil  of  nutmegs 
50  Oil  of  thyme. 

Oil  of  peppermint. 

Oil  ot  bergainot. 

Oil  of  marjoram. 

Oil  of  wormwood. 
35  Oil  of  dill  seeds. 

Oil  of  chamomyle. 

Caslor-oil. 

Gum  copal. 

Kosin. 
40  Diamond. 

Niirate  of  potash. 

Oil  ot  i)eech-nut. 

Oil  of  rhue. 

Oil  of  bavine. 
4/)  Nut-oil. 


Balsam  of  capivi. 

Oil  of  fenugreek. 

Oil  of  rosemary. 

Oil  of  rhodium. 
50  Flist  Glass. 

Zircon 

Oil  of  olives. 

Oil  of  rape  seed. 

Oil  of  spermaceti. 
55  Oil  of  juniper. 

Oil  of  ambergris. 

Calcareous  spar. 

Rock-salt. 

Gum  juniper. 
60  Tartrate  of  potash  and  soda. 

Oil  of  almonds. 

Crows  Class. 

Gum-Arabic. 

Alchohol. 
65  Ether. 

Borax,  glass  of. 

Borax. 

Tourmaline. 

Leucite. 
70  Selenite. 

Beryl. 

Topaz,  blue. 

Fluor-spar. 

Citric  Acid. 
75  Malic  Acid. 

Acetic  acid. 

Nitrous  acid. 

Muriatic  acid. 

Prussia  acid. 
80  Nitric  acid. 

Kock  crystal. 

White  of  an  egg. 

Ice. 

Water. 
85  Super-sulphuretted  hydrogen. 

Phosphorus  acid. 

Sulpliiirous  acid. 

Phosphoric  acid. 
89  Sllfuiric  Acid. 


Two  prisms  may  be  made  to  unite  ail  the  coloured 
rays,  and  two  lenses  to  converge  them  all  to  one  point, 
though  they  are  made  of  the  same  kind  of  glass. 

The  truth  contained  in  this  proposition  was  first  de- 
termined from  experiment  by  Dr.  Brewster,  who  also 
deduced  it  mathematically  from  the  constant  ratio  of  the 
sines.  The  position  of  the  prisms  and  lenses  that  pro- 
duce this  effect  is  shown  in  Figs.  12,  13.  The  prism 
B,  which  has  a  smaller  refracting  angle  than  the  prism 
A,  has  the  line  which  bisects  that  angle  inclined  to  the 
incident  ray,  in  consequence  uf  which  its  dispersion  i% 
increased  in  a  greater  ratio  than  its  refraction,  so  as  to 
correct  the  dispersion  of  A.  without  correcting  its  re- 
fraciion.  The  ray  R'D  will  therefore  emerge  colourless, 
and  will  meet  the  axis  CD  in  D.  The  pencil,  after  re- 
fraction through  the  first  prism  B,  should  fall  upon  A 
in  such  a  manner  that  the  mean  ray  may  enter  the  prism 
A,  and  emerge  from  it  at  equal  angles;  for  it  has  al- 
ready been  shown  in  Prop.  VII.  p.  634,  that  in  this  posi- 
tion its  refraction  and  dispersion  will  be  a  minimum.  For 
farther  information  on  this  subject,  see  Dr.  Brewster's 
Treatise  on  A''ew  Philoao/i/iical  Instruments,  p.  400;  and 
the  Edinburgh  Philosofihical  Journal,  vol.  vi.  p.  334. 
See  also  a  paper  by  Professor  Amici,  in  the  Alemorie 
delta  Societe  Jtaliana,  tom.  xix.  or  an  abstract  of  it  in 
the  Bibliotheque  UniverscUe,  Nov.  1821,  p.  174. 

Pkop.  XIV. 

When  the  dispersion  of  one  prism  is  corrected  by 
another  prism  with  a  different  angle,  but  made  of  the 
same  kind  of  glass,  there  is  an  irrationality  in  the  colour- 
ed spaces,  which  prevents  the  correction  of  colour  from 
being  complete. 

This  fact,  which  was  discovered  by  Dr.  Brewster, 
may  be  deduced  mathematically  from  the  constant  ratio 
of  the  sines  of  incidence  and  refraction.  To  the  uncor- 
rected colour  which  thus  remains,  he  has  given  the 
name  of  the  Tertiary  Sfiectrum,  in  order  to  distinguish 
it  from  the  Secondary  Sfiectrum  above  described.  The 
Secondary  Sfiectrum  being  produced  by  a  specific  qua- 
lity in  the  refracting  media,  while  the  Tertiary  Sfiectrum 
depends  wholly  upon  the  angles  by  which  light  is  re- 
fracted at  the  two  surfaces  of  the  prism.  As  the  mag- 
nitude of  the  latter  may  be  determined  accurately  by 
calculation.  Dr.  Brewster  has  proposed  to  make  use  of 
i;  as  a  measure  of  the  secondary  spectrum. 

Prop.  XV. 

To  exhibit  the  Tertiary  Sfiectrum  by  the  opposite  ac- 
tions of  the  two  surfaces  of  the  same  prism. 

In  examining  the  phenomena  of  the  tertiary  spectrum, 
Dr.  Brewster  was  led  to  observe  a  very  paradoxical  me- 
thod of  exhibiting  it  by  a  single  prism.  He  took  a  prism 
of  oil  of  cassia,  with  a  very  large  refracting  angle  ;  and 
having  viewed  through  it  the  broadest  horizontal  bar  of 
a  window,  so  that  its  edges  were  quite  free  of  colours, 


•  Treatise  on  JVew  Philosophical  Instniments,  p.  354. 
t  See  Edinburgh  Transactiom,  vol.viii.  p.  23 
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he  inclined  the  prism  in  such  a  manner  that  the  bar  ex- 
hibited at  its  edges  the  prismatic  colours,  as  shown  in 
Fig.  14.  The  edges  b  M,  and  <■  N  of  the  bar,  had  spec- 
tra b  a  M,  e/N,  consisting  of  the  usual  red  and  yellow 
rays ;  and  the  edges  e  M,  6  N,  had  spectra  e  rf  M,  6  c  N, 
consisting  of  the  usual  blue  and  violet  rays.  These  spec- 
tra increased  from  b  and  c,  towards  M  and  N,  and  at  the 
points  or  nodes  6,  e,  where  the  spectra  would  have  va- 
nished had  each  face  of  the  prism  received  the  rays  sym- 
metrically, the  tertiary  spectrum  was  distinctly  seen  in 
the  form  of  a  green  and  claret-coloured  fringe. 

Prop.  XVI. 

To  describe  the  optical  phenomena  of  the  spectrum, 
particularly  those  discovered  by  M.  Fraunhofer. 


In  the  years  1814  and  1815,  M.  Fraunhofer  of  Bene- 
dictbaiern,  near  Munich,  who  has  been  long  celebrated 
for  the  excellence  of  his  achromatic  telescopes,  publish- 
ed an  account  of  a  series  of  experiments  on  the  prismatic 
spectra  formed  by  different  bodies,  which  he  had  under- 
taken for  the  purpose  of  improving  the  achromatic  te- 
lescope. 

Having  succeeded  by  a  very  ingenious  contrivance  in 
obtaining  homogeneous  coloured  images  from  the  dif- 
ferent rays  of  the  spectrum,  as  shown  at  Fig.  15.  where 
PQ  is  the  spectrum  from  an  aperture,  and  O,  N,  M,  L, 
K,  I,  the  homogeneous  images,  N  always  correspond- 
ing with  the  bright  reddish  yellow  stripe  AR,  or  D,  of 
Fig.  16.  M.  Fraunhofer  proceeded  to  measure  the  dis- 
tances ON,  NM,  &c.  in  the  spectra  produced  by  various 
solid  and  fluid  bodies,  and  he  obtained  the  results  in  the 
following  Table. 
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See  Plate  CCCCXXXIII. 

Fig.  15. 

ON 

NM 
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Crown  glass,  No.  9. 

o 

3 

2.5  35 

O            /          II 

39   20   35 

0         1        ti 

22   38  20 

6      1 

1     ii 
5    46 

11   22 

16   56 

/  ,1 
22    16 

Flint  glass,  No.  13. 

5| 

3.723 

26  24   30 

17  27     9 

7   17 

7    15 

14    18 

21    31 

28  46 

Water 

8 

1.000 

58      5    40 

22   36   41 

6   35 

6    19 

12      9 

17  45 

23    18 

Water 

9^ 

1  000 

58      5   40 

22   36  43 

6   30 

6    12 

12      5 

17  43 

23  10 
26   45 

Sulphuric  acid 

1.841 

58      5   40 

29   27   47 

7   50 

7    15 

14     3 

20   30 

Alcohol 

9 

0.809 

58     5   40 

25      8   32 

6   35 

6   17 

12   55 

18    45 

Sulphuric  Ether 

9 

58      5   40 

24  38   39 

6   20 

6  27 

12   55 

19    10 

Oil  of  turpentine 

7 

0.885 

58      5   40 

33   22      8 

11   00 

11    35 

22   45 

34  20 

Sol.  of  potash  in  water 

ft 

H 

1.416 

58      5    40 

27  45   54 

8   32 

7   58 

15    35 

23     6 

30  24 
28   22 

Acetate  of  lead 

H 

58      5    40 

24  34  49 

7   54 

7   31 

14   47 

21   40 

Oil  of  turpertine 

H 

0885 

58      5  40 

33  20     8 

11      S 

11    32 

22  45 

,03   56 

+..   50 

From  these  results  he  computed  the  following  indices    representing  the  red  ray,  and  I  n  the  violet  one. 
of  refraction  for  flint-glass,  crown-glass,  and  water  ;  ON 


Kefracting  Media. 

On 

Nn 

Mn 

L7, 

Kn 

In 

Flint  glass.  No.  13. 
Crown  glass,  No.  9. 
Water. 

1.63074 
1.52736 
1.33209 

1.63505 
1.52959 
1.33359 

1.63933 
1.53173 
1.33501 

1.64349 
1.53380 
1.33635 

1.64775 
1.53586 
1.33763 

1.65203 
1.53783 
1.33888 

From  these  data  he  obtains  the  ratio  of  the  action  of  any  two  of  these  bodies  on  the  different  colours  of  the 
spectra  thus : 
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Sn'—Oii' 

Mil' — Sri 

Ln'— M«' 

Kn'—hn' 

In'—Kn' 

Refracting  Media. 

Nn— On 

Ml— Nn 

Ln — Mn 

Kn— Ln 

In—Kn 

F/"it  glass,  No.  139. 

Cifuvn  i^lass,  No.  9. 

1.93 

2.00 

201 

2.07 

2.17 

Flint  glass,  No.  139. 

W.ter. 

2.87 

3.01 

3.10 

3.33 

3.42 

Crown  glass,  No.  93. 

Water. 

1  49 

1.51 

1.55 

1.61 

1.58 

By  using  prisms  perfectly  free  of  veins,  and  carefully 
excluding  all  cxtr.ineous  light,  and  even  stopping  those 
rays  which  formed  the  coloured  spaces  which  he  was 
not  examining,  he  discovered  that  the  spectrum  was 
covered  with  a  great  number  of  black  lines,  parallel  to 
one  another,  and  perpendicular  to  the  length  of  the 
spectium.  In  order  to  see  them  distinctly,  it  is  neces- 
sary that  the  ligiit  enter  and  emerge  from  the  prism  at 
equal  angles.  By  examining  the  spectra  formed  l)y  va- 
rious solid  and  fluid  bodies,  he  not  only  discovered  that 
they  all  possessed  the  same  lines,  but  that  these  lines 
had  fixed  positiotis,  the  distances  between  which  in  dif- 
ferent  spectra  afforded  precise  iiieasuies  of  the  action  of 
the  prism  on  tlie  rays  which  formed  the  corresponding 
coloured  spaces. 

The  lines  discovered  by  M.  Fraunhofer,  are  repre- 
sented in  Plate  CCCCXXXIII.  Fig.  16.  Below  which 
v,e  have  added,  in  Fig  1.  the  spectrum  according  to 
Newton,  with  his  division  of  the  coloured  spaces,  in 
order  that  the  rclmiion  between  the  lines  in  the  one,  and 
the  colours  in  the  other,  may  be  more  easily  perceived. 

Beginning  at  tlie  red  «nd  of  the  spectrum,  M.  Fraun- 
hofer observed  the  following  lines. 


At  A  there  is  one  dark  line  .  .  1 

At  a  there  are  seven  or  eight  very  close  together     .     8 
At  B  there  is  one  qtiite  black,  and  a  fainter  one       .       2 
Between  B  and  C,  the  one  at  C  being  very  perceptible  9 
Between  C  and  D         ......         30 

At  D  two  nearly  of  the  same  size         ...  2 

Between  D  and  E 84 

Between  E  and  6         ......         24 

At  b  three  very  strong  lines  ....         3 

Between  B  and  F,  the  one  at  F  very  strong  .        52 

Between  F  and  G 185 

Between  G  and  H 190 

In  all  about  590 

At  H  there  are  two  very  remarkable  places,  perfectly 
close,  and  darker  than  the  rest,  and  consisting  of  a  num- 
ber of  dark  violet  lines. 

M.  Fraunhofer  examined  the  spectra  produced  by 
the  two  polarised  pencils  of  a  prism  of  Iceland  spar, 
and  he  found  them  to  have  the  same  lines  as  the  spec- 
tra produced  by  common  light. 

By  means  of  a  theodolite  furnished  with  a  telescope, 
M.  Fraunhofer  measured  the  distance  of  the  roost  pro- 
minent lines,  viz.  BC,  CD,DE,  EF,  FG,  and  GH,in  va- 
rious bodies,  as  in  the  following  table. 


Refracting  Media. 

E 

c 
ii 

1 
(5 

'o 

c. 
en 

Angle  of 

the 
Prism. 

Angle 

of 

Deviation. 

BC 

CD 

DE 

EF 

FG 

GH 

Flint  glass,  No.  13. 

o 
15 

14 

3.723 
2.535 

26  24   -30 

o           /            ft 

17  27     8 

3  16 

/      // 
9     4.2 

11  50 

10  33.9 

20  23  9 

0          /       // 

18  18 

Crown  glass,  No.  9. 

39   20   35 

22   38    19 

2  44.5 

7  23.5 

9  14 

8  14 

15  10 

13  18 

Water 

15 

1  000 

58      5   40 

22  36  40 

3  24 

8  10 

9  58 

8  38 

15  16 

1241.9 

Water 

15 

9 

1 .000 
1.416 

58      5    40 

2  3    35    iO 

3  12.4 

8  10.6 

9  57.5 

8  30.5 

15  15.6 

12  46.2 

Sol.  of  potash  in  watei 

58      5   40 

27  45   56 

4    2 

10  26 

12  54 

11   12 

20  36 

17  24 

Oil  of  Turpentine 

8* 

0.885 
3.512 

58      5    40 

33   20    12 

4  56 

13  52 

1846  1 

16  14 

31     8 

27  28 

Flint  glass,  No.  3. 

27  41    35 

17   85    16.6 

3    8 

8  22 

10  46 

9  50 

19  10 

17  10 

Flint  glass,  No.  30. 

— 

3  695 

21    42    15 

14     3     9 

2  35  6 

6  56.8 

9  12.6 

8  19 

16  15.6 

14  32  2 

Crown  glass.  No.  13. 

535 

43   27   36 

25    26   35  4 

3     5 

8  14.4 

10  28  2 

i-  10 

17  14.8 

1448.4 

Crown  glass. 

— 

J  756 

43   5  6  40 

26   39    13 

3  32,8 

9  37.6 

12  29.8 

11     1.6 

20  53.6 

18  17.4 

.. 

Flint  glass,  No.  23. 

3.724 

60    15   42 

4.'   55    13.2 

11   12  6 

31  148 

41  21.4 

38  148 

1    14  45.2 

18     3  6 

"lint  glass,  No.  23. 

3724 

45   23    14 

32   45    12.2 

6  26 

17  47.8 

23  31.8, 

21  23.8 

41  33.4 

37  28.8 
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Fiom  these  data  he  computed,  Ly  the  formulae  which     which  he  designates  by  B  ti,  C  r.  Sec.  the  results  of 
we  have  given  in  Prop.  IX.  p.  634,  the  Indtces  of  refrac-     Wliich  are  given  in  tlie  following  Table, 
tion  for  the  rays  at  the  points  U,  C,  D,  E,  F,  G,  and  H, 


Refracting  Meiii.i. 


U  n 


Flint  Gh-ss,  No.  13 1.62-749 


Crown  k1;iss,  No.  9 1.5:5832   1.526849    1.529587 


C  n 


1.629681 


D't 


1.635036 


En 


1.642024 


Water. 


Wale 


1.330935    1.331712    1.333577    1. 335851 


1.533005 


1.330977  il  331709  il. 333577    1.335849 


Fn 


1.648260 


1.536052 


Gm 


1.66028J 


1.541657 


1.337818   1.341293 


1.3377S8  |l  3.11i;61 


\\n 


1.6710621 


i. 546566] 


1.344177 


1.344162 


S:..uUon  of  potash  in  wnter... 1.399629    1.400515    1.402805 


1.405632    1.408082    1.412579  |1.4I6368  I 


Oil  of  lurpenlinc. 


1.470496 


I  47  1530  1 1. 474434 '1.473353  '  1 .48  1736  1 1 .488  198    1.493874 


Flint  glass,  No.  3 l.60:042    1 .60:^800  , 1 .6'J8494  1 1 .614532  |l  .620042    1 .630772  ^  1 .6-40373  i 

~.     '.     r.   7!  j.  ..,,._„  i'."",'T.Ti.  ,„ iTmr.Ti, .....,, i. ttttt-Ti 


Flint  Rlass.  No    30 Il  623370  !l  635477    1.630585    1.637356    1.643466  ]  1.655406 


Crown  glass.  No.  30 1.524312    1.525299  |l. 527982  i  1.531372 


Crown  glass., 


Flint  Glass,  No.  23.  Prism  of  60°. 


Film  glass,  No.  23.  Prism  of  45° 


1.554774!l. 555933    1.559075  11. 563150 


1.626596 


1.626564 


1 .628469 '1.633667  '1.640495 


1.628451    1.633666    1.640544 


1.534337    I  5399U8 


1.566741 


1.57 


1.646756 


1.646780 


1.6.>S34S 


I  653849 


1.666072  I 


1.544684 


1.579470  ; 


1.669686' 


1.669580 


He  then  compares  the  index  of  refraction  for  the  and  in  that  way  ne  obtains  the  ratio  of  iheir  action  u|)on 
mean  ray  in  each  of  the  above  divisions,  as  obtained  for  rays  at  different  parts  of  the  spectrum.  These  results 
two  different  substances,  such  as  crown  and  flint  glass,     are  given  in  the  following  Table. 


Refracting  Media. 

Cm'— Hm' 

Dm'— Cm' 

Km'— Dm' 

Fn'— Em' 

Gn'— Fm' 

Hm'— Gm'  1 

Cm  —  Bh 

Dm  —  Cm 

Em  —  Dm 

Fm  —  Em 

Gm  —  Fm 

Hh  —  Gm 

Flint  o-lass.  \°   1  >    a-i'l  water 

2.552 

2.871 

3.073 

3  193 

3.460 

3.726 

Flint  glasb,  N°  13  ami  Crown  glass,  N°  9. 

1.900 

1.956 

2.044 

2.047 

2.145 

2.195 

Crown  triass  N°  9.  and  Water 

1.349 

1.468 

1  503 

1.560 

1.613 

1.697 

Oil  of   I'uiptntii:^  and  ^\^ater 

1.371 

1  557 

1.723 

1.732 

1  86j 

1.963 

Flint  i^lass,  N""  13.  and  Oil  of  'l"urpentine. 

1.85S 

1.844 

1.783 

1.843 

1.851 

-1.899 

Flint  glass,  N"  13   and  Kali 

2  181 

2.338 

2.472 

2.545 

2.674 

2.8  14 

Kali  and   Water 

1.175 

1  228 

1.243 

1 .25  4 

1.294 

1  310 

Oil  of  Turpentine  and   K  tli 

1.167 

1.268 

1.386 

1.381 

1.437 

1.498 

Flint  i;lass,  N^  3.  and  Crown  glass,  N°  9.. 

1.729 

1.714 

1.767 

1.808 

1.914 

1.956 

Crown  ''lass.  N°   13.  aiifl  Water 

1.309 

1.436 

1.492 

1.518 

1.604 

1.631 

1.537 

1.682 

1.794 

1  839 

1.956 

2.052 

Crown  glass,  N°  2.  and  Clown  i;iass,  N°  13 

1   174 

1.171 

1.202 

1.211 

l.:;20 

1.243 

Flint  ec'ass,  N"  13    and  Cro^vn  i^Iiss 

1.667 

1.704 

1.715 

1.737 

1.770 

1.816 

jFlint  lilas^,  \°  3    and  CroWu  nl.iss 

1  517 

1.494 

1.482 

1.534 

1.579 

1.618 

Flint  gla^s,  N°  30.  and  t.'io'.vn  s'ass,  N°  13. 

1.932 

1.904 

1.997 

2  061 

2.143 

2.233 

iFlnit  glass,  .\°  23.  and  Cr.jwii  ul..s>,  N°  13 

1.904 

1.940 

2  022 

2.1')7 

2.168 

2.268     1 

Having  thus    ascertained  the  action  of  these  bodies  nates  of  the  curve  in  Fig.  17.  where  any  ordinate,  sucb 

upon  the  different  points  of  the  spectrum.   M.  Fraun-  as  D  d,  represents  the  illuminating  power  of  the   point 

holer  proceeded  to  measure  the  illuminating  power  of  D  of  the  spectrum. 

the  thfleient  rays,  and  by  means  of  a  pliotometer    he  In  order  to    find  this    curve,  M.   Fraunhofcr    made 

obtained  the  results  which  arc  expressed  by  the  ordi-  many  experiments,  of  which  the  following  are  the  ave- 
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rage  results.  Calling  the  maximum  illuminating  power, 
or  that  between  D  and  E,  1.000,  the  illuminating  power 
of  other  principal  points  will  be  as  follows  : 

Points  in  the  Spectmm.  Intensity  of  the  light  at  these  points. 
B  0.032 

C  0.094 

D  0.64 


Points  in  the  Spectrum 
Between  D  and  E 
E 
F 
G 
H 


Intensity  of  tlie  light  at  these  points. 
1.00 
0.48 
0.17 
0.031 
0.0056 


Or  if  we  call  the  intensity  of  the  light  in  the  wiiole 
space  DE  1.00,  the  intensity  of  the  light  in  the  other 
spaces  will  be  as  follows  : 

Intensity  of  light  in  the  space  BC:^0.02  I 
Intensity  of  light  in  the  space  CD^O.299 
Intensity  of  light  in  the  space  DElZl.OOO 
Intensity  of  light  in  the  space  EF~0.328 
Intensity  of  light  in  the  space  FG— 0. 185 
Intensity  of  light  innhe  space  GH=:0035 

Prop.  XVI. 

To  describe  the  physical  properties  of  the  spectrum. 

Having  already  given  a  full  account,  in  the  history 
of  optics,  of  the  discoveries  of  Dr.  Herschel,  Mr.  Rit- 
ter.  Dr.  WoUaston,  M.  Berard,  and  Dr.  Morichini,  re- 
specting the  heating  power  of  the  spectrum,  its  deoxi- 
dating property,  and  the  faculty  possesed  by  the  violet 
rays  of  magnetising  steel,  it  is  unnecessary  to  resume 
the  subject. 

Before  we  conclude  this  chapter  on  chromatics,  it 
may  be  necessary  to  consider  the  explanation  of  the 
dispersion  of  light  which  is  given  by  the  theories  of 
emission  and  undulation.  In  the  Newtonian  theory 
of  emission,  refracting  media  are  supposed  to  have  an 
elective  attraction,  acting  more  powerfully  on  the 
violet  rays,  in  proportion  to  their  mass,  than  upon  the 
red  rays.  The  theory  of  undulations,  however,  affords 
a  less  satisfactory  explanation.  "  It  is  not  indeed, 
very  easy,"  says  Dr.  Young,  "  to  give  a  demonstrative 
theory  of  the  dispersion  of  coloured  light  upon  the 
supposition  of  undulatory  motion,  but  we  may  de- 
rive a  very  satisfactory  illustration  from  the  well 
known  effects  of  waves  of  different  breadths.  The 
simple  calculation  of  the  velocity  of  waves,  propagated 
in  a  liquid  perfectly  elastic,  or  incompressible,  and 
free  from  friction,  assigns  to  them  all  precisely  the 
same  velocity,  whatever  their  breadth  may  be  :  the 
in'.ompressibility  of  the  fluids  actually  introduces, 
however,  a  necessity  for  a  correction,  according  to  the 
breadth  of  the  wave  ;  and  it  is  very  easy  to  observe  in 
a  river  or  a  pond  of  considerable  depth,  that  the  wider 
waves  proceed   much  more  rapidly  than  the  narrower. 


We  may  therefore  consider  the  pure  ethereal  medium 
as  analogous  to  an  infinitely  elastic  fluid,  in  which  un- 
dulations of  all  kinds  move  with  equal  velocity  ;  and 
material  transparent  substances,  on  the  contrary,  as 
resembling  those  fluids,  in  which  we  see  the  large 
waves  advance  beyond  the  smaller  :  and  by  supposing 
the  red  light  to  consist  of  larger  or  wider  undulations, 
and  the  violet  of  smaller,  we  may  sufficiently  elucidate 
the  greater  refrangibility  of  the  violet  than  of  the  red."* 


CHAP.  IV. 

OK  THE  INFLEXION  OF  LIGHT,  AND  THE  LAW  OF  INTER- 
FERENCE. 

The  term  Inflexion,  which  is  synonimous  with 
Diffraction,  has  been  applied  to  designate  those  phe- 
nomena which  are  exhibiied  by  light  when  it  passes 
near  the  edges  of  bodies. 

About  the  same  time  that  Dr.  Hooke  made  the  ex- 
periments on  the  inflexion  of  light,  of  which  we  have 
given  some  account  in  the  history  of  Optics,  Father  Gri- 
maldi  was  busily  occupied  with  the  same  subject.  Having 
admitted  a  ray  of  light  through  a  very  small  hole,  AB, 
Fig.  18.  into  a  dark  chamber,  he  observed  tiiat  the 
light  was  diffused  in  the  form  of  a  cone,  having  CD 
for  its  base.  When  any  opaque  body  EF  was  placed 
in  this  divergent  light,  at  some  distance  from  the  hole, 
the  boundaries  of  its  shadows  were  not  confined  with- 
in GH,  a  space  bounded  by  the  lines  AEH  and  BFG, 
nor  within  the  penumbra  IL,  formed  by  the  lines  BEL 
and  AFI,  but  extended  to  MN,  so  that  the  shadow  oc- 
cupied a  considerably  greater  space  than  if  it  had  been 
formed  by  rays  passing  in  straight  lines  by  the  extre- 
mities of  the  object. 

Without  the  shadow,  between  C  and  M,  and  N  and 
D,  Grimaldi  observed  three  fringes  of  coloured  light, 
shown  in  Fig.  19.  where  MNO  is  the  broadest  and 
most  luminous  next  to  the  shadow  X.  In  the  space 
M  there  was  no  colour,  but  NN  was  blue,  and  OO  red. 
The  second  fringe  QPR  was  narrower  than  the  first, 
the  space  P  had  no  colour,  but  QQ  was  3.  faint  blue, 
and  RR  s^  faint  red.  The  third  fringe  STV  was  the 
same  as  the  other  two,  but  narrower  than  either,  and 
having  its  colour  more  faint. 

When  the  body  EF  was  of  an  angular  form,  the 
fringes  were  bent  into  a  curve  round  the  salient  angles, 
as  at  D,  Fig.  20.  and  when  the  angles  were  re-entrant, 
as  at  C,  the  coloured  fringes  crossed  without  obliterat- 
ing one  another,  the  tints  being  either  mixed  or  ren- 
dered more  intense. 

Besides  the  fringes  above  described,  Grimaldi  dis- 
covered others  within  the  shadows  of  bodies.  These 
fringes  were  most  distinctly  seen  when  the  liehi  was 
intense,  the  body  long,  and  the  shadow  received  at  a 
distance  from  the  body.  The  number  of  streaks  in- 
creased with  the  breadth  of  the  plate.  There  were  at 
least  two  of  them,  and  four  if  a  thicker  plate  was  used, 
but  they  were  broader  when  few  in  number,  and  nar- 
rower when  more  numerous,  and  they  were  always 
most  distinct  when  the  paper  was  held  obliquely. 
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The  internal  fringes  were  bent  round  the  angles  of 
the  shadow  as  shown  in  Fig.  21.  wlieie  ADBC  is  the 
shaaow,  and  a,  b,  c,  d,  the  internal  Iringcs.  At  ihe 
angle  D  short  lucid  streaks  were  visil)le  but  in  the  form 
of  a  plume,  and  returning  again  to  D. 

One  of  the  niobl  curious  phenomena  observed  by  Gri- 
maUJi  related  to  the  inierlerence  of  two  cones  of  light 
issuing  from  two  contiguous  apertures.  This  pheno- 
menon he  announces  in  the  following  manner:  "  -4  body 
actually  illumiriuled  may  become  more  dark  by  adding  a 
new  tight  to  that  which  it  already  receives."  In  order 
to  prove  this  paradoxical  proposition,  he  admits  two 
cones  of  light  into  a  dark  chamber  through  two  small 
apertures  placed  near  to  each  other,  so  that  the  cones 
do  not  begin  to  penetrate  one  moilier  till  at  a  ccrtiin 
distance.  By  receiving  the  light  upon  a  piece  ol  white 
paper  held  at  a  greater  distance  from  them,  the  two 
circular  buses  ol  the  luminous  cones  will  overlap  oi.e 
another,  as  siiown  in  Fig.  22.  where  ABCD,  Ah\  E,  are 
the  two  circles  having  a  common  segment  AD.F.  When 
one  of  the  apertures  is  closed,  only  one  cone  ot  light 
will  be  visible,  for  example,  the  one  AB.  D  ;  and  it 
will  be  seen  that  the  middle  part  of  the  circle  is  more 
luminous  than  the  circumlerence,  and  that  the  light  de- 
creases as  the  distance  from  the  centre  increases  The 
very  same  is  the  case  when  the  other  cone  is  examined 
alone. 

But  when  the  two  apertures  are  open  at  the  same 
time,  the  common  segment  ADCF  is  more  luminous 
than  the  circumference  of  the  two  bases  ;  but  the  livo 
arches  ADC  and  AFC  have  a  remarkable  degree  of 
obscurity,  though  they  receive  more  light  than  the  rest 
of  the  circumlerence  of  which  they  form  a  part.  If 
the  paper  which  receives  the  rays  is  brought  nearer  to 
the  window,  so  that  the  segment  .\DCF  may  diminish, 
a  position  will  be  found  in  which  the  arches  ADC, 
AFC,  will  become  red  ;  but  if  the  paper  is  withdrawn 
from  the  window,  so  that  the  segment  ADFC  may  in- 
crease, the  arches  ADC  and  AFC  will  become  more  and 
more  obscure. 

The  experiments  of  Grimaldi  on  the  inflexion  of 
light  were  repeated  and  extended  by  Sir  Isaac  Newton. 
Having  made  in  a  piece  of  lead  a  small  hole  about  the 
■12dih  part  of  an  inch  in  diameter,  and  admitted  through 
it  the  sun's  light,  he  found  that  the  shadows  of  all  sub- 
stances were  much  broader  than  they  ought  to  be  ;  and 
he  measured  the  breadth  of  the  shadow  of  a  human 
hair,  the  280lh  part  of  an  inch  in  diameter  at  difierent 
distances. 


Diitance  of  the 
hair  from  the  hole. 

12  feet 
12  feet 
12  feet 


Distance  of  ihe  paper 

receiriii^  the  shadow 

from  tile  hair. 

4  inches 

24  inches 

120  inches 


Breadth  of  the 

shadow. 

0.01666  inches 
0.03572  inches 
0.125  inches' 


At  the  Distance  of 

Haifa  foot.  ,9  feet.  1 

Breadth  of  the  shadow 

s 
Si 

1 

Breadth    between   the    middles  of   the 
brightest  lightof  tlie  inncrmostfringes 
on  either  side  of  the  shadow 

7V  «"•  TS 

■/» 

Breadth    between    the    middles   of  11. i. 
biightcst    light    of    the     middlemost 
fringes  on  either  side  of  the  snadow 

1 
2Xi 

4 
IT 

Breadth    between    the    middles    of  the 
brightest  lightof  the  outmost  fringes 
on  either  side  of  the  shadow 

T«   °'-|ri 

A 

Distance    between  the   middles  ol    the 
brightest  liglit  of  the  first  and  second 
fi  ingcs 

tJo 

1 
21 

Distance    between    the    middles   ot   the 
brightest  liglit  of  the  second  and  third 
fringes 

TTO 

i, 

Breadth  of    the    luminous    part  {green 
•white,  yellow, 'Jinil  red)  of  the  first  fringe 

1 
17(5 

1 

lirtadih  of  the  darker  space  between  the 
first  and  second  hinges 

1 

2iS 

-tV 

lireadth  of  the  luminous  part  of  the  se- 
cond fringe 

■570 

1 
SI 

Breadth  of  the  darker  space  between  the 
second  and  third  fringes 

1 

"^^  .  0 

I 

-Newton  obtained  also  the  following  measures,  when 
the  hair  was  12  feet  distant  from  tlic  hole,  at  the  differ- 
ent distances  of  hat/  a  foot  and  nine/eet. 


When  the  hair  was  surrounded  with  water,  the  very 
same  phenomena  were  produced.  In  order  to  explain 
these  phenomena.  Sir  Isaac  supposes  that  X,  I'ig.  23. 
represents  a  section  of  the  hair  ;  ADG,  BKH,  CFI,  three 
rays  passing  by  one  side  of  it;  D,  E,  F,  and  N,  O,  F, 
the  places  where  the  rays  are  bent  in  passing  by  the 
hair  ;  G,  H,  I,  and  Q.  R,  S,  the  places  where  the  rays 
fall  upon  the  p.iper  GQ  ;  IS  the  breadth  of  the  shadow 
ot  the  hair  on  the  paper  ;  and  TI,  VS.  two  rays  passing 
to  the  points  I  and  S  without  bending  when  the  hair  is 
taken  away.  He  then  conceives,  that  all  the  lik^ht  be- 
tween TI  and  VS  is  bent  in  passing  by  tlie  hair,  and 
turned  aside  from  the  shadow  IS  ;  that  the  hair  acts 
upon  the  passing  rays  at  a  "  good  distance  ;"  that  the 
action  is  strongest  on  those  which  pass  at  least  distance, 
and  grows  weaker  and  weaker  with  the  distance,  as 
shown  in  Fig.  23  ;  and  that  from  tiu  se  causes  "  the  sha- 
dow of  the  hair  is  niurh  broader  in  proportion  to  the 
distance  of  tiie  paper  from  the  hair  when  the  paper  is 
nearer  the  hair,  than  when  it  is  at  a  great  distance  from 
it." 

When  examining  the  light  without  the  shadows  of 
metals,  stones,  glass,  wood,  horn,  ice,  kc.  Newton  found 
that  the  shadows  were  bordered  with  three  parallel 
fringes  of  coloured  light,  diminisliing  in  breadth  with 
their  distance  from  the  shadow.  By  receiving  thi  sha- 
dow obliquely  on  a  smooth  paper,  the  first  or  innermost 
colour  was  violet,  or  deefi  blue  next  the  shadow,  then 
light  blue,  green  and  yellow  in  the  middle,  and  red.  The 
second  and  third  were  both  blue  within,  and  yellow  and 
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rcrf  without ;  but  ihe  colours  were  very  faiiii.  Hence 
the  orders  of  colours  were, 

First  fringe,  violet,  indigo,  pale  blue,  green,  yellow,  red. 

Second  fringe,  blue,  yellow,  red. 

Third Jrwge,  pale  blue,  pale  yellow,  red. 

Upon  comparing  the  breadlhs  of  V  e  fringes  and  their 
intervals  ai  different  distances,  Newton  found  ihetn  lo 
be  nearly  in  the  same  proporiioii,  the  breadth  of  the 
fringes  being  as  the  numbers  1,  t/\,  i/\,  &c.  and  their 
intervals  lo  be  in  the  same  progression;  that  is,  their 
fringes  and  their  intervals  together  to  he  as  the  conti- 
nual progression  of  the  numbers  1,  ^\,  ^/|,  y/ i,  v'y. 

The  next  ixperimcnts  made  by  our  author,  related 
to  the  fringes  lornied  by  the  light  which  passed  by  the 
edge  of  a  knife,  and  to  those  formed  when  the  light 
passed  between  two  knife  edges  parallel  to  one  an- 
other. 

From  these  experiments  Newton  concluded,  that 
the  lii^lu  of  the  first  fringe  passed  by  the  edge  of  the 
knife  at  a  distance  greater  than  the  SOOth  of  an  inch; 
— that  the  light  of  the  second  fringe  passed  by  the  edge 
of  the  knife  at  a  greater  distance  than  the  light  of  the 
first  fringe,  and  that  of  the  third  at  a  greater  distance 
than  that  of  the  second. 

He  then  had  the  edges  of  two  knives  ground  straight, 
and  fixed  their  points  into  a  board,  so  that  their  edges 
contained  an  argle  of  1°  47'  26".  The  knives  being 
thus  fixed,  he  placed  them  in  a  beam  of  the  sun's  light, 
admitted  through  a  hole  the  42d  of  an  inch  wide,  at 
the  distance  of  10  or  15  feet  from  the  hole;  and  he  let 
the  light  which  passed  between  their  edges  fall  very 
obliquely  on  a  smooth  white  ruler,  at  the  distance  of 
half  an  inch,  or  an  inch,  from  the  knives ;  and  there  he 
saw  the  fringes  made  by  the  two  edges  of  the  knives 
run  along  the  edges  of  the  shadows  of  the  knives,  in 
lines  parallel  to  those  edges,  without  growing  sensibly 
broader,  till  they  met  in  angles  equal  to  the  angle  con- 
tained by  the  edges  of  the  knives  ;  and  where  they  met 
and  joined,  they  ended,  without  crossing  one  another. 
But  if  the  ruler  was  held  at  a  much  ijreater  distance 
from  the  knives,  the  fringes,  where  they  were  farther 
from  the  place  of  their  meeting,  were  a  little  narrower, 
and  they  became  somewhat  broader  as  they  approach- 
ed nearer  to  one  another,  and  after  they  met  they  cross- 
ed one  another,  and  then  became  much  broader  than  be- 
fore. 

Hence  he  concluded  that  the  distances  at  which  the 
light  composing  the  fringes  passed  by  the  knives  were 
not  increased  or  altered  by  the  approach  of  the  knives  ; 
and  that  the  knife  which  was  nearest  to  any  ray  deter- 
inined  which  way  the  ray  should  be  bent,  but  that  the 
other  knife  increased  the  bending. 

When  the  rays  fell  very  obliquely  upon  the  ruler,  at 
the  distance  of  one  third  of  an  inch  from  the  knives, 
the  daik  line  between  the  first  and  second  fringe  of 
the  shadow  of  one  knife,  and  the  dark  line  between 
the  first  and  the  second  fringe  of  the  shadow  of  the 
other  knife,  met  one  another,  at  the  distance  of  one- 
fifth  of  an  inch  from  the  end  of  the  light  which  passed 
between  the  knives,  where  their  edges  met;  so  that 
the  distance  of  the  edges  of  the  knives,  at  the  meeting 


of  these  dark  lines,  was  the  160th  of  an  inch  ;  and  one 
half  of  that  light  i)asscd  t)y  the  edi;e  of  one  kniie,  at  a. 
distance  not  greater  tiian  the  3'20ih  part  of  an  mcli, 
and,  falling  upon  the  paper,  lormtd  the  fringes  of  the 
shadow  of  that  knite  ;  while  the  other  half  passed  by 
the  edge  of  the  other  knife,  at  a  distance  not  greater 
than  the  j20ih  part  of  an  inch,  and,  falling;  upon  the 
paper,  formed  the  fringes  of  the  shadow  ot  the  other 
knife.  But  when  the  paper  was  held  at  a  distance  from 
the  knives  greater  than  one-third  of  an  inch,  the  dark 
lines  above  mentioned  met  at  a  greater  distance  than 
one-fifth  of  an  inch  from  the  end  of  the  light  which 
passed  between  the  knives,  at  the  meeting  of  theip 
edges  ;  so  that  the  light  which  fell  upon  the  paper  where 
those  dark  lines  met  passed  between  the  knives,  where 
their  edges  were  farther  distant  than  the  I6ijth  of  an 
inch.  For  at  another  time,  when  the  two  knives  were 
eight  feet  five  inches  from  the  little  hole  in  the  win- 
dow, the  light  which  fell  upon  the  paper  where  the 
above  mentioned  dark  lines  met  passed  between  the 
knives,  where  the  distance  between  their  ed<;es  was, 
as  in  the  following  table,  at  the  distances  Irom  the  paper 
noted. 


Distances  of  the  paperfrom 
tbe  knives  ia  incues. 


32 
96 


Distsnces  Ijtftween  the  ed^es 
of  Ihe  knives  in  ttiousuidth 
nart4  of  an  inch. 

0.012 

0.020 

0.034 

0  057 

0.081 

0.087 


From  these  observations  he  concluded  that  the  light 
nvhich  forms  the  fringes  ufion  the  fiajier  is  not  the  same 
light  at  all  distances  of  the  fia/ier  from  the  knives  ;* 
but  tliat  when  the  paper  is  held  near  the  knives,  the 
fringes  are  made  by  light  which  passes  by  the  edges 
of  the  knives  at  a  less  distance,  and  is  more  bent  than 
when  the  paper  is  held  at  a  greater  distance  from  the 
knives. 

When  the  fringes  of  the  shadows  of  the  knives  fell  per- 
pendicularly upon  the  paper,  at  a  great  distance  from  the 
knives,  they  were  in  the  furm  of  hyperbolas.  Let  CA, 
CB,  Fig.  24,  represent  lines  drawn  upon  the  paper,  pa- 
rallel to  the  edges  of  the  knives;  and  between  which 
all  the  light  would  fail  if  it  suftered  no  infieclion  ;  and 
DE  a  right  line  drawn  through  C,  making  the  angle 
ACD^BCE,  and  terminating  all  the  light  which  falls 
upon  the  paper,  from  the  pomi  where  the  edges  of  the 
knives  meet.  Then  e  i  s,  f  k  t,  and  g  I  v,  will  be  three 
hyperbolic  lines,  representing  the  boundaries  of  the 
shadow  of  one  of  the  knives,  the  dark  line  between  the 
first  and  second  fringes  of  that  shadow,  and  the  dark 
line  between  the  second  and  third  fringes  of  the  same 
shadow.  In  like  manner,  jt  i  /!,  y  k  q,  and  z  I  r,  will  be 
three  other  hyperbolic  lines,  representing  the  bounda- 
ries of  the  shadow  of  the  other  knife,  the  dark  line  be- 
tween the  first  and  second  fringes  of  tliat  shadow,  and 
the  dark  line  between  the  second  and  third  fring-es  of 
the  same  shadow.  These  three  hyperbolas,  w  ixu  are 
similar,  and  equal  to  the  lunner,  cross  lliem  in  ti.c  pojrts 
i,k,  and  /;  so  that  the  shadows  of  the  knives  are  lernii- 


*  An  eminent  philosopher  is  of  opinion  lh,it  Newton  seems  to  have  considered  each  frinpe  as  of  the  nnliire  of  h  caustic,  foirnptl  by 
reflection  or  refraciion,  in  which  ilie  light  is  every  where  more  condensed  than  in  the  collateral  spacer,  nut  which  is  by  no  means  ne- 
cessarily straight.     Sup.  Encvc.  Brit.  vol.  iii.  p.  149. 
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natcd,  and  dislingiiished  from  Ihe  first  luminous  fringes, 
by  Ihc  lines  c  i  s,  and  .r  i  /i,  till  the  meeting  and  crossing 
of  the  fringes;  and  then  those  lines  cross  the  fringes  in 
the  form  of  dark  lines  terminating  the  first  luminous 
fringes  on  the  inside,  and  distinguishing  them  from  an- 
otlier  light,  wliich  begins  to  appear  at  i,  and  illuminates 
all  the  triangular  space  i/i  DE  s,  comprehended  by  these 
dark  lines  and  the  right  line  DE.  Of  these  hyperbolas 
one  asymptote  is  the  line  DE,  and  the  other  asymptotes 
arc  parallel  to  the  lines  CA  and  CB. 

By  measuring  the  ordinatcs  of  these  hyperbolas  at 
different  points,  Newton  obtained  the  following  results  : 
yi«=0.3l,  yl=.065,  riu=0.98;  and  adding  to  these 
i  mw,  which  was  the  128th  of  an  inch,  or  0.0078,  he  ob- 
tained n/i=0. 1828,  ?i  7=0.3328,  nr=0.4978;  he  mea- 
sured also  the  biightcst  part  of  the  fringes,  which  was 
between  /i  q  and  s  t ;  g  r  and  t  v,  and  next  beyond  r  and  v, 
and  found  them  0.5,  0.8,  and  1.17  inches.  Hence  he 
concluded,  that  these  curve  lines  differed  very  little  from 
conical  hyperbolas. 

Newton  also  found  that  the  shadows  of  all  bodies  held 
in  coloured  light,  were  bordered  with  fringes  of  the  colour 
of  the  light  in  which  they  were  held  ;  that  those  made 
in  the  red  light  were  the  largest,  those  made  in  the  vio- 
let the  least,  and  those  made  in  the  green  of  a  middle 
bigness.  The  fringes  with  which  the  shadow  of  a  man's 
hair  were  surrounded,  being  measured  across  the  sha- 
dow, at  the  distance  of  six  inches  from  the  hair,  the  dis- 
tance between  the  middle  and  most  luminous  part  of  the 
first  or  innermost  fringe  on  one  side  of  the  shadow,  and 
that  of  the  like  fringe  on  the  other  side  of  the  shadow, 

was,  in  ihe  full  red  light,:— -  oi  zn  inch,  and  in  the  full 

violet  ■^^.  The  like  distance  between  the  middle  and 
jnost  luminous  parts  of  the  second  fringes,  on  either 
side  of  the  shadow,  was  in  the  full  red  light  -^^,  and  in 
the  Tiolet  J^  of  an'  inch  ;  and  these  distances  of  the 
fringes  held  the  same  proportion  at  all  distances  from 
the  hair,  without  any  sensible  variation. 

From  these  observations  it  was  evident,  that  the  rays 
which  formed  the  fringes  in  the  red  light,  passed  by  the 
liair  at  a  greater  ilistance  than  those  which  made  the  like 
fringes  in  the  violet ;  so  that  tiie  hair,  in  causing  these 
fringes,  acted  alike  upon  the  red  light  or  least  refrangible 
rays  at  a  greater  ilistance,  and  upon  tlie  violet  or  most 
refrangible  rays  at  a  /ess  distance ;  and  thereby  occasion- 
ed fringes  of  different  sizes,  without  any  change  in  the 
colour  of  any  sort  of  light. 

It  may  therefore  be  concluded,  that  when  the  hair  was 
held  in  the  white  beam  of  light,  and  cast  a  shadow  bor- 
dered with  three  coloured  fringes,  those  colours  arose 
not  from  any  new  modifications  impressed  upon  the  rays 
of  ligiit  by  the  hsir,  but  only  from  the  various  inflexions 
by  which  the  several  sorts  of  rays  were  separated  from 
one  another,  whicli  before  separation,  by  the  mixture  of 
all  their  colours,  composed  the  white  beam  of  the  sun's 
light ;  but  when  separated,  composed  lights  of  the  se- 
veral colours  which  they  are  originally  disposed  to  ex- 
hibit. 

As  the  observations  of  Newton  on  inflexion  were  left 
in  an  unfinished  staic,  the  subject  was  resumed  by  vari- 
ous authors,  viz.  Maraidi.*    Dechales„t  Mairan,^  Du- 


tour,§  Mr.  Brougham,!!  and  Mr.  Jordan  j^  but  altiiough 
the  observations  of  some  of  these  authors  are  character- 
ised by  much  ingenuity,  they  do  not  seem  to  have  added 
very  materially  to  our  knowledge  of  this  difficult  subject. 

During  Dr.  Young's  inquiries  respecting  the  theory 
of  light  and  colours,  his  attention  was  directed  to  the 
subject  of  the  inflexion  of  light.  In  accounting  for  the 
fringes  which  surrounded  the  shadow  of  the  sides  of  a 
small  aperture,  he  conceived  that  the  light  nearest  its 
centre  will  be  the  least  inflected,  and  that  nearest  its 
sides  the  most ;  and  that  another  portion  of  light  falling 
very  obliquely  on  the  margin  of  the  aperture,  will  be  co- 
piously reflected  in  various  directions,  some  of  which 
will,  cither  perfectly,  or  nearly,  coincide  in  direction 
with  the  unrcflccted  light,  and  having  taken  a  circuitous 
route,  will  so  wirer/fre  with  it  as  to  cause  an  appear- 
ance of  colours.  The  length  of  the  two  tracks,  he  con- 
ceived, will  differ  the  less,  as  the  direction  of  the  reflect- 
ed liglit  was  less  changed  by  its  reflexion,  that  is,  in  the 
light  passing  nearest  to  the  margin  ;  so  that  the  blue  will 
appear  in  the  light  nearest  to  the  shadow. 

These  views  respecting  the  inflexion  of  light  were 
afterwards  confirmed  by  a  very  important  discovery, 
which  he  communicated  to  the  Royal  Society  on  the  24th 
Nov.  1803.  By  placing  a  slip  of  card  in  a  divergent 
beam  of  light,  he  found  that,  beside  the  fringes  of  co- 
lour on  each  side  of  the  shadow,  the  shadow  itself  was 
divided  by  similar  parallel  fringes  of  smaller  dimensions, 
differing  in  number  according  to  the  distance  at  which 
the  shadow  was  observed,  but  leaving  the  middle  of  the 
shadow  always  white.  These  fringes,  both  internal  and 
external,  are  represented  in  Fig.  25.  where  ABCD  is  the 
shadow  with  its  internal  fringes.  Dr.  Young  now  con- 
sidered that  these  fringes  were  the  joint  effects  of  the 
portions  of  light  passing  on  each  side  of  the  slip  of  card, 
and  inflected  into  the  shadow  ;/or  when  he  filaced  a  little 
screen  either  before  the  slifi  of  card,  or  a  few  inches  be- 
hind it,  so  as  either  to  receive  the  edge  of  its  shadow,  or 
the  margin  of  the  card,  all  the  fringes  which  had  before 
been  observed  in  the  shadow  on  the  wall  immediately  dis' 
afifieared,  although  the  light  inflected  ou  the  other  side 
was  allowed  to  retain  its  course,  and  although  this  light 
must  have  experienced  any  modification  that  could  have 
been  produced  by  the  proximity  of  the  other  edge.  By 
placing  the  screen  at  a  greater  distance  behind  the  slip 
of  card,  it  was  necessary  to  plunge  it  more  deeply  into 
the  shadow,  in  order  to  extinguish  the  parallel  lines;  for, 
in  this  case,  tlie  light  diffracted  from  the  edge  of  the 
card,  entered  farther  into  the  shadow  on  its  way  to  form 
the  fringes.  In  order  to  show  that  the  extinction  of  the 
fringes  was  not  occasioned  by  want  of  light,  arising  from 
the  interposilion  of  the  screen,  Dr.  Young  reduced  the 
intensity  of  the  light  to  one-tenth,  or  even  one-twentieth 
of  the  light,  and  found  ihat  the  fringes  were  seen  dis- 
tinctly in  this  attenuated  liglu  when  the  screen  was  not 
interposed.  Hence  Dr.  Youne;  obvamcd  an  ex/ierimental 
demonstration  of  the  law  of  interference :  a  law  which, 
though  neglected  at  the  time  by  many  philosophers,  and 
opposed  by  the  ignorance  and  jealousy  of  others,  has, 
like  every  other  pruduction  of  genius,  triumphed  over 
all  opposition,  and  is  now  unive'sally  admitted  as  a  gene- 
ral principle  in  physical  opiics. 

In  applying  the  same  principle  to  the  crested  fringes 


•  Mem  .lead  Par.  1723.  t  ^"''*-  '^athemat.  vol.  iii.  p.  726.  i  Mem.  Mad.  Par.  1738,  p.  53. 

§  Mem.  lie!  Savans  Etrangers,  torn.  v.  II  Phil-  Tram.  1796,  vol.  IxMvi.  p.  227  ;  and  1797,  vol.  Issxvii.  p.  352. 

^  jVeii)  Observatiims  concerning  the  Infexiona  of  Light,  S;c.  Lond.  1795. 
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discovered  by  Grimaldi,  as  produced  by  ilie  sliadow  of 
an  object  wiih  a  rectangular  termination,  as  shown  more 
correctly  in  Fig.  26.  Dr.  Young  found,  that  when  a 
screen  was  placed  within  a  few  inches  of  the  object,  so 
as  to  receive  only  one  of  the  edges  of  the  shadow,  the 
whole  of  the  fringes  disappeared  ;  and  if,  on  the  contra- 
ry, the  rectangular  point  of  the  screen  was  opposed  to 
the  point  of  the  shadow,  so  as  barely  to  receive  the  an- 
gle of  the  shadow,  or  its  extremity,  the  fringes  remain- 
ed undisturbed.  Dr.  Young  found,  that  by  the  theory 
these  curves  ought  to  be  equilateral  hyperbolas,  whose 
axes  coincide  with  the  outlines  of  the  shadow,  and  the 
asymptotes  nearly  with  the  diagonal  line. 

In  order  that  the  reader  may  have  a  better  idea  of  the 
law  of  interference,  let  us  suppose  that  two  portions  of 
light  interfere  with  one  another,  the  lengths  of  whose 
paths  are  exactly  the  same.  In  this  case  they  will  form 
a  fine  bright  fringe,  having  an  intensity  greater  than 
that  of  either  portion.  Then  iff/  is  the  difference  in  the  , 
lengths  of  the  paths  that  produces  another  bright  fiinge, 
similar  bright  fringes  will  be  formed  when  the  differences 
in  the  lengths  of  the  paths  are  12  d,  3  cl,  4d,  5  d,  &c.  But 
it  is  found  from  experiment,  that  if  the  portions  of  light 
interfere  at  intermediate  points,  or  when  the  differences 
in  the  lengths  of  their  paths  are  ^  rf  ;  rf+i  d  ;  2  rf-J-|  d  ; 
3  d+i  d,  &c.  instead  of  adding  to  one  another's  intensity, 
they  destroy  one  another,  and  produce  black. 

This  beautiful  law  is  not  easily  explained  upon  the 
Newtonian  theory  of  emission.  Dr.  Young,  though  hos- 
tile to  this  theory,  has  remarked,  that  the  law  of  inter- 
ference may  be  reconciled  to  the  doctrine  of  emission, 
if  we  suppose,  with  Newton,  that  the  projected  corpuscles 
of  light  excite  sensation  by  means  of  the  vibrations  of  the 
fibres  of  the  retina  and  of  the  nerves.  We  may  then 
imagine  that  such  vibrations  must  be  most  easily  pro- 
duced by  a  series  of  particles  following  each  other  at 
equal  distances,  each  colour  having  its  appropriate  dis- 
tance in  any  given  medium  ;  and  it  will  be  demonstrable, 
that  a  second  series  of  similar  particles,  interfering  with 
them  in  such  manner  as  to  bisect  the  intervals,  will 
destroy  their  influence  in  producing  a  vibratory  motion, 
each  succeeding  particle  meeting  the  fibre  at  the  instant 
of  its  return  from  the  excursion  generated  by  the  stroke 
of  the  preceding  particle.  Hence  the  motive  effect  of 
the  stroke  will  be  annihilated.  On  the  Huygenian  the- 
ory, however,  the  law  of  interference  is  satisfactorily  ex- 
plained. 

"  In  the  undulatory  theory,"  says  Dr.  Young,  "  the 
analogy  between  the  laws  of  interference  and  the  pheno- 
mena of  the  tides,  and  the  effects  of  the  combination  of 
musical  sounds,  is  direct  and  striking^  The  existence 
of  an  undulation  of  an  elastic  medium  depends  on  the 
recurrence  of  opposite  motions,  alternately  direct  and 
retrograde  at  certain  equal  distances,  in  the  same  man- 
ner as  a  series  of  waves  consists  in  a  number  of  altcinate 
elevations  and  depressions,  and  the  succession  of  the 
tides  in  a  number  of  periods  of  high  and  low  water.  . 
The  spring  and  neap  tides,  derived  from  the  combina- 
tion of  the  simple  solar  and  lunar  tides,  afford  a  magni- 
ficent example  of  the  interference  of  two  immense  waves 
with  each  other;  the  spring  tide  being  the  joint  result 
of  the  combination  when  they  coincide  in  time  and 
place  ;  and  the  neap,  when  they  succeed  each  other  at 
the  distance  of  half  an  interval,  so  as  to  leave  the  effect 
of  their  difference  only  sensible.  The  tides  of  the  port 
of  Batsha,  described  and  explained  by  Halley  and  New- 
ton, exhibit  a  different  modification  of  the  same  opposi' 


tion  of  undulations  ;  the  ordinary  periods  of  high  and 
low  water  being  altogether  superseded,  on  account  of 
the  different  lengths  of  the  two  channels  by  which  the 
tides  arrive,  affording  exactly  the  half  interval  which 
causes  the  disappearance  of  the  alternation.  It  may  also 
be  very  easily  observed  by  merely  throwing  two  equal 
stones  into'  a  piece  of  stagnant  water,  that  the  circles  of 
waves  which  they  occasion  obliterate  each  other,  and 
leave  the  surface  of  the  water  smooth,  in  certain  lines  of 
a  hyperbolic  form,  while  in  other  neighbouring  pans  the 
surface  exhibits  the  agitation  belonging  lo  both  series 
united.  The  beating  of  two  musical  sounds,  nearly  in 
unison  with  each  other,  appears  also  to  be  an  effect -ex- 
actly resembling  the  succession  of  spring  and  neap 
tides,  which  may  be  considered  as  the  beatings  of  two 
undulations,  related  to  each  other  in  frequency  as  29  to 
30 ;  and  the  combination  of  tl-.ese  sounds  is  still  more 
identical  with  that  which  this  theory  attributes  to  light ; 
since  the  elementary  motions  of  the  particles  of  the  lu- 
miniferous  medium  arc  supposed  to  be  principally  con- 
fined to  the  line  of  direction  of  the  undulation,  while  the 
most  sensible  effects  of  the  waves  depend  immediately 
on  their  ascent  and  descent,  in  a  direction  perpendicular 
to  that  of  their  progressive  motion." 

The  subject  of  the  inflexion  of  light  has  received  very 
important  accessions  from  the  labours  of  M.  Fresnel. 
In  place  of  using  a  small  hole,  he  employed  a  lens  of 
very  short  focal  length,  which  collected  the  solar  rays 
into  its  focus,  from  which  they  diverged  as  if  they  had 
proceeded  from  a  small  aperture.  The  fringes  which 
surrounded  bodies  placed  in  this  light  he  examined  by 
an  eye-glass  furnished  with  a  micrometer,  instead  of  re- 
ceiving them  upon  a  white  surface,  and  in  this  way  he 
was  able  to  determine  their  breadths,  even  to  the  oiie- 
huF.dredth  or  two-hundredth  part  of  a  millimetre.  He 
thus  followed  the  external  fringes  to  their  origin,  and  by 
means  of  a  lens  of  a  short  focus  he  perceived  the  third 
fringe  at  the  distance  of  less  than  the  one-hundredth 
part  of  a  millimetre  from  the  edge  of  the  inflecting  body. 
M.  Fresnel  likewise  found,  that  the  inflexion  of  the  pass- 
ing light  was  influenced  by  the  distance  of  the  radiating 
or  luminous  point  from  the  inflecting  body,  as  appears 
from  the  following  experiments  : 


Distance  oftlie  r&diat- 
iog  point  from  the 
inHecting  l>ody. 

100  millimetres 
6  metres 


Distance  bellind  the 
body  wtiert  the  in- 
flexion was  mea* 
lurid, 

1  metre 
1  metre 


Angular  inflexion  of 
the  red  rays  of  tile 
tint  fringeJ 

12'       6" 
3      55 


Hence  it  follows,  that  the  passing  rays  suffer  a  less  de- 
gree of  inflexion,  in  proportion  as  the  infl'-cting  body  is 
placed  at  a  greater  distance  from  the  radiant  point. 

While  the  distance  of  the  radiant  point  remained 
fixed,  M.  Fresnel  measured  the  inflexion  of  the  same 
fringe  at  different  distances  behind  the  infle.-ting  body, 
and  he  found  that  the  successive  positions  of  the  same 
/tinge  were  not  in  a  straight  tine,  but  form:d  a  curve, 
ivhose  concavity  is  turned  towards  the  inflTiing  body. 
The  lines  which  formed  the  different  positions  of  the 
fringe  of  all  the  orders  of  colours  were  found  to  be  hy- 
perbolas, having  for  their  common  foci  the  radiating 
point  and  the  edge  of  the  inflecting  body.  In  some  of 
the  results  the  sni(ilia  of  curv.^.ture  was  about  the  25th 
part  of  an  inch,  or  nearly  50  times  greater  than  the 
error  of  observation. 
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Another  method  of  viewing  llie  fringes  cni'.loyed  by 
M  ficsiicl  consi^-lcd  in  plutini;  two  iiitlaUic  niiirors, 
inclined  to  one  another  bo  siijjhily  that  their  surlaces 
were  nearly  in  the  same  plane.  When  the  eye  was 
placed  behind  these  mirrors,  and  at  the  distance  ol  tight 
or  ten  feet  from  the  liiinniuus  ijoint,  so  that  itoliscrved 
the  miagc  of  that  point  rt-llecltcl  Iromeach  mirror,  then, 
by  using  a  lens  ol  a  short  focus,  he  saw  btiwetn  the 
places  of  llic  two  images  a  series  of  coloured  hinges 
p«.  rpendicular  to  the  line  lorniing  the  images. 

ironi  numerous  expcrinn-nts  on  these  liinges,  NI. 
Fixsnel  lound  that  the  length  ol  a  wave,  or  unilulalion, 
for  Rril  light,  or  the  value  of  </,  (see  p.  tiSi)  was  about 
the  7o*oVoo'J'''  P^"  °f  *  niiilimetre. 

Tlu  ixurior  Iriiii^fs  formed  by  inflexion  had  been 
ascribed,  bolh  by  Dr.  Your.g  and  iNl.  1  re»nel,lo  the  in- 
terference ol  the  direct  rays  willi  tliose  which  were  re- 
flected from  the  margin  of  the  reflecting  body.  This 
e.Nplanation  has,  however,  been  found  to  be  insuflicient 
by  M.  Fresnel,  as  the  real  place  of  the  fringe  is  some- 
times -fVcdtli  of  a  raillimeire  diflerent  lioni  what  it 
should  l>e  upon  that  supposition  ;  and,  at  any  rate,  if 
the  hypothesis  were  correct,  the  intensity  of  llie  fringes 
would  be  afiected  by  the  extent  and  the  curvature  of 
the  mari,Mn  ot  ihe  inflecting  body,  which  is  not  found  to 
be  the  case.  M.  Fresnel  has,  therefore,  been  obliged  to 
admit,  ihat  the  rays  which  pass  at  a  sensible  distance 
from  the  inflect  ng  body  are  made  to  deviate  from  their 
primitive  direction,  and  concur  also  in  the  production 
of  the  coloured  fringes. 

In  pointing  out  the  application  of  the  Huygenian 
theory  to  the  phenomena  of  inflexion,  M.  Fresnel  sup- 
poses that  C  Fig.  27.  is  the  radiant  point,  and  AMF  a 
wave  which,  when  it  arrives  at  A,  is  intercepted  by  the 
opaque  inflecting  body  .\G.  He  then  conceives  the 
wave  divided  into  an  infinit\  of  small  arcs  A  m',  m'  m, 
tn  M,  M  n,  n  n',  n'  7i",  and  in  order  to  have  the  intensi- 
ty of  the  wave  at  any  point  P  of  any  of  its  succeeding 
positions  BPU,  he  determines  the  resultant  of  all  the 
clementarv  waves  which  each  of  the  above  portions  of     of  the  two  rays  .9  P  and  c  P,  which  emanate   from  the 


ence  of  a  scmi-undulation  which  exists  between  the 
corresponding  rings  of  the  two  urclics,  their  etfccts  will 
mutually  desiroy  one  another.  Hence  M.  F'resncl  sup- 
poses that  all  the  rays  which  the  ditferent  parts  of  the 
primitive  wave  Al:!  send  to  the  point  P  are  of  equal  in« 
tensity,  since  llie  only  rays  for  wiiicli  ti;is  hypothesis  is 
incorrect  have  no  sensible  influence  on  the  quantity  of 
light  which  it  receives. 

When  the  opaque  body  AG,  Fig.  28.  is  so  narrow 
that  we  can  distinguish  the  fringes  in  the  cxierior  of 
its  shadow  at  tiie  distance  A 15,  let  C  be  the  radiant 
point,  and  BD  the  while  ground  wliich  receives  the 
fringes.  We  may  then  conceive  tlie  primitive  wave  KL 
divided  into  the  small  arcs  .\»i,  min\  ?n'm",  &c.  Gn, 
mi',  n'li',  ii'ri"',  &c.  so  that  the  rays  liravvn  from  the 
point  P  in  the  iiilti  ior  of  the  shadow  difler  in  their  lengih 
by  a  semi-uiuiulation.  Then  ail  the  small  Wi.ves  pro- 
pagated to  P  by  the  elements  of  each  of  those  arcs  will 
be  in  complete  discordance  wiih  the  elementary  waves 
which  emanate  from  the  corresponding  parts  of  the  two 
arches  between  which  it  is  comprised,  so  that  if  all  these 
arches  were  equal,  the  rays  wliich  they  would  propa- 
gate to  P  would  destroy  each  other,  with  the  exception 
of  the  extreme  arch  m  A,  whose  rays  will  preserve  the 
half  of  their  intensity,  or  the  half  of  the  light  propagat- 
ed by  the  arch  mm",  with  which  they  arc  in  complete 
discordance,  being  destroyed  by  the  half  of  that  of  the 
preceding  arch  m"m'.  These  arches  are  sensibly  equal 
wlieii  the  rays  which  meet  at  the  point  Pare  sufficient- 
ly inclined  to  the  perpendicular,  in  which  case  the  re- 
sulting wave  corresponds  nearly  to  the  middle  of  otA, 
the  only  arch  which  produces  a  sensible  effect,  and  is 
behind  l<y  a  quarter  of  an  undulation  in  relation  to  the 
elementary  wave,  which  set  out  from  the  margin  .\  of 
the  reflecting  body.  As  the  same  thing  takes  place  re- 
laiively  to  the  other  part  G  n  of  the  incident  wave,  the 
degree  of  accordance  or  discordance  between  the  lu« 
minous  vibrations  which  show  themselves  at  the  point 
P,  will  be  determined  by  the  difference  in  the  lengths 


the  primitive  wave  will  propagate  to  P  by  acting  alone 
These  elementary  waves  have  their  intensities  sensibly 
equal  when  tlieir  direction  does  not  deviate  much  from 
the  perpendicular.  When  the  waves  are  sensibly  in- 
clined t5  the  perpendicular,  as  EP,  FP,  IP,  and  the 
point  P  is  supposed  to  be  distant  by  many  undulations 
from  the  wave  AE,  let  EF,  FI,  be  of  such  a  length 
that  EP  —  FP,  and  FP  —  IP.  are  et|ual  to  a  scmi-un- 
<lulation.  Then,  on  account  of  the  obliquity  of  these 
undulations,  and  the  smallness  of  a  semi-undulation  in 
respect  to  their  length,  these  two  arches  will  be  almost 
equal,  and  the  rays  which  they  send  to  the  point  P  will 
be  almost  parallel,  so  that,  on  account  of  the   diff'er- 

X  =  Hreadth  of  any  fringe  of  homogeneous  light. 


middle  of  the  arcs  .\  m  and  G  n,  or,  what  is  the  same 
thing,  by  the  difi'ercnce  between  the  two  rays  .'\P  and 
fiP,  which  set  out  from  the  edges  of  the  inflecting  body. 
Hence,  when  the  interior  fringes  are  suflicienily  dis- 
tant from  the  margins  of  the  geometrical  shadow,  we 
m'ay  suppose  that  the  inflectinq:  waves  have  their  cet\- 
tres  in  the  very  edges  of  the  inflecting  body. 

We  regret  that  we  cannot  follow  M.  Fresnel  through- 
out the  whole  of  his  able  investigation.  Our  limits  will 
not  permit  us  to  do  any  thing  more  than  |)reseiit  our 
readers  with  some  of  the  leading  formulae  which  he  has 
deduced.     Calling 


A  ^  The  lengih  of  an  undulation. 
a  =  Distance  of  the  inflecting  body  from  the  radiant  point  or  aperture. 
b  =  The  distance  of  the  paper  which  receives  the  fringe  behind  the  inflecting  body. 
V  =  The  velocity  of  light  in  its  oscillations. 

n  =  The  value  of  v  corresponding  tc  the  maximum  and  minimum  of  the  fringes. 
Then  he  finds, 


^=.J 


\ia-\-b)bX 


or  for  the  maximum  and  minimum. 


xzznji 


5  [a  +  b)bK^ 
a 
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Htre  ilie  radical  quariiity  is  precisely  tlie  distances  be- 
tween the  margin  of  the  gcomcirical  sliadow,  and  the 
point  which  corresponds  to  a  dillerence  of  a  quarter  of 
an  undulation  between  the  direct  ray,  and  the  ray  which 
sets  out  liom  the  margin  of  the  iiilkcling  body.  U  we 
then  substitute  in  place  of  n  its  value  correspondinsj;  to 
the  minimum  of  the  first  order,  that  is,  the  darkest  part 
of  the  obscure  fringe  of  the  first  order,  we  have. 


x=.  1.8726 


/' 


(a  +  b)6^ 


These  formulae  are  suited  to  the  hypothesis  of  M.  Fres- 
ntl.  But  if  we  suppose,  with  Dr.  Young,  that  the 
fringes  are  produced  by  the  inierlerence  of  the  direct 
rays  with  those  reflected  from  the  margin  of  the  re- 
flected body,  and  suppose  also  tliat  the  reflected  rays 
experience  a  retardation  of  a  semi-undulation,  then  we 
shall  find  that 


^  —J-  ("  +  *)*  \rx=-/'  ^"  +  ^^  ^  ^ 

Now  the  values  of  x,  on  these  two  hypotheses,  are  as 
2  to  1.8726,  so  that  we  may  determine  which  of  them 
agrees  best  with  experiment. 

M.  Fresnel  has  made  this  comparison,  and  has  found 
the  new  hypothesis  more  consistent  with  observation 
than  the  other.  Hence  we  may  confidently  conclude, 
that  the  formation  and  position  of  tlie  exterior  fringes 
are  satisfactorily  explained  by  considering  them  as 
produced  by  the  interterence  of  an  infinity  of  elemen- 
tary waves  which  emanate  from  a  primitive  wave, 
when  partly  interrupted  by  an  opaque  body. 

M.  Fresnel  has  remarked  it  as  an  interesting  result 
of  his  formula,  that  the  values  of  .r  are  not  proportional 
to  the  values  of  b,  but  to  the  ordinates  of  a  hyperbola 
of  which  the  values  of  b  will  be  the  abscissas.  Hence  it 
follows  from  this  theory,  that  the  points  ot  the  same  in- 
tensity, in  relation  to  the  margin  of  the  geometrical 
shadow,  do  not  form  a  straight  line  by  varying  b,  but  a 
hyperbola,  and  this  is  the  case  both  for  the  exterior  and 
tl-e  interior  fringes.*   ■ 

The  important  discovery  of  Dr.  Young,  that  the  in- 
terior fringes  disappeared  by  the  interposition  of  a 
screen,  was  ex'ended  by  M.  Arago,  who  found  that  the 
same  effect  is  produced  by  a  transparent  screen  of 
sufficient  thickntss,  and  that  thin  screens  only  transfer 
the  fringes  from  the  side  where  they  are  formed.  When 
a  transparent  si  reen  is  placed  on  each  side  of  the  in- 
flecting body,  ihe  effect  is  equal  to  the  difference  of  the 
transferences  which  each  of  them  would  have  produced 
separately.  When  the  thickness  and  the  refracting 
power  of  the  screen  is  known,  the  quantity  of  this  trans- 
ference may  be  computed  from  principles  deduced  from 
the  undulatoiy  theory.  This  method  has  been  em- 
ployed by  MM.  .\rago  and  Fresnel,  for  measuring  the 
refrartive  powers  of  gases  with  great  exactness. 

It  follows  from  the  law  of  interference  as  given  by 
Dr.  Younp:,  that  tl)e  velocity  of  the  rays   in    glass  will 


be  less  rapid  than  in  air,  ui  the  ratio  of  their  refraction, 
so  that  if  one  of  two  rays  before  their  interference  is 
transmitted  througlj  a  very  thin  plate  of  glass,  and  then 
allowed  to  interfere  with  the  other  ray,  it  will  not  pro- 
duce the  same  coloured  Iringc  that  ii  would  have  done 
had  the  plate  of  glass  not  been  interposed,  but  there  will 
be  some  other  ray  with  which  it  will  interfere  in  an- 
other place,  and  produce  the  coloured  fringe.  By 
observing,  therefore,  tlie  displacement  of  the  coloured 
fringes  produced  by  a  given  plate  of  glass,  we  may  find 
the  relraciive  power  of  this  plate  MM.  Arago  and 
Fresnel  have  employed  this  metliod  in  measuring  difier- 
ences  of  refraction  which  could  not  be  determined  by 
any  other  means. 

An  account  of  a  series  of  very  splendid  and  interest- 
ing experiments  on  the  inflexion  of  light,  has  been  re- 
cently published  by  M.  I-'raunhofer  of  Munich,  under 
the  title  of  A'eue  Modi/ikation  d^a  Lichees  durch  gegens- 
seitige  Einwirkung  und  Beugiing  der  Stra/ilcn,  und  Ge- 
seize  derselben.^  As  these  experiments  are  entirely  un- 
known in  this  country,  and  apparently  not  even  in 
France,  we  shall  lay  before  our  readers  a  fuller  account 
of  them  than  might  otherwise  be  thought  necessary. 

In  these  experiments,  M.  Fraunhofer  employed  a  he- 
liostate  for  giving  a  fixed  oirection  to  the  solar  ray,  and 
he  examined  all  the  phenomena  through  a  telescope 
mounted  upon  a  large  and  accurate  theodolite,  by- 
means  of  which  he  measured  the  deviation  of  the  in- 
flected light.  The  object  glass  was  20  lines  in  diameter  ; 
its  focal  length  was  16.9  inches,  and  its  magnifying 
power  from  30.4  to  J  10.  The  heliostate  was  placed  S8 
feet  7|  inches  F'rcnch  measure  fiom  the  centre  of  the 
theodolite.  The  diameters  of  the  apertures  were  measur- 
ed by  a  micrometer  microscope,  which  indicated  dis- 
tinctly the  two  hundred  thousandth  part  of  an  inch,  and 
sometimes  even  half  that  quantity. 

Having  directed  the  telescope  to  ihe  aperture  of  the 
heliostate,  so  that  the  aperture  was  bisected  by  the  wire 
of  the  micrometer,  a  very  narrow  aperture,  such  as  that 
shown  at  A.  Fig.  I.  was  phced  before  the  object  glass. 
There  was  then  seen  in  the  middle  of  the  field  a  ivhite 
band  L'KL*,  Fig.  3.  which  became  yellow  towards  L^, 
and  L'  where  it  was  red.  On  both  sides  of  K,  beyond 
L',  L',  were  other  two  spaces  L'  L";  L'  L",  which 
displayed  all  the  ordinary  colours  of  the  spectrum  in 
great  vivaciiy,  the  indigo  beginning  near  L'-  and  fol- 
lowed by  blue,  green,  yellow,  terminating  with  r- d  at 
LO,  L".  To  the  right  of  L"  a  second  sp-icc  L*^  L™, 
etiual  to  the  preceding,  displayed  another  spectrum,  but 
with  colours  much  less  lively,  'leing  blue  ai  L",  then 
green,  yelL'jw.  and  then  rfrf  ut  Lm.  To  the  right  of  this 
a  similar  spectrum  L'"  L'*  -was  formed,  and  many 
others  of  a  similar  nature  in  succession,  their  bounda- 
ries becoming  less  defined.  These  spec  ra  incre.ise  in 
magnitude  as  the  aperture  is  diminished,  and  when 
formed  in  this  manner  by  a  single  aperture,  they  are 
called  External  spectra.  In  this  way  M  Fraunhofer 
obtained  the  measures  in  the  following  Table. 


•  The  hvperbolic  fnrm  of  the  consecutive  points  of  the  same  fringes  was  discovered  by  Dr.  Young,  and  is  described  in  his  Lee 
tures  on  .Viitwal  Phlo.iophy,  vol   i.  p.  287.  Fip  442. 

t  A  very  excellent  absir.-.ct  of  this  piper  wiil  be  found  in  the  lliblioiheq^ie  UniverseVe,  for  January  and  February,  1823,  totn.xiT. 
pages  3  and  73  ;  but  it  is  not  easily  understood  in  consequence  of  the  principal  figures  not  being  given. 
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N". 

Diameter  of 
the  Aper- 
ture, ill  Pa- 
ris Inches. 

U 

L» 

H" 

L«v 

.\iithmetical 
Mean,  L. 

Product  of  the 
Aperture  of 
the  Arch  L. 

I 

0.11545 

37".58 

r  i5".5 

1-53" 

37".66 

0.0000210 

2 

0.06098 

1' 

11   .6 

2   32  .7 

3   31   .7 

4'  44".7 

r    11   .17 

0.0000210 

3 

0.03690 

1 

57  .1 

3  53    .3 

5   48  .3 

1     56   .6 

0.0000209 

4 

0.02346 

3 

4 

6     7  .7 

9    16  .3 

23     14   .7 

3       4  .43 

0.0000210 

5 

0.01257 

5 

48   .5 

11   38 

17  26  .5 

5    48   .7 

0.0000209 

6 

0.01210 

6 

— 

12      1 

18   14 

24       9 

6       1    .84 

0.0000212 

r 

0.01020 

6 

55 

13  56 

20  54 

6     57   .3 

0.0000206 

8 

9 

0.00671 

11 

6 

22    12    7 

33   14 

44    35 

11       6  .4 

0.0000217 

0.00642 

11 

11 

22    18 

33  43 

44    58 

U     12   .2 

0.0000209 

10 

0.00337 

21 

3 

42    16 

1=      4- 

21     10  .3 

0.0000207 

11 

0.00308 

23 

31 

47     6 

1     10  43 

23    32.  7 

0.3000211 

12 

0.00218 

33 

30 

1°     7  40 

33    40 

0.0000213 

13 

0.00215 

35 

24  .7 

1      10    16 

35     17 

0.0000220 

14 

0.00114 

1°    4 

53  .53 

1°     4    S3 

0.0000215 

Fic'in  these  results  M.  Fraunhofcr  concludes, 

1.  That  the  angles  of  deviation  of  light  fiaasitig  through 
different  afiertures,  are  inversely  as  the  width  oj"  the  ajier- 
tures. 

2.  That  the  distances  of  the  fringes  of  homogeneous 
light  from  the  middle  K  of  the  luminous  band  are  in  an 
arithmetical  firogression,  •whose  difference  is  equal  to  the 

first  term. 

M.  Fraunhofer  now  proceeds  to  examine  the  pheno- 
mena of  inflexion,  where  the  margins  of  the  aperture 
are  in  different  planes,  or  in  planes  distant  from  one 
anotlier.  When  in  this  case,  the  apparent  aperture  is 
reduced  from  0.02  to  0.04  of  an  inch,  the  s/iectra  are 
the  same  as  when  the  margins  of  the  aperture  are  equi- 
distant from  the  observer ;  but  if  the  apparent  aperture 
is  gradually  diminished  below  0.07,  the  spectra  on  the 
same  side  as  the  margin  of  the  aperture  nearest  the  ob- 
server exfiand  horizontally  more  than  those  on  the  other 
side,  so  that  the  phenomena  cease  to  be  symmetrical  on 
each  side  of  the  centre  of  vision.  When  the  aperture 
becomes  very  narrow,  the  spectra  on  the  side  already 
mentioned  become  double,  and  then  quadrujile,  of  those 
which  remain  nearly  stationary  on  the  other  side.  This 
disappearance  takes  place  in  the  following  manner  :  The 
fifth  spectrum  expands  almost  instantaneously  over  the 
whole  visible  space,  and  is  soon  invisible.  The  same 
thing  happens  to  the  fourth  and  to  the  third  in  succes- 
sion. During  this  time  the  spectra  on  the  other  side  of 
the  axis  are  not  sensibly  altered;  but  when  the  first,  or 
those  which  vary  in  magnitude,  have  all  vanished,  the 


latter  disappear,  not  successively,  but  all  at  once,  when 
the  two  margins  which  form  the  apparent  aperture  have 
excluded  by  their  approach  the  whole  of  the  incident 
light. 

When  the  light  arrives  at  the  heliostate  by  a  circular 
aperture  from  0.04  to  0.08  of  an  inch  in  diameter,  and 
when  a  square  aperture  is  placed  before  the  telescope, 
a  luminous  cross  appears,  having  the  same  colours  in  the 
vertical  as  in  the  horizontal  branch,  and  fainter  spectra 
in  the  four  angles,  as  shown  in  Fig.  4.  If  the  aperture 
is  rectangular,  and  higher  than  it  is  wide,  the  s/iectra  on 
the  horizontal  and  vertical  branch  have  not  the  same  di- 
mensions, those  in  the  vertical  brunch  being  smaller  in 
the  inverse  ratio  of  the  height  to  the  length. 

If  the  aperture  in  front  of  the  telescope  is  round,  the 
concentric  coloured  rings  of  Newton,  but  without  any 
central  black  spot,  appear  in  the  field  of  the  telescope. 
These  rings  increase  in  diameter  as  the  circular  aperture 
diminislies. 

The  following  Table  contains  the  results  of  M.  Fraun- 
hol'er's  measurements  of  these  rings. 

From  these  measures  M.  Fraunhofer  concludes, 

1.  That  the  diameters  of  the  coloured  rings  firoduced 
by  circular  afiertures  are  inversely  as  the  diameters  of 
the  afiertures. 

2.  That  in  the  same  rings  the  radii  of  curvature  of 
the  red  margin  of  the  different  rings,  reckoning  from  the 
centre,  follow  an  arithmetical  firogression,  whose  differ- 
ence is  smaller  than  the  first  term. 
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N°. 

Diameter  of 

the  Aper- 
ture, in  Pa. 
ris  Inches. 

L« 

L" 

L'" 

Liv 

L  V 

Arithmeti- 
cal Mean  of 
tlie  Differ- 
ences, L. 

L>y 

Ly 

1 

0.10426 

53"  8 

r 

36". 3 

2' 

16" 

2' 

50' 

.5 

41".6 

0.0000272 

0  0000210 

2 

0  06713 

r  22  .3 

2 

27 

3 

30 

4 

32. 

3 

1'     3    .3 

O.O00O268 

0.0000206  1 

3 

i).05  '01 

!    48    .8 

3 

17  .3 

4 

46   .8 

6 

15 

.5 

7'  47".7 

1     29   .7 

00000264 

0  0000217 

4 

0  03997 

2 

12   .7 

4 

2   .9 

5 

55    .1 

7 

48 

.5 

9    40  .9 

1     52 

0.0000257 

0.0000217 

i 

003791 

2 

15   .7 

4 

8   .5 

6 

6  .3 

8 

5 

.1 

1     56   .5 

0.0000249 

0  0000214 

6 

0  03318 

2 

41     7 

4 

52   .4 

7 

6   .4 

9 

18 

.7 

11     32 

2     12  .6 

0.0000260 

0.00002 1 3 

7 

0.02682 

3 

13   .1 

6 

1    .4 

8 

49   .7 

1  1 

42 

2     49    .6 

0  0000251 

0.0000223 

8 

0.U231S 

3 

49    .4 

6 

57   .8 

10 

14   .5 

13 

23 

.6 

3     11    .4 

0.0000258 

0.0000215 

9 

0.02237 

3 

54    .7 

7 

9    .4 

10 

24   .1 

13 

40 

.5 

3     15  .3 

0.0000255 

0.0000212 

1 

0.02134 

4 

3    .6 

7 

24   .5 

10 

56   .4 

14 

15 

.4 

3    20  .6 

0.0000252 

0.0000208 

11 

0  01824 

4 

45   .5 

8 

51    .3 

12 

54    .9 

17 

3 

.5 

4       6 

0.0000252 

0.0000217  1 

12 

0.01746 

5 

■J 

9 

19    4 

13 

22    9 

17 

52 

4     16  .3 

0.000  J2  57 

0.0000217 

13 

0.01J38 

6 

55    .5 

12 

57    5 

13 

48   .6 

5    56  .5 

0  0000249 

0.0000214 

It 

0  00922 

9 

27   .3 

17 

35   .4 

25 

34    5 

8       3    6 

0.0000254 

0.0000216 

In  place  of  an  aperture  bounded  by  the  edges  of  me- 
tallic plates,  M.  Fraunhofer  employed  one  of  a  differ- 
ent kind.  Havini^  covered  a  piece  of  i^lass  with  two  or 
three  folds  of  i;old  leaf,  he  drew  upon  it  with  a  very  fine 
point  either  a  straight  line  or  a  ciicle,  free  of  any  burr 
at  the  edges.  Wlien  the  aperture  of  a  circular  line  WdS 
used,  circular  rings  were  formed,  having  the  same  co- 
lours as  xhtse  produced  by  a  circular  aperture,  but  of 
different  diameters.  Their  dianittcr  was  now  indepen- 
dent of  thai  of  the  circle,  but  depended  only  on  the 
widlh  o/ the  circular  tine,  &o 'Mat  ^vhenlhe  width  of  the  cir- 
cular luie  btcanie  equal  to  the  raf'ius  of  a  common  cir- 
cular aperturt ,  the  phenomena  were  the  same  as  in  the 
last  Table.  Htnce,  calling  w  the  width  of  tlie  circular 
line,  wf  shall  have 

0.000211  ,        0  0000211  0  0000211 

,  and  2. ,  3. ,  &c. 

w  w  iv 

for  the  semidianieters  of  the  Isl,  2d,  and  3d  rings  pro- 
duced by  a  circular  line. 

When  an  arch  of  the  circular  line  was  intercepted, 
for  example,  an  arch  of  220°,  then  the  coloured  rings  were 
not  complete,  but  Wiiiied  two  opposite  st  tjnients,  as 
shown  in  Fig  S.  at  AB,  CD,  each  beiiij;  ^;  4"°.  and  in 
general  the  opposite  coloured  arches  AC,  13 D,  are  ex- 
actly equal  to  the  nuniber  of  degrees  of  the  circular 
line  not  intercept>-d. 

In  order  to  determine  the  effect  produced  by  the  con- 
course of  a  great  number  of  rays  equally  inflected,  M. 
Fraunhofer  placed  before  his  telescope  a  series  of  pa- 
rallel aiid  equidistant  wires.  In  order  to  form  this  sys- 
tem of  wires,  he  placed  two  screws  parallel  to  e-.ich 
olhpr  on  th'-  opposite  sides  of  a  frame,  aid  having  160 
threads  in  a  French  inch;  and  he  placed  a  wire  in  each 
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thread,  for  the  purpose  of  insuring  their  exact  parallel- 
ism. The.  threads  had  a  diameter  of  0.0002021  of  an 
inch,  and  were  separated  by  intervals  of  0.003862  of  an 
inch.  A  pencil  of  the  solar  rays  was  then  admitted  upon 
the  object  glass  of  the  telescope,  through  a  vertical 
aperture  2  inches  higii  and  0  001  of  an  inch  w'de,  and 
the  frame  of  wires  was  placed  before  the  object  glass, 
so  that  no  other  light  could  be  admitted  but  what  passed 
between  them. 

In  looking  through  the  telescope,  M.  Fraunhofer  was 
delighted  with  a  sight  equally  new  and  interesting,  and 
which  he  has  attempted  to  illustrate  by  Fig.  1.  At  A 
is  seen  the  luminous  aperture  as  distinctly  terminated, 
and  having  the  same  shape,  as  if  no  wires  had  been  in- 
terposed. To  the  right  and  left  of  A  are  two  spaces 
AH',  AH',  absolutely  defirived  of  light.  Beyond  this, 
on  each  side,  are  two  equal  and  similar  spectra  H'C, 
H'C,  as  brilliant  as  those  produced  by  a  good  prism, 
H'  being  the  violet,  and  C  the  red  extremity.  Beyond 
this,  from  C  to  H",  and  from  C  to  H",  there  is  a  space 
as  dark  ts  the  foimer.  Then  succeeds  another  spec- 
trum H"  C,  having  double  the  width  of  the  first,  and 
the  colours  in  the  same  order,  but  much  fainter.  To 
this  spectrum  succeeds  a  third  to  the  right  of  C,  with- 
out the  intervention  of  any  black  space  ;  but  a  part  of 
the  violet  rays  mix  with  the  red  of  the  spectrum.  It 
is  more  extendrd  than  the  second,  but  the  colours  are 
less  lively.  A  fourth  spectrura  follows,  whose  blue 
border  mixes  with  the  third  spectrum,  and  its  red  bor- 
dfT  with  the  fifth  spectrum.  Other  spectra,  more  ex- 
panded and  dilated,  follow  both  on  the  right  and  on  the 
left ;  and  our  author  has  been  able  to  distinguish  no 
fewer  than  thirteen  on  each  side  of  the  central  line  A. 
5  M 
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When  the  eye-glass  is  adjusted  to  distinct  vision  of 
the  apcmirc  near  the  hcliostate,  the  frame  of  wire  being 
removed,  Fraunhofer  observed,  after  the  frame  of  wires 
was  replaced,  the  lines  and  bands  which  he  had  dis- 
covered in  the  common  solar  spectrum.  (See  p.  678.) 
Hence  he  was  enabled  to  determine  very  exactly  the 
laws  by  which  the  inflected  spectra  were  formed  ;  tor 
the  lines  were  grouped  in  the  same  manner  in  both 
kinds  of  spectra,  which  difi'cred  only  in  the  relative  pro- 
portions of  the  coloured  spaces.  M.  Fraunhofer  has 
given  the  name  of  mean  s/iectra  to  those  produced  by 
the  parallel  wires;  and  he  calls  Ihcrn  fier/ecC  when  the 
lines  and  bands  are  distinctly  seen,  and  imjterffct  when 
the  lines  arc  nol  perceived,  in  consequence  of  the  small 
number  of  infltcicd  rays. 

M.  Fraunhofer  repeated  the  same  experiments  with 
wires  stretched  in  the  threads  of  screws,  which  had  340 
to  the  inch.  He  employed  also  gilt  plates  of  glass,  on 
which  he  had  traced  parallel  lines,  very  delicate  and  very 
near  (o  each  other,  and  he  found  that  these  glasses  gave 
the  same  spectra  as  the  wires.  By  thus  varying  the  ex- 
periments, he  found  that  the  magnitude  of  the  mean 
spectra  depend  neither  on  the  width  of  the  intervals  be- 
tween the  wires,  nor  on  the  diameter  of  the  wires  them- 
selves, but  on  these  two  quantities  taken  colk-ctiveiy,  or 
on  the  distances  from  the  middle  of  two  adjacent  inter- 
vals;  the  effect  being  exactly  the  same,  whether  the 
wires  were  large  and  the  intervals  small,  or  whether  the 
intervals  were  large  and  the  wires  small,  provided  that 
the  distance  between  the  centres  of  two  contiguous  in- 
tervals remained  the  same.  Hairs  produced  the  same 
effect  as  wires. 

When  the  wires  are  large,  and  the  intervals  narrow, 
but  the  distance  of  the  centres  of  the  intervals  consi- 
derable, then  the  mean  spectra  cease  to  appear  to  the 
right  and  left  in  the  field  of  view  ;  but  others  of  difier- 
ent  widths,  but  without  the  lines  and  bands  of  the  pris- 
matic spectrum,  are  seen,  which  resemble  the  external 
ifiecira  already  described.  Sometimes  part  of  the  esc- 
ternal  nfiectra  coincide  with  the  mean  sfiectra,  and  alter 
their  purity  The  perfect  mean  spectra  consist  of  ho- 
mogeneous light,  and  by  examining  them  with  a  prism, 
it  is  easy  to  find  beyond  the  third  spectrum,  where  they 
overlap  one  another,  and  mingle  their  tints. 

M.  Fraunhofer  next  proceeds  to  take  exact  measures 
of  the  distances  of  each  of  the  lines  H'  G'  F',  &c.  from 
the  central  line  A,  and  to  ascertain  how  these  distances 
are  related  to  the  diameters  of  the  intervals  and  the 
wires.  From  ten  sets  of  experiments,  in  which  d,  the 
diameter  of  the  wires,  varied  from  0.001324  of  an  inch 
to  0.022486,  and  i,  the  interval  between  the  wires,  va- 
ried from  0.000628  to  0.002878,  he  deduced  the  follow- 
ing laws. 

!.  If  by  means  of  two  different  frames  of  wires,  each 
composed  of  loires  of  the  same  diameter,  and  with  equal 
interz-uts,  we  inflect  a  great  number  of  rays.,  which  pass 
through  the  intervals  of  the  wires,  this  inflexion,  joined 
to  the  mutual  injluence  of  the  infected  rays,  generates  co- 
loured ipectra,  whose  width  and  distance  from  the  axis  of 
vision  arc  in  the  inverse  ratio  of  the  spaces  reckoned  from 
the  middle  to  the  middle  of  the  intervals  between  the 
wires,  that  is,  in  the  inverse  ratio  of  the  quantity 
d+i. 

2.  In  the  perfect  mean  spectra,  the  deviations  of  rays 
of  the  same  colour  in  spectra,  placed  symmclrically  on 
both  sidts  of  the  axes,  follow  an  arithmetical  progression, 
whose  difference  is  equal  to  the  fir  &t  term, 


When  the  light  which  falls  upon  the  object  glasses 
has  passed  through  two  equal  frames  of  wires,  the 
spectra  produced  have  the  same  magnitude  as  if  there 
had  been  oidy  one;  but  if  the  two  frames  of  wires  are 
unequal,  the  distance  of  the  spectra  to  the  right  and 
left  of  the  axis  is  the  same  as  if  the  closest  frame  of 
wires  had  alone  been  used. 

RI.  Fraunhofer's  next  object  was  to  ascertain  the  mu- 
tual influence  of  two  or  three  inflected  rays  ;  and  in  or- 
der 10  do  this,  he  placed  before  one  of  his  wire  frames 
two  screens,  situated  in  the  same  vertical  plane,  and 
by  means  of  whose  rectilineal  edges  he  could  cover  all 
the  intervals  of  the  wireframe,  excepting  One.  When 
tliis  was  done,  he  found  that  the  spectra  were,  as  might 
have  been  expected,  the  very  same  as  the  external  ones 
formerly  described.  When  Two  intervals  of  the  wii-e 
frame  were  open,  the  imperfect  tncan  spectra  were  then 
seen,  along  with  the  external  ones,  occupying  a  space 
from  M'  to  M'v,  Fig.  2.  exactly  equal  to  L*  L*,  in  the 
spectrum  shown  in  Fig.  3.  all  the  spectra  to  the  right 
and  left  hand  of  M'^  M'^,  being  exactly  the  same  as  in 
Fig.  3.  Each  of  the  imperfect  mean  spectra,  M'  M°, 
8cc.  is  composed  of  the  same  colours  and  in  the  same 
order  as  the  spectrum  L' L',  of  Fig.  3.  When  Three 
intervals  were  open,  a  third  kind  of  spectra,  which  he 
calls  internal,  were  seen,  and  which  appear  along  with 
the  other  two  kinds.  They  occupy  the  space  between 
M'  and  M',  in  Fig.  2.  and  are  two  in  number,  and  have 
the  same  colours  as  the  other  spectra.  When  J'our 
intervals  were  open,  all  the  three  classes  of  spectra  were 
seen,  but  the  internal  ones,  now  three  in  number,  were 
sensibly  narrower  than  when  only  two  intervals  were 
open.  With  Five  intervals  open,  the  internal  spectra, 
now  four  in  number,  were  narrower  still,  and  the  mean 
spectra  altered  a  little.  With  Six  Intervals  open,  the 
external  spectra  were  smaller  than  with  five  ;  with  seven 
smaller  than  with  six  ;  and  so  on,  till  at  last  they  can 
no  longer  be  distinguished,  and  wc  see  only  a  bright 
and  colourless  line,  such  as  would  be  seen  if  the  wire 
frame  was  not  interposed  between  the  heliostaie  and  the 
object  glass.  After  measuring  the  angles  which  these 
spectra  form  on  both  sides  of  the  axis,  M.  Fraunhofer 
draws  the  following  conclusions  : 

1.  When  we  use  the  same  wire  frame,  but  vary  the 
intervals,  or  the  number  of  inflected  rays,  the  distances  of 
the  internal  spectra  from  the  axis  of  vision,  and  their 
inagyiitudc,  are  inversely  as  the  number  of  rays  admitted, 
that  in,  of  the  number  of  free  intervals  setting  out  from 
the  number  3. 

2.  Jl'hcn  we  use  difl'erent  wireframes,  the  number  of 
infected  rays  remaining  the  same,  the  distances  of  the  in- 
ternal spectra  and  their  magnitudes  are  in  the  inverse  ra- 
tio  of  the  quantity  i+d,  that  is,  of  the  distance  between 
the  middle  points  of  two  adjacent  intervals. 

3.  In  the  internal  spectra  the  distances  from  the  axis 
follow   an   arithmetical  progression,  whose   difference  is 

equal  to  the  first  term. 

M.  Fraunhoftr  has  also  found  tliat  the  magnitude  of 
the  mean  imperfect  spectra,  and  their  distances  from  the 
axis,  vary  as  the  quantity  J-fd  in  difTcrcni  wire  frames; 
though  they  differ  greatly  from  those  produced  by  rountl 
or  narrow  apertures,  with  respect  to  the  series  of  dis- 
tances between  the  axis  of  vision  and  the  diiicrent  co- 
loured rays. 

In  order  to  determine  the  effects  produced  when  the 
inflexion  lakes  place  in  different  infieciing  media,  M. 
Fraunhofer  placed  his  wire  frames  in  glass  vessels,  vrilb 
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parallel  sides,  and  containing  different  fluids,  such  as 
•water,  oil  of  turfientinei  and  oil  of  anise  seeds.  Jn  all 
these  cases  he  found  the  deviation  of  the  spectni  as  much 
greater  in  these  media  as  the  refracting  power  was 
greater;  hence,  by  multiplying  the  deviations  found  by 
experiment  by  tlie  index  of  refraction  from  any  ray  in  a 
given  medium,  we  obtain  the  angle  which  would  have 
been  observed  in  air;  that  is, 

With  the  same  wire  frame  plunged  in  diffdrent  media, 
the  sines  of  the  angles  formed  by  rays  made  to  diverge  by 
inflection  in  each  of  these  media,  are  in  the  inverse  ratio 
of  the  indices  of  refraction  for  each  medium.  This  law 
is  true  both  for  the  internal  and  the  external  spectra, 
but  our  author  is  not  certain  if  it  is  applicable  to  the 
mean  imfierfect  sfieclra. 

When  anumber  of  inflected  rays  are  produced  by  re- 
flexion from  a  plate  of  gilded  glass,  having  a  great 
number  of  opaque  and  narrow  intervals  traced  on  the 
silvered  side  with  a  fine  point,  and  when  this  plate  re- 
ceived the  rays  from  the  heliostate,  and  reflected  the 
light  to  the  object  glass,  all  the  phenomena  were  pro- 
duced in  the  same  manner  as  when  the  wire  frame  was 
used,  the  spectra  and  their  distance  from  the  axis  in- 
creasing as  the  angle  of  incidence  upon  the  striped 
mirror  was  diminished. 

The  most  curious  phenomena  observed  by  M.  Fraun- 
hofer,  were  obtained  by  the  interference  of  pencils  of 
rays  inflected  by  round  and  quadrangular  apertures.  He 
first  examined  the  effect  of  two  pencils  of  rays  passing 
through  two  circular  apertures  perforating  a  thin  plate 
of  brass.  The  diameter  of  each  aperture  was  0.02227 
of  an  inch,  and  the  distance  of  their  centres  was  0.0383 1 
of  an  inch.  When  the  aperture  near  the  heliostate  was 
round,  and  the  plate  of  brass  placed  before  the  telescope, 
the  extraordinary  appearance  shown  in  Fig.  6.  was  ob- 
served. This  figure  consists  of  65  elliptical  spectra, 
distributed  in  four  concentric  rings,  the  largest  of  which 
contains  28  spectra,  the  next  30,  the  third  12,  and  the 
fourth  5  contiguous  spectra  occupying  the  centre, 
which  is  perfectly  white.  The  arrangement  of  these 
spots  is  symmetrical  on  the  right  and  left  side  of  the 
circle.  From  the  upper  and  lower  side  of  the  circle 
diverge  three  large  bands,  the  breadih  of  each  of  which 
is  about  one-third  of  the  diameter  of  the  circle.  These 
bands,  forming  a  St.  Andrew's  cross,  are  each  covered 
with  three  rows  of  white  elliptical  spots  upon  a  white 
ground. 

When  the  distance  of  the  two  apertures  is  increased, 
and  their  diameter  remains  the  same,  the  spectra  be- 
come more  numerous,  and  the  angle  formed  by  the  bands 
of  the  St.  Andrew's  cross  become  smaller. 

If  we  increase  the  diameter  of  the  apertures  without 
changing  the  distance  of  their  centres,  the  diameters  of 
the  coloured  rings  which  contain  the  spots  diminish 
in  the  same  ratio,  but  the  spectra  or  spots  which  com- 
pose them  remain  at  the  same  distance  from  each  other  ; 
whence  it  follows  that  the  number  of  spots  in  each  ring 
diminishes. 

If  we  perforate  a  plate  of  metal  with  three,  and  after- 
wards with  four  circular  apertures  placed  in  a  row  like 
the  two  already  mentioned,  the  middle  spectrum  in  the 
circular  central  spot  separates  more  and  more  from  the 
adjacent  ones,  and  becomes  narrower,  a  modification 
analogous  to  that  which  arises  from  the  interference  of 
two,  and  afterwards  of  three  rays  inflected  by  narrow 
longitudinal  apertures.    The  spectra  presented  by  each 


spot  becomes  also  more  narrow,  and  their  colours  more 
lively. 

When  four  apertures  are  arranged,  so  as  to  con  espond 
wuh  the  four  angles  of  a  square,  the  phenomena  expe- 
rience a  considerable  change,  as  shown  in  Fig.  7.  The 
elliptical  coloured  spots  become  more  numerous,  there 
being  no  fewer  than  48  in  the  largest  of  the  concentric 
rings  ;  and  on  the  fourth,  which  occupies  the  centre  of 
the  large  image, nine  of  a  square  form,  and  with  rounded 
angles,  arranged  in  threes,  so  as  to  represent  a  square 
with  nine  divisions.  This  central  square  is  white  in  the 
middle,  and  red  at  the  edges.  From  the  top  of  the 
great  image  there  radiates  three  bands  aa,  bb,  cc,  form- 
ing only  a  fourth  part  of  the  cross.  If  we  leave  the  dia- 
meters of  the  four  apertures  the  same,  and  increase  the 
square  which  they  form,  the  central  spot  will  then  divide 
itself  into  a  greater  number  of  small  squares;  an  effect 
which  is  analogous  to  that  observed  in  the  images  of 
two  longitudinal  apertures  wlrose  width  has  been  in- 
creased. 

If  the  plate  of  metal  is  perforated  with  several  equal 
circular  apertures,  corresponding  with  the  angles  of  a 
number  of  contiguous  and  equal  squares,  the  image  re- 
mains nearly  the  same  as  if  there  had  been  only  four 
apertures,  only  the  spectra,  particularly  the  middle 
ones,  appear  as  much  more  distant  from  each  othc  ,  and 
as  much  more  vivid,  as  the  number  of  apertures  is  in- 
creased. This  modification  is  analogous  to  that  which 
takes  place  when  several  circular  apertures  are  arran-^ed 
in  the  same  straight  line. 

When  the  apertures  to  the  number  of  three  are  placed 
at  the  three  angles  of  an  equilateral  triangle,  the  ap- 
pearance is  what  is  represented  in   Fig.  8.     The  co- 
loured elliptical  spots  are  much  more  numerous,  and 
are  arranged  in  five  concentric  rings,  the  outermost  of 
which  contains  54.     Their  dimensions  are  nearly  equal ; 
but  the  central  spot,  and  the  six  which  surround  it,  and' 
touch  one  another  reciprocally,  are  of  a  ciixular  form^ 
excepting  the  slight  flattening  at  their  points  of  contact. 
The  central  spot  is  white,  and  reddish  at  the  edges,  and 
the  others  are  white  near  the  centre,  and  red  towards 
the  edges.     If,  when  the  apertures  remain  tlie  same, 
we  enlarge  the  triangle  which  they  form,  a  greater  num- 
ber of  spots  appear  in  the  centre  ;  but  their  size  is  dimi- 
nished.    When  a  great  number  of  apertures  are  made, 
so  as  to  form  the  angles  of  a  number  of  contiguous  equi- 
lateral triangles,  the  spectra  separate  much  ;  and  the 
six  round  spots  which  encircle  the  central  one  are  trans- 
formed into  six  symmetrical  spectra  with  brilliant  co- 
lours, but  no   longer  contiguous.     The   other 
also  become  narrower  and  more  brilliant. 

The  most  beautiful  of  all  the  phenomena  observed  by 
M.  Fraunhofer,  is  that  which  we  have  represented  in 
Fig.  9.  which  contains  only  a  quadrant  of  the  circular 
image.  This  singular  effect  is  produced,  by  transmit- 
ting the  light  of  a  circular  aperture  through  two  equal 
wire  frames  placed  one  upon  the  other,  so  that  the  wires 
cross  one  another  at  right  angles.  In  this  figure  the 
spectra  are  no  longer  elliptical  spots,  but  narrov/  bands 
about  a  line  in  width,  and  varying  in  their  lengths  from 
five  lines  to  five  inches.  They  all  radiate  directly  from 
the  centre,  but  at  the  same  time  form  varied  and  sym- 
metrical groups  in  each  sector  of  45°.  Each  of  these 
bands  represents  a  perfect  spectrum,  whose  violet  ex- 
tremity is  nearest  the  centre,  and  its  red  extremi'v  nest 
the  circumference  of  the  figure.  In  some  places  the 
spectra  touch,  and  even  overlap  one  another,  but  the 
5  IVI  2 
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greater  nuniucr  arc  iiisulaieu  ;  auu  tiie  effect  of  the 
whole  upon  a  deep  black  ground  is  uncommonly  splen- 
did. 

When  diffei'ent  wire  frames  are  crossed  in  the  same 
manner,  tlie  distances  of  the  spectra  from  the  centre, 
and  their  magnitudes,  arc  in  the  inverse  ratio  of  the 
distances  between  the  centres  of  any  two  contiguous 
square  apertures  arising  from  the  crossing  of  the  wires. 
The  spectra  produced  in  these  casts  are  /terftct  mean 
a/ieclray  and  have  neither  lines  nor  bands. 

If  two  unequal  wire  frames  are  crossed  at  right  an- 
gles, the  magnitude  and  inclination  ol  the  spectra  are 
modified  only  in  one  direction,  and  in  the  inverse  ratio 
of  the  ilistance,  between  the  centres  of  any  two  conti- 
guous square  intervals. 

II  the  wire  frames  arc  crossed,  so  as  to  form  rhombic 
spaces,  the  spectra  arc  still  symmeti  ical  ;  but  tiiiir  po- 
sition deviates  from  that  formerly  described,  in  propur- 
tion  as  the  angles  of  the  riiombs  become  more  atule. 

•In  concluding  his  veiy  imeresting  memoir,  M.  Fraun- 
hofcr  remarks,  that  all  these  varied  phenomena  may 
be  explained  upon  the  undulatory  system  ;  and  that  the 
same  system  furnishes  an  expJaiialioii  of  the  lines  and 
bands  which  are  found  in  the  ordinary  prismatic  spec- 
trum. 

CHAP.  V. 

ON   THE   COLOURS  OF  THIN   AND   THICK   PLATES,    DOUBLE 
PLATES,  MIXKD    PLATES,   AND    STRIATED   SURFACES. 

In  all  the  phenomena  of  reflexion  and  refraction  from 
plates  with  parallel  surfaces  which  »e  have  hitherto  de- 
scribed, we  have  supposed  their  thickness  to  be  such  as 
to  reflect  or  transmit  white  light.  Mr.  Boyle  first  ob- 
served the  colours  of  bubbles  of  the  essential  oils,  spirit 
of  wine,  turpentine,  and  soap  and  water;  and  he  suc- 
ceeded in  blowing  glass  so  thin  as  to  exhibit  the  same 
tints.  In  1672,  Dr.  Hooke  exhibited  to  the  Royal  So- 
ciety a  soap  bubble  with  all  its  colours  ;  and  he  after- 
wards succeeded  in  forming  plaies  of  mica  so  thin,  as 
to  exhibit  a  uniform  tint  over  eveiy  part  of  their  surface. 
Analogous  phenomena  had  also  been  observed  by  Lord 
Brereton,  in  1666,  in  the  colours  produced  by  thin  oxi- 
dated films  which  appear  upon  the  surface  of  glass  acted 
upon  by  the  weather.  Sir  Issac  Newton  afterwards  dis- 
covered that  analogous  colours  might  be  produced  by 
thick  plates.  Mr.  Nicholson  observed  colours  in  the 
reflexion  of  light  from  two  glasses  of  unequal  thick- 
ness ;  Dr.  Young  discovered  them  in  mixed  plates  ;  and 
Dr.  Brewster  found  them  in  plates  of  parallel  glass  of 
equal  thickness,  when  slightly  inclined  to  one  another. 

Sect.  I. — On  the  Colours  of  Thin  Plaies. 

The  lest  method  of  exhibiting  the  colours  of  thin 
films  of  soap  arid  water,  is  to  dip  the  mouth  of  a  wine- 
glass in  the  fluid,  and  when  a  film  of  the  soapy  water 
is  stretched  over  it,  and  held  in  a  vertical  position,  its 
upper  edge  becomes  nearly  black,  wliile  the  lower  pans 
are  divided  by  horizontal  lines  into  a  series  of  co- 
loured fringes,  as  represented  in  Finite  CCCCXXXIII. 
Fig.  29. 

The  colours  of  a  thin  plate  of  air  may  be  easily  exhi- 
bited, by  pressing  together  the  surfaces   of  two  glass 


prisms  that  have  not  large  refracting  angles.  At  the 
place  of  contact  various  fringes  ol  coiour-.d  lays  wiil  be 
seen,  both  by  looking  at  tne  liglit  rcHcoted  iroiii  me 
place  ot  contact,  and  by  ex  'mining  the  lii^ht  traasiniiicd 
through  the  prism.  But  as  two  prisms  are  rc<iuircd  for 
this  experiment,  we  may  exhibit  the  colours  by  a  much 
simplei-  apparatus,  and  also  in  a  much  more  unlli.uit 
manner.  Having  taken  a  slip  oi  thick  crown  glass, 
make  a  notch  in  its  side  vvilh  a  file,  and  h:\viiig  applied 
to  the  notch  a  heated  iron,  it  will  speedily  crack  tnrough 
a  short  sp,;ce.  This  crack  may  be  extended  at  pleasure 
by  a  re-application  of  the  heated  iron.  If  we  now  exa- 
mine the  surface  of  this  crack  at  an  angle  less  than  tnat 
which  gives  total  reflexion,  we  shall  see  the  surface  of 
the  crack  covered  witl)  coloured  fringes  parallel  to  tne 
termination  of  the  crack  on  the  line  ol  juncioii  of  tiie 
separated  faces.  These  colours  wiil  be  unusually  bril- 
liant, on  account  ol  the  perfect  polish  of  the  si  parated 
surfaces.  If  the  upper  and  under  surfaces  of  ilic  glass 
parallel  to  the  crack  are  polished,  the  rays  seen  by  trans- 
mission will  also  be  obseived  wi'h  peculiar  distinctness; 
and  by  the  force  of  the  hand  either  in  opening  or  closing 
the  crack,  the  breadth  and  position  of  the  coloured 
fringes  may  be  made  to  vary  at  pleasure  • 

In  order  to  study  the  phenomena  of  the  coloured 
rings  produced  by  thin  plates,  the  method  of  exhibiting 
them  in  Fig.  1.  should  be  adopted.  Two  convex  lenses 
AB,  CD,  of  very  long  foci,  arc  placed  the  one  above 
the  other,  so  as  to  touch  at  their  vertices.  Tliree  pair 
of  clamp  screws  /;,  fl,  /i,  arc  then  employed  to  keep  the 
lenses  together,  and  to  increase  the  pressure  in  a  regu- 
lar and  equal  manner  at  the  point  of  contact.  Sir  Isaac 
Newton  used  two  object  glasses,  the  one  a  plano-convex 
for  a  fourteen  foot  telescope,  and  the  other  a  double 
convex  lor  a  fifty  foot  one.  The  first  was  l.tid  with  its 
plane  side  downwards  like  CD,  and  the  other  laid  above 
it  as  AB.  By  pressing  these  lenses  slowly  together,  so 
that  the  colours  emerged  successively  in  the  middle  of 
the  circles,  a  circular  system  of  coloured  rings  were 
displayed  in  the  centre.  The  nature  of  these  rings  is 
thus  desciibed  by  Newton. 

"  Next  to  the  pellucid  central  spot  made  by  the  con- 
tact of  the  glasses,  succeeded  blue,  lu/iile,  yellow  and  r^d. 
The  dlue  was  so  little  in  quantity  that  I  could  not  dis- 
cern it  in  the  circles  made  by- the  prisms,  nor  could  I 
well  distinguish  any  -violet  in  it,  but  the  ycll'jiv  and  red 
were  pretty  copious,  and  seemed  about  as  much  in  ex- 
tent as  the  luhire,  and  four  or  five  limes  more  than  the 
blue.  The  next  circuit  in  order  ol  colours  immediately 
encompassing  these  were  violet,  blue,  green,  i/f-Z/cro,  and 
red  :  and  these  were  all  of  them  copious  and  vivid,  ex- 
cepting the  green,  which  was  very  little  in  quantity,  and 
seemed  much  more  faint  than  the  other  colours.  Of 
the  other  four,  the  violet  was  the  least  in  extent,  and  the 
blue  tees  than  the  yellow  or  red  The  third  circuit  or 
order  was /;jir/;/f,  blue,  green,  yellow,  and  red;  in  wliich 
Ihc  /lur/ile  seemed  more  reddisli  than  the  viokt  in  the 
former  circuit,  and  the  green  was  much  more  conspi- 
cuous.— After  this  succeeded  the  fourth  circuit  of^rtrn 
and  red.  The  green  was  very  copious  and  lively, inclining 
on  the  one  side  to  blue,  and  on  the  other  side  to  yellow. 
But  in  this  fourth  circuit  there  was  neither  violet,  blue, 
nor  yellow,  and  the  red  was  very  imperfect.  .Mso  the 
succeeding  colours  became  more  and  more  imperfect 
and  dilute,  till  after  three  or  four  revolutions  they  ended 
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in  perfect  whiteness.  Their  form,  when  the  glasses 
were  most  compressed  so  as  to  make  li^e  ulack  spot 
appear  in  the  centre,  is  delineated  in  the  second  figure; 
where  a,  6,  c,  d,  e  :  /,  g,  fi,  i,  k  :  t,  v.,  n,  o, /i  :  g,  r  :  s,  i : 
V,  X  :  y,  z,  denote  tii.c  colours  reckoned  in  ordar  from 
the  centre,  biack,  blue,  w/iile,  yelluiv,  red ; — violec,  blue, 
green,  ytUow,  red  ;—tiur}ile,  blue,  green,  yellow,  red  ; — 
green,  red  ; — greenhh  blue,  red  ; — greenish  blue,  fiate 
red  ; — greenhh  blue,  reddish  white. 

To  dclerniine  the  interval  ol'  the  glasses,  or  thickness 
of  the  intcijacent  air,  by  whicli  each  colour  was  pro- 
duced, I  measured  ihe  diameters  of  the  firbl  six  rings 
at  the  most  lucid  part  of  their  orbits,  and  squaring 
tliem,  found  their  squares  to  be  in  ihe  arit!imetical  pro- 
gression of  the  odd  numbers,  1,  3,  5,  7,  9,  1 1,  &c.  And 
since  one  of  ihese  glasses  wus  plane,  and  ihe  other  sphe- 
rical, their  intervals  i>t  those  rings  musi  be  in  the  same 
progression  I  measured  also  tiie  diamciers  of  the  dark 
or  liiinl  rinss  between  the  more  lucid  colours,  and  found 
then'  squares  to  be  in  the  arithmetical  progression  of  the 
even  numbers,  2,  4,  6,  8,  iO,  12,  See." 

Niwtonthen  proceeded  to  determine  the  thickness 
of  tiie  plate  ot  air  by  which  thes,e  difT.  rent  rings  were 
proc'uced.  In  order  to  do  this,  he  measured  the  dia- 
meter of  the  fifth  dark  ring,  as  produced  by  two  sepa- 
rate ol  ject  glasses,  the  diameters  of  the  spheres  of 
which  ihey  formed  a  pan  being  respectively  182  inches, 
and  184  inches,  and  he  found  it  to  be  -f^?^j-  paits 
of  an  inch  with  the  former,  and  -jjIj-^  parts  of  an 
inch  with  the  latter;  ano  dividing  each  of  these  num- 
bers by  _five,  to  get  the  diameter  oi  the  first  ring,  the  in- 
tervals Were  -j^i-j-g,  and  •sttso-  ^"'  ''*  ^'^'^  rings  were 
measured  at  im  niLlinalion  ol  about  four  degrees  with 
the  perpendicular,  the  diameter  of  the  rings  must  be 
diminished  in  the  ratio  of  the  radius  to  the  secant  of 
four  degrees,  that  is,  of  lOO'O  to  10029,  so  that  they 
become  -j^l-jj,  and  ^-gj^y.  the  mean  of  which  is  nearly 
TJ'ooo-P^'''-  "'  ^^  incb,  nvhich  is  t/ir  thickness  of  the  air  at 
the  darkest  part  of  the  Jirst  dark  ring  made  by  fierp.endi- 
cular  rays. 

If  we  now  multiply  this  number  by  the  progression 
I,  3,  3,  7,  9,  &c.  and  by  2,  4,  6,  8,  10,  Etc.  we  shall 
have  the  following  results  : 


First  Rin-g 
Second  Ring 
Third  Ring 
FoiRTH  Ring 


Sir  Isaac  next  proceeded  to  measure  the  diameters  of 
the  rings  at  different  obliquities,  and  he  obtained  there- 
suits  in  the  following  Table. 


jiessof  Air  at  the 
Luminous  Point. 

Thicluiess  of  Air  at  the 
most  obscure  Point. 

1 

2                  I 

178000 

178000'°'^  89000' 

3 

4 

1780-jO' 

178000* 

5 

6 

178000 

178000* 

7 

8 

178000' 

178wOO' 

Angl**  of  Incidence 
on  the  Air. 

Angle  of  Refraction 
into  the  Air. 

Diameter  of  the 
Ring. 

Tbicknen  of  the 
Air. 

Degr.  Alln. 
00     O'J 

00     00 

10 

10 

06      25 

10     00 

10-fV 

'Ot% 

12     45 

20     00 

1    1 

10|^ 

18     49 

30     00 

lOJ 

"i 

24     30 

40     00 

"1 

13 

29     37 

50     00 

12i 

15| 

33      58 

60     00 

14 

20 

35      47 

65     CO 

ioi 

23^ 

37  19 

38  33 

70     00 
75     00 

I6| 
19^ 

28^ 
37 

39     27 

80     00 

22| 

52i 

40     00 

85     00 

29 

84,V 

122| 

40      11 

90     00 

35 

From  the  measures  contained  in  this  table,  Newton  de- 
duced the  following  rule  :  "  That  the  thickness  of  the  air 
is  proportional  to  the  secant  of  an  angle,  whose  sine  is  a 
certain  mean  proportional  between  the  sines  of  incidence 
and  refraction.  And  that  mean  proportional,  so  far  as, 
by  these  measures,  I  can  determine  it,  is  the  first  of  an 
hundred  and  six  arithmetical  mean  proportionals  be- 
tween those  sines  counted  from  the  bigger  sine,  that  is, 
from  the  sine  of  refraction  when  the  refraction  is  made 
out  of  the  glass  into  the  plate  of  air,  or  from  the  sine  of 
incidence  when  the  refraction  is  made  out  of  the  plate 
of  air  into  the  glass." 

Having  thus  described  the  rings  seen  by  reflexion, 
Newton  proceeds  to  those  which  are  formed  by  trans- 
mission, and  which  appear  by  looking  through  the  two 
object  glasses.  In  this  case  the  central  spot  was  tvhite, 
and  from  it  the  order  of  the  colours  were  yellowish  red  ; 
— black,  violet,  blue,  white,  yellow  red  ; — violet,  blue, 
green,  yellow,  red.  These  colours  were  however  very 
faint,  unless  when  the  light  was  transmitted  with  much 
obliquity.  The  relation  of  the  refected  to  the  trans- 
mitted rays,  is  shown  in  Fig.  3.  where  AB  CD,  are  the 
surfaces  of  the  glasses,  touching  one  another  at  E,  and 
the  lines  which  join  them  represent  their  distances  in 
arithmetical  progression.  The  names  of  the  colours 
engraved  above,  are  those  seen  by  reflected  light,  while 
those  seen  by  transmitted  light  are  engraven  below. 

When  water  was  admitted  between  the  lenses,  the 
colours  became  fainter  and  the  rings  less;  and  upon 
measuring  the  intervals  in  water  at  which  the  same 
rings  were  produced,  they  were  nearly  to  one  another 
as  the  sines  which  measure  the  refraction  out  of  that 
medium  into  air,  viz.  as  about  three  to  four  in  the  case 
of  water. 

Sir  Isaac  next  examined  tlic  phenomena  of  the  rings 
when  Ihey  were  produced  by  the  homogeneous  light  of 
the  different  colours  of  the  spectrum.  He  found  the 
circles  formed  in  red  light  to  be  larger  than  those  made 
in  violet  light,  and  he  remarks,  "  that  it  was  very  plea- 
sant to  see  them  gradually  swell  or  contract,  according 
as  the  colour  of  the  light  was  changed."  The  intervals 
of  the  glasses,  when  the  same  ray  was  formed  in  red  and 
violet  light,  were  as  14.^  to  9,  if  they  were  formed  by 
the  least  or  the  most  refrangible  rays.  From  more  de- 
tailed observations,  Sir  Isaac  concluded  that  the  thick- 
nesses of  the  air  between  the  glasses,  where  tlie  rings 
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were  successively  formed  by  ihc  limits  of  the  seven  co- 
lours, red,  ora7ige,  yellow,  green,  blue^  indigo,  and  violet, 
are  to  one  another  as  the  cube  roots  of  the  square  of  the 
eight  lengths  of  a  chord,  which  sound  the  notes  in  an 
eighth,  sol,  la,Ja,  sol,  la,  mi,  fa,  sol,  or  as  the  cube  roots 
of  the  squares  of  the  numbers  \,%,  ^,  \,  y,  \,  T51  51  o*'  •  5 
0.924;  0.885;  0.825;  0.763;  0.711;  0  681;  0.630;  that 
is,  if  1  represent  the  interior  diameter  of  any  red  ring, 
formed  by  the  extreme  red  rays,  the  cube  root  of  %  will 
express  the  interior  diameter  of  a  ring  at  the  boundary 
of  the  red  and  orange,  and  so  on  for  the  limits  of  all  the 
other  coloured  spaces. 

M.  Le  Blanc  has  observed,  that  if  the  two  extreme 
terms  of  the  preceding  numbers  are  multipled  together, 
as  1  X  ^  ;  or  any  other  two  at  eciuai;distances  from  the 
extremes,  as  ^XtV  or  ^Xf,  we  shall  obtain  a  product 
always  equal  to  4-  Hence  if  we  suppose  the  colours  of 
the  spectra  to  be  arranged  in  a  circle,  as  shown  in  the 
article  Accidental  Colours,  and  Plate  IV.  Fig.  4.  we 
shall  obtain  the  following  proportions  of  the  coloured 
spaces,  which  differ  very  little  from  those  formerly 
given  by  Newton.* 


Spaces  deduced  from 

Spaces  given  by 

Difference. 

the  above  Numbers. 

Newton. 

Red 

6I°10'23 

60''4S'  35" 

24' 49"+ 

Orange 

33  31    10 

34    10   38 

39  28  — 

Yellow 

54  43    15 

54  41      1 

2    14  + 

Green 

61    10  23 

60  45   34 

24  49  + 

Blue 

54  43   15 

54  41      1 

2    14  + 

Indigo 

33   31    10 

34   10  33 

39  28  — 

Violet 

61    10  23 

60  45  34 

24  49   + 

The  sum  of  \hcfiositiveim&  the  negative  differences  is 
the  same,  viz.  1°  18'  55". 

Sir  Isaac  next  proceeds  to  detail  his  experiments  on 
the  rings  produced  by  a  denser  medium,  placed  in  a 
rarer  one,  or  by  bubbles  of  soapy  water,  plates  of 
mica,  or  other  thin  substances,  terminated  on  all  sides 
with  air. 

In  examining  the  soap  bubbles  Sir  Isaac  covered 
tlieni,  as  soon  as  they  were  blown,  with  a  clear  glass, 
and  in  that  way  he  saw  the  colours  emerge  like  so 
many  concentric  rings,  encompassing  the  top  of  the 
bubbles.  As  the  bubble  grew  thinner  by  the  subsi- 
dence of  the  water,  the  rays  slowly  expanded  till  they 
covered  the  whole  bubble,  descending  regularly  to  the 
bottom  of  it,  where  they  diminished  in  succession. 
After  all  the  colours  had  emerged  at  the  top,  there 
arose  in  the  centre  of  the  rings  a  small  round  black 
spot,  which  dilated  itself  till  it  became  sometimes  more 
than  I  or  ^ths  of  an  inch  broad  before  the  bubble 
broke.  Some  smaller  black  spots  appeared  within  it, 
but  they  were  not  altogether  deprived  of  light ;  for 
the  image  of  a  candle  or  of  the  sun  could  be  seen  by 
reflexion,  both  from  the  small  and  the  large  ones. 

By  observing  how  much  the  colours  at  the  same 
place  of  the  bubbles  were  varied  by  the  obliquities  of 
the  rays,  Sir  Isaac  determined  the  thickness  of  the 
water  which  exhibited  the  same  colour  at  different 
obliquities,  to  be  nearly  in  the  proportions  given  in 
the  following  table,  the  ratio  of  refraction  being  as  3 
to  4. 


Angle  of  Incidence  itt    Angle  of  Refraction  in    Thickness  of  the 

the  Water.  the  Water.  Water. 

Co'                         0°    C  10 

15  0                         11    11  \0\ 

30  0  23      I  10| 

45  0  32     2  11| 

60  0  40  30  13 

75  P  46  25  14^ 

90  0  48  35  15| 

These  results  agree  perfectly  with  the  rule  formerly 
deduced  for  thin  plates  of  air.     See  page  693,  col.  1. 

In  order  to  show  how  the  colours  of  thin  plates  arc 
composed.  Sir  Isaac  Newton  takes  in  any  straight  line 
YH,  the  distances  YA,  YD,  YC,  &c.  as  the  numbers 
6300,6814,  7114,7631,  8255,  8855,9243,  and  100000. 
(See  p.  693,  col.  1.)  and  at  the  points  A,  B,  C,  D,  &c. 
he  raises  perpendiculars  A  »  and  B  jS,  so  that  the  inter- 
vals between  them  will  represent  the  extent  of  the  se- 
veral colours  written  underneath  them.  The  line  A  «, 
is  then  divided  as  the  numbers  1,  2,  3  ; — 5,  6,  7  ; — 9,  10, 
11  ; — 13,  14,  15,  &c.  and  through  these  divisions  are 
drawn  from  Y,  the  lines  1  I,  2  K,  3  L,  &c. 

"  Now,  if  A  2  be  supposed  to  represent  the  thickness 
of  any  thin  transparent  body,  at  which  the  outermost 
violet  is  most  copiously  reflected  in  the  first  ring,  then 
HK  will  represent  its  thickness,  at  which  the  outermost 
red  is  most  copiously  reflected  in  the  same  scries. 
Also  A  6  and  HN  will  denote  the  thicknesses  at  which 
those  extreme  colours  are  most  copiously  reflected  in 
the  second  series,  and  A  10  and  HQ  the  thicknesses 
at  which  they  are  most  copiously  reflected  in  the  third 
series,  and  so  on.  And  the  thickness  at  which  any  of 
the  intermediate  colours  are  reflected  most  copiously, 
will  be  defined  by  the  distance  of  the  line  AH  from 
the  intermediate  parts  of  the  lines  2  K,  6  N,  10  Q, 
&c.  against  which  the  names  of  those  colours  are  writ- 
ten below. 

But,  farther  to  define  the  latitude  of  these  colours  in 
each  ring  or  series,  let  A  1  be  the  least  thickness, 
and  A  3  the  greatest  thickness,  at  which  the  extreme 
violet  in  the  first  series  is  reflected,  and  let  III,  and 
HL,  be  the  like  limits  for  the  extreme  red,  and  let 
the  intermediate  colours  be  limited  by  the  intermediate 
parts  of  the  lines  1  I  and  3  L,  against  which  the  names 
of  those  colours  are  written,  and  so  on.  But  yet  with 
this  caution,  that  the  reflexions  be  supposed  strongest 
at  the  intermediate  spaces,  2  K,  6  N,  10  Q,  See.  and 
fiom  thence  to  decrease  gradually  towards  these  limits, 
1  I,  3  L,  5  M,  7  O,  8cc.  on  either  side ;  where  you  must 
not  conceive  them  to  be  precisely  limited,  but  to  decay 
indefinitely.  And  whereas  I  have  assigned  the  same 
latitude  to  every  series,  I  did  it,  because,  although  the 
colours  in  the  first  series  seem  to  be  a  little  broader 
than  the  rest,  by  reason  of  a  stronger  reflexion  there, 
yet  that  inequality  is  so  insensible  as  scarcely  to  be 
determined  by  observation. 

Now,  according  to  this  description,  conceiving  that 
the  rays,  originally  of  several  colours,  are  by  turns  re- 
flected at  the  spaces  1  I  L  3,  5  M  O  7,  9  P  R  1 1,  8cc. 
and  transmitted  at  the  spaces  AHI  1,  3  LM  5,  7  OP  9, 
Ecc.  it  is  easy  to  know  what  colour  must  in  the  open 
air  be  exhibited  at  any  thickness  of  a  transparent  thin 


*  See  Blot's  Prfcis  Elemenlaire  <fe  Physique,  torn.  ii.  p.  443,  notCi 
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body.  For  if  a  ruler  be  applied  parallel  lo  AH,  at 
that  distance  from  it  by  which  liie  thickness  of  the 
body  is  represented,  the  alternate  spaces  1  IL  3,  5  MO  7, 
&c.  which  it  crosseth,  will  denote  the  reflected  original 
colours,  of  which  the  colour  exhibited  in  the  open  air 
is  compounded.  Thus,  if  the  constitution  of  the  green 
in  the  third  series  of  colours  be  desired,  apply  the 
ruler  as  you  see  at  n-j  <r  (p,  and  by  its  passing  through 
some  of  the  blue  at  »•,  and  yellow  at  <r,  as  well  as 
through  the  green  at  j,  you  may  conclude  that  the 
green  exhibited  at  that  thickness  of  the  body  is  prin- 
cipally constituted  of  original  green,  but  not  without  a 
mixture  of  some  blue  and  yellow. 

By  this  means  you  may  know  how  the  colours, 
from  the  centre  of  the  outward  rings  ought  to  suc- 
ceed in  order  as  they  were  described.  For,  if  you 
move  the  ruler  gradually  from  AH  through  all  dis- 
tances, having  past  over  the  first  space  which  denotes 
little  or  no  reflexion  to  be  made  by  the  thinnest  sub- 
stances, it  will  first  arrive  at  1  the  violet,  and  then  very 
quickly  at  the  blue  and  green,  which,  together  with  that 
violet  compound  blue,  and  then  at  the  yellow  and  red, 
by  whose  farther  addition  that  blue  is  converted  into 
whiteness,  which  whiteness  continues  during  the  tran- 
sit of  the  edge  of  the  ruler  from  I  to  3,  and  after  that 
by  the  successive  deficiency  of  its  component  colours, 
turns  first  to  compound  yellow,  and  then  to  red,  and 
last  of  all  the  red  ceaseth  at  L.  Then  begin  the  co- 
lours of  the  second  series,  which  succeed  in  order  dur- 
ing the  transit  of  the  edge  of  the  ruler  from  5  to  O, 
and  are  more  lively  than  before,  because  more  expand- 
ed and  severed.  And  for  the  same  reason,  instead  of 
the  former  white  there  intercedes  between  the  blue  and 
yellow  a  mixture  of  orange,  yellow,  green,  blue,  and 
indigo,  all  which  together  ought  to  exhibit  a  dilute  and 
imperfect  green.  So  the  colours  of  the  third  series  all 
succeed  in  order;  first,  the  violet,  which  a  little  inter- 
feres with  the  red  of  the  second  order,  and  is  thereby 
inclined  to  a  reddish  purple  ;  then  the  blue  and  green, 
which  are  less  mixed  with  other  colours,  and  conse- 
quently more  lively  than  before,  especially  the  green: 
Then  follows  the  yellow,  some  of  which  towards  the 
green  is  distinct  and  good,  but  that  part  of  it  towards 
the  succeeding  red,  as  also  that  red,  is  mixed  with  the 
violet  and  blue  of  the  fourth  series,  whereby  various 
degrees  of  red,  very  much  inclining  to  purple,  are  com- 
pounded. This  violet  and  blue,  which  should  succeed 
this  red  being  mixed  with,  and  hidden  in  it,  there  suc- 
ceeds a  green.  And  this  at  first  is  much  inclined 
to  blue,  but  soon  becomes  a  good  green,  the  only  un- 
mixed and  lively  colour  in  this  fourth  series.  For  as 
it  verges  towards  the  yellow,  it  begins  to  interfere  with 
the  colours  of  the  fifth  series,  by  whose  mixture   the 


succeeding  yellow  and  red  are  very  much  diluted  and 
made  dirty,  especially  the  yellow,  which,  being  the 
weaker  colour,  is  scarce  able  to  show  itself.  After  this 
the  several  series  interfere  more  and  more,  and  their 
colours  become  more  and  more  intermixed,  till,  after 
three  or  four  more  revolutions,  (in  which  the  red  and 
blue  predominate  by  turns)  all  sorts  of  colours  are  in 
all  places  pretty  equally  blended,  and  compound  an 
even  whiteness. 

And  since  the  rays  endued  with  one  colour  are 
transmitted  where  those  of  another  colour  are  reflected, 
the  reason  of  the  colours  made  by  the  transmitted  light 
is  from  hence  evident. 

If  not  only  the  order  and  species  of  these  colours, 
but  also  the  precise  thickness  of  the  plate,  or  thin 
body  at  which  they  are  exhibited,  be  desired  in 
parts  of  an  inch,  that  may  be  also  obtained  by  the 
assistance  of  the  preceding  observations.  For,  accord- 
ing to  those  observations,  the  thickness  of  the  thinned 
air,    which    between    two    glasses    exhibited    the   most 

luminous    parts    of    the    first  six  rintrs,  were 

*^  '  178000' 

3  5 7  9  n 

178000'  178000*  178O0O'T78OOO'T780OO'  P"'*  °^  ^" 
inch.  Suppose  the  light  reflected  most  copiously  at 
these  thicknesses  be  the  bright  citrine  yellow,  or  con- 
fine of  yellow  and  orange,  and  these  thicknesses  will 
be  Fa,  Ff*,F  |,F  e,  Ft.  And  this  being  known,  it 
is  easy  to  determine  what  thickness  of  air  is  represented 
by  G  (f,  or  by  any  other  distance  of  the  ruler  from  AH. 
But,  farther,  since  the  thickness  of  air  was  to  the 
thickness  of  water,  which  between  the  same  classes  ex- 
hibited the  same  colour,  as  4  to  3,  and  the  colours  of 
thin  bodies  are  not  varied  by  varying  the  ambient  me- 
dium ;  the  thickness  of  a  bubble  of  water,  exhibiting  anv 
colour,  will  be  j  of  the  thickness  of  air  producing  the 
same  colour.  And  so,  according  to  the  same  obser- 
vations, the  thickness  of  a  plate  of  glass,  whose  refrac- 
tion of   the    mean  refrangible  ray  is  measured  by  the 

20 
proportion  of  the  sines  31  to  20,  may  be—  of  the  thick- 

31 
ness  of  air  producing  the  same  colours;  and  the  like  of 
other  mediums.  I  do  not  afRrm  that  this  proportion  of 
20  to  SI,  holds  in  all  the  rays  ;  for  the  sines  of  other  sorts 
of  rays  have  other  proportions.  But  the  diff'erences  of 
those  proportions  are  so  little  that  I  do  not  here  con- 
sider them.  On  these  grounds  I  have  composed  the  fol- 
lowing table,  wherein  the  thickness  of  air,  water,  and 
glass,  at  which  each  colour  is  most  intense  and  specific, 
is  expressed  in  parts  of  an  inch  divided  into  ten  hundred 
thousand  equal  parts. 
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The  Thickness  of  Coloured  Plates  and  Particles  o/AiR, 
Watek,  and  Glass. 


Ueflected 

Transmitted 

Air. 

\Va. 

Glass 

Tints. 

Tints. 

tei 

fVery  black 

4 

3 

■J 

K 

Black 

White 

I 

i 

1? 

Beginning  ot 

Their    co- 

black 

2 

n 

ly 

lours     of^ 
the  FIRST 

Blue 

Yellowish 

red 

H 

i  4 

■s 

'V' 

order, 

White 

IJlack 

*; 

3* 

3| 

Yellow 

Violet 

H 

5x 

•^1 

Orange 

8 

6 

^i 

^Rtd 
'Violet 

Blue 
While 

9 

6i 

5| 

11* 

31 

^^ 

Indigo 

'H 

•f 

«,\ 

Blue 

Yillow 

1  ! 

1"4 

y 

Of  the  SE-^ 
coND  or- 

Cireen 

Red 

isj 

"i 

04 

Y.llow 

Violet 

V  1 

^H 

1    1 

der 

Orange 

U| 

•3 

"i 

Bright  red 

Ulue 

'H 

la? 

>'*. 

Scarlet 
"Purple 

Green 

I9» 

Ul 

I2.| 

31 

\i% 

13H 

Indigo 

■J2.L 

b| 
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This  tabic,  which  is  of  very  extensive  use,  will  be 
afterwards  repeatedly  referred  10,  under  the  name  of 
JVewton's  Table,  or  scale  0/  Colours.  See  Newton's  Ofi- 
■  tics.  b.  ii.  p>iH  i.  diid  >i  D;.  Young's  JVat,  Phil.  vol.  i. 
and  ii.  B.ot's  Traill  de  Physique,  torn.  iv.  ;  and  Dr. 
Hcrschel.U)  Phil  Trans.  1807,  part  ii. 

Sect.  T. — On  the  Theory  of  the  Colours  of  Thin  Plates, 
or  the  Theory  of  Pita  of  Easy  Riftexion  and  Trans- 
mission. 

In  order  to  represent  the  various  phenomena  de- 
scribed in  'he  preceding  section,  Sir  Isaac  Newton  de- 
vised '.he  theory  of  Fits  of  Easy  reflexion  and  Trans- 
mission, which  may  be  considered  as  a  general  method 


of  expressing  all  the  various  fads  which  he  observed, 
and  which  may  he  adopted,  whether  we  adopt  the 
theory  of  emission  or  undulation.  As  our  limits  will 
not  permit  us  to  detail  S;r  Isaac  Newton's  views  on 
this  subjfct,  we  shall  content  ourselves  with  the  enu- 
meration of  the  propositions  which  constitute  the  theory, 
all  of  which  are  directly  dediicihle  from  the  phenomena 
of  thin  plates,  described  in  the  precediiig  secion. 

"  1.  Every  ray  of  light,  in  its  passage  through  any  re- 
fracting sui  lace,  is  put  into  a  certain  transient  constitu- 
tion, or  state,  which  in  the  progress  of  the  ray  returns 
at  equal  intervals,  and  disposes  the  ray  at  every  return 
to  be  easily  transmitted  through  the  next  refracting  sur- 
face, and,  between  the  returns,  to  be  easily  reflected 
by  it. 

Definition  — The  returns  of  the  disposition  of  any  ray 
to  be  i\tlccted,  I  will  csll  its  Fits  of  easy  reflexion  ;  and 
tliosi  ol  IIS  disposition  to  be  tiansniitted,  its  Pus  of  easy 
transmission  ,  and  the  space  it  passes  bcwrtn  every  re- 
luri.  and  the  next  return,  the  Interval  of  its  Fits. 

2.  The  reason  why  the  surlaces  of  all  thick  transpa- 
nnl  bodies  reflect  part  of  the  light  incident  on  them, 
and  refract  the  rest,  is,  that  some  rays  at  their  incidence 
are  in  Fits  of  easy  reflexion,  and  others  in  Fits  of  easy 
iranamission. 

3  Those  surfaces  of  transparent  bodies,  which,  if  the 
ray  be  in  a  Fit  of  refraction,  do  refract  it  most  strongly, 
if  the  ray  be  in  a  Fit  of  reflexion,  do  reflect  it  most 
easily. 

4.  In  any  one  and  the  same  sort  of  rays  emerging  in 
any  angle  out  of  any  refracting  surface  into  one  and  the 
baine  medium,  the  interval  of  the  following  fits  of  easy 
riflrxion  and  transmission  arc  either  accurately,  or  very 
nearly,  as  the  rcc'.angle  of  the  secant  of  the  angle  of 
rcfi action,  and  of  the  secant  of  another  angle,  whose  sine 
is  ihfc  fiislr.f  106  .iiithmclical  mean  proportionals,  be- 
tween the  sines  of  incidence  and  reliaction  counted  from 
the  sine  of  refraction. 

5.  In  several  sorts  of  rays  emerging  in  equal  angles 
out  ol  any  refracting  surface  into  the  same  medium,  the 
intervals  of  the  following  fits  of  easy  reflexion  and  easy 
transmission  are  cither  accurately,  or  very  nearly  ;  as 
the  cube  roots  of  the  squares  of  the  lengths  of  a  cord, 
which  sound  the  notes  in  an  eighth,  sol.  la.  fa,  sol,  la,  mi, 

fa,  sot,  with  all  their  intermediate  degrees  answering;  to 
the  colours  (jf  these  rays,  according  to  the  analogy  de- 
scribed in  Prop   VI.  p   667. 

6.  If  rays  of  any  one  sort  pass  perpendicularly  into 
Several  mediums,  the  intervals  of  the  fiia  of  easy  r;  flex- 
ion and  Iransiiiissioii  in  any  one  medium,  are  to  those  In- 
tel vals  in  jny  other  as  the  sine  of  incidence  is  to  the 
sine  of  refraction,  when  the  rays  pass  out  of  the  first 
of  those  two  mediums  into  the  second. 

7.  If  the  rays  which  paint  the  colour  in  the  confine 
of  yellow  and  orange,  pass  perpendicularly  out  of  any 
medium  into  air,  the  intervals  of  their  fits  of  easv  re- 
flexion are  the  17^00''^  P^'"'  °f  ■'"  '"^h-  And  of  the 
same  length  are  iiie  nitervals  of  their  fits  of  easy  trans- 
mission. 

8.  If  any  sort  of  rays  falling  on  the  polished  surface 
of  any  pellucid  medium  be  reflected  back,  the  fi:s  of 
easy  reflexion  which  they  have  at  the  point  of  reflexion, 
shall  still  continue  to  return,  and  the  returns  shall  be  at 
distances  from  tiie  point  of  icflexion  in  the  arithmetical 
progression  of  the  numbers  2,  4  6,  8,  10.  12,  &c.  and 
between  these  fits  the  rays  shall  be  in  fits  of  easy  trans 
mission. 
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9.  The  iiiteivais  oi'  the  fits  of  easy  rcncxioii  and  easy 
;ransTnission,  propagated  from  points  of  reflexion  into 
any  medium,  are  erjual  to  the  intervals  of  the  liiic  fits 
which  the  same  rays  would  have,  if  refracted  into  the 
same  medium  in  angles  of  refraction  equal  to  their  an- 
gles oi  reflexion." 

On  the  hypothesis  of  undulations,  the  colours  of  thin 
plates  are  supposed  to  arise  from  the  interference  of  the 
light  reflected  from  the  second  surface  of  the  plate  with 
the  light  reflected  from  the  first  surface.  Thus  in  Fig. 
.5.  if  rays  of  light  RA,  RC,  fall  on  a  rarer  medium  MN, 
the  ray  RA,  refracted  at  A,  and  reflected  again  at  E, 
will  interfere  with  the  ray  RC,  reflected  at  C.  Draw- 
ing AB,  CD,  perpendicular  to  the  rays  RC,  RA,  the 
time  of  passing  through  BC  and  AD  will  be  equal,  and 
DE  will  be  half  the  interval  of  retardation,  and  will  be 
to  CE  as  Sin.  DCE:  Rad.  Hence,  in  order  that  the 
same  colour  may  be  reflected,  or  that  DE  may  be  con- 

vith 

^_ „. ng'&  2^ect.  071  Afat. 

Phil.  vol.  ii.  p.  626  ;  and  Hooke's  Microgia/i/iia,  p.  65.  67. 

Sect.  III. — On  the  Colours  of  Thick  Plates. 

The  phenomena  of  the  colours  of  thick  plates,  or  mir- 
rors, were  discovered  by  Sir  Isaac  Newton,  and  aie  de- 
scribed very  fully  in  the  Fourth  Part  of  the  Second  Book 
of  his  Ofitics.  The  light  of  the  sun  RR,  Fig.  6,  being 
admitted  through  the  window  shulter  by  a  small  aper- 
ture, one-third  of  an  inch  in  diameter,  Sir  Isaac  receiv- 
ed it  on  a  glass  speculum  M,  ground  concave  on  the  an- 
terior side,  and  convex  on  the  posterior  side,  to  a  sphere 
of  5  feet  11  inches  radius,  and  quicksilvered  on  the  con- 
vex side.  He  then  held  a  sheet  of  white  paper  AB,  5 
feet  1 1  inches  in  front  of  it,  at  the  centre  of  its  surfaces, 
and  observed  on  the  paper  four  or  five  concentric  rings 
of  colours  surrounding  the  central  spot,  and  resembling 
the  rings  transniitted  through  thin  plates.  When  the 
ray  RR  was  red  homogeneous  light,  the  rings  were  all 
red,  and  so  on  with  the  other  homogeneous  colours  ; 
their  diameters  being  laii^est  in  the  red,  and  least  in  the 
violet.  The  squares  of  tne  diameters  of  the  most  lumin- 
ous parts  in  the  same  homogeneous  light  were  in  the 
arithmetical  progression  0,  1,  2,  3,4,  &c.  and  the  squares 
of  the  diameters  of  the  darkest  parts  were  as  the  inter- 
mediate numbers  f ,  1^,  2^,  2\.  Sir  Isaac  also  found  that 
the  same  rings  were  produced  when  the  quicksilver 
was  rubbed  off  the  concave  mirror,  with  the  difference 
only  of  their  being  much  fainter,  and  he  found  that  they 
were  not  produced  by  a  metallic  speculum. 

Upon  subsliiuting  another  glass  mirror,  whose  thick- 
ness was  five-sixths  of  an  inch,  that  of  the  first  being 
one-fourth  of  an  inch,  Sir  Isaac  found  that  the  formation 
of  these  rings  depended  on  both  the  surfaces  of  the 
glass,  and  that,  ceteris  fiaribus,  the  diameters  of  the 
rings  were  reciprocally  as  the  square  roots  of  the  thick- 
ness of  the  minor.  He  found,  likewise,  that  the  rings 
now  described  were  produced  by  the  faint  light  rtflecl- 
ed  or  scattered  irregularly;  for,  as  he  remarks,  however 
well  any  glass  or  speculum  may  be  polished,  its  polish- 
ed surface,  when  illnminated  in  a  dark  room  by  a  beam 
of  the  sun's  light,  may  be  easily  seen  in  all  positions  of 
the  eye. 

All  the  phenomena  of  thick  plates  are  capable  of  be- 
ing explained  by  the  hypothesis  of  fits  of  easy  reflexion 
and  transmission,  while  in  tlie  undulatory  system  they 
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ore  ascribed  to  U-.c  iDicrfcrencc  of  tvic  po; iions  of  light, 
the  one  dissipated  or  scattered  by  the  anterior  surface 
of  the  mirror  of  glass  before  reflexion,  and  the  other 
dissipated  by  the  same  surface,  when  the  ray  is  on  its 
return  after  reflexion. 

The  Duke  de  Chaulnes  found  that  analogous  effects 
were  produced  when  the  light  was  transmitted  through 
a  screen  of  gauze  or  muslin,  or  through  a  semi-trans- 
parent substance  before  it,  and  was  afterwards  reflected 
from  a  metallic  speculum  ;  but  in  all  these  cases,  when 
the  mirror  is  metallic,  the  gauze,  or  the  screen,  or  the 
transparent  film,  must  be  at  some  small  distance  in  front 
of  the  mirror. 

The  effect  of  the  irregular  dissipation  of  the  light  is 
well  shown  in  Sir  William  Herschel's  experiment  o! 
scattering  a  fine  white  powder  in  a  beam  of  light  re- 
flected perpendicularly  by  a  concave  mirror,  which  ex 
hibits  the  coloured  rings  when  received  on  a  screen  in 
its  return;  or  an  analogous  effect  may  be  produced  by 
scattering  powder  on  the  face  of  the  common  looking- 
glass.  For  farther  information  on  this  subject,  see  New- 
ton's 0/itics,  book  ii.  part  iv. ;  Dutour,  in  Rozier's  Jour- 
nal, i.  368.  ii.  11.  349.  v.  120.  230.  and  vii.  330.  341  ; 
De  Chaulnes.  Mem.  Acad.  Par.  1705,  p.  136;  Sir  W. 
Hersciiel,  Phil.  Trans.  1807,  Part  II.  ;  and  Biol's  Traite 
de  Physique,  tom.  iv.  p.  149,  where  this  subject  is  treat- 
ed in  very  great  detail. 

Sect.   IV. — On  the  Colours  firoduced  by  successive  Re- 
flexions from  Double  Plates  of  Equal  Thickness. 

The  phenomena  which  we  propose  to  describe  shortly 
in  this  section,  were  discovered  by  Dr.  Brewster,  in  the 
course  of  a  series  of  experiments  on  the  polarisation  of 
light  by  successive  reflexions  from  plates  of  glass.  The 
plates  which  he  used,  were  two  plates  of  parallel  glass; 
formed  out  of  the  same  piece,  and  therefore  having 
rigorously  the  same  thickness. 

In  order  to  observe  the  phenomena  to  the  greatest 
advantage,  let  the  light  of  a  circular  image,  subtending 
an  angle  of  1°  or  2",  be  incident  perpendicularly,  or 
nearly  so,  upon  two  plates  of  parallel  glass,  placed  at 
the  distance  of  one-tenth  of  an  inch,  and  let  one  of  the 
plates  be  gently  inclined  to  the  other,  till  one  or  more 
of  the  reflected  images  be  distinctly  separated  from  the 
bright  image  formed  by  transmitted  light,  and  received 
upon  the  eye,  placed  behind  the  plates.  Under  these 
circumstances,  the  reflected  image  will  be  crossed  with 
about  fifteen  or  sixteen  beautiful  parallel  fringes.  The 
three  central  fringes  consist  of  blackish  and  whitish 
stripes,  and  the  exterior  ones  of  brilliant  stripes  of  red 
and  green  light ;  and  the  central  fringes  have  the  same 
appearance  in  relation  to  the  external  fringes,  as  the  in- 
ternal have  to  the  external  rings,  formed  either  by  thin 
plates,  or  by  the  action  of  topaz  upon  polarised  light.  If 
the  two  plates  of  glass  are  turned  round  in  a  plane  at 
right  angles  to  the  incident  ray,  the  reflected  images  will 
move  round  the  bright  image,  and  the  parallel  fringes 
will  always  preserve  a  direction  at  right  angles  to  a  line 
joining  the  centres  of  the  bright  and  reflected  ini^iges. 
Hence  it  follows,  that  the  direction  of  the  fringes  is  al- 
ways parallel  to  the  common  section  of  the  four  reflecting 
surfaces,  -uihich  exercise  an  action  ufion  the  incident  light. 

The  position  of  the  plates  remaining  as  before,  let  the 
inclination  of  the  plates,  or,  what  is  the  same  thing,  the 
distance  of  the  bright  and  the  reflected  image,  be  vari- 
ed by  a  gentle  motion  of  one  of  the  plates,  the  coloured 
5  N 
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fringes  will  be  found  to  incvease  in  breadth  as  the  incli- 
nation of  the  plates  is  dinninishci!,  and  to  diminish  as 
the  inclination  of  the  plates  is  increased. 

If  the  light  of  the  circular  object,  instead  of  falling 
perpendicularly  upon  the  plates,  is  incident  at  different 
obliquities,  so  that  the  plane  of  incidence  is  at  right  an- 
gles CO  the  common  section  of  the  filatcs,  no  fringes  are 
visible  across  any  of  the  images.  But  if  the  plane  of 
i  ncidence  is  fiarallel  to  the  common  section  of  the  filatca, 
the  reflected  images  increase  in  brightness  with  the  ob- 
liquity of  incidence,  and  the  coloured  fringes  become 
more  vivid.  When  the  angle  of  incidence  increases  from 
0°  to  90°,  the  images  that  have  suffered  the  greatest 
number  of  reflexions  are  crossed  by  other  fringes,  in- 
clined to  them  at  a  small  angle.  At  an  angle  of  about 
44°,  the  image  formed  by  four  reflexions  is  covered  with 
interfering  fringes;  but  it  is  not  till  the  angle  of  inci- 
dence is  greater,  that  this  is  distinctly  seen  on  the  image 
formed  by  two  reflexions. 

Hitherto  he  had  observed  no  fringes  upon  the  first  or 
bright  image,  which  is  obviously  composed  of  light  that 
has  not  suffered  reflexion  from  the  second  plate  of  glass. 
By  concealing,  however,  the  bright  light  of  the  first  im- 
age, so  as  to  perceive  the  image  formed  by  a  second 
reflexion,  within  the  first  plate,  and  by  viewing  this  im- 
age through  a  small  aperture,  which  he  found  of  the 
greatest  service  in  giving  distinctness  to  all  the  pheno- 
mena, he  observed  fringes  across  the  first  image,  far 
surpassing  in  precision  of  outline,  and  in  richness  of 
colouring,  every  analogous  phenomenon  which  he  had 
seen.  When  these  fringes  were  concealed,  he  also  ob- 
served other  fringes  on  the  image  immediately  behind 
them,  and  formed  by  a  third  reflexion,  from  the  interior 
of  the  first  plate.  He  now  concealed  the  second  image, 
upon  which  the  fringes  were  extremely  bright,  and  very 
faint  stripes  were  seen  upon  the  one  immediately  behind 

it. 

In  examining  these  phenomena  a  little  more  attentive- 
ly, he  observed  that  the  size  of  the  fringes  in  the  first 
image  varied  with  the  distance  of  the  eye  from  the 
plates,  while  those  on  the  second  and  fourth  image  di- 
minished with  that  distance. 

In  pursuing  this  inquiry.  Dr.  Brewster  found  that  the 
firoduction  of  the  fringes  de/iends  upon  the  action  of  all 
the  four  surfaces  of  the  two  plates  oj  fiarallel  glass  ;  and 
that  the  magnitudes  of  the  fringes  are  inversely  as  the 
plates  that  produce  them  at  a  given  inclination. 

When  the  eye  is  placed  between  the  plates  and  the 
luminous  object,  so  as  to  see  the  first,  third,  fifth,  se- 
venth, &c.  reflected  images,  the  coloured  fringes  are  also 
seen,  and  have  the  same  character  as  those  already  de- 
scribed. 

All  these  phenomena  are  seen  when  polarised  light  is 
used  in  place  of  common  light. 

In  order  to  explain  the  changes  which  the  light  un- 
dergoes in  its  passage  through  the  plates  of  glass,  let 
AB,  CD,  Fig.  7.  be  a  section  of  two  plates  at  right  an- 
gles to  the  common  section  of  their  surfaces,  and  let  RS 
be  a  ray  of  light  incident  nearly  in  a  vertical  direction. 
This  ray,  after  passing  through  the  first  plate  AB,  will 
suffer  a  small  refraction  at  P  and  Q,  and  emerge  in  the 
direction  QV  parallel  to  RS.  At  the  point  B,  in  the  se- 
cond plate  CD,  the  ray  TP  will  be  reflected  to  a,  again 
reflected  to  6,  and,  after  suffering  a  refraction  at  b  and  c, 
will  emerge  in  the  direction  c  rf,  forming  with  RV  an 
angle  equal  to  twice  the  inclination  of  the  plates.  A 
portion  of  the  reflected  ray  P  a,  will  enter  the  first  plate 


at  u,  and  having  suffered  reflexion  and  rcfraciiun  at  fi- 
the  reflected  portion  /3  y  will  reach  the  eye  at  6.  The 
ray  V  a  b  c  will  likewise  suffer  a  rcllcxion  at  c  and  c, 
and  will  reach  the  eye  at  g.  In  like  manner,  a  part  of 
the  ray  PQ  will  be  reflected  at  Q,  and  move  in  the  di- 
rection Q  r  s  Mi  x»,  and  another  part  of  it  in  the  direc- 
tion s  tu  X  y  z,  and  these  rays  will  suffer  several  other 
reflexions  ;  but  the  images  which  Ihcy  form  will  be  so 
faint,  that  the  eye  will  not  be  capable  of  perceiving  them. 
When  the  observer,  therefore,  looks  at  a  luminous  body, 
in  the  direction  SR,  through  the  glass  jltatcs,  he  will 
perceive  two  images,  one  of  which  is  a  bright  image, 
seen  by  the  transmitted  liglit  QV",  and  the  other  is  a 
faint  image,  seen  principally  by  the  reflected  light  V  a  b 
c  d,  and  composed  of  several  images,  formed  by  the 
pencils  c  d,  u  v,  i  d,  z  Ejt",  and  e  g.  The  bright  image 
is  not  crossed  by  coloured  fringes,  but  the  fringes  ap- 
pear distinctly  upon  the  other  image  ;  and  the  light  by 
which  these  fringes  are  formed,  has  suffered  two  reflex- 
ions from  the  exterior  surfaces,  and  two  refractions  at 
the  interior  surfaces  of  the  plates. 

In  explaining  the  preceding  facts  by  his  law  of  inter- 
ference, Dr.  Young  remarks,  "  that  the  effect  of  the  in- 
clination of  the  plates  in  these  expciimcnts,  is  to  reduce 
the  virtual  thickness  of  the  plate  in  the  ratio  of  the  co- 
sine ;  and  the  difference  of  the  cosines  of  equidistant 
arcs  being  simply  as  the  sine  of  their  half  sum,  it  is 
evident  that  the  colours  must  correspond  to  a  thickness 
which  varies  nearly  as  the  sine  of  the  angle  of  incidence, 
considered  with  regard  to  a  plane  bisecting  the  angle 
formed  by  the  plates ;  and  this  result  agrees  correctly 
with  Dr.  Brewster's  experiments."  For  a  farther  ac- 
count of  these  experiments,  see  the  Edinburgh  Transac- 
tions, vol.  vii.  p.  435  ;  and  Biol's  Traite  de  Phisique,  Xom. 
iv.  p.  246. 

Sect.  V,— On  the  Colours  of  Double  Plates  of  unequal 
Thickness. 

When  two  plates  differ  very  little  in  thickness,  light 
transmitted  through  them  will  exhibit  the  same  colours 
as  a  single  plate,  whose  thickness  is  equal  to  their  dif- 
ference, whatever  be  the  distance  of  the  two  plates. 
Mr.  Nicholson  first  observed  colours  of  this  kind  in  the 
glasses  employed  for  the  sights  of  sextants,  and  he  con- 
sidered them  as  analogous  to  those  of  thin  plates.  Dr. 
Young,  however,  attributed  them  to  a  slight  difference 
in  the  thickness  of  the  glasses,  the  rays  twice  reflected 
within  the  first  glass  only,  interfering  with  the  rays 
twice  reflected  in  the  second. 

A  series  of  very  interesting  but  analogous  phenome- 
na have  been  lately  observed  by  Mr.  Knox  of  Belfast, 
Having  formed  the  Newtonian  rings  by  placing  a  convex 
surface  of  glass  upon  a  piece  of  good  looking-glass  plate, 
he  observed  the  primary  rings  formed  by  reflexion  from 
the  plate  of  air,  and  also  the  transmitted  rings  reflected 
to  his  eye  by  the  mirror-glass.  In  this  way  he  saw  at 
once  the  reflected  and  transmitted  rings,  as  shown  at 
AB,  Fig.  8. ;  but  he  was  surprised  to  perceive  between 
them  the  system  of  parallel  fringes  CDFE,  passing 
through  the  intersections  of  the  two  circular  systems  A 
and  B.  These  parallel  fringes  were  equal  in  number 
to  the  rings  of  both  the  sets  A  and  B  taken  together. 
They  were  equidistant,  extended  to  the  edge  of  the 
lens  on  both  sides,  and  were  formed  at  right  angles  to 
the  direction  of  the  light,  and  to  a  line  joining  the  cen- 
tres of  the  primary  set  of  rings  and  its  reflected  image. 

Mr.   Knox    now    tried    what  would   be  the  effect  of 
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combining  :n  a  similar  manner  two  primary  systems  of 
rings.  For  this  purpose  he  laid  a  double  convex  lens 
of  about  36  inches  focus  on  a  flat  piece  of  looking- 
glass,  having  its  under  side  painted  black,  and  on  the 
lens  he  placed  a  piece  of  plain  glass  plate.  In  this  way 
two  sets  of  primary  rings  were  produced,  whose  rela- 
tive positions  could  be  altered  at  pleasure.  By  using 
the  shadow  of  a  black  card,  he  found  that,  instead  of 
parallel  fiinges,  as  in  Fig.  8.  he  had  a  new  species  of 
rings  of  a  circular  form,  from  two  to  three  times  the 
diameter  of  the  primary  rings  from  which  they  origi- 
Ra'.cd.  These  rings  passed,  as  before,,  through  the  in- 
tersections of  the  primary  one  ;  and  the  ring  which  di- 
vided the  two  classes  passed  through  a  point,  whose 
distances  from  the  centre  of  each  primary  set  were  in 
proportion  to  their  longest  diameters. 

These  rings,  which  Mr.  Knox  caWs intersectionary  ones, 
may  be  made  to  vary  infinitely  in  their  demcnsioiis,  ac- 
cording as  the  diameters  of  the  primary  sets  differ  more 
or  less,  being  least  where  that  difference  is  greatest,  and 
increasing  in  size  as  the  two  primary  sets  approach  to 
equality,  until  at  last  they  become  straight  lines,  when 
the  two  primary  sels  are  equal.  The  dimensions  of  the 
inters!  ctionary  rings  will  also,  as  Mr.  Knox  remarks,  ce- 
teris fiaridus,  diminish  as  the  two  primary  sets  approach, 
and  increase  as  they  recede  from,  one  another. 

As  these  iiitersectionary  rings  are  almost  always  ac- 
companied by  a  second,  and  sometimes  by  a  third  set  of 
equal  or  unequal  dimensions,  Mr.  Knox  supposes  that 
they  may  be  produced  by  primary  sets,  coinbined  with 
either  transmitted  or  reflected  sets,  provided  the  two 
between  which  they  are  formed  are  of  unequal  dimen- 
sions. 

Considering  the  intersectionary  fringes  as  diagonals 
to  the  angles  at  which  they  were  formed,  Mr.  Knox 
conjectured  that  if  he  could  form  rectilineal  fringes  by 
flat  plates,  and  combine  them  at  different  angles,  he 
■would  produce  a  third  or  diagonal  set  placed  between 
ihe  other  two.  He  accordit.gly  took  a  pair  of  slips  of 
glass,  and  by  applying  two  of  their  ends  together,  and 
asing  some  friction,  and  a  considerable  degree  of  pres- 
sure, he  formed  a  fine  set  of  rectilineal  fringes.  B>  ap- 
plying a  third  slip  of  glass  longitudinally  to  the  upper 
one  of  the  first  two,  he  formed  a  similar  set  of  recti- 
lineal fiinges  at  right  angles  to  the  first ;  and  he  imme- 
diately observed  the  diagonal  fringes,  which  he  had  an- 
ticipated, appear  in  the  angle  between  the  two  primary 
sets,  as  shown  in  Fig.  9.  where  B  and  C  are  the  primary 
fringes,  and  D  the  intersectionary  set,  divided  into  two 
classes,  as  shown  by  the  doited  line.  By  forming  the 
second  set  of  fringes  at  different  angles  with  ihc  first, 
the  central  band  of  the  intersectionary  fringes  always  bi- 
-sected  the  angle.  It  is  a  curious  circumstance,  that 
though  the  diagonal  fringes  are  formed  by  the  crossing 
of  the  two  primary  seis,  yet  they  never  appear  at  the 
opposite  angle  A,  nor  could  they  be  made  to  appear  in 
any  angle  formed  by  primary  fringes,  unless  these 
fringes  were  so  disposed  as  to  have  their  red  sides  turn- 
ed towards  each  other. 

The  phenomena  observed  by  Mr.  Knox  may  be  ex- 
plained,by  considering  the  actual  thicknesses  of  the  plates 
of  air  by  which  they  are  formed.  "  In  order  that  the 
thicknesses  of  plates  uf  air  contained  between  two  une- 
qual pairs  of  lenses  n-.ay  be  equal,  the  distances  from 
the  centres  of  contact  must  be  in  a  constan'.  proportion; 
and  it  is  well  known,  that  all  the  points  from  which  the 
lines  drawn  to  two  given  points  are  in  a  constant  propor- 


tion, will  be  found  in  the  circumference  of  a  circle,  the 
diameter  of  which  is  a  third  proportional  to  the  differ- 
ence and  sum  of  the  segments  of  the  given  distance  of 
the  points ;  so  that  the  colours  depending  on  this  differ- 
ence, instead  of  beginning,  as  usual,  from  a  white  cen- 
tral spot,  will  begin  from  a  white  ring,  and  will  be  ar- 
ranged in  concentric  rings  on  each  side  of  it,  precisely 
in  the  same  order  as  when  they  form  concentric  rings 
round  an  actual  point  of  contact;  and  when  the  curva- 
tures of  the  two  pairs  of  lenses  are  equal,  the  diame- 
ter of  the  circle  becoming  infinite,  it  will  obviously  be 
converted  into  a  right  line."  Sufi.  Eiicyc.  Brit.  Art, 
Chkomatics. 

For  farther  information  on  the  subject  of  this  section, 
see  Nicholson's  Journal,  vol.  ii.  p.  312.  Dr.  Young's 
Led.  on  JVat.  Phil.  vol.  ii.  p.  317;  and  Mr.  Knox's  pa- 
per, in  the  Phil.  Trans.  1815,  p.  161. 

Sect.  VI. — On  the  Colours  of  Mixed  Plates. 

The  colours  of  mixed  filates,  were  discovered  by  Dr, 
Thomas  Young,  while  looking  at  a  candle  through  two 
pieces  of  plate  glass  with  a  little  moisture  between 
them.  He  observed  the  appearance  of  fringes,  like  the 
common  colours  of  thin  plates  ;  and  upon  looking  for 
the  fringes  by  reflexion,  he  found  that  the  new  fringes 
were  always  in  the  same  direction  as  the  other  fringes, 
but  many  times  larger.  These  colours  were  always  most 
distinctly  seen  when  the  glasses  were  placed  a  little  out 
of  the  line,  joining  the  eye  and  the  luminous  object. 
Upon  examining  the  glasses  with  a  magnifier,  Dr. 
Young  perceived  that  wherever  these  fringes  were  visi- 
ble, the  moisture  was  intermixed  with  portions  of  air, 
producing  the  appearance  of  dew.  The  same  effect  is 
produced  by  oil  and  air,  and  oil  and  water.  By  greasing 
partially  a  lens  a  little  convex,  and  a  flat  glass,  and 
holding  them  together  between  the  eye  and  the  termi- 
nation of  a  bright  object.  Dr.  Young  observed  the  effect 
shown  in  Fig.  10.  The  effect  is  most  conspicuous  in 
the  portion  seen  on  the  dark  part  beyond  the  object,  be- 
ing produced  by  the  light  scattered  irregularly  from  the 
surface  of  the  fluid.  The  effects,  however,  are  here 
inverted,  the  one  half  of  the  series  beginning  from  dlacA; 
as  in  the  common  reflected  rings  of  thin  plates;  and  the 
other  half  beginning  from  white,  as  in  the  transmitted 
rings.  The  diameters  of  the  rings  vary  with  the  refrac- 
tive power  of  the  fluid  employed,  diminishing  as  the 
refractive  power  increases,  and  increasing  greatly  in 
magnitude  when  two  fluids,  such  as  oil  and  water,  dif- 
fering little  in  refractive  power,  are  employed. 

In  explaining  the  colours  of  mixed  plates,  Dr.  Young 
supposes  that  they  arise  from  the  interference  of  two 
portions  of  light  moving  with  different  velocities,  viz.  the 
light  transmitted  through  the  ivater,  and  light  transmit- 
ted through  the  oir,  or  through  the  oil,  when  water  and 
oil  are  mixed.  In  the  case  of  water  and  air,  whose  ra- 
tios of  refraction  arc  as  three  to  four,  the  fringes  ought 
to  appear  when  the  thickness  is  six  times  as  great  as 
that  which  corresponds  to  the  same  colours  in  the  case 
of  thin  plates;  and  Dr.  Young  actually  found,  that  the 
sixth  dark  circle  had  the  same  diameter  as  the  first  cir- 
cle in  mixed  plates.  In  order  to  understand  the  forma- 
tion of  these  colours.  Dr.  Young  supposes  MN,  Fig.  11. 
to  be  the  glasses  containing  the  transparent  portions  or 
drops,  and  that  it  is  placed  behind  a  dark  object,  such 
as  A.  Then  the  whole  of  the  light  which  reaches  the 
eve  at  O,  to  the  right  hand  of  PO,  is  either  refracted 
5  N2 
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through  the  edges  of  the  drops,  as  at  B,  C,  or  reflected 
from  the  internal  surface,  as  at  D,  E,  while  the  light  to 
the  left  hand  of  PO  consists  of  rays  refracted  as  before 
through  the  edi^es,  as  F,  G,  or  simply  passing  ihroiigh 
the  fluid,  as  at  H,  I.  The  combinations  of  these  portions 
of  light  will,  therefore,  exhibit  scries  of  colours  in  dif- 
ferent orders,  as  the  internal  rt  flexion  modifies  the  inter- 
ference of  the  rays,  on  the  side  of  the  dark  object,  as  in 
the  colours  of  thin  plates  seen  by  reflexion.  When  the 
dark  object  at  A  is  withdrawn,  both  these  series  of  co- 
lours are  produced  at  once;  but  being  of  an  opposite 
nature,  they  neutralize  each  other,  and  produce  white 
light. 

In  examining  the  dust  of  the  Lycofterdon  bovista, 
which  he  had  placed  in  a  glass  with  a  drop  of  water, 
Dr.  Young  observed  a  fiurfile  tinge  by  reflected  light, 
■while  the  light  transmitted  through  the  water  was  of  a 
yellowish-green  colour.  By  substituting  fluids  of  dif- 
ferent densities  in  place  gf  the  water,  the  colours  rose 
in  the  series,  as  if  the  plates  were  made  thinner.  Thus, 
when  the  water  was  saturated  with  sale,  the  ijellow-green 
colour  became  nearly  Hue,  and  ihe /lur/tle  more  red  or 
more  brown.  In  olive  oil  the  transmitted  light  was  pur- 
file,  and  the  oblique  light  greenish  ;  while  in  balsam  of 
Tola  Ihe  fiur/ilc  heco^me  red,  and  tlie  incident  light  af- 
forded a  faint  blue.  In  air,  too,  Dr.  Young  found  that 
the  powder  became  of  a  bright  blue  green  colour  by  di- 
rect light,  and  of  a  fiurfilish  hue  with  a  light  a  little  ob- 
lique. 

A  scries  of  colours,  analogous  to  the  preceding,  have 
been  observed  by  Dr.  Brewster.  He  took  some  rich 
jnilk,  and  having  laid  it  on  a  plate  of  glass  MN,  Fig. 
i'2.  in  an  uniform  film,  he  examined  the  light  transmit- 
ted through  the  fluid  part  c  d,  and  through  the  part  b  e, 
that  was  in  the  act  of  drying,  and  separated  the  dried 
part  a  b  from  the  fluid  part  c  d.  When  a  luminous 
body  was  examined  through  c  d,  its  colour  was  blue,  to- 
wards c  it  became  tiurfile,  then  red,  orange,  yellow,  and, 
lastly,  -white  at  b  and  from  b  to  a.  The  colours,  there- 
fore, descend  in  the  scale  from  c  to  b,  and  consequently 
they  cannot  arise  from  the  evaporation  of  the  aqueous 
part  of  the  fluid  between  b  and  c,  by  which  its  refrac- 
tive power  should  increase  from  c  to  b  ;  for  in  this  case 
the  colours  would  rise  in  the  scale.  Nor  are  these  co- 
lours produced  by  the  inclination  of  the  surface  be; 
for  when,  in  the  process  of  drying  upon  a  large  surface, 
c  d  is  parallel  to  MN,  the  red  colour  of  the  transmitted 
ray  is  very  brilliant.  The  colours,  therefore,  are  proba. 
bly  owing  to  a  diminution  of  the  particles  of  the  milk 
during  the  process  of  evaporation. 

For  farther  information  on  the  subject  of  this  section, 
see  Dr.  Young's  Lectures  on  jVatura!  Philosofihy,  vol.  i. 
p.  787,  Fig.  450 ;  and  vol.  ii.  p.  635.  680  :  and  his  Intro- 
duction to  Medical  Literature^  p.  556. 

Sect.  VI — On  the  Colours  of  Fibres  and  Minute  Parti- 
cles. 

It  has  been  long  known,  that  a  candle  seen  through 
a  plate  of  glass  covered  with  vapour,  or  with  minute 
particles  of  dust,  is  encircled  with  a  corona,  or  ring  of 
colours.  Blood,  a  little  diluted,  and  the  seed  of  the  Ly- 
copodium,  exhibit  these  rings  of  colours  in  great  per- 
fection. When  we  look  at  a  candle  through  these  sub- 
stances, we  observe  a  light  area,  terminating  in  a  red- 
dish dark  margin,  then  follows  a  ring  of  bluish  green, 
and  without  it  a  red  ring;   and  when  the  panicles  or 


fibres  arc  very  uniform,  the  allcriialions  of  green  and  red 
are  often  repeated  several  times.  Dr.  Young  observed, 
that  the  diameter  of  these  rings  increased  as  the  parti- 
cles or  fibres  which  produced  them  v/cre  smaller,  and 
that  for  the  same  particles  they  had  always  the  same 
magnitude.  He  therefore  conceived  the  ingenious  idea 
of  employing  the  diameter  of  the  first  ring,  or  of  the 
limit  of  the  first  green  ring  and  the  red,  as  a  measure 
of  the  diameters  of  the  particles  and  fibres  that  pro- 
duced it.  In  this  way  he  constructed  an  instrument, 
which  he  called  an  Eriometer,  by  means  of  which  the 
diameters  of  that  ring  could  be  measured  in  all  bodies 
composed  of  particles  and  fibres.  This  Eriometer  con- 
sists of  a  plate  of  brass,  or  ])iecc  of  card,  having  a  cen- 
tral aperture  about  one-thirtieth  or  one-fiftieth  of  an  inch 
in  diameter,  surrounded  by  a  circle  of  perforations  about 
two-thirds  or  two-filths  of  an  inch  in  diameter  ;  the  num- 
ber of  perfor.aions  in  each  circle  being  eight  or  ten, 
and  as  minute  as  possible.  When  these  dimensions  are 
adopted,  the  eye  requires  the  assistance  of  a  lens.  The 
substance  to  be  examined  is  then  fixed  in  some  wires, 
which  are  carried  by  a  slider,  and  the  plates  being  held 
before  an  Argand  lamp,  or  two  or  three  candles  placed 
in  a  line,  the  slider  is  drawn  out  till  the  coloured  circle 
coincides  with  the  circle  of  perforations,  and  the  index 
then  shows  the  number  on  the  scale  which  indicates  the 
magnitude  of  the  fibres  or  the  particles.  Dr.  Wollas- 
ton  having  found  that  the  seed  of  the  Lycofierdon  bovia- 
ta,  or  Pufl"-ball,  was  ■j-jpo*'^  "^  ^"  '"^h  in  diameter.  Dr. 
Young  determined  that  the  ring  formed  by  it  measured 
3J-  on  his  eriometric  scale,  and  hence  he  concluded,  that 
the  diameter  of  these  seeds  was  3J  x  8500^29750. 
He  therefore  assumes  fjr^)  or  one-thirty  thousandth 
part  of  an  inch,  as  the  value  of  an  unit  in  the  eriome- 
trical  scale.  The  following  are  some  of  the  principal 
results  which  Dr.  Young  obtained  with  his  eriometer. 


Substances  measured  by  the  Eriometer, 

Parts  of  the  Erlomctrtcal 
Milk,  diluted,  very  indistinct,  about    . 
Dust  of  lyco/terdon  bovista,  very  distinct 
Bullock's  blood,  from  beef  .... 

Smut  of  barley,  called  male  ear       .         .         .         . 

Blood  of  a  mouse         ...... 

Human  blood  diluted  with  water,  5  ;  after  standing 

some  days,  6,  or  . 
Blood  recently  diluted  with  serum  only 

Pus 

Silk,  very  irregular,  about  ..... 

Beaver  wool,  very  even,  (jointed)  .... 

Angola  wool,  about     ...... 

Vigonia  wool  ....... 

Siberian  hare's  wool,  Scotch  hare's  wool,  foreign 

coney  wool,  yellow  rabbit's  wool,  about     . 
Mole's  fur,  about    ....... 

Skate's  blood,  very  indistinct,  about    . 

American  rabbit's  wool,  British  coney  wool,  about  . 

Buffalo's  wool     .         .         .        .         .•       . 

Wool  of  the  ovis  montana      ..... 

Finest  seal  wool,  mixed,  about  .         .      _  . 

Shawl  wool  1 8,  or  . 

Goat's  wool         ....... 

Cotton,  very  unequal,  about 

Peruvian  wool,  mixed,  the  finest  locks 

A  small  lock  of  Welsh  wool  ..... 

Saxon  wool,  a  few  fibres  17,  some  23,  chiefly 

An  Escurial  ram,  at  Lord  Somerville's  show,  23  to 
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I'aiU  uf  the  Eiiumcti'ical  Scale. 

Mr.  Western's  South  Down,  some  specimens        .  24i 
Lioneza  wool,  24  to  29,  generally         ...       25 
Paular  wool,  24  to  29,  generally      ....  25A 

Alpacca  wool,  about 26 

Farina  of  laureslinus 26 

Ryelantl  Merino  wool,  Mr.  Henty  ...  27 
Merino  South  Down  wool,  Mr.  Henty  .  .  .28 
Seed  of  lyco/iodiian,  beautifully  distinct       .  .       32 

South  Down  ewe,  Mr.  W.  B 39 

Coarse  wool,  Sussex 46 

Coarse  wool  from  some  worsted     .         •         .         .60 

If  we  divide  30000  ^Y  ^"y  °f  l'^*^  numbers  in  ihc  pre- 
ceding table,  we  obtain  the  diameter  of  the  fibre,  or  par- 
ticle, in  parts  of  an  inch.  Thus,  milk  being  3,  we  have 
3oJoo-^3,  or  3J00,  or  ^oioo^h  part  of  an  inch  for  the 
diameter  of  the  particle  ot  milk. 

Dr.  Young  has  remarked,  that  it  would  not  be  difli- 
cult  to  obtain  from  these  measures  a  tolerable  approxi- 
mation to  the  value  of  wool  at  its  usual  prices.  If  we 
square  the  number  belonging  to  the  kind  of  wool  in 
the  table,  and  subtract  325,  the  remainder  will  be  near- 
ly the  number  of  pounds  of  the  wool  that  are  worth 
100  guineas.  Thus,  for  good  Lioneza,  whose  number 
is  25,  we  shall  have  23X25 325=30015.  for  100  gui- 
neas, or  7s.  per  pound.  See  Dr.  Young's  Introduce  ion 
CO  Medical  Literature,  p.  552. 


Sect.  VII. — On  the  Colours  of  Mother  of  Pearl  and 
Striated  Surfaces. 

Mother-of-pearl  is  a  well  known  substance,  obtained 
principally  from  the  shell  of  the  pearl  oyster;  and  from 
the  facility  with  which  it  can  be  cut  and  polished,  it  has 
been  long  employed  for  a  variety  of  useful  and  ornamen- 
tal purposes.  Every  person  must  have  observed  the 
fine  play  of  the  prismatic  colours  to  which  mother-of- 
pearl  owes  its  value  as  an  ornamental  substance,  &c. 
and  the  ever-varying  succession  of  fresh  tints  which 
may  be  developed,  either  by  changing  the  inclination  of 
the  plate,  or  the  direction  of  the  light  in  which  it  is 
placed.  The  nature  and  origin  of  these  colours  have 
never  been  investigated  :  they  have  been  carelessly  as- 
cribed to  the  laminated  structure  of  the  shell,  and  have 
been  regarded  as  a  fine  proof  of  the  Newtonian  theory 
of  the  colours  of  natural  bodies. 

In  order  to  observe  all  the  properties  which  we  pro- 
pose to  describe  in  this  section,  we  must  select  a  piece 
of  regularly  formed  mother-of-pearl,  which  is  known 
by  the  uniformity  of  its  white  colour  in  day-light,  re- 
sembling somewhat  the  pearl  itself,  and  scarcely  exhi- 
biting any  of  the  prismatic  tints.  This  regularity  of 
structure  is  not  often  to  be  met  with  in  the  ordinary 
pieces  of  mother-of-pearl,  nor  is  it  indispensably  neces- 
sary for  the  mere  exhibition  of  some  of  its  most  re- 
markable properties ;  but,  in  order  to  understand  the 
nature  and  origin  of  the  colours,  the  experiments  must 
be  repeated  with  pieces  that  are  regularly  formed. 

If  we  take  a  plate  of  regularly  formed  mother-of- 
pearl,  having  its  two  opposite  surfaces  ground  perfectly 
flat,  (but  not  polished,)  either  upon  a  blue  stone,  or 
upon  a  plate  of  glass,  with  the  powder  of  schistus,  and 
if,  with  the  eye  placed  close  to  the  plate,  we  view  in 
it,  by  reflexion,  a  candle  standing  at  the  distance  of  a 
few  feet,  we  shall  observe  a  dull  and  imperfect  image, 


free  from  all  prismatic  colours.  This  iirage  is  formed 
upon  the  ordinary  principles  of  reflexion,  and  is  faint 
and  undefined,  owing  to  the  imperfect  reflecting  power 
of  the  ground  surface.  On  one  side  of  this  imperfect 
image  will  be  seen  a  brighter  image,  glowing  with  the 
prismatic  colours,  and  separated  to  as  great  a  degree 
as  the  colours  formed  by  one  of  the  angles  of  a  common 
equilateral  prism  of  flint  glass. 

If  the  plate  is  now  turned  round  in  its  own  plane, 
the  observer  continuing  to  see  the  image,  the  prismatic 
image  will  follow  the  rnqtion  of  the  plate,  and  perform 
a  complete  revolution  about  the  common  image,  the 
blue  rays  always  keeping  nearest  the  common  image, 
and  the  red  rays  farthest  from  it.  Let  the  plane  be  now 
placed  in  such  a  position,  that  the  prismatic  image  is 
in  the  plane  of  reflexion,  and  between  the  common 
image  and  the  observer,  and  let  the  image  of  the  candle 
be  viewed  at  various  angles  of  incidence.  It  will  then 
be  found,  that  the  angular  distance  of  the  prismatic 
image  from  the  common  image  gradually  increases  as 
the  candle  is  viewed  more  obliquely,  the  distance  being 
2°  7',  when  the  candle  is  seen  almost  perpendicularly 
in  the  plate,  and  9°  14',  when  it  is  seen  at  the  greatest 
obliquity.  This  angular  distance  varies  with  more  ra- 
pidity when  the  plate  is  turned  round  180°,  so  as  to 
place  the  common  image  between  the  prismatic  image 
and  the  observer  ;  but,  in  this  case,  we  cannot  observe 
the  angle  much  beyond  60°,  where  it  amounts  to  4" 
30'. 

On  the  outside  of  the  prismatic  image  will  be  ob- 
served a  mass  of  coloured  light,  nearly  at  the  same 
distance  beyond  the  prismatic  image  that  the  prismatic 
image  is  from  the  common  im.age.  These  three  images 
are  always  in  the  same  straight  line  ;  but  the  angular 
distance  of  the  mass  of  coloured  light  varies  according 
to  a  law  different  from  that  of  the  prismatic  image.  At 
great  angles  of  obliquity,  this  mass  of  light  has  a  beau- 
tiful crimson  colour;  at  an  angle  of  about  37°  it  be- 
comes green,  and  at  less  angles  it  acquires  a  yellow 
hue,  approaching  to  white,  and  becomes  very  luminous. 
The  colours  of  this  mass  of  light  become  more  brilliant 
when  the  plate  of  mothcr-of-pcarl  is  polished,  and  have 
an  origin  essentially  different  from  the  colours  of  the 
prismatic  image. 

Hitherto  we  have  considered  the  phenomena  only  ia 
the  case  where  the  surface  has  merely  that  slight  degree 
of  polish  which  accompanies  smooth  grinding.  If  a 
greater  degree  of  polish,  however,  is  communicated  to 
the  plate,  the  common  image  becomes  more  brilliant, 
and  a  new  firismatic  image  starts  u/i,  diametrically  ofifio- 
site  to  the  first  firismatic  image, and  at  the  same  distance 
from  the  common  image.  This  second  prismatic  image 
resembles  in  every  respect  the  first,  and  follows  the 
same  law  by  a  variation  of  the  angle  of  incidence.  Its 
brilliancy  increases  with  the  polish  of  the  surface,  and 
when  this  polish  is  very  high,  the  second  prismatic 
image  is  nearly  as  bright  as  the  first,  which  has  its 
brilliancy  a  little  impaired  by  polishing.  This  second 
image  is  never  accompanied,  like  the  first,  by  a  mass  of 
coloured  light.  If  the  polish  of  the  surface  is  removed 
by  grinding,  the  second  prismatic  image  vanishes,  and 
the  first  resumes  its  primitive  brilliancy. 

When  the  preceding  experiments  are  repeated  on  the 
opposite  surface  of  the  plate  of  mother-of-pearl,  the 
same  phenomena  are  observed,  but  in  a  reverse  order, 
the  first  prismatic  image  and  the  mass  of  coloured  light 
being  now  seen  on  the  opposite  side  of  the  plate. 
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Ill  examining  the  light  Iransmittccl  tlirough  the  mo- 
thcr-of-pcarl,  we  shall  peiceivc  phenomena  analogous 
lo  iliosc  which  huvc  been  ilescribeJ.  A  coloured  image 
will  he  seen  on  each  side  of  the  common  image,  liaving 
(lie  same  angular  distance  from  it  as  those  seen  by  re- 
llexion,  and  resembling  Iheni  in  every  particular  ;  the 
blue  light  being  nearest  the  common  image,  and  the 
led  light  faiihcbt  from  it.  These  two  images,  however, 
are  generally  fainter  than  those  seen  by  reflexion.  When 
the  second  prismatic  image  is  extinguished  by  remov- 
ing the  polish,  it  is  then  the  most  brilliant  when  seen 
by  transmission  ;  and,  in  general,  the  image  which  is 
brightest  by  reflexion  is  faintest  by  transmission,  and 
vice  x'crsa. 

The  phenomena  which  we  have  now  described  must 
be  allowed  lo  be  very  singular,  and  contrary  to  all  our 
notions  of  the  action  of  surfaces  upon  light;  and  had 
it  not  been  for  the  accidental  circuinstancc  which  led 
to  the  discovery  of  their  communicability,  it  is  probable 
that  philosophers  would  have  remained  satisfied  with 
ascribing  them  to  reflexion  from  difl'ercntly  inclined 
planes  near  the  surface  of  the  shell. 

In  measuring  the  angular  distances  of  the  prismatic 
image  from  the  common  image  seen  by  reflexion,  Dr. 
Drewster  had  occasion  to  fix  the  mother-of-pearl  to  a  go- 
niometer by  means  ot  a  cement  made  of  rosin  and  bees' 
wax.  Upon  removing  it  from  the  cement  when  in  a  hard 
state,  by  insinuating  the  edge  of  a  knife,  and  making 
it  spring  ofl',  the  plate  of  mother-of-pearl  left  a  clean 
impression  of  its  own  surface  ;  and  he  was  surprised 
to  observe,  that  the  cement  had  actually  receiv^id  the 
properly  of  producing  the  colours  which  were  exhi- 
bited by  the  moiher-ol-pearl.  This  unexpected  pheno- 
menon was  at  first  altribuied  by  our  author,  and  by 
several  gentlemen  who  saw  the  experiments,  to  a  very 
thin  film  of  mother-of-pearl  detached  from  the  plate, 
and  left  upon  the  cement ;  but  subsequent  experiments 
( onvinced  him  that  this  was  a  mistake,  and  that  the 
mother-of-pearl  really  communicated  to  the  cement  the 
properties  which  it  possessed. 

The  best  method  of  making  this  experiment  is  to 
employ  black  sealing-wax,  and  to  take  the  impression 
from  the  mother-of-pearl,  when  the  wax  is  rendered  as 
fluid  as  possible  by  heat.  The  mother-of-peail  should 
be  fixed  lo  a  handle  like  a  seal,  and  its  surface  should 
be  carefully  deprived  of  any  greasy  substance  that  might 
accidentally  be  adhering  to  it. 

The  properties  of  mother-of-pearl  may  also  be  com- 
municated in  this  way  to  balsam  of  Tolu,  gum-arabic, 
gold-leaf  placed  upon  wax,  tinfoil,  ihe  fusible  metal 
con. posed  of  bismuth  and  mercury,  and  to  lead,  by  hard 
pressure,  or  the  blow  of  a  hammer.  When  the  impres- 
sion is  first  made  upon  the  fusible  metal,  the  play  of  co- 
lours is  singularly  fine  ;  but  the  metallic  surface  soon 
loses  its  polish,  and  the  colours  gradually  decay. 

In  order  to  show  that  in  these  cases  no  part  of  the 
molhcr-of-ptarl  is  left  on  the  surface.  Dr.  Brewster 
pUuiged  a  piece  of  wjx  after  it  had  received  the  im- 
pression, into  nitric  acid,  which  would  instantly  have 
destroyed  the  carbonate  of  lime,  of  which  the  mother- 
of-pearl  is  chiefly  composed,  but  it  had  no  efl'eet  either 
in  destroying  or  diminishini;  the  colorific  property  of  the 
surface  In  soft  cements,  made  of  bees'  wax  and  rosin, 
the  slightest  degree  of  heat  destroys  the  superficial 
configuration,  by  which  the  colour  is  produced  In 
sealing-wax,  gum-arabic,  and  realgar,  a  much  greater 
heal  is  necessary  to  destroy  it ;  but  in  tinfoil  and  lead, 


its  destruction  can  only  be  eflfected  by  the  temperature 
at  which  they  cease  to  become  solid. 

If  we  now  examine  the  prismatic  images  reflected 
from  the  wax  which  has  received  the  impression  from 
an  unpolished  piece  of  mother-of-pearl,  we  shall  find 
that  the  single  prismatic  image  which  is  thus  produc- 
ed is  on  the  right  hand  side  of  the  common  image, 
whereas  it  is  on  the  left  hand  side  of  the  common 
image  in  the  mother-of-pearl  itself. 

At  different  angles  of  incidence,  the  two  coloured 
images,  formed  by  the  wax,  follow  the  same  laws  as 
those  produced  by  the  mother-of-pearl ;  but  the  mass 
of  green  and  crimson  light  never  appears;  it  is  there- 
fore caused  by  some  internal  structure,  which  cannot 
be  communicated  to  other  bodies 

When  an  impression  is  taken  from  the  fracture  of 
mother-of-pearl,  its  laculty  of  producing  colour  is  also 
communicated.  In  imparting  lo  gum-arabic  and  bal- 
sam of  Tolu  the  superficial  configuration  of  mother-of- 
pearl,  we  are  enabled,  on  account  of  their  transparency, 
to  observe  the  changes  induced  upon  the  transniitled 
light.  The  extraordinary  images  lormcd  by  rcfli  xion 
were  both  visible — the  primary  one  being  remarkably 
brilliant,  and  the  secondary  one  scarcely  percv-piiblc  ; 
but  when  the  light  was  transmitted  through  the  gum, 
the  primary  image  was  nearly  extinct,  while  the  secon- 
dary one  was  unusually  brilliant  and  highly  coloured, 
far  surpassing  in  splendour  those  which  are  formed  by 
transmission  through  the  mother-of-pearl  itself  When 
both  the  surfaces  of  gum-arabic  arc  impressed  with 
mother-of-pearl,  four  images  are  seen.  The  colours 
seen  by  transmission  are  more  brilliant  in  the  gum  than 
in  the  balsam,  as  the  latter  has  the  greatest  reflective 
power;  but  the  coloured  images  produced  by  reflexion 
do  not  seem  to  have  suffered  a  greater  dispersion  when 
they  are  formed  by  the  metals  than  when  they  are  form- 
ed by  cements. 

From  a  careful  examination  of  the  preceding  facts, 
we  must  now  be  prepared  to  infer,  that  all  the  peculiar 
phenomena  of  motlur-of-pearl,  as  seen  by  reflected  and 
transmitted  light,  have  their  origin  in  a  particular  con- 
figuration of  its  surface ; — that  the  communication  of 
these  properties  to  other  bodies  is  the  necessary  con- 
sequence of  the  communication  of  its  superficial  struc- 
ture ;  and  that  none  of  the  light  which  is  concerned  in 
the  production  of  these  phenomena  has  penetrated  the 
surface  of  the  mother-of-pearl. 

Ill  ait'jinpiing  to  determine  what  this  configuration 
of  surface  is.  Dr.  Brewster  anticipated  no  assistance 
from  microscopical  observations,  as  it  was  contrary  to  all 
our  notions  of  the  action  of  bodies  upon  light,  to  sup- 
pose that  a  plate  of  mother-of-pc-i,rl,  having  its  surface 
as  finely  smoothed,  and  as  highly  polished,  as  the  lenses 
of  a  telescope,  could  exhibit  to  the  human  eye  any  su- 
perficial irregularities.  This  opinion,  however,  was 
erroneous.  By  the  application  of  single  microscopes, 
with  very  high  magnifyini^  powers,  he  has  discovered  in 
almost  every  specimen  of  mother-of-pearl,  a  grooved 
structure  upon  its  surface,  which  produces  all  the  plie- 
nomena  of  communicable  colours.  This  structure  re- 
sembles, very  closely,  the  delicate  texture  of  the  skin  at 
the  top  of  an  infant's  finger,  or  the  minute  corrugations 
which  are  often  seen  on  surfaces  covered  with  varnish, 
or  with  oil  paint. 

When  the  mother-of-pearl  has  a  regular  structure, 
the  grooves  are  always  parallel  ;  but  when  there  is  any 
irregularity  of  configuration,  the  directioti  of  the  grooves 
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varies,  and  tliey  are  arranged  in  all  possible  forms,  like 
the  veins  of  agate,  or  like  the  lines  on  the  coast  of  a 
map,  by  which  the  engraver  marks  a  number  of  IhIcis 
and  islands. 

In  some  specimens,  tlie  spaces  between  the  grooves 
are  so  wide,  that  they  can  be  readily  seen  with  a  magni- 
fying power  of  six  or  eig/iC  times,  and  sometimes  they 
may  be  distinguished  by  the  naked  eye.  At  some  parts 
of  the  surface,  the  distance  between  the  grooves  is  so 
small,  that  more  than  3000  may  be  counted  in  an  inch  ; 
and  in  other  parts  they  cannot  be  detected  by  any  mag- 
nifying powxr  which  can  be  applied.  When  the  space 
between  the  groves  is  large,  a  new  groove  often  com- 
mences, and  there  is  frequently  a  sudden  change  from  a 
space,  wiih  a  series  of  distant  grooves  to  another  space, 
with  a  series  of  very  close  ones.  Similar  appearances 
were  seen  in  the  structure  of  pearls.  When  the  mo- 
ther-of-pearl is  scratched  or  indented,  the  bottom  and 
sides  of  the  scratches  are  grooved  exactly  like  the  parts 
that  are  polished.  The  grooved  structure  which  has 
now  been  described  is  distinctly  seen  in  wax,  gum-ara- 
bic, and  the  metals,  after  the  superficial  structure  cfthe 
mother-of-pearl  has  been  impressed  upon  them. 

The  direction  of  the  grooves  is,  in  every  case,  at  right 
angles  to  the  line  joining  the  common  image  and  tlie 
coloured  image  ;  and  hence,  in  irregularly  formed  mo- 
ther-of-pearl, where  the  grooves  are  often  circular,  and 
have  every  possible  direction,  the  coloured  images  ap- 
pear irregularly  scattered  round  the  ordinary  image. 
In  the  real  pearl  these  coloured  images  are  crowded 
into  a  small  space  round  the  common  image,  partly  on 
account  of  the  spherical  form  of  the  pearl ;  and  the  va- 
rious hues  are  thus  blended  into  a  white  unformed 
light,  which  gives  to  this  substance  its  high  value  as  an 
ornament. 

Had  the  grooved  structure  of  mother-of-pearl  appear- 
ed only  upon  its  external  surface,  or  upon  any  internal 
surface  exposed  by  fracture,  the  phenomena  of  the  com- 
municable colours  would  have  disappeared  when  any 
artificial  surface  was  substituted  in  place  of  the  natural 
one.  But  the  remarkable  and  most  unaccountable  cir- 
cumstance in  mother-of-pearl  is,  that  if  we  grind  down 
the  natural  surface  with  the  finest  powders,  and  polish  it 
to  the  utmost  degree  of  brilliancy,  we  shall  find  it  im- 
possible to  grind  out  the  grooved  structure  which  ap- 
peared upon  its  natural  surface.  The  substance  of  the 
mother-of-pearl  disappears  during  the  process  of  grind- 
ing, but  the  superficial  depressions,  as  well  as  the  su- 
perficial elevations,  are  worn  away  simultaneously,  so 
that  the  grooved  structure  cannot  be  removed  but  by  the 
entire  destruction  of  its  substance. 

The  colours  of  striated  surfaces,*  first  observed  by 
Boyle,  and  those  produced  by  small  scratches  upon  po- 
lished substances,  are  analogous  to  the  communicable 
colours  of  mother-of-pearl,  and,  like  them,  may  be  im- 
pressed upon  wax  and  other  soft  substances ;  but  the 
colours  of  the  integuments  of  some  of  the  coleopterous 
insects  are  not  communicable,  and  are  similar  to  the  co- 
lours of  thin  plates. 

The  mass  of  coloured  light,  which  always  accompanies 
the  first  or  principal  prismatic  image,  is  not  affected 
like  the  communicable  colours,  when  the  light  is  inci- 
dent upon  the  mother-of-pearl,  from  a  fluid  of  the  same 
refractive  power  ;  and  therefore  it   follows,  that  it  has 


actually  penetrated  the  surface  of  the  mother-of-pearl, 
and  suffered  reflexion  from  the  minute  laminae  or  plates 
of  which  it  is  composed.  This  class  of  colours  is  often 
highly  brilliant,  both  when  seen  [)y  ledexion  and  trans- 
mission, but  the  reflected  tints  may  be  developed  in  a 
very  beautiful  manner,  by  grinding  down  to  the  thick- 
ness of  the  humlredth  or  two  hundredth  of  an  inch,  par- 
ticular pieces  of  mother-of-pearl,  that  are  otherwise 
inca]):ible  of  exhibiting  them.  Sec  Phil.  Trans.  1814. 
Some  interesting  observations  of  Mr.  Ilerschel  on  mo- 
ther-of- pearl  will  be  found  in  the  Edin.  Phil.  Journ.  vol. 
ii.  p.  117. 


CHAP.  VI. 

ON    DOUBLE  REFIIACTIOV. 

The  double  refraction,  and  the  polarisation  of  light, 
have,  in  consequence  of  the  discoveries  of  the  present 
century,  become  a  subject  of  great  extent,  and  resemble 
more  a  separate  branch  of  science,  than  a  department  of 
optics.  The  delicate  nature  of  some  of  its  experimental 
inquiries,  and  the  mathematical  foimulx  in  which  the 
results  have  been  enveloped,  have  given  it  the  character 
of  being  inaccessible  to  ordinary  minds;  and,  from  these 
causes,  the  study  of  it  seems  to  have  been  entirely  ne- 
glected, even  by  tho^e  individuals  who  have  cultivated, 
with  zeal  and  success,  every  other  branch  of  natural 
philosophy.  Splendid  as  the  ordinary  phenomena  of 
light  and  colours  are  allowed  to  be,  and  interesting  as 
all  those  inquiries  are  which  lelaie  to  the  formation  of 
images,  and  the  principles  of  optical  ins'.runients,  yet  we 
venture  to  assure  the  reader,  that  the  suljecl  of  double 
refraction  and  polarisation  will  introduce  him  into  a  new 
world  ;  and  that  he  will  be  delighted  at  every  step  with 
the  splendour  of  the  phenomena  wliich  it  presents  to  him, 
and  with  the  information  which  it  furnishes,  not  only 
respecting  the  structure  and  constitution  of  organized 
bodies,  but  respecting  that  subtle  and  invisible  element 
which  nature  seems  almost  to  have  placed  without  the 
pale  of  scientific  research. 

Def.  1.  When  a  ray  of  light  is  incident  upon  glass 
or  water,  or  any  other  fluid,  whether  bounded  by  one  or 
by  two  plane  surfaces,  the  image  formed  by  refraction  is 
always  single  ;  or,  when  there  is  a  single  incident  ray, 
there  is  only  a  single  refracted  ray.  These  bodies  are 
therefore  said  to  have  single  refraction.  There  are  vari- 
ous bodies,  however,  such  as  Iceland  s/iar,  Kock  crystal, 
&c.  which  give  two  images  of  any  object  seen  through 
them  when  they  are  bounded  by  plane  surfaces,  or  which 
give  two  refracted  rays  when  there  is  only  one  incident 
one.  These  bodies  are  said  to  have  double  refraction, 
a)id  are  called  doubly  refracting  crystals. 

Def.  2.  In  doubly  refractmg  crystals,  one  of  the 
images  or  pencils  is  refracted  according  to  the  law  of  the 
Sines,  discovered  by  Snellius,  and  therefore  the  direc- 
tion of  the  ordinarily  refracted  ray  in  any  doubly  refract- 
ing crystal,  may  be  found  from  the  principles  already 
explained  in  a  preceding  chapter.  The  image  or  ray  so 
formed  is  called  the  Ordinary  ray  or  image.  The  se- 
cond pencil  or  image,  however,  is  formed  according 
to  a  new  and  entirely  different  law,  and  is  therefore 
called  the  Extraordinary  ray  or  image. 


*  These  colours  are  finely  seen  in  the  light  of  the  sun  upon  glass  smoothly  ground  with  emery;  upon  smooth  water-worn  stooes  . 
upon  wood  and  polished  leather ;  and  almost  every  substance  whose  surface  is  not  highly  polished. 
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Def.  3.  In  all  doubly  lefraciing  crystals,  there  is  one 
or  more  lines  along  which  the  double  refraction  or  the 
separation  of  the  ordinary  and  extraordinary  images  is 
nothing,  or  vanishes.  This  line  is  called  the  Axis  of  the 
crystal,  or  the  .4xis  of  double  refraction. 

Def.  4.  If  the  extraordinary  ray  is  refracted  towards 
the  axis  of  a  crystal,  that  axis  is  called  a  Positive  axis 
of  double  refraction  ;  but  if  it  is  refracted ^rom  the  axis, 
that  axis  is  calkd  a  jYegative  axis  of  double  refraction.* 

Def.  5.  The  /irinci/tal  section  of  a  crystal  is  any  plane 
passing  through  its  axis  of  double  refraction. 

Sect.  l.—On  the  Double  refraction  produced  by  Crystals 
with  ONE  axis. 

Prop.  I. 

All  regular  crystals  which  belong  to  the  rhomboidal 
or  pyramidal  systems  of  crystaHization,t  or  whose  pri- 
mitive forms  are  the  rhomboid  with  an  obtuse  summit ; 
the  rhomboid  with  an  acute  summit ;  the  regular  hcxa- 
hedral  prism  ;  the  octohedron  with  a  square  base ;  the 
right  piism  with  a  square  base;  and  the  bipyiamidal 
dodecahedron, — have  One  axis  of  double  refraction,  co- 
incident with  the  crystallographic  axis  of  these  solids. 

This  general  law  was  determined  by  Dr.  Brewster, 
from  the  examination  of  all  the  crystallized  bodies  which 
belonged  to  the  prismatic  forms  mentioned  in  the  propo- 
sition. The  following  table  of  the  results  of  his  obser- 
vations contains  tlic  crystals  whose  primitive  forms  have 
been  determined  by  Hauy.  The  signs  +  and  —  denote 
that  the  axis  of  double  refraction  is  fiositive  or  negative. 

I.    List  of  Crystals  of  known  Primitive  Forms  ■,  and  hav- 
ing ONE  Axis  of  Double  Refraction. 

1.  Rhomboid  witlt  obtuse  summit. 

—  Carbonate  of  lime.  —  Carbonate  of  lime  and  iron. 

—  Carbonate  of  lime  and  magnesia.  —  Tourmaline. 

—  Rubellite.  IJuby  silver. 
+  Dioptase. 

2.  Rhomboid  -udth  acute  summit. 

—  Corundum.  —  Ruby. 

—  Sapphire.  Cinnabar. 

o.  Regular  hexahedral  prism. 


6.  Hijiijramidal  dotlccalteiirou. 

—  Phosphato-arseiilatc  of  lead. 


—  Emerald. 

—  Beryl. 

—  Phosphate  of  lime. 


—  Nepbeline  or  Sommite. 

—  Arseniate  of  copper. 

—  Arseniate  of  lead. 


4.  Octahedron  vnth  a  square  base. 


J-  Zircon. 

4-  Oxide  of  tin. 

+  Tiingstate  of  lime. 


—  Mellite. 

—  Molybdate  of  lead. 

—  Octobedrite. 


5.  Right  prism  ^eilh  a  square  base. 


-+-  Quartz. 

—  rhosphate  of  lead 


According  to  Hauy's  determinations,  the  following 
substances  belons;  to  the  preceding  class  of  priiuiiive 
forms ;  and  if  his  determinations  were  correct,  they 
would  form  exceptions  to  the  general  law  stated  in  the 
pioposition. 

Crystals  arranged  by  Hauy  under  the  Rhomboidal  at\d 
Pyramidal  System. 

Sulph.ite  of  magnesia  T 

Chromate  of  lead  >   Right  prism  with  a  square  base. 

Mesotype  j  " 

Carbonate  of  barytes   T 

Carbonate  of  strontitcs  ^   Hesahedral  prism. 

lolite  3 

Cryolite  Octohedron  with  a  square  base 

Harmotome  I    obtuse  rhomboid. 

Chabasie  J 

Sulphate  of  iron  Acute  rhomboid. 

Upon  examining  these  minerals,  however,  Professor 
Mohs  of  Freybourg  has  excluded  all  of  tham,  with  the 
exception  of  lolite,  from  the  Rhomboidal  and  Pyramidai 
Systems,  and  consequently  has  enabled  Dr.  Brewster  to 
remove  every  objection  to  the  generality  of  his  law,  with 
the  single  exception  of  lolite,  which  will  also  be  found 
to  have  a  different  prismatic  form  from  that  which  has 
been  assigned  to  it. 

Dr.  Brewster  has  likewise  determined  that  the  fol- 
lowing crystals  have  one  axis  of  double  refraction  ;  and 
though  their  primitive  forms  are  not  ascertained,  he  has 
predicted,  on  the  faith  of  the  general  principle,  that  they 
belong  to  the  rhomboidal  or  pyramidal  Systems. 

II.  List  of  Crystals  with  one  Axis  of  Double  Refraction, 
and  whose  Primitive  Form  has  not  been  determined  by 
Crystallogra/ih  ers . 


Position 

—  Mica  from  Kariat 

—  Mica  with  amianthus 

—  Hydrate  of  Stronites 

—  Arseniate  of  Potash 

—  Muriate  of  I.ime 

—  Muriate  of  strontian 

—  Nitrate  of  soda 

—  Sub. phosphate  of  pot.ish 

—  Sulphate  of  nickel  and  copper 

—  Hyposulphate   of  lime  (.i/r. 

Ilerschel) 
-)-  Boracite 

-f-  Apophyllite  from  Uton 
-^-  Apophyllite  surcompos^e     - 
-i-  Sulphate  of  potash  and  iron    - 
-j-  Super  acetate  of  copper  and 

lime  . 
•\-  Hydrate  of  Magnesia 
-4-lce 


.f  Titanite. 

—  Idocrase. 

—  Wernerite. 


—  Meionite. 
Uranite. 


of  the  .^xis  of  Double  Refraction. 
Perpendicular  to  the  lamiiije. 
Perpendicular  to  the  Iamin<e. 
Perpendicular  to  the  quadran- 
gular plate. 
Axis  of  quadrangular  prism. 
Axis  of  hexahedral  prism. 
Axis  of  hexahedral  prism. 
Axis  of  obtuse  rhomb. 
Axis  of  quadrangular  prism. 
Axis  of  quadrangular  prism. 
Axis  of  hexagonal  tables. 

Axis  of  cubical  rhomb. 
Axis  of  prism. 
Perpendicular  to  the  plate. 
Axis  of  hexahedral  prism, 
Axis  of  prisn). 

Perpendicular  to  the  lamina. 
Axis  of  hexahedral  prism    or 
rhomb. 


From  the  generality  of  the  law  stated  in  the  propo- 

♦  The  Posirireaxis  is  called  Attractive,  and  the  J/egative  Repulsive,  by  M.  Biot,  in  all  his  writings ;  but  these  names  involve  a  hypo- 
•hesi*  which  has  no  existence  io  nature,  and  must  be  altogether  abandoned.  t  See  Mob's  Cliaracteristie, 
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sition,  we  may  in  every  case,  where  the  primitive  form 
of  the  crystal  is  known,  determine  not  only  that  it  has 
one  axis  of  double  refraction,  hut  also  the  position  of 
this  axis  ;  anc  z'ice  versa,  when  the  axis  of  any  crystal 
is  known,  we  may  infer  that  it  belongs  to  ihc  fiist 
class  of  primitive  forms,  and  that  the  axis  ol  douole  re- 
fraction is  the  axis  of  the  primitive  solid.  For  farther 
informationon  this  subject,  see  PAiV.  Trans  1818,  p. 210, 
&c  ;  Wernerian  Memoirs,  vol  iii.  p  5'.'.  337  read  20th 
M^rch,  18 '.9.  and  Aug.  5,  1820;  Journai  de  P/iyngue, 
tom.  Ixxxix.  p.  36  July  1819;  Edinburgh  Philosijfihical 
JoumaU  vol  iv.  p.  552;  v.  p.  i  217;  and  Mohs'  Charac- 
teristic '•/  the  Natural  History  System  of  Mineralogy, 
Edin.  1820. 

Prop.  II. 

To  determine  the  law  of  double  refraction  in  all 
crystals  with  One  axis. 

As  the  phenomena  of  double  refraction  have  been 
long  studied  in  the  crystal-)  of  Iceland  or  calcareous 
spar,  we  shall  ^rsl  explain  the  general  law  obtained 
experimentally  Ly  the  celebrated  Huygens,  in  relation 
to  this  crystal;  and,  secondly,  a  more  gentral  law, 
which  embraces  all  other  crystals,  whether  positive  or 
negative. 

1.  Iceland  spar  crystallises  in  the  form  of  a  rhomb. 
Fig.  13.  whose  axis  AB  joins  the  two  obtuse  solid  an- 
gles ot  tiie  crystal.  This  axis  is  also  the  axis  of  double 
retraction,  along  which,  whtn  a  ray  of  light  was  inci- 
dent, Huygens  found  that  the  separation  of  the  ordi- 
nal y  and  extraordinary  rays  is  nothing.  In  every  other 
position  ot  the  incident  ray  there  is  dou;)le  refraction, 
the  amount  ot  which  isdettrmined  by  the  following  law 
discovered  by  Huygens  from  experiment,  the  double  re- 
fraction increasing  from  the  pole  to  the  equator,  where 
it  is  a  maximum 

LetABEF,  Fig.  14.  be  a  piece  of  Iceland  crystal,  and 
let  one  of  the  three  obtuse  angles,  winch  form  the  solid 
angle  C,  namely  .\C'B,  be  bisected  by  CG,  the  plane 
CGHF  will  be  a  Princi/ml  Section  of  the  crystal. 

If  the  surface  AB  is  now  exposed  to  the  sun,  being 
all  covered  but  a  small  aperture  K  in  CG,  and  if  a  ray 
IK  is  incid<nt  perpendicularly  at  K,  it  will  be  divided 
at  the  point  K  into  two  rays,  one  of  which  KL,  will  be 
a  continuation  of  IK,  and  will  be  the  ordinary  ray  while 
the  other  KM.  or  the  extraordinary  ray,  will  deviate 
from  KL  towards  C,  by  an  angle  of  6°  40',  but  will 
still  be  in  the  plane  CGHF.  This  ray  will  emerge  at 
A^I  in  the  direi  lion  MZ,  parallel  to  IK  Hence,  since 
the  point  M,  by  the  extraordiiiary  refraction,  is  seen  hy 
the  retracted  ray  MKI,  the  eye  being  at  I,  any  point  or 
aperture  at  L,  by  the  same  refraction,  will  be  seen  by 
the  refracted  ray  LKl,  LK  being  parallel  to  MK,  if  I 
is  very  distant.  Thi-  point  L  will  consequently  be  seen 
in  the  direction  IRS,  and  as  the  same  point  is  seen  by 
the  ordinary  refr.iction  in  the  direction  IK,  it  will  ne- 
cessai  ily  appear  double. 

If  the  ray  now  falls  in  the  direction  NO,  in  the  plane 
CGHF,  making  an  angle  of  73°  Id  with  CG,  or  nearly 
p-'i-ailel  to  CF,  which  makes  with  FH  an  angle  of  70° 
57',  it  will  be  divided  at  O  into  two  rays,  one  of  which, 
viz.  t!.e  extraordinary  ray,  will  be  a  continuation  of  \0, 
without  refraction,  while  the  other,  or  the  ordinary  a> , 
will  he  refracted  in  the  direction  OQ,  both  rays  beii.;  'n 


the  plane  CGHF.     This  is  true  of  all  planes  parallel  to 

the  principal  section,  and  also  of  ail  piaiies  paraliel  to 
the  principal  section  that  bisects  the  other  angles  BCF 
and  ACF.  ^ 

In  order  to  find  the  law  according  to  which  the  dou- 
ble relraciion  varies  at  (iiffeient  inclinations  with  the 
axis  of  the  crystol,  let  CGHF,  Fig.  I5.  be  any  of  the 
firincifial  sections  ot  the  crystal,  or  any  plane  passing 
through  its  axis,  and  Sk,  VK,  two  rays  inciaent  in  that 
plane  on  the  surtace  CG  of  the  crystal,  and  equally  in- 
clined to  the  line  IKL,  perpendicular  10  CG  at  K  Then 
it  KM  IS  the  refracted  ray,  belonging  to  the  ray  IR,  in- 
ciaent perpendicularly,  the  oblique  rays  VK,  SK  will 
be  so  refracted  that  the  extraordinary  rays  K  1",  K.\  will 
cut  the  base  HF  in  pjints  T  and  K  equidistant  from  M, 
or  TM=XM. 

2.  Instead  of  considering  the  incident  ray  as  falling 
upon  any  natural  face  of  the  crystal,  let  us  suppose-  inat 
any  of  the  crystals  ol  the  negative  class  is  entirely 
round,  and  that  AB,  Fig.  16.  is  its  axis  where  the  dou- 
ble refraction  is  nothing,  and  c  CD  d  a  plane  perpendi- 
cular to  AB,  which  will  cut  the  spiiere  ACliD  in  a  line 
which  may  be  called  the  equator  of  double  refraction. 
Then  if  the  ray  of  light  is  incident  in  any  direction  in 
this  plane,  and  perpendicular  to  the  spherical  surface, 
so  that  it  may  be  at  right  angles  to  AB  the  axes,  its 
double  refraction  is  found  to  be  z  tnarimum. 

Let  us  now  suppose  that  the  index  of  refraction  of  the 
ordinary  and  extraordinary  ray  in  the  plane  cCOUd  has 
been  accurately  measured,  and  let  us  call  the  loraier  m, 
and  the  latter  m',  then  Huy.:ens  lound,  that  if  an  ellipse 
Ac  B  d  is  drawn,  whose  lesser  axis  AB  is  to  its  greater 

axis  c  rf  as  —  :  — ;;  and  if  an  oblate  spheroid  is  gene- 
rated by  the  revolution  of  this  ellipse  round  its  lesser 
axis  AB,  the  variable  radii  of  this  spheroid  will  be  the 
reciprocal  of  the  velocity  of  the  extraordinary  ray  at 
different  points  of  the  sphere.  Thus,  if  R  a  6  O  is  a  ray 
of  light  incident  at  b,  then  the  radius  Oa  of  the  sphe- 
roid will  be  a  measure  of  the  velocity  of  the  extraordi- 
nary ray  ;  and  consequently  -jr —  will  be  the  index  of 

refraction  for  that  i-ay.  Now  if  we  call  the  angle  ROA= 
tp  and  R.  r  the  two  axes  of  the  spheroid  or  RzTr  d.  and 
r::zAB.  and  v  the  velocity  of  the  extraordinary  ray,  it 
may  be  shown  as  Malus  has  done,*  that 

Rr 


>/[r^Sm.'  <p-f-R^  Cos.^  (f) 
is  the  radius  Oa  of  the  spheroid  for  any  angle  if.  Hence, 
since  the  v  iocity  of  the  extraordinary  ray  is  reciprocally 
as  this  radius   we  have 

_V'('-'Sin.  2414- R^  Cos. ^(t) 

v=:^!-^ Zl   or 

K  r 

'^^—72— I   R2  ^2   f  Sin.'  <p  that  is, 
If  the  square  of   the  velocity  of   the  ordinary  ray  be 
-J,    this    quantity    is    diminiohed    by  another    quantity 

(    p2  ^2  •  )  Sin.    f,  varying  with  the  inclination  of  the 

refracted  ray  to  the  axis  AB 

As  Huygens  and  Malus  supposed  that  all  crystals  had 
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only  one  axis  of  double  rclVaciion,  they  believed  the 
above  law  to  be  the  universal  law  of  double  refraction  ; 
but  i»  examining  the  phenomena  of  quartz,  M.Biot  dis- 
covered that  tlie  extraordinary  ray  had  its  index  of  re- 
traction m'  greater  than  the  index  of  refraction  m  of  the 
ordinary  ray  ;  and  he  conclutled,  that  in  such  crystals  to 
which  we  have  given  the  name  of  fiositive,  the  pheno- 
mena are  represented  as  in  Fig.  17.  by  a  prolate  ellip- 
soid A  c  B  (/.     Hence  it  follows,  that 

and  that  the  square  of  the  velocity  of  the  extraordinary 
vay  is  now  mcreased  by  the  same  quantity  by  which  it  was 
diminished  in  negative  crystals. 


Although  our  limits  will  not  permit  us  to  insert  the 
investigation  of  the  general  formulae  for  double  refrac- 
tion given  by  Malus,  yet  we  shall  lay  before  our  readers 
the  formulae  which  he  obtained. 
Let  Crzangle  of  incidence. 

<'— angle  of  extraordinary  refraction. 

TT— angle  which  the  intersection  of  the  plane  ol 

incidence  forms  with  the  axis. 
JT*— the  same  angle  for  the  ray  refracted  extra- 
ordinarily. 
A— the  angle  which  the  axis  of  the  crystal  makes 
with  the  perpendiculai'  to  the  plane  of  inci.- 
dence. 
Ar:R'  Sin.  ^X+r-  Cos.=  A. 
C— Sin.  aCos.  A(R=— r^)     Then 


Tang.  «'  Cos.  ir'zi- 


R^  r=  Sin.  6  Cos.  x 


■Av'A  — R^Sin."  «  [r' 

R^-Sin.  «. 
and  Tang,  fl*  Sm.  '«^=^^_^f 


Cos.*  3-  +  ASin.2)r 
Sin.  IT 


+ 


.Sin.*  6  (r*  Cos  =  ^  +  A  Sin  '  v.) 

When  the  refracting  surface  is  parallel  to  the  axis  we  shall  have  A:=90,  ia  which  case  Azir^  and  C~0. 

formula  then  becomes 

r*  Sin.  6  Cos.  x 
Tang.  «'  Cos.  .'-^_=^ 


The 


Tang,  fl'  Sin.  »'= 


^6  (r*  Cos^x  +  R^Sin.^^-) 
R  Sin.  *  Sin.  t 


v^l  —  Sin,*  «  (r*  Cos.*  a-  -f  R*  Sin.  *  =r) 


(2.) 


and  dividing  the  one  equation  by  the  other,  we  have 

R* 
Tang,  a-'ir-r  Tang.  Jr. 

When  the  refracting  surface  is  fiarallel  to  the  axis,  and 
the  filane  of  incidtnce  /icrflendicular  to  the  axis,  then 
a-— x*— yo",  or  a:^90  ;  consequently  Cos.  t'— o,  and  the 
first  equation  becomes 

Tanc.  «':=  — .         "     "  ,  and  Sin.  «'=R  Sin.  «. 

*'  v/.— R^Sni.^« 

IVhen  the  refracting  surface  is  fiarallel  to  the  axis,  and 
the  filane  of  incidence  fiasses  through  the  axis,  in  which 
case  the  refraction  is  in  the  plane  of  a  principal  section, 
then  cr— ^ — -0°.  the  second  equation  becomes 

r  r  Sin. * 

1^^"g-'''=R><^,-.^Sin.^.- 

or,  by  substituting  r  Sin.  «  for  its  equal  Sin.  «',  we  have 

rSin.tf 


Hence 


Tang.  (/=.  ■ 


W\—r'  Sin.*  « 
which  substituted  in  the  general  formula  gives 

Tang.  6'—  ^  Tang.  6. 

When  the  refracting  surface  is  fierfiendicular  to  the  axis 
'jf  the  crystal,  then  A=0°,  and  A=r^,  and  C^O.  Hence 

R*  Sin.  tfSin.x 
Tang.<'Sm.x'=-;^ 


Tang.  e'Cos.  5r'= 


l  —  R^  Sm.*  6 
R*  Sin.  6  Cos.  X 
"Vi  —  R*  Sin.  •'»' 


and  dividing  the  one  equation  by  the  other,  we  have 
Tang,  t'— Tang,  x,  and  x'— x,  which  shows  that  the 


refracted  ray  is  in  the  plane  of  the  incident  ray. 
we  obtain  from  the  preceding  equation, 

,_         R*Sin.g 
T^"g-^-r^l-.^Sin.*..- 

By  means  of  these  formulae,  which  Malus  deduced  from 
the  law  of  Huygens,  that  able  philosopher  has  computed 
the  double  refraction  in  various  sections  of  the  crystal, 
and  basin  every  case  found,  that  the  results  corresponded 
most  accurately  with  observation.  The  same  law  was 
confiimed  by  the  observations  of  Dr.  Wollaslon  ; — and, 
by  a  different  method  of  observation,  which  became  ab- 
solutely necesstxry  in  crystals  like  .irragonitc  and  others, 
Dr.  Brewster  determined  that  the  Huygenian  law  repre- 
sented the  phenomena  in  the  most  accurate  manner. 

Scholium. 

As  we  have  already  given  the  value  of  m  and  ?«',  or 
the  indices  of  refraction  of  the  ordinary  and  extraor- 
dinary ray,  in  the  table  of  refractive  powers  in  p.  630, 
the  form  of  the  ellipsoid  or  spheroid,  by  which  the 
double  refraction  of  each  crystal  is  represented,  may 

be  easily  determined,  as  R  zz  — r ,  and  r  zr  — ;  and  the 

'  ni  in 

position  of  its  axis  of  revolution  is  given  by  Prop.  I. 
p.  704  of  this  chapter. 

Sect.  H. — On  the  Double  Refraction  of  Crystals  with 
Two  Jlxes. 

When  Malus  wrote  his  Theorie  de  la  Double  Refrac- 
tion, and  when  M.  Biot  wrote  his  Traiie  de  Physicjue, 
crystals  with  two  axes  of  double  refraction  were  en- 
tirely   unknown,  and  the  law   of  Huygens  is  given  in 
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these  two  works,  as  the  universal  law  of  tlouble  refrac- 
tion* 

In  I8I6,  Dr.  Brewsler  discovered  that  a  great  body  of 
crystals  had  two  axes  of  double  relraction.  He  louiid, 
that  a  double  system  of  rings  always  accon'paiiied  the 
two  axes;  and  by  examining  the  separation  of  the  images 
in  the  same  crystal  in  wliicli  he  had  produced  the  rings, 
he  had  the  satisfaction  of  witnessing,  tor  the  first  time, 
that  the  two  images  coalesced  at  the  two  poles  of  no  po- 
larisation which  formed  the  centres  of  tlie  two  systems 
of  rings ;  and  by  measuring  the  extraordinary  refraction 
at  different  points  of  the  rings,  he  found,  that  the  lines 
of  equal  double  refraction,  or  the  isofringcnt  lines,  as 
they  may  be  called,  were  invariably  conicnlent  with  the 
itochromatic  curves,  or  the  lines  of  equal  tints.  Hence 
he  was  put  in  possession  of  a  method  entirely  new,  of 
studying  the  phenomena,  and  was  thus  led  to  determine 
the  general  laws  of  double  refraction  i'..t  all  crystals  of 
any  number  of  axes,  which  we  shall  now  proceed  to  ex- 
plain. 

In  his  first  inquiries  on  the  subject,  he  adopted  the 
a/ifiarent  axes,  where  the  double  refraction  was  nothing, 
as  the  real  axes,  to  which  the  forces  of  double  refrac- 
tion were  related;  but  having  found  that  tliesc  lines  had 
no  relation  whatever  to  any  fixed  and  pcriuanent  lines  in 
the  primitive  forms,  and  that  the  tin's  di.-'  not  altogether 
vanish  at  these  points,  he  abandoned  his  first  hypothesis, 
and  considered  these  axes  as  resultant  axes,  where  the 
action  of  the  other  two  axes  were  in  a  state  of  equili- 


brium. Thus,  if  P,  P',  Fig.  18.  are  the  poles  of  no  dou- 
ble refraction,  he  considered  the  line  OO,'  lying  in  the 
plane  passing  through  PP',  and  equidistant  from  P,  P', 
as  the  principal  real  axis,  while  the  other  axis  was  in 
the  direction  AB,  perpendicular  toOO',  or  in  the  direc- 
tion DE,  at  right  angles  to  both  AB  and  OO'.  He  then 
found,  that  the  real  axes  OO'  and  AB,  or  DE,  or  the 
plane  DPP'E',  passing  through  the  axes,  were  in  every 
case,  with  the  exception  of  sulfihate  of  lime,  coincident 
with  permanent  lines  in  the  primitive  forms. 


Prop.  III. 

All  regular  crystals  which  belong  to  the  Prismatic 
system  of  Mohs,  or  whose  primitive  forms  are  the  Right 
firism,  with  its  base  a  rectangle,  a  rhomb,  or  an  oblique 
parallelogram; — the  Oblique  firism,  with  its  base  a  rec- 
tangle, a  rhomb,  or  an  oblique  parallelogram  ;  or  the 
Rectangular  and  Rhomboidal  Octahedron,  have  T':uo  axes 
of  double  refraction  coincident  with  some  permanent 
line  in  the  primitive  form. 

The  general  law  stated  in  this  proposition,  was  deter- 
mined by  Dr.  Brewster  from  the  examination  of  a  very 
great  number  of  crystallized  bodies. 

The  following  Table  of  the  results  of  his  observations, 
contains  all  those  crystals  with  two  axes  whose  primitive 
form  have  been  determined  by  mineralogists. 


1.  List  of  Crystals  of  knmm  Primitive  Forms,  and  having  Two  ^xes  of  Double  Refraction. 
1 .  Right  Quadrangular  Prism. —  Base  a  Rectangle. 


J\i'ames  of  Minerals. 
Cymophane,  Young. 
Peridot,  ditto. 
Prehnite,  ditto. 
Stilbite,  ditto. 

Comtonite,t  Brooke. 
Thomsonite,  ditto. 
Anhydrite,  Bournon. 
Tartrate  of  potash,  do. 
Staurotide,  Hauy. 
Datholite,  do. 
Mica.  do. 
Talc,  do. 
Spoflumene,  do. 
Si'!phate  of  barytes,  do. 
Sulphate  of  strontian,  do. 
Sulphate  of  soda,  Bournon, 
Citric  acid,  do. 

Tartrate  of  potash  and  soda,  do. 
Chromate  of  lead,  do. 
Stilbite,  Brooke. 
Mesotype  of  Auvergne,  do. 


Position  of  Princijial  Axis. 
Axis  of  right  prism. 
Perp.  to  axis. 

Parallel  to  largest  side  of  prism,  or 

perp.  to  best  cleavage  planes. 
Perp.  to  axis  of  right  prism. 
Perp,  to  axis  of  prism. 
Axis  of  right  prism. 
Perp.  to  the  flat  rhomb,  faces 


Axis  of  right  prism. 

Axis  of  right  prism. 

Axis  of  prism. 

Short  diagonal  of  rhomb,  base. 

Axis  of  the  prism. 


Perp.  to  lamins 
Axis  of  prism. 


Position  of  Second  Axis. 
Perpendicular  to  the  sides. 
Axis  of  right  prism. 

Axis  of  right  prism,  or  perp.  to  long- 
est faces. 
Axis  of  that  prism,  or  other  axis.^ 
Axis  of  the  prism. 
Perp.  to  sides  of  prism. 
Parallel  to  a  side  of  rhomb,  prism. 


Greater  diagonal  of  its  rhomb,  base. 

Diagonal  of  its  rhomb,  base. 

In  plane  of  laminae. 

Long  diagonal,  or  axis  of  prism. 

Perp.  to  axis  of  prism. 


In  plane  of  laminae. 
Perpendicular  to  axis. 


•  In  1811  M.  Biot,  and  in  1812  Dr.  Brewster,  had  discovered  the  compound  polarising  structure  of  .Wica,  which  M.  Biot  at  one 
lime  attributed  to  thve  axe.s  of  polarisation,  and  at  another  time  to  t-.so  ,■  and  before  the  Traite  de  Physique  was  written,  its  author  was 
acqualnte'l  with  the  existence  of  a  double  system  of  rings  in  7o/;ai  and  in  jVitre,  which  had  been  communicated  to  him,  the  former 
in  1814,  and  the  latter  early  in  1815 ;  but,  so  far  from  ever  imagining  that  these  bodies  had  two  axes  of  double  refraction,  he  gave 
Topaz  a?  .i  crystal  v.'uh  one  axi?. 

f  See  Edinlwgk  Philtttophical  Journal,  vol.  iv.  p.  131  i  and  vol.  vi.  p.  112. 

i  The  term  other  axis  means,  an  axis  rectangular  to  the  other  two. 
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3.  Right  Quadrangular  Prism.— Base  an  Oblique  Parallelogram. 


Mtmea  of  Minerals. 
NeeUii;sioiieijf  Faroe,  do. 
Sulphate  of  lime,  Hauij. 
Epitiotc,  do. 
Axinitt,  do. 

Heulamlilc,  Brooke.       ' 
Brewsterite,  do. 
Sulphato-carb.  of  lead,  do. 


Position  of  Princifial  Jlxis. 
Axis  of  prism. 
In  plane  of  ilic  laminx. 
In  bast  of  prism. 


Pcrp.  to  laminae. 


Position  of  Second  Axis. 
Perpendicular  lo  axis. 
Axis  of  prism. 
Axis  of  prism. 


In  plane  of  laminae. 


Borax,  Hauy. 
Euclase,  do. 


4.   Oblique  Quadrangular  Prism. — Base  a  Rectangle. 

5.  Oblique  Quadrangular  Prism. — Base  a  Rhomb. 

Diopside,  Bauy.  Perpendicular  lo  sides  of  the  prism.     Axis  of  prism,  or  other  axis. 

An.i^iif,  do- 

Gi  luberite. 

Grammatile,  do. 

Sulphate  of  iron.  IVollaslon. 

Snptr-sulph.  of   potash,   Bour-     Perp.  to  axis  of  prism 

non. 
Acttate  of  copper,  do.  Pcrp.  to  axis  of  prism. 

Tartaric  acid,  do.  A.\is  of  prism. 

Oxalic  acid,  do. 
Sugar,  do. 

C.  Oblique  Quadrangular  Priam. — Base  an  Oblique  Parallelogram. 
Feldspar,  Hauy. 
K.)Mnite,  do. 
Sulphate  of  copper,  do. 


Axis  of  prism. 

Axis  of  prism. 
Perpendicular  to  faces. 


Nitrate  of  potash. 
*Arragoniie. 

Carbonate  of  lead. 
Sulphate  of  lead. 
(■Topaz. 
Muriate  of  copper. 


Sulphur,  HaUy. 
Sphene,  do. 
Carbonate  of  Soda,  do. 


7.  Octahedron  with  a  Rectangular  Base. 

Axis  of  octohedron.  Perpendicular  to  sides  of  base. 

Axis  of  prism,  or  perpendicular  to  Perp.  to  sides  of  base. 

axis  of  octohedron. 

In  plane  of  base  of  two  pyramids.  Axis  of  the  octohedron. 


Axis  of  octohedron. 

Long  diagonal  of  rhomb,  base. 

8.   Octohedron  with  a  Rhombic  Base. 


Pcrp.  to  sides  of  rect.  base. 
Short  diagonal  of  the  rhomb,  base. 


Diagonal  of  base  through  oof  Hauy.     Axis  of  octohedron  or  other  axis. 
PI.  xxxix. 


9.  Minerals  belonging  to  the  Prismatic  Syste?n  of  Mohs.  and  having  two  axes,  but  not  included  in  any  of  the  above 

divisions  of  Hauy. 


Sulphate  of  Magnesia,  Mohs. 

Carbonate  of  Strontian,  do. 

Carbonate  of  barytes,  do. 

Diallage. 

Harmoiome,  Petalite,  Chabasie. 


Cleaveable  diagonal  of  square  base.     Perpendicular  to   axis,  or   the  other 

diagonal. 
Axis  of  prism.  Perpendicular  to  axis. 

Axis  of  piism.  Perpendicular  to  axis. 

Perpendicular  to  plates.  Plane  of  plates. 


10.  Cyrstals,  whose  firimitive  form  has  not  been  determined,  but  which  have  been  found  by  Dr.  Brewster  to  have 
two  axes,  and  which  must  belong  to  the  Prismatic  System  of  Mohs. 


lolile. 

Indurated  Talc. 
Carbonate  of  potash. 


Axis  of  prism.  Perpend,  to  ?xis  of  prism. 

Perpendicular  to  plates.  In  plane  of  laminae. 

Plane  of  axes  perpendicular  to  the  In  plane  of  tables, 
flat  tables. 


•  JoumtLlof  Sot/al  Inttitulitn,  1817,  vol.  iv.  p.  113 


t  Phil.  Trans.  1814. 
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Mimes  of  Minerals. 
Carbonate  ot  copper. 
Sulphate  of  ammonia. 
cobalt. 


ammonia,  and  mag- 


Posilion  of  Princifial  Axis. 

Axis  of  hexahed.  prism. 

Shoiter  diagonal  of  the  rhoniboidal 
base. 


Short  diagonal  of  rhomboidal  base.     Axis  of  prism,  or  other  axis. 


Axis  of  rhomboidal  prism. 
Perp.  to  rhomb  plates. 


soda  and  magnesia. 

. nickel. 

. manganese. 

_^^-^— ^  zinc. 
Oxy-iiitrate  of  silver. 
Nitr.ite  of  ammonia. 

of  lime. 

•  of  strontian,  with  water  of  crystallization. 

■  of  copper. 

■  of  zinc. 

__ of  mercury. 

—  of  bismuth. 

Nitrate  of  lead,  certain  specimens.     Mr.  Herschel,  Edin.  Phil,  Joum.  vol.  ii.  p.  184. 
Muriate  of  mercury. 

of  magnesia. 

of  barytes. 


Position  of  Second  Axis. 

Perp.  lo  axis. 

Axis    of    hexagonal    prism,    or    long 
diag.  of  rhomb,  base. 


Short  diagonal  of  rhomboidal  base. 
Long  diagonal  of  rhomboidal  plates. 


Acetate  of  lead. 


--  of  zinc. 
—  of  soda. 


Mesotype,  Greenland. 
Phosphate  of  soda. 

— -  of  iron. 

Oxalate  of  ammonia. 
Hyper-oxymuriate  of  potash. 
Super-oxalate  of  potash. 
Suptr-chromate  of  potash. 
Chrystallized  Cheltenham  salts. 
jVIurio-sulphate  of  magnesia  and 

iron. 
Benzoate  of  ammonia. 
Benzoic  acid. 
Chromic  acid. 
Sulphato-tri-carh.  of  lead. 
Spermaceti. 
Boracic  acid. 
Succinic  acid. 
Super-tartrate  of  potash. 
Tartrate  of  potash  and  ant. 
Camphor. 
Lepidoliie. 
Realgar. 

Yellow  Orpimcnt. 
Hydrate  of  barytes. 
Prussiate  of  potash. 
Mother-of-pearl. 
Carbonate  of  ammonia. 


Natrolite. 
Serpentine. 
Hyposulphite  of  lime. 


Perpendicular   to    broad    sides    of 

prism. 
In  plane  of  hexag.  plates. 

Axis  of  prism. 

In  plane  of  laminae. 
Perp,  to  axis  of  prism. 
Perp.  to  rhomb,  plates. 


Axis  of  prism. 

Cleaveable  diagonal  of  its  square 

base. 
Perp.  to  laminse. 
Perp.  to  plates. 

Axis  of  acute  rhomb. 
Perp.  to  plates.  , 

Perp.  to  hexag.  plates. 
Perp.  to  faces  of  flat  prism. 
Perp.  to  axis  of  prism. 
Perp.  to  axis  of  prism. 

Perp.  to  laminae. 

In  plane  of  plate. 
Perp.  to  flat  plates. 
Perp.  to  rect.  laminae. 
Perp.  to  laminae. 

Short,  diag.  of  rlioinb,  and  perp. 
to  best  cleavage. 


Axis  of  prism,  or  other  axis. 

Perp.  to  hexag.  plates. 

Perp.  to  axis. 

Perp.  to  laminae. 

Axis  of  prism. 

Plate  of  axis  in  thst  diag. 


Perp.  to  axis. 

Axis  of  prism  rather  diag. 

In  plane  of  do. 
In  plane  of  plates. 

In  plane  of  laminae. 
In  plane  of  plates. 
In  plane  of  plates. 
In  plane  of  these  faces. 
.\xis  of  prism. 
Axis  of  prism. 

Plane  of  laminae. 

Perp.  to  plates. 

In  plane  of  plates. 

In  plane  of  laminae. 

In  plane  of  laminae. 

Axis  of  prism,  or  long  diag. 


Mr.  Herschel,  Edin.  Phil.  Joum.  vol.  i.  p.  IS. 


From  the  results  contained  in  the  preceding  Table, 
Dr.  Biewstei  deduced  three  general  conclusions:* 

1.  That  all  the  combinations  of  Svlphuuic,  Tarta- 
ric, and  Acetic  acids,  ivith  single,  earthy,  metallic, and 
alkaline  bases,  have  two  axes  of  double  refrac:ion.\ 


2.  That  the  two  apparent  axes  of  crystals  viith  two 
axes  have  no  summrtrical  relation,  either  with  the  faces 
or  firominent  lines  of  the  jirimitive  or  secondary  forms  of 
minerals. 


•  See  Phil.  Trans.  1818.  p.  223. 

t  The  same  is  true  of  the  .Miiic  acid,  with  the  exception  of  nitrate  of  soda ;  and  also  of  the  Oxalic,  JJenzoic,  and  Soradc  acid,  Sf> 
far  as  their  combinations  were  examined. 
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3.  That  the  two  rectangular  axes,  the  firinci/wl  one 
of  which  is  in  the  same  filane  with  the  two  afifiarcnt  area, 
and  F.quiDisTANTyrom  them,  have  a  constant  symmetri- 
cal relation  to  the /aces  and  axes  of  the  firimitive  forms  in 
which  they  crystallize. 

Prot.  IV. 

To  determine  the  law  of  c.Kiraorciinaiy  icfraciioii  in 
ali  crystals  with  Two  axes  of  double  refraction. 

Before  determining  the  law  of  extraordinary  refraction 
for  this  class  of  bodies,  it  became  necessary  to  ascertain 
the  position  of  the  real  axes  to  which  the  phenomena 
were  related.  Dr.  Brewster  at  first  assumed  the  two 
apparent  axes  P,  P',  Fig.  18.  as  the  real  axis  of  double 
refraction  ;  but  he  was  led  to  abandon  this  liypothcsis, 
when  he  found  that  in  many  crystals  the  colours  were 
!iot  placed  symmetrically  round  the  apparent  axes;  that 
these  axes  were  not  symmetrically  related  to  any  promi- 
nent lines  in  the  primitive  forms ;  and  that  the  pheno- 
mena could  not  be  calculated,  by  assigning  to  each  axis 
a  force  varying  according  to  the  Huygenian  law.  He 
therefore  tried  to  represent  the  various  and  complicated 
phenomena,  by  assuming  as  the  real  axes  two  rectangu- 
lar axes,  the  principal  one  of  which  was  OO',  Fig.  18. 
eriuidistant  from  P  and  P,  and  in  the  same  plane,  and 
another  axis  at  right  angles  to  OO'. 

If  the  axis  OO'  is  fiosUive,  then  if  we  assume  AB  as 
the  second  axis,  it  must  be  fiositive  also;  but  if  we  as- 
sume DE  as  the  second  axis,  it  must  be  taken  negative, 
and  the  results  will  be  exactly  the  same.  Having  found, 
as  will  be  particularly  explained  in  the  next  chapter, 
that  the  tints,  or  inochrotnatic  lines,  could  be  calculated 
by  the  application  of  the  parallelogram  of  forces,  (see 
p.  727,)  he  obtained  the  following  law  for  the  tints  :  "  The 


tint  firoduced  at  any  fioint  of  the  sfihere  by  the  joint  ac 
tion  of  two  axes,  is  equal  to  the  diagonal  of  a  /larallelo- 
gram,  whose  sides  re/iresent  the  tints  firoduced  by  each 
axis  se/iaralchj.  and  whose  angle  is  double  of  the  angle 
formed  by  the  two  filanes  fiaasing  through  that  fioint  of 
the  sfiherc  and  the  res/iective  axis."  But  as  iht  iaofrin- 
gent  lines  have  the  same  form  as  the  isochroviatic  curves, 
and  as  the  doubly  rel'racting  forces  follow  the  polarising 
forces  in  all  their  variations,  Dr.  Brewster  proceeded  in 
the  following  manner  to  obtain  the  general  law  of  dou- 
ble refraction. 

'Take  bn=  the  axis  of  revolution  of  the  two  spheroids 
a,  a',  the  other  axis  /S  /3'  the  inclination  of  the  incident 
ray  to  the  axes  of  the  crystal,  ■^  the  angle  of  the  forces 
as  found  in  p.  728,  and  ^  lialf  the  difference  of  the  an- 
gles at  the  base  of  the  parallelogram  of  forces.  Then 
since  the  velocity  of  the  light  is  inversely  as  the  varia- 
ble radius  of  the  spheroid,-^;,  will  be  the  square  of  the 

velocity  of  the  ordinary  ray,  and L    , 

'  o*  a'~  the    square   of 

the  minimum  velocity  of  the  extraordinary  ray  in  virtue 
of  the  separate  action  of  each  axis.  The  difference  be- 
tween the  squares  of  the  velocities  of  the  ordinary  and 
extraordinary  rays  will  be 


a 

,'2 


\~^^  b^   } 


Sin.^  /J' 


the  sign  being  positive  when  the  axis  is  positive,  and 
vice  versa.  But  as  these  expressions  represent  the  sides 
of  the  parallelogram  of  forces  we  have 


("i^Sin.., -e-:!^  Sin.-.' Vang,  x^ 
Tang.  Cz:         a^=i=b'  ,a'=i=b''^.    .  „, 


Consequently  the  difference  between  the  squares  of 
the  velocities  of  the  ordinary  and  extraordinary  ray  pro- 
duced bv  the  combined  action  of  the  two  axes,  will  be 


(■ 


b2 


-Sin  2  /3)  (Sin.  i// 


Sin.  {^+\4-) 
Hence,  calling  V  the  velocity  required,  we  have 


1        (^^1^*  Sin.  2^  (Sin.  .^) 
Y-2.^  '    1    V "    "      __^ 

~b^—  Sin.  f^-t'J.')  > 


v=    _L 


Sin.  (C^-'^^) 


and 


Sm.  {i:+l^) 

The  form  of  the  compound,  or  irregular  spheroid,  may 
therefore  be  computed  for  all  doubly  refracting  crystals. 

The  geiicial  law  of  double  refraction  which  has  now 
been  explained,  may  be  thus  expressed. 

The  increment  of  the  square  uf  the  velocity  of  the  ex- 


traordinary ray,  firoduced  by  the  action  of  two  axes  of  dou- 
ble refraction,  is  equal  to  the  diagonal  of  a  fiarallelogram 
whose  sides  are  the  increments  of  the  square  of  the  ve- 
locity firoduced  by  each  axis  sefiarately,and  calculated  by 
the  law  of  Huygens,  and  whose  angle  is  double  of  the  an- 
gle formed  by  the  two  planes  passing  through  the  ray  and 
the  resfiective  axes. 

When  the  two  axes  are  of  equal  intensity,  and  of  the 
same  character,  the  preceding  law  gives  the  very  same 
results  as  the  law  of  Huygens  does  for  one  axis  placed 
at  right  angles  to  the  other  two. 

If  we  call  <p,  (ff  the  angles  between  the  point  of  the 
sphere  and  the  resultant  axes,  the  preceding  formula 
will  give  Viz  (-y-  +  a  Sin.  <p  X  Sin.  ^')i,  v  being  the 
velocity  of  the  extraordinary  lay,  and  a  a  constant  co- 
efficient. As  the  resultant  axes,  however,  are  not  fixed 
points,  (see  p.  730,)  but  vary  in  position  in  the  same  crys- 
tals for  different  rays,  the  quantities  Sin.  <p  and  Sin.  (p' 
are  not  constant,  even  for  the  same  point  of  the  sphere, 
and  consequently  this  simplification  of  the  formula  has 
no  advantages.     See  p.  619,  col.  2,  and  p.  730,  col.  2. 


OPTICS. 


711 


Sect.   III.  On  Crystali  ivilh  three  ^xea   of  Double 
Refraction. 

Prop.  II. 

AH  those  crystals  which  belong  to  the  Tessular  Sys- 
tem of  Mohs,  or  which  have  for  their  primitive  form  ilic 
Cube,  the  Regular  Octahedron,  and  the  Rhoniboidal  Dode- 
cahedron, liave  THREE  axes  of  double  refraction. 

In  considering  the  general  principles  of  the  resolu- 
tion and  composition  of  doubly  refracting  and  polarising 
axes,  Dr.  Brewster  found  that  if  a  crystal  had  three  equal 
and  rectangular  axes,  either  all  positive  or  all  negative, 
their  conibined  actions  at  any  point  of  the  sphere  would 
be  in  equilibrio,  and  consequently  such  crystals  would 
have  the  appearance  of  being  entirely  destitute  of  dou- 
ble refraction. 

Under  these  circumstances,  the  question  naturally 
arises,  whether  such  crystals  have  three  axes  of  double 
refraction,  or  have  no  axis  at  all,  any  more  than  a  mass 
of  water  or  a  piece  of  annealed  glass  ;  and  there  are 
fortunately  some  principles  to  guide  us  in  such  an  en- 
quiry. 

Had  the  doubly  refracting  forces  of  rhomboidal  crys- 
tals, for  example,  gradually  diminished  as  their  primitive 
forms  approached  to  that  of  the  Cube,  which  is  the  limit 
between  the  acute  and  the  obtuse  rhomboids,  then  we 
might  have  expected  that  the  limiting  forms  would  be 
destitute  of  double  refraction ;  but  this  is  not  the  case, 
and  so  completely  different  is  the  structure  of  a  rhomb, 
■when  it  is  on  ihe  eve  of  passing  into  the  cube,  that  Dr. 
Brewster  has  actually  discovered  on  example  of  a  new 
primitive  form,  viz.  the  Cubical  Rho7nbohedron,  existing 
in  the  Boracite,*  and  possessing  a  distinct  axis  of  double 
refraction  in  the  direction  of  one  of  its  diagonals,  or  the 
axis  of  the  cubical  rhombohedron.  In  the  Boracite, 
therefore,  the  optical  structure  is  related  to  a  single  axis, 
while  in  the  True  Cube  the  structure  is  related  to  three 
separate  axes,  one  of  which  is  perpendicular  to  each 
pair  of  its  square  forces. 

But  as  all  crystals  with  one  or  two  axes  have  their 
axes  symmetrically  placed  in  relation  to  the  axes  of  the 
primitive  prism  ;  so,  in  like  manner,  the  Cube,  the  Oclo- 
hedron,  and  the  Rhomboidal  Dodecahedron,  are  the  only 
regular  geometrical  solids  in  crystallography,  in  which 
neither  more  nor  less  than  three  equal  rectangular  axes 
can  be  placed  symmetrically.  In  the  Cube,  for  example, 
each  of  three  axes  is  perpendicular  to  the  three  pair  of 
square  surfaces  by  which  the  solid  is  contained.  In  the 
Regular  Octohedron,  each  of  them  coincides  with  the 
line  which  joins  the  six  solid  angles  of  the  figure  ;  and 
in  the  Rhomboidal  Dodecahedron,  ^ach  of  the  rectangular 
axes  passes  through  the  six  solid  angles,  each  of  which 
is  contained  by  four  acute  angles  of  the  rhomboidal 
planes. 

But  independently  of  these  general  principles,  there 
are  some  facts  which  bear  directly  upon  the  point  under 
consideration.  Dr.  Brewster  has  found,  in  almost  every 
crystal  that  has  the  Cube,  the  Regular  Octohedron,  and 
the  Rhomboidal  Dodecahedron  for  their  primitive  form, 
ob^ious  indications,  as  it  were,  of  unbalanced  action,  and 

•  See  E'lhibur^/t  Philosophical  Journal,  vol.  v.  p.  217. 
■f  See  Edinbu'gh  TVansactiojis,  1815,  vol.  viii.  p.  157. 


distinct  portions  of  both  positive  and  negative  doubly  re- 
fracting structurcb.t  i\I.  Biot|  has  indeed  remarked 
that  these  eflTecis  may  be  produced  by  heat  or  rapid  eva- 
poration ;  but  had  he  repeated  the  experiments,  he  would 
have  found  such  an  explanation  completely  excluded.  In 
the  phenomena  produced  by  heat,  by  rafiid  cooling,  and 
by  eva/toration,  the  axes  are  constantly  related  to  the 
edges  or  surfaces  where  the  heat  or  cold  is  applied  ;  but 
in  the  cubical  and  octohedral  crystals,  the  axis  of  the  po- 
larising portions  have  no  such  relation;  and,  what  is  de- 
cisive of  the  question,  Dr.  Brewster  took  a  large  crystal 
of  .4lum  with  his  own  hands  out  of  the  tub  in  which  it 
had  been  freshly  crystallized  ;  and  though  this  crystal 
was  neither  exposed  to  pressure  nor  to  heat,  it  displayed 
distinctly  many  portions  of  a  doubly  refracting  structure 
related  to  the  axes  of  its  primitive  form. 

Dr.  Brewster  has,  at  considerable  length,  explained 
the  way  in  which  these  unbalanced  actions  are  pioduc- 
ed.§  He  has  imitated  them  artificially ;  and  in  a  more 
recent  paper  he  has  shown  that  certain  remarkable  phe- 
nomena in  J/ioflhyllite,  observed  by  Mr.;Herschel,are  the 
calculable  results  of  the  unbalanced  action  of  three  rec- 
tangular axes.     See  p.  730. 

Having  thus  endeavoured  to  show  that  the  partial  ab- 
sence of  double  refraction,  in  this  class  of  crystallized 
bodies,  arises  from  their  possessing  three  rectangular 
axes  of  nearly  the  same  intensity,  we  shall  now  proceed 
to  establish  the  truth  contained  in  the  proposition,  by  the 
following  list  of  crystals  which  have  no  regular  double 
refraction. 

V.   Crystals  whose  primitive  form.  U  Tessular. 

Muriate  of  soda,  Uauy.  No  regular  double  refraction. 
Amphigene,  Hawj.  -j 

Analcime, /fou^.  /     These  crystals  have   no 

Boracite,  Uawj.  f  regular  doable  refraction 

^  Arseniate  of  iron,  Mohs.  J 
Aplome,  Mohs.  Has  imperfect  double  refraction. 
^Diamond,  ffatiy.  ~| 

Fluor  spar,  Jiauy.  I 

,  Muriate  of  Ammonia,  tfauy.  \ 
Regular   J  Sulphate  of  Alumine,  /fauy.  (These  crystals    have 
octohedron  |  Spinelle,  Hauy.  fno  regular  refraction 

Pleonaste,  JIauy.  I 

Ruby  Copper,  Hauy. 
.Hehin,  Mohs .        ■\  J 

Rhomboidal   S^^^  ^^'^„;    [  These  cr,;stals  have  no  regular 
Sodalite.  Mohs.  J  '^""'''"^  refraction. 


Cube 


pion 


dodecahedron , 


The  relation  between  the  tessular  system  of  crystal- 
lization, and  the  want  of  regular  axes  of  double  refrac- 
tion, is  sufficiently  established  by  the  preceding  table, 
though,  in  the  case  of  the  Cube  alone,  the  evidence  is 
quite  defective  ;  as  no  fewer  than  three  out  of  ^ve  crys- 
tals have  regular  axes,  viz.  ./inaUime,  Amfihigene,  and 
Boracite ;  but  Dr.  Brewster  has  proved,  that  the  first  is 
a  compound  crystal  of  a  very  singular  kind,  and  the  last 
a  cubical  rhombohedron,  so  that  amphigene  forms  the 
only  real  exception;  and  it  will  no  doubt  be  speedily 
found,  that  it  belongs  to  the  prismatic  system  of  crys- 
tallization. 


■   Ti-aili  de  Physique,  torn.  iv.  p.  373, 
§  Phil.  Trans.  1818,  p.  257. 
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The  folhtving  is  a  List  of  Crystals  which  Dr.  Brewster 
has  found  to  have  no  regular  Jixes  of  Double  Refrac- 
tion, and  ivitl  Iher^ore  belong  to  the  Tesaular  System 
of  Mohs. 


Hauyne. 
Essoniie. 
Cinnamon-stone. 
Nitratt  ol'  Icdd. 
Niirate  of  stiouiian. 
OcLontdial. 


Nitra'e  ol  barytcs. 
Niuitcot   Icail.  Oclohcdral. 
Miiriale  of  pouisli. 
Sulpliaie    of    alumine    and    am- 
monia. 


SCHOLIU.M. 


The  Abbe  Hauv  has  r<:Tn..ikcd,  in  his  Traiie  de  AJi- 
neralogie.  (mm.  i.  p.  232)  lliat  all  substaiitcb  wnosc  m- 
te>;ran'  tii.,i.  cuic  ii  remarkable  lor  its  syii.imtry,  have 
timhle  iflraciimi,  such  as  ihosc  which  have  loi  Uitir  pii- 
n.iiive  foim  the  cube,  llie  rtt-ular  octobetlioii,  and  the 
ihomboidal  dndccahtdron.  The  meaniiij;  ol  this  mubi 
be  tha'.  vrry  few  of  these  bodies  which  he  uied  h^d 
simple  letrocuun;  f.>r  in  the  same  volume,  and  a  few 
pages  af  er  be  makes  the  remark,  he  gives  a  regular 
list  of  doubly  nfiacling  crystals,  amoiiniins^  lo  nineteen, 
which  is  immediately  f..llow>(l  b>  another  Z-/«<  of  Crys- 
tals that  have  no  Double  Refraction,  and  which  we  shall 
print  as  he  has  given  it. 

Substances  which,  when  submitted  to  Exfieriment,  firesent 
only  Single  Refraction,  according  to  Hauy. 


1. 

Fluor  spar. 

6 

Amfihigene. 

2. 

Phosphate  of  lime. 

7. 

Tourmaline. 

3 

Telesie. 

8 

./Ixmite. 

4 

Spinelle. 

9. 

Dialhene. 

5. 

Garnet. 

1(J. 

Blende. 

Now,  it  is  very  strange  that  Hauy  should  have  de- 
duced the  above  conclusions  from  only  foitr  crys'ub, 
fuor  sfiar,  s/iinelle,  garnet,  and  blende.  1  he  otbei  six 
crystals  belong  to  other  primitive  forms  ;  and  as  these 
six  have  distinct  axes  of  double  refi  action,  i'  ntctssarily 
follows,  from  Hauy's  own  facts,  that  sim/ite  refr>.ciion 
was  not  a  proptny  of  any  one  class  of  booics  more  than 
another;  and,  indeed,  he  himself  states,  in  the  most  dis- 
tinct terms,  the  converse  of  this  proposition,  when  he 
remiirks,  '•  J'ai  trouvee  qu'il  n'y  avoit  aucune  classe  de 
Mineraux  yui  noffrit  des  cor/is  doues  de  la  Double  Re- 
fraction.* 

The  incompatibility  between  M  Ilauy's  conclusions 
and  his  own  facts,  will  appear  in  a  still  more  striking 
point  of  view  from  his  list  of  transparent  crystals,  whose 
primitive  form  is  the  Cube,  viz. 


Boracite. 
Muriate  of  soda. 
Amfihigene. 


.Analcime. 
Scheelin  calcaire. 
Oxide  of  Tin. 


by  crystallized  and  uncrystallized  bodies,  and  shall  treat, 
under  that  head,  of  various  subjects,  which  properly  De- 
long  to  the  present  chapter. 


CHAP.  VII. 

ON  THi;  POLAIHSVTION  OF  LIGHT. 

In  the  pieceiling  ch..pier,  w^  have  considered  mere- 
ly the  s<  paraiioii  jf  the  two  images  as  the  character- 
istic u'  double  refiaetioii;  but  this  property  of  bodies 
is  iiivaiialny  accompinit-d  >iith  another  no  less  remark- 
aile,  ninety,  the  /lolarihation  ol  the  two  pencils  pro- 
duced by  double  retraction. 

SEcr.  I.   On  the  Polarisation  of  Light  that  has  suffered 
Double  Refraction. 

Dkf.  The  term  polarisation  is  employed  to  express 
a  piojjeny  whicii  may  be  communicated  to  ordinary 
light  and  in  virtue  of  which  it  exliioits  t'le  appearance 
ol  having /jo^rKy,  or  /loles  possessing  different  proper- 
ties. 

Pkop.  I. 

To  explain  the  general  phenomena  of  the  polarisa- 
tion 1)1  light,  as  exhibited  in  Calcareous  «/;ar,  where  the 
two  images  are  distinctly  separated. 

The  discovery  of  the  polarisation  of  light  in  doubly 
refructing  erystuls,  was  made  by  Huygens,  after  he  had 
completed  his  treatise  on  double  relraclion. 

Having  taken  two  pieces  of  Iceland  crystal,  and  held 
thim  with  a  space  between,  he  found  that  if  all  the 
sides  of  the  one  piece  were  parallel  to  those  of  the 
other,  as  in  Fig.  19  the  two  pencils,  J3C,  BD,  formed 
by  the  double  refraction  of  the  ray  AB,  were  not  doubly 
refracted  in  passing  through  the  second  crystal  in  the 
lines  EF,  GH  ;  the  pencil  Dti,  whicli  had  been  regu- 
larly or  unualty  refracted  by  the  first  crystal,  being  now 
only  regularly  refracted  by  the  second,  while  the  pen- 
ci.  CK,  which  had  been  extraordinarily  or  unusually  vq- 
fracted  by  the  first,  was  only  extraordinarily  refracted 
by  the  second  The  very  same  result  took  place,  not 
only  in  the  position  shown  in  the  figure,  l)ut  in  all 
other  positions,  where  the  principal  sections  of  the  two 
crystals  were  in  the  same  plane,  and  whether  the  two 
surfaces  were  parallel  or  not.  "  Now,  it  is  wonderful," 
says  Huygens,  "  why  the  rays  CE  and  DG,  incident 
from  the  air  upon  the  lower  crystal,  should  not  divide 
themselves  like  the  first  ray  AB.  One  would  say  that 
the  ray  DG,  in  passing  through  the  upper  crystal,  must 
have  lost  what  was  required  to  move  the  matter  which 
served  for  the  extraordinary   refraction  ;   and,   in   like 


manner,  that  CE  had  lost  what  was  necessary  to  move 

the  naatter  which   served   for   the   ordinary  refraction 

Every  one  of  which   have   regular  double  refraction,     There  is,  however,  another  fact  which  overturns   this 


with  the  single  exception  of  Muriate  of  Soda. 

As  the  phenomena  of  double   refraction  in   various 
bodies  can  easily  be  studied,  from  their  relation  to  the 


phf  nomen.i  of  polarisation,  we  shall  now  proceed  to  the 
subject  of  the  Polarisation  of  Light,  as  exhibited  both 

Traiie  de  Minevalo^e,  torn.  i.  p.  233. 


subj 


reasoning,  which  is,  that  when  we  arrange  the  two 
crystals,  so  that  the  planes  which  form  the  principal 
sections  cut  one  another  at  rii;ht  angles;  then,  whe- 
ther the  surfaces  are  parallel  or  not,  the  ray  DG,  which 
proceeds  from  the  ordinary  refraction,  suff  rs  only  the 
extraordinary  refraction  in  the  lower  crystal,  and  the  ray 
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CE,  ivhich  proceeds  from  the  extraordinary  refraction, 
suffers  only  the  ordinary  refraction.  But  in  all  the 
other  positions,  infinite  in  number,  besides  those  which 
I  have  determined,  the  rays  DG,  CE,  divided  them- 
selves inio  two  by  the  refraction  of  the  lower  crystal, 
so  that,  from  the  single  pencil  AB  there  are  formed  four 
pencils,  sometimes  of  equal  brightness,  and  sometimes 
of  different  brightnesses,  according  to  the  different  posi- 
tions of  the  crystals,  but  which  do  not  seem  to  have 
more  light  when  taken  all  together  than  the  single  ray 
AB." 

From  these  facts,  as  given  by  Huygcns,  Sir  Isaac 
Newton  concluded,  that  every  ray  may  be  considered 
as  having  four  sides  or  quarters,  two  of  which,  oppo- 
site to  one  another,  incline  the  ray  to  be  refracted  after 
the  usual  manner,  as  often  as  either  of  them  are  turned 
towards  the  coast,  or  side  of  double  refraction,  and  the 
other  two  wherever  either  of  them  are  towards  the  coast 
of  unusual  refraction,  do  not  incline  it  to  be  otherwise 
refracted  than  after  the  usual  manner.  The  two  first 
may  therefore  be  called  the  sides  of  unusual  refraction, 
and  every  ray  of  light  may  be  considered  as  having  two 
opposite  sides  originally  endued  with  a  property  on 
which  the  unusual  refraction  depends,  and  the  other  two 
opposite  sides  not  endued  with  that  property. 


Prop.  II. 

To  determine  the  law  according  to  which  the  light  of 
the  images  varies;  when  the  principal  sections  pass  from 
a  state  of  coincidence  to  a  position  where  they  are  at 
fight  angles  to  one  another. 

The  variation  in  the  intensity  of  the  images  formed 


by  two  doubly  refracting  crystals,  was  first  investigat- 
ed by  Malus  ;  but,  excepting  the  case  where  the  inci- 
dent ray  falls  perpendicularly  upon  the  first  rhomboid, 
the  investigation  is  too  complicated  for  a  popular  arti- 
cle like  the  present.     Calling 

0  ZZ  the  ray  refracted  ordinarily  by  the  frsl  crystal. 
e  ZZ  the  ray  refracted  extraardinarily  by  Xh^  first  crys- 
tal. 
0  o^the  ray  refracted  ordinarily   by   the  first  crystal, 

and  ordinarily  by  the  second. 
0  e  ~  the  ray  refracted   ordinarily  by  the  frat  crystal, 

and  etxraordinarily  by  the  second. 
f  f  ~  the  ray  refracted  extraordinarily  by  \.hQ  first  crys- 
tal, and  extraordinarily  by  the  second. 
€  oZZ.  the  ray  refracted  extraordinarily  by  the^r^r  crys- 
tal, and  ordinarily  hy  the  emergent  second. 
Q  ZZ.  the  quantity  of  light  contained  in   the  incident 

ray 
(I  —  m)  Q  :r  the  quantity  of  light  absorbed  by  the  first 
crystal. 
P  ^ihe  intensity  of  any  of  the  pencils. 
Po  ^:  the  intensity  of  the  ordinary  ray. 
Pe  r=the  intensity  of  the  extraordinary  emergent  ray. 
Then,  since  the  quantity  of  light  contained  in  the  two 
emergent  rays  is  equal  to  the  incident  light  diminished 
by  the  quantity  absorbed,  we  shall  have  Q  —  (1  —  m) 
Qrzw  Q  ;  and   since  the   light  is  equally  divided  be- 
tween the  two  pencils,  we  obtain  P„=^  m  Q  and  P^— * 
otQ. 

But  the  quantity  of  light  m  Q  which  falls  upon  the 
second  rhomboid,  will  be  reduced  by  absorption  to 
»iQ  —  (1 — m)wQ— m^Q;  consequently,  if  a  is  the 
angle  formed  by  the  principal  sections  of  the  two  crys- 
tals, we  shall  have 


First  pencil,  Po<,~J  (m^  Q  Cos.^  a).     Second  pencil,  P„  ^Zli  (m^QSin.^c.) 
Third  pencil,  Pe  e  =5  (""^Q  Cos.  ^  a).     Fourth  pencil,  F^„zzh{m^  Q  Sin.'  a). 


When  the  principal  sections  of  the  two  crystals  are 
parallel,  thenaZiO,  and  Sin.^  a— 0,  consequently  Poe— 0, 
and  Peo^ZO  ;  that  is,  the  third  and  fourth  fiencils  will  dis- 
aji/iear. 

When,  on  the  contrary,  the  principal  sections  are  at 
right  angles  to  one  another,  «~yo°,  and  Cos  ^a~0, 
consequently  P«„~0,  and  Peft^O;  that  is,  the^frs;  and 
second  fiencils  will  disafi/iear. 

If  the  incident  ray  is  not  perpendicular  to  the  sur- 
face of  the  first  rhomboid,  the  intensities  of  the  light  are 
different  from  what  is  given  by  the  preceding  formulae, 
and  they  are  functions  of  the  angles  of  incidence,  and 
of  the  an^le  which  the  ray  forms  with  the  principal  sec- 
tions ;  but  for  the  investigation  of  I  his  part  of  the  sub- 
ject we  must  refer  the  reader  to  Malus's  Theorie  de  la 
Double  Refraction,  p.  207,  §  44. 

Scholium. 

It  is  obvious,  from  the  facts  contained  in  the  two 
preceding  propositions,  that  the  difference  between  Di- 
rect light,  and  light  that  is  fwlarised  by  the  action  of  a 
crystal,  is,  that  the  former  may  always  be  divided  into 
two  pencils  by  a  doubly  refracting  crystal,  whereas, 
in  the  latter,  this  division  depends  on  the  angle  formed 
fay  the  principal  sections  of  the  two  crystals. 

The  effects  described  in  the  proposition  may  be  pro- 
.duced  by  combining  any  two  fiositive,  or  any  two  ne- 
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gative  crystals  ;  but,  if  the  one  is  fiositive,  and  the  other 
negative,  then  the  same  effects  arc  produced  when  the 
principal  sections  are  at  right  angles,  as  when  they  are 
parallel  in  the  other  cases,  and  vice  versa. 

Sect.  II. — On  the  Polarisation  of  Light  by  Refiexion. 

From  the  lime  of  Huygens  to  the  year  1810,  a  pe- 
riod of  132  years,  not  a  single  fact  was  added  to  our 
knowledge  of  the  polarisation  of  light.  The  discoveries 
of  Malus,  however,  gave  a  vigorous  impulse  to  this 
branch  of  knowledge  ;  and  we  shall-  endeavour,  in  this 
and  the  following  section,  to  give  a  brief  account  of  the 
important  discoveries  by  which  the  single  fact  dis- 
covered by  Huygens  has  been  expanded  into  a  new 
science. 

Prop.  HI. 

When  a  ray  of  light  is  reflected  at  a  particular  angle 
from  the  surfaces  of  transparent  bodies,  whether  solid 
or  fluid,  it  is  polarised  like  one  of  the  pencils  formed 
by  doubly  refracting  crystals. 

Let  a  ray  of  light  RS,  Fig.  20.  proceed  from  the  sun, 

and  fall  upon  a  piece  of  plate  glass  AB,  at  an  angle  RSP 

of  incidence  of  about  54°  35'.  If  the  reflected  ray  ST  is 

received  upon  the  first  surface  of  a  rhomb  of  Iceland 
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spaF,  it  will  not  be  iliviJed  into  two  pencils,  cither 
wlicn  the  principul  section  of  the  rhomb  is  parallel  to 
the  plane  of  relU  sion  KST,  or  when  it  is  perpendicu- 
lar to  this  plant  ;  but  in  every  iniermnliaie  position  of 
the  rhomb,  ilie  pencil  S'l"  will  be  divided  into  two, 
exactly  in  the  same  manner  as  if  it  hud  been  one 
of  the  pencils  lormcd  by  another  rhomb  of  Iceland 
spar. 

In  order  to  analyze  this  remarkable  fact  more  com- 
pletely, Mains  placed  the  piiixipal  section  of  a  crystal 
of  calcai  tousTspaT  in  a  veriical  direction,  and  aficr  bav- 
in^' divided  by  it  a  ray  of  direct  light  into  c-.vo  pencils, 
he  allowed  these  two  pencils  to  fall  upon  the  surface  of 
Water  at  an  angle  oi  52°  45'  (the  angle  at  which  he  had 
found  I'a/ir  to  polarise  ilic  incident  light)  The  or- 
dinary ray  was  itfraLted  at  the  suilacc  ot  the  water, 
and  part  of  it  rellecled  like  all  other  light;  but  the  ex- 
traordinary ray  fitnelratcd  the  luattr  entirely  :  A^'ot  one 
of  itK  fiarticUn  escapcil  rc/raction  and  none  of  them  suf- 
fered reflexion.  When  the  principal  section  of  the  crys- 
tal, however,  was  perpendicular  lo  the  plane  of  inci- 
dence, the  cxtraoidinary  ray  only  produced  a  partial 
reflexion,  and  the  ordinary  ray  penetrated  the  water 
entirely,  without  sulVcring  any  reflexion. 

When  the  ray  of  direct  light  RS,  Fig.  2.  fell  upon  the 
first  surface  MN  of  a  plate  of  glass,  MN  n  m,  and  was 
polarised  after  reflexion  in  the  direction  ST,  Malus  ob- 
served that  the  refracted  portion  S  s  reflected  at  s  from 
the  second  surface,  and  emerging  at  o-  in  the  direction 
<r  T,  parallel  to  ST,  was  also  polarised  simultaneously 
with  ST,  although  the  angle  S  s  /i  was  much  less  than 
RSP,  the  sine  of  the  first  angle  being  to  the  sine  of  the 
second  as  the  sine  of  incidence  to  that  of  refraction. 
Hence  it  follows,  that  a  plate  of  glass,  or  any  other 
transparent  substance,  polarises  simultaneously  the 
light  that  falls  upon  both  its  surfaces,  when  it  is  inci- 
dent on  the  first  at  the  proper  angle,  and  may  there- 
fore be  substituted  in  place  of  a  surface  of  water  in  all 
experiments  of  this  kind. 

Malus  found  that  black  marble,  ebony,  and  other 
opaque  bodies,  polarised  light  by  reflexion  like  transpa- 
rent ones  He  found  that  the  angle  of  incidence  at 
which  this  property  was  communicated  was  greater 
than  the  bodies  of  a  high  refractive  power  ;  and  he 
measured,  with  considerable  accuracy,  the  polarising 
angles  of  glass,  water,  and  other  bodies.  In  order  to 
discover  the  law  which  regulated  the  phenomena,  he 
compared  these  angles  with  the  dispersive  powers  of 
glass  and  water.  Finding  that  there  was  no  relation  be- 
tween these  properties  of  transparent  bodies,  he  draws 
the  following  general  conclusion :  "  The  polarising 
angle  neither  follows  the  order  of  the  refractive  powers, 
nor  that  of  the  dispersive  forces.  It  is  a  property  of 
bodies  independent  of  the  other  modes  of  action  which 
they  exercise  upon  light."* 

Prop.  IV, 

To  determine  the  manner  in  which  a  polarised  ray  is 
reflected  from  a  plaie  of  glass,  having  a  rotatory  motion 


round  the  polarised  ray,  and  lorming  with  it  a  constant 
angle. 

Let  ST,  Fig.  20,  be  the  ray  polarised  by  reflexion  from 
AH  ;  the  incident  ray  RS  being  supposed  lo  proceed 
from  the  sun  when  due  south,  for  the  sake  of  illustra- 
tion, and  lev  it  be  reteived  upon  a  second  plate  CD,  so 
that  the  angle  of  reflexion  from  CD,  viz.  TV,  may  be 
always  equal  to  the  angle  of  reflexion  from  AB,  viz. 
PST,  and  let  us  suppose  that  the  plate  CD  revolves 
round  the  ray  ST,  preserving  its  inclination  to  it  in- 
variable. Then,  in  the  case  represented  in  the  Hgure 
where  the  second  plate  CD  faces  (he  south,  and  causes 
the  plane  of  the  second  reflexion  from  CD  to  be  paral- 
lel to  the  plane  of  the  first  reflexion  from  AB,  the  ray 
ST  will  suffer  partial  reflexion  in  the  direction  TV,  as 
if  it  had  been  common  light.  If  the  plale  is  now  turned 
round  ST  in  different  azimuths,  so  that  its  face  begins 
to  turn  to  the  east,  the  intensity  of  the  reflected  pencil 
TV  will  gradually  diminish  ;  and  when  it  has  performed 
a  revolution  of  SO",  or  has  its  face  turned  towards 
the  east,  the  pencil  TV  will  disa/i/iear  entirely,  not  a 
single  raij  of  it  suffering  fiartial  reflexion,  in  which  case 
the  plane  of  reflixion  from  CD  is  at  right  angles  to  the 
plane  of  reflexion  from  AB.  By  continuing  to  turn 
the  plate,  the  ray  TV  will  re-appear,  and  will  gradually 
increase  in  intensity  till  the  plate  has  turned  round 
180°  from  the  beginning  of  its  motion,  in  which  case  the 
plane  of  reflexion  from  CD  will  be  again  parallel  to  the 
plane  of  reflexion  from  AB,  and  the  reflected  ray  TV 
will  then  be  a  maximum,  as  it  was  at  the  commence- 
ment of  its  motion.  By  continuing  to  turn  the  plate, 
the  reflected  ray  will  again  disafi/iear  at  an  azimuth  of 
270°,  and  will  regain  its  maximum  upon  returning  to 
360°,  or  0°,  the  point  from  which  it  set  out. 

It  is  obvious  from  Fig.  1.  that  in  the  two  positions 
of  the  plate  CD,  when  the  ray  TV  is  a  maximum,  viz. 
at  0°,  and  180°  of  azimuth,  the  inclination  of  the  two 
plates  of  glass  islSO— (9iJ°  —  54°  35' -J- 90°  —  54°  .15') 
::3  70°  50' in  the  first  case,  and  that  they  are  parallel  in 
the  second  case. 

In  the  azimuth  of  90"  and  270°,  where  the  ray  TV 
entirely  disappears,  the  inclination  of  the  plates  will  be 
represented  by  Cos.  (p^  C'ls.s  S,  where  i  is  the  angle  of 
polarisation,  in  this  case  54"  35',  and  cp  the  inclination  of 
tlie  plates,  which  will  be  found  to  be  7u°  22'  35". 

Hence  it  follows,  that  if  we  take  two  plates  of  glass, 
inclined  to  one  another  at  a  fixed  angle  of  70°  22'  35", 
and  conceive  a  line  drawn  from  the  first  plate  to  the 
second,  so  as  to  make  with  both  an  angle  of  35°  25', 
and  whose  ptojectiun  upon  both  will  form,  with  their 
common  intersection,  an  angle  of  30°  5'  30",  every  ray 
rt  fleeted  by  one  of  the  plates  ol  glass  |)arallel  to  this 
line  will  suff'cr  no  reflixion  from  the  second,  but  will 
wholly  penetrate  it.  On  both  sides  of  these  angles 
this  efl'tct  will  cease  lo  be  produced,  but  the  farther  we 
go  from  the  limits  in  either  direction,  the  more  will  the 
quantity  of  the  reflected  light  increase. 

Tbe  variation  of  the  intensity  of  the  reflected  light 
in  passing  from  the  minimum  to  the  maximum,  may  be 


•  "II  a  determine  sur  beaucoup  dcs  substances  Tangle  de  reflexion  surlaqitelle  la  liimiere  incidente  est  la  plus  complettement  po- 
larise, et  il  a  reconnu  que  cet  angle  ne  suit  ni  I'ordre  des  puis.sances  retraclires  iii  celui  des  forces  dispersives.  Cost  une  propriety 
des  corps  independiinsdes  aulrcs  modes  d'action  qii' Is  exerccnt  sur  la  lumiere.  Apres  avoir  reconnu  Tangle  sur  leqiicl  ce  pheno- 
mene  a  lieu  pour  dittL-rens  corps  pour  rEuu  et  la  Verre  par  exarr.ple  il  a  chercb^  celui  son  leqiiel  la  nieme  phenomene  airrail  lieu  a 
leur  surface  de  separation  lorsqu'ils  sent  en  contact.  II  lui  resie  a  determiner  la  loi  suivant  laquelle  ce  dernier  angle  depend  dedeus 
premiers.    Jiuiktin  des  Sciencespar  la  Sue.  /"At/.  June,  18U,  No.  45,  torn.  ii.  p.  294% 
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represented  by  supposinfj  it  proportional  to  the  square 
of  the  cosine  of  the  auijle  ol  azimaih,  or  to  any  even 
power  of  the  cosine.  Thus  if  a  is  the  angle  of  azi- 
muth, which  the  plane  of  the  iecond  reflexion  maizes 
with  the  plane  of  tht  first,  I  the  maximum  intensity  of 
the  rt-decled  pencil  TV,  and  P  the  iniensity  of  the  pen- 
cil corresponuing  to  any  azimuth  a,  then  P~I  Cob,'  a, 
or  P  :^  1  Cos-"*  a.  By  taking  a  successively  equal  to  o", 
90°,  180°,  270°,  it  will  be  seen  that  either  of  these 
formulae  represent  the  difTtrent  phenomena  which  have 
been  above  explained.  Thus,  if  a  —  0°,  then  Cos.  a  ~  i, 
Cos.*  c,  orCos.*a~  l,and  Przl.  that  is,  the  reflejied 
pencil  is  at  its  maximum  ;  and  if  ciz:90°,  then  Cos.  az^O, 
and  Cos.^a  —0,  or  Cos.  *  aIZO,  and  P— 0,  that  ii,  tlie  re- 
flected ptncil  entirely  disappears. 

The  two  preceding  propositions  contain  the  two  prin- 
cipal discoveries  of  malus. 

Scholium. 

If,  in  the  azimuth  of  90°,  when  the  ray  TV  entirely 
disappears,  we  breathe  upon  the  plate  .\B  or  CD,  so 
as  to  communicate  to  either  a  thin  film  of  aqueous  va- 
pour capable  of  reSecting  light,  the  ray  TV  will  be  re- 
vived. This  effect  arises  liom  the  polarising  angle  for 
water  bting  52°  48',  wheieas  it  is  56°  45'  for  glass. 

If  AB  is  made  to  receive  the  ray  of  a  candle  RS,  at 
an  angle  of  52°  45',  and  CD  the  ray  ST  at  an  angle  of 
56°  45',  then  it  is  obvious  that  the  image  of  a  candle  will 
be  seen  in  the  direction  VT,  because  the  ray  ST  is  not 
polarised  by  the  plate  AB.  If  we  now,  however, 
breathe  upon  AB,  the  image  of  the  candle  seen  along 
VT,  will  disappear,  because  the  ray  ST  being  reflected 
from  water  is  now  polarised.  Hence,  if  we  place  be- 
side one  another  two  sets  of  reflectors  arranged  as 
above  described,  we  may  by  breathing  upon  the  two 
contiguous  mirrors  exhibit  the  paradoxical  efTect  of 
reviving  and  extinguishing  the  rays  by  the  same  breath. 
See  Edin.  Phil.  Journal,  vol.  vii.  p.  146. 

Prop.  V. 

A  ray  of  white  light  will  be  completely  polarised  by 
a  single  reflexion  from  transparent  bodies  of  all  kinds, 
or  the  quantity  of  polarised  light  in  it  will  be  a  maxi- 
mum when  the  reflexion  is  made  at  such  an  angle  that 
the  tangent  of  the  angle  of  incidence  is  equal  to  the  index 
of  refraction, 

While  repeating  the  experiments  of  Malus  in  the 
summer  1811,  Dr.  Brewster  measured  the  polarising 
angles  of  a  great  number  of  transparent  bodies,  and 
in  1813  and  1814,  he  endeavoured  to  connect  them  by 
some  general  principle.  The  measure  for  Water  and 
\\\e  precious  stones  afforded  a  surprising  coincidence  be- 
tween the  cube  roots  of  the  indices  of  refraction  and 
those  of  the  tangents  of  the  polarising  angles,  but  the 
results  for  glass  resisted  every  method  of  classification. 
Having  afterwards  found,  howe\er,  that  glass  often  ac- 
quires by  exposure  to  the  air  an  incrustation,  or  expe- 
riences a  decomposition,    which    alters    its   superficial 


action  upon  ligl  t,  and  consequently  its  polarising  angles, 
without  altering  its  refractive  power,  Dr.  Brewster 
neglected  it  altrgether,  and  employed  only  the  surfaces 
of  other  bodies.  In  this  way  he  obtained  the  results, 
in  tie  following  table;  and  in  November,  1814,  was 
enalled  to  establish  the  law  contained  in  the  proposi- 
tion. 

Table  containing  the  calculated  and  observed  fiolariting 
angles  for  various  bodies. 


D.fterencci                    '* 

Calculated 

Observed 

between 

Calculated 

iN'ames  of  the    Bo- 

polarising 

polarising 

the    calcu- 

polarising 

dies. 

angles 

for 

angl 

esfor 

lated     and 

angles  for 

the     fr-tl 

the 

fret 

observed 

the  second 

surface 

surface. 

angles. 

surface. 

0           / 

// 

o 

o 

O          /           II 

Air*   .... 

45      0 

32 

45  or  47 

44   59   28 

Water     .     .     . 

53    11 

0 

52° 

45' 

0°  26'— 

36°     49' 

I'luor  spar  .     . 

55      9 

0 

54 

50 

0    19  — 

34      SI 

Obsidian       .     . 

56      6 

0 

56 

3 

0     S  — 

33        54 

Birdlime      .     . 

56   40 

0 

55 

46 

0     6  -f 

53      20 

Sulphate  of  lime 

56   45 

0 

56 

28 

0  ir — 

33       15 

Ivock  ciystal    . 

56   58 

0 

57 

22 

0  24  + 

3        2 

Opal     coloured 

glass    .     .     . 

58   33 

0   58 

1 

0  32  — 

31       27 

Topaz     .     .     . 

58   34 

0 

58 

40 

0     6  -f- 

31       26 

Mother-of-pearl 

58   50 

0 

58 

47 

0     3  — 

31       10 

Iceland  spar     . 

58   51 

0 

58 

23 

0  28  — 

31         9 

Orange  coloured 

glass    .     .     . 

59   28 

0 

59 

12 

0    16  — 

30      32 

Spinelle  ruby   . 

50  25 

0 

60 

16 

0     9  — 

29      35 

Zircon    .     .     . 

63     0 

0 

63 

8 

0     8  + 

27        0 

Glassof  antimony 

64  30 

0 

64 

45 

0    15  -f- 

25       30 

Sulphur  .     .     . 

63  45 

0 

64 

10 

0  25  -f- 

26       15 

Diamond      .     . 

68      1 

0 

68 

2 

0      1   + 

21       59 

Chromate  of  lead 

68      3 

0   67 

42 

0  21  — 

21       56 

The  dbservations  contained  in  the  jyreceding  table 
establish  in  a  very  striking  manner  the  truth  in  the 
proposition.  The  results  given  in  the  table  were  the 
mean  of  a  great  number  of  observations ;  and  when  the 
reflecting  surfaces  were  faces  of  cleavage  newly  laid 
open,  as  they  should  always  be  when  it  is  practicable, 
the  measures  were  wonderfully  comcident.  The  me- 
thod by  which  the  measures  were  taken  consisted  in 
placing  the  crystalline  plate  upon  the  goniometer  repre- 
sented in  Plate  CCXXIV.  Fig.  2.  and  turnmg  it  round 
till  the  light  of  a  candle,  limited  by  an  aperture,  and 
placed  at  a  considerable  distance  from  the  goniometer, 
was  completely  polarised,  which  was  indicated  by  one 
of  the  images  vanishing  when  viewed  with  a  rhomb  of 
Iceland  spar.  The  indication  of  the  vernier  was  then 
noted,  and  the  graduated  circle  turned  round,  till  the 
reflected  and  direct  images  of  the  luminous  body  coin- 
cided. The  complement  of  the  arch  described  by  the 
index  was  then  the  angle  of  polarisation.  When  the 
surface  of  the  reflecting  body  was  not  very  flat,  the 
point  upon  the  wall  through  which  the  polarised  image 

*  This  observation  on  Air  was  made  by  M.  Arago,  who  communieated  It  to  Dr.  Brewster  in  August  1814,  .is  bet-.ceen  45°  ami  A:7° 
»ndot  which  a  written  memorandum  was  taken  in  his  presence.  M.  Biot,  in  his  Traiii  de  Phyuune.  torn.  iv.  p.  289,  has  o„uiteJ  en'- 
urely  ths  47°,  which  we  trust  he  will  replace  in  the  next  edition  of  his  work. 
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was  projected  was  marked,  and  tiie  angle  was  obtained 
by  measuring  the  arch  between  that  point  and  the  can- 
dle, by  means  of  a  flat  surface  of  glass  fixed  beside  the 
polansing  body.  In  this  way  the  observations  were 
made  wiili  great  facility  and  accuracy  without  any  mea- 
surements, and  the  repetition  ot  the  observations  became 
extremely  easy  and  rapid. 

By  a  method  which  will  be  afterwards  explained,  Dr. 
Brewster  measured  the  polarising  angle  of  water  for  the 
mean  yellow  rays  obtaineu  from  the  Monochromatic  lamp, 
and  oiaained  the  following  result : — 

Polarising  angle  of  water,  63°  6*  Dr.  Brewster. 

S3     4i  M.  liiot. 

53     0  i\l.  Arago. 

52     45  M.  Malus. 

I-'rom  which  it  follows,  that  the  three  first  observa- 
tions approuch  much  nearer  to  the  gcnerul  law  than  that 
of  Malus  assumed  in  the  table.  The  following  obser- 
vations give  additional  evidence  to  the  law,  if  it  were  re- 
qtjired. 


Diamond 

Diamond 

Topaz 

Sulphate  of  Barytes 

Sulphate  of  Baiytes 

Sulphate  of  Barytes 


6r»   13     M.  Arago. 
67       0     M.  Biot. 
59       0     M.  Arago. 

57  A7\  M.  Biot. 

58  0      M.  Arago. 
58     29*  Dr.  Brewster. 


Native  Hydrate  of  Magnesia,  57     25     Dr.  Brewster. 

It  is  of  great  importance  to  remark,  that  the  total 
amount  of  errors  in  the  seventeen  observations  in  the 
tabic,  is  only  259',  which  gives  an  average  error  of  15'. 
Ir>  general,  the  observed  angles  are  less  than  the  cal- 
culated angles,  the  sum  of  the  negative  being  to  the 
sum  of  the  positive  errors,  us  174'  to  85'.  This  result  is 
very  easily  explained,  for,  in  using  white  light,  we  ob- 
tain a  mean  result  corresponding  to  the  most  luminous 
rays  which  have  a  less  index  of  refraction  than  the 
mean  rays  of  the  spectrum,  and  therefore  all  the  observed 
angles  oui^hi  to  be  increased  by  a  small  quantity  cor- 
responding to  this  difference. 

Prop.  VI. 

When  a  pencil  of  light  is  polarised  by  reflexion,  the 
sum  of  the  angles  of  incidence  and  refraction  is  a  right 
angle. 

Let  MN.  Fig.  21.  be  the  reflecting  surface,  and  BA, 
a  ray  of  ligiit  polarised  by  reflexion  in  the  direction 
AD,  and  let  AC  be  the  refracted  ray.  Then,  since  EF, 
the  tangent  of  the  polarising  angle  BAE,  is  equal  to  m, 
or  the   index  wf  refraction,  we  have,  by  the  law  of  the 

sines,   CL~ ^ -ttt.     But  from  the  similar  triangles 

ABH,  AEF,wehaveAHorBG  :  HB  .•:EF:  Rad.;   and 

HB:i:=-pr,  consequently  CL~HB  and  the  angle  BAN 

rzCAK.     But  EAB-fBAN^go",  hence  EAB+CAK 

—90°. 

Cor.  The  complement  of  the  polarising  angle  is  equal 
>.o  the  angle  of  refraction. 


I'Hor.  VII. 

When  a  ray  of  light  is  polarised  by  reflexion,  the 
reflected  ray  forms  a  right  angle  with  the  refracted 
ray. 

Since  the  angles  DAM,  BAN,  C.\K,  arc  equal  to 
one  another,  the  angle  DAC  is  <  qual  to  the  right  angle 
MAK  :  htnce  the  rtflecied  ray  AD  forms  a  right  angle 
with  the  refracted  ray  AC. 

Pkop.  VIII. 

AV'hcn  a  pencil  of  light  is  inci'lent  on  the  second  sur- 
face of  transparent  bodies,  at  an  arigle  whose  co-tangent 
is  equal  to  the  index  of  refraction,  the  reflected  portion 
will  be  cither  wholly  polarised,  or  the  quantity  of  po- 
larised liii;ht  wliich  it  contiiiis  will  be  a  maximum. 

As  the  images  formed  by  the  first  and  second  surfaces 
of  a  iraiisparent  plate  are  simultaneously  polarised,  this 
proposition  is  established  by  the  experimental  results  in 
the  preceding  table. 

PKOr.  IX. 

The  angle  of  polarisation  at  the  second  surface  of 
transparent  bodies,  is  the  complement  of  the  angle  of 
polarisation  at  the  first  surface. 

As  the  angle  of  incidence  at  the  second  surface  is 
equal  to  the  angle  of  refraction  at  the  first  surface,  and 
as  this  latter  angle  is,  by  the  corollai'y  to  Prop.  VI. 
equal  to  the  complement  of  the  angle  of  polarisation, 
it  follows,  that  the  two  polarising  angles  are  comple- 
mentary to  each  other. 

Prop.  X. 

When  a  ray  of  light  is  polarised  by  reflexion  from  the 
second  surface  of  transparent  bodies,  the  reflected  ray 
will  form  a  right  angle  with  the  refracted  ray. 

Let  AB,  Fig.  22.  be  a  ray  incident  at  the  first  surface 
MN,  AD  the  ray  polarised  at  that  surface,  AC  the  ray 
incidental  the  second  surface  PQ,  and  CM  the  ray  po- 
larised at  that  surface  ;  then,  if  CF  be  the  refracted  ray, 
the  angle  MCF  is  a  right  angle.  By  Prop.  VII.  DAC 
is  a  right  angle,  and  on  account  of  the  parallelism  of 
MN,  PC,  and  B A,  CF,  the  angle  FCP  is  equal  to  DAM, 
but  MCP  is  equal  to  MAC,  hence  the  whole  MCF  is 
equal  to  the  whole  DAC,  or  a  right  angle. 

CoR.  1.  The  ray  CM,  reflected  by  the  second  surface, 
is  at  right  angles  to  the  ray  AB  incident  on  the  first 
surface. 

Cor.  2.  The  internal  reflected  ray  CM  forms  with  the 
external  reflected  ray  AD,  an  angle  equal  to  the  angle 
of  deviation  CAO. 

CoR.  3.  The  ray  CF,  emerging  from  the  second  sur- 
face, forms  with  the  first  reflected  ray,  AD,  an  angle 
equal  to  the  complement  of  the  angle  of  deviation. 

Prop.  XL 

When  a  pencil  of  light  is  incident  upon  the  separating 
surface  of  two  media  having  diff"erent  indices  of  refi^c- 


•  Mean  of  four  observations,  all  of  which  were  above  58"  19'. 
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into  mm',  it  will  be  polarised  at  an  angle  whose  tangent 
is  equal  to  the  quotient  of  the  greater  index  ol  refrac- 
tion divided  by  the  le^•ie^,  or— 7,  if  m  exceeds  m'. 

Til 

This  proposition  is  a  necessary  consequence  of  the 
general  law,  and  is  also  deduced  from  direct  cxptri- 
ment. 

It  we  call  A  the  angle  whose   tangent   is  equal  to 

— ,  then  tlie  corresponding  angle  at  which  the  pencil  is 

incident  from  air  upon  ihc  first  surface  of  the  upper  me- 
dium, or  aizfsin.  AX'« 

In  the  case  ot  ivaier  and  glass,  where  m  is  equal  to 
1.525,  and  m'  to  1.336,  we  have  ihe  polarising  angle  at 
the  surface  of  separation,  or  A~48°  47',  and  sin. 
Axw'— 1.0048,  consequently  a.  is  greater  than  90° 
Hence  it  follows,  that  when  a  ray  of  light  is  incident 
upon  a  parallel  plate  of  water  lying  upon  a  plate  of 
glass,  there  is  no  angle  of  incidence  upon  the  first  sur- 
face of  the  water  at  which  the  ray  will  suffer  polarisa- 
tion at  the  separating  surface  of  the  two  media.  The 
polarisation  of  the  incident  pencil  increases  from  0°  to 
90°,  and  is  nearly  complete  at  90°. 

When  m  is  ecjual  to  I  508,  which  is  sometimes  the 
case,  then  sin.  Axm'lirl.OOO,  and  «~90°  exactly. 

This  conclusion  was  so  unexpected,  that  Dr.  Brew- 
ster immediately  endeavoured  to  confirm  it  by  experi- 
ment. The  result  was  exactly  conformable  to  the  law  : 
the  polarisation  of  the  pencil  became  more  and  more 
perfect  from  0°  to  90°  of  incidence.  Between  80°  and 
90°  the  change  was  scarcely  perceptible,  owing  to  the 
slow  variation  of  the  sines,  for  when  the  pencil  is  inci- 
dent at  80°,  the  angle  of  incidence  at  the  separating 
surface  is  47°  29',  while  at  an  incidence  of  90°  it  is  no 
more  than  48°  28',  differing  only  59' from  the  other. 

Prop.  XII. 

When  light  is  polarised  at  the  separating  surface  of 
two  media,  the  sum  of  the  angles  of  incidence  and  re- 
fraction is  a  right  angle,  and  the  reflected  ray  forms  a 
right  angle  with  the  refracted  ray. 

This  proposition  is  demonstrated  in  the  same  manner 
as  Prop.  VI.  and  VII.  the  separating  surface  producing 
always  the  same  phenomena  as  the  first  surface  of  any 
body,  whose  index  of  refraction  is  equal  to  the  quo- 
tient of  the  indices  of  refraction  for  the  two  contiguous 
bodies. 

Prop.  XIII. 

When  a  ray  of  light  is  incident  at  any  angle  except 
a  right  angle  upon  the  surface  of  a  transparent  body,  a 
certain  portion  of  the  reflected  light  is  completely  po- 
larised, while  the  remaining  portion  has  suffered  a  piiy- 
sical  change,  or  has  acquired,  in  various  degrees,  a  cha- 
racter approaching  to  complete  polarisation. 

This  proposition  has  been  established  by  direct  expe- 
riments made  with  glass,  whose  polarising  angle  is  56° 
45'. 

If  a  pencil  of  light  is  reflected  from  glass  at  an  angle 
of  62°  30',  or  50°  20',  ?'.  e.  either  above  or  below  the 
polarising  angle,  the  poition  of  light  which  is  not  com- 
pletely polarised,  has  so  far  received  this  character,  that 
it  will  be  completely  polarised  by  a  second  reflexion  at 


the  same  angle,  whereas,  had  it  been  absolutely  unpo- 
lai-i:>i  d  ight,  ii  could  not  have  been  polarised  at  any 
angle  different  from  56°  45',  the  real  angle  of  polarisa- 
tion 

In  like  manner,  t/iree  reflexions  at  an  angle  of  65° 
3j'  or  46°  30',  or/our  reflexions  at  an  angle  of  67°  33', 
or  43°  5  1',  will  polarise  the  whole  pencil,  while  at  an- 
gles above  82"  or  below  18°  more  than  100  reflexions 
are  necessary  to  produce  complete  polarisation. 

Prop.  XIV. 

If  a  ray  of  light  is  partly  polarised  by  reflexion  at 
any  angle,  it  will  be  more  and  more  polarised  by  every 
successive  reflexion  in  the  same  plane,  till  its  polarisa- 
tion  is  complete,  whether  the  reflexions  are  made  at 
angle's  all  above  or  all  below  the  polarising  angle,  or  at 
angles,  some  of  which  are  above  and  some  below  the 
polarising  angle. 

This  proposition  is  deduced  from  numerous  experi- 
ments which  may  be  easily  repeated.  It  is  extremely 
difficult,  however,  on  account  of  the  rapid  attenuation  of 
the  light  when  it  has  undergone  a  few  reflexions  from 
glass,  to  determine  satisfactorily  the  relation  between 
the  number  of  reflexions  and  the  angles  of  incidence  at 
which  they  polarise  a  pencil  of  light.  The  experiments 
which  Dr.  Brewster  has  made  are  represented  by  the 
following  law  ;  A,  a,  being  the  angles  of  incidence  above 
and  below  the  polarising  angle,  in  the  index  of  refrac- 
tion, and  N  n  the  number  of  reflexions  above  or  below 
the  polarising  angle. 

3 
Tang.  A— mXv/N 

when  the  angle  of  incidence  is  greater  than  the  polar- 
ising angle  for  one  reflexion,  and 

Tang.  Q— 

when  the  angle  of  incidence  is  less  than  the  polarising 
angle  for  one  reflexion.     Hence  we  have 


.       /tang.  A\  2 


N=: 


) 

Viang,  a/ 


and 


Pkop.  XV. 

If  a  pencil  of  white  light  is  incident  at  the  maximum 
polarising  angle  upon  any  transparent  body  whatever,  a 
portion  of  the  reflected  pencil,  consisting  of  the  mean 
refrangible  rays,  will  be  completely  polarised,  while 
another  portion  of  the  beam,  consisting  of  the  blue  and 
red  rays,  will  not  be  completely  polarised,  and  will  there- 
fore not  vanish  when  the  image  from  which  tbe  light 
proceeds  is  examined  with  a  prism  of  calcareous  spar. 

It  is  obvious  from  Prop  V.  that  all  the  rays  which 
compose  a  beam  of  white  light  cannot  be  polarised  at  the 
same  angle  of  incidence.  When  the  pencil  is  incident 
at  the  maximum  polarising  angle,  or  at  an  angle  whose 
tangent  is  equal  to  the  index  of  refraction  for  the  mean 
refrangible  rays,  these  rays  alone  will  be  polarised. 
Neither  the  red  rays,  which  are  incident  at  an  angle 
above  their  polarising  angle,  nor  the  blue  rays,  which 
are  incident  at  an  angle  below  their  polarising  angle. 
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will  be  completely  polaiised  ;  and  when  the  reflected 
pencil  wliich  contains  ihem  is  viewed  through  a  doubly 
refracting  crystal,  the  mean  refranj;ible  luys  will  vanish, 
while  the  reel  and  blue  rays  will  couipose  a  beam  nearly 
while,  and  will  not  vanish,  in  consequence  of  its  not  being 
completely  polarised. 

Prop.  XVI. 

If  a  pencil  of  homogeneous  or  coloured  light  is  in- 
cident upon  any  transparent  body  at  an  angle  whose  tan- 
gent is  ecjual  to  the  index  of  its  refraciion,  every  ray  of 
the  reflected  pencil  will  be  completely  polarised  in  the 
plane  ol  nllcxion. 

This  proposition  is  a  necessary  consequence  of  those 
which  precede  it  ;  and  has  also  been  established  by 
dirtct  experiments  upon  diamond  and  realgar. 

There  is  one  result  of  the  preceding  inquiry  which 
is  entitled  to  our  notice,  and  to  which  we  liave  already 
alluded  in  our  account  of  the  theory  of  reflexion.  As 
the  incident  rays  do  not  enter  the  re llecting  surface,  and 
as  there  is  no  reason  to  believe  that  that  surface  has  any 
power  of  communicating  polarity  to  tlie  light  which  falls 
upon  it,  the  polarisation  of  the  reflected  ray  can  only 
be  ascribed  to  die  change  of  direction  produced  by  the 
reflecting  force.  Hence  Dr.  Brewster  concluded  that 
the  refracting  force  extends  beyond  the  reflecting  force, 
as  explained  in  the  following  propositions. 

Phop.  XVII. 

If  light  were  polarised  simply  by  the  action  of  the 
reflecting  force,  the  polarising  angle  would  be  45°. 

For  when  the  refracting  force  is  infinitely  small,  the 
polarising  angle  is  45°.  The  reflecting  force  is  also  in- 
finitely small  in  this  case,  but  any  diminution  of  the 
reflecting  force,  however  great,  does  not  alter  the  di- 
rection of  the  reflected  ray  with  respect  to  the  incident 
ray,  or  the  position  of  any  point  or  side  of  a  ray  with 
regard  to  the  direction  of  its  motion.  It  may  also  be 
remarked,  that  45"  is  the  only  angle  of  reflexion  at 
which  any  point  or  side  of  a  ray  makes  a  revolution  of 
90°  relative  to  the  direction  of  its  motion.  See  Prop. 
XIX.  and  Cor.  2.  of  the  same  proposition. 

Prop.  XVIII. 

Every  ray  of  light  polarised  by  reflexion  has  been 
acted  upon  by  the  refracting  force  before  it  has  sufl'ered 
reflexion. 

This  follows  from  the  light  not  being  polarised  at 
45°,  but  at  various  angles,  increasing  with  the  refrac- 
tive force. 

CoK.  It  results  from  this  proposition,  that  light  suf- 
fers a  partial  refraction  before  it  is  reflected  ;  and  that 
the  refractive  force  extends  to  a  greater  di'-tance  than 
the  reflecting  force  from  the  surface  of  transparent  bO' 
dies.  This  result  is  not  only  consistent  with  the  most 
extensive  analogies,  but  afi'ords  an  explanation  of  phe- 
nomena which  have  hitherto  been  unexplained. 


Prop.  XIX. 

When  a  ray  of  light  is  incident  at  the  polarising  an» 
glc  upon  any  suostuiicc  whatever,  it  receives  such  a, 
change  in  its  direciion,  by  tlie  action  of  the  refracin^ 
force,  that  the  real  angle  of  incidence  at  which  it  is  re- 
flected and  polarised  is  45°. 

Let  MN,  Fig.  23.  be  the  refracting  and  the  reflecting 
surface,  and  OP  the  termination  ot  the  sphere  of  re- 
fracting activity.  Let  a  ray  UG  be  incident  at  G,  at 
the  polarising  angle,  and  let  it  be  refracted  into  the 
line  GB,  before  it  is  reflected  from  the  surface  MN  • 
A  part  of  the  ray  GB  will  penetrate  the  surface  MN, 
and  be  refracted  into  the  line  151",  while  another  part 
will  be  reflected  in  the  direction  BA,  and  again  refracted 
at  A  into  the  line  AS.  Continue  SA  to  C,  and  FB  to 
D.  Then,  since  half  of  the  refraction  is  supposed  to 
be  performed  before  the  ray  reaches  B,  and  half  of  it 
after  it  penetrates  the  medium  MN,  we  have  HAT — 
DBCinhalf  the  angle  of  deviation.  But  by  Prop.  VII. 
ADU  is  a  right  angle  ;  hence  .\HC  is  also  a  right  an- 
gle, and  the  angles  ABE,  GBE,  each  half  a  right  angle, 
or  45°. 

CoR.  1.  At  the  instant  of  reflexion,  when  the  refrac- 
tion at  B  commences,  the  refracted  ray  sets  off  at  righ't 
angles  to  the  reflected  portion. 

Cor.  2.  The  real  angle  of  /w/arisation  is  45°,  the  ef- 
fect of  the  refractive  force  being  merely  to  bend  the 
ray  of  light  so  as  to  make  it  suffer  reflexion  at  this  par- 
ticular angle. 

CoH.  3.  The  excess  of  the  angle  formed  by  the  inci- 
dent and  the  polarised  ray,  above  a  right  angle,  is  equal 
to  the  angle  of  deviation.  The  angle  PAB,  Fig.  3. 
which  is  equal  to  the  angle  of  deviation  OAC,  is  ob- 
viously the  excess  of  DAB  above  the  right  angle 
DAP. 

Scholium. 

The  preceding  investigations  respecting  the  polari- 
sation of  light  by  reflexion,  from  Prop.  V.  to  Prop. 
XIX.  were  given  by  Dr.  Brewster,  in  the  Philoso/ihical 
I'raji  sac  lions  for  1816,  to  which  we  must  refer  the  rea- 
der for  a  more  detailed  account.  The  polarisation  ot 
light  by  metallic  surfaces,  and  by  the  surfaces  of  trans- 
parent bodies,  when  they  produce  total  reflexion,  will 
be  treated  of  in  subsequent  sections. 


Sect.  III. —  On  the  Polarisation  of  Light  by  Rejraction. 

Although  the  polarisation  of  light  by  refraction  had 
escaped  the  notice  of  Malus,  in  his  early  experiments, 
yet  he  was  led,  in  the  prosecution  of  them,  to  the  dis- 
covery of  this  curious  fact,  in  the  year  1811.  Some 
time  after  this,  M.  Blot  made  the  same  discovery,  and, 
in  the  summer  of  1813,  Dr.  Brewster,  ignorant  of  what 
had  been  done  abroad,  discovered  the  same  fact,  and 
succeeded  in  determining  also  the  law  of  the  phenomena. 
Malus  and  Dr.  Brewster  were  led  to  the  discovery  of 
this  property  by  entirely  different  methods.  The  former 
observed  it  in  an  examination  of  the  light  transmitted  by 


•  In  order  to  keep  the  fi.^ure  fro-n  bcinjr  complicated,  we  have  supposed  the  reflexion  to  take  place  all  at  once  when  the  ray 
reaches  the  surface  MN.  The  demoiib.raiiipn  would  have  been  exactly  the  same  if  the  ray  had  been  repre.seiited  us  suffering'  a  gra- 
dual reflexion  in  passing  through  the  sphere  of  reflecting  activity. 
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tion,  not  modified,  and  u-hich  fireserves  the  character  of 
direct  light."* 

In  his  paper  on  the  polarisation  of  light  by  oblique 
transmission,  Dr.  Brewster  has  given  an  account  of 
experiments  analogous  to  those  ot  Malus.t  and  he  ob- 
tained the  same  phenomena  with  the  thinnest  Jilma 
of  glaan;  with  the  elementary  Jilma  of  mica,  with  thick 
filates  o/mica,\  with  folds  oi  gold-beaters'  skin,  and  with 
the  films  of  gold  leaf. 

In  order  to  determine  the  law  of  the  phenomena,  as 
depending  on  the  number  of  refracting  plates,  and  the 
angle  of  incidence,  he  made  numerous  experiments,  the 
results  of  which  are  contained  in  the  following  propo- 
sition. 

Prop.  XXI. 

The  number  of  plates  which  polarise  a  maximum  of 
light  by  transmission  at  different  angles  of  incidence 
are  to  one  another  as  the  co-tangents  of  the  angles  of 
incidence. 

For  the  purpose  of  determining  the  law  stated  in  the 
proposition.  Dr.  Brewster  provided  himself  with  forty- 
seten  plates  of  crown-glass,  each  of  which  was  about 
three  inches  long  and  one  broad,  and  having  formed 
them  successively  into  parcels  of  47,  44,  41,  39,  &c. 
down  to  eight  plates,  he  measured  by  means  of  a  theo- 
dolite the  different  angles  at  which  a  pencil  of  light 
was  polarised  when  transmitted  through  these  various 
parcels.  The  results  which  were  thus  obtained  are 
given  in  the  following  Table. 

Table  showing  the  angles  at  which  Light  is  fiolarised  by 
oblique  Rifraction  through  different  numbers  of  Plates. 


trricrystallized  plates,  and  the  latter  by  the  fiolarisation 
in  one  plane  of  the  light  transmitted  by  a  piece  ol  mica, 
whose  laminae  must  have  been  partially  detached,  the 
mica  having  absorbed  or  reflected  all  the  light  of  one 
of  its  images  From  this  remarkable  fact,  Dr.  Brew- 
ster was  led  to  try  a  number  of  thin  plates  of  glass, 
which  he  found  to  polarise  the  transmitted  light  in  one 
plane  exactly  like  the  piece  of  mica. 

Pkop.  XX. 

When  a  ray  of  fight  is  incident  at  the  polarising  an- 
gle on  a  plate  of  glass,  a  portion  of  the  refracted  pencil 
nearly  equal  to  the  reflected  pencil  is  polarised  in  an 
opposite  manner  to  the  reflected  pencil. 

Let  BA,  Fig.  21.  Plate  CCCCXXXV.  be  the  ray  in- 
cident at  the  polarising  angle,  and  AD  the  pencil  polar- 
ised by  reflexion;  then  the  refracted  pencil  AC  will 
contain  a  portion  of  light  polarised  in  an  opposite  man- 
ner to  AD.  If  AD  falls  upon  a  second  refracting  sur- 
face, another  portion  of  it  will  be  polarised  by  reflexion 
from  that  surface,  and  a  similar  portion  by  refraction, 
so  that  the  transmitted  ray  contains  now  a  greater 
quantity  of  polarised  light.  In  like  manner,  by  trans- 
milting  the  light  through  a  bundle  or  pile  of  glass 
plates,  such  as  AGCD,  Fig.  1.  the  transmitted  ray  will 
always  contain  more  and  more  polarised  light,  till  the 
resulting  pencil  E'E  is  wholly  polarised  in  one  plane. 

If  the  ray  ST,  Fig.  20.  is  polarised  by  a  bundle  of 
glass  plates,  parallel  to  AB,  and  acting  upon  a  ray  RS 
transmitted  through  them,  it  will  be  found  that,  before 
it  is  received  upon  the  second  plate  CD,  it  will  entire- 
ly penetrate  the  plate  in  the  azimuths  o°  and  180°,  and 
will  be  reflected  like  common  light  in  the  azimuths  90° 
and  270°,  which  is  exactly  the  reverse  of  what  took 
place  when  the  ray  ST  was  polarised  by  reflexion  from 
AB. 

The  operation  of  bundles  of  glass  plates  will  be  still 
more  strikingly  seen  by  referring  to  Fig.  2  where  AB 
is  a  bundle  of  glass  plates,  receiving  the  incident  ray 
P.S  at  the  polarisinj;  angle,  so  as  to  polarise  the  trans- 
mitted ray  ST.  Then,  if  a  second  and  similar  bundle  CD 
receives  the  polarise  d  ray  ST,  so  that  the  plane  of  re- 
fraction in  CD  is  parallel  to  the  plane  of  refraction  in 
AB  ;  in  this  case  the  light  will  be  nvholly  transmitted 
through  the  second  bundle  CD,  as  the  ray  S  f  falls 
upon  the  reflecting  planes  of  CD,  under  the  same  cir- 
cumstances as  it  did  in  Fig.  1.  when  no  light  was  re- 
flected. The  same  effect  will  be  produced  at  an  azi- 
muth of  180",  by  turning  the  bundle  CD  round  the  ray 
ST,  so  as  to  preserve  the  same  inclination  to  it.  At 
the  azimuths  of  90°  and  270°,  on  the  contrary,  it  will  be 
wholly  reflected  at  its  various  incidences  upon  the 
plates,  and  not  a  single  ray  will  be  transmitted  through 
the  bundle. 

From  the  various  observations  made  by  Malus,  he 
dtdur(  s  the  following  general  conclusion. 

"  When  a  ray  of  light  falls  upon  a  plate  of  glass  at 
an  angle  of  3.i°  25',  all  the  liijht  which  it  reflects  is  po- 
larised in  one  direction.  The  liirht  which  traverses 
the  glass  is  composed.  1st  of  a  quantity  of  light  po- 
larised in  a  dirt-i  tion  opposite  to  that  which  is  reflect- 
ed, and  proportional   to  it ;   and,  2dly,   of  another  fior- 

*  BnlhHnde  ?,i  Soc.  Phil  Jum,  1811.  p.  299  f  -P^^  Tram.  1814. 

i  "  .K  platt  of  mica,  0. 127  ot  an  inch  thick,  polarised  the  light  at  an  angle  of  63°,  while  a  plate  0.093,  poluised  it  wholly  at  an  an- 
gle of  71°  45." 


Number  of 
plates  in  each 
parcel. 

Angle,  of   incidence 
at  wtiicti  tigtit  is  po* 
larised. 

Angles  of  incidence 
at   which    light    is 
jjolarised. 

Differeneef  Ijerwecn 
the  calculated  and 
otaened  angles. 

By  calcuktion. 

By  experiment. 

8 

79°    11' 

78°    52 '» 

0      19'  — 

10 

76     33 

76     24 

0        9  — 

12 

74       0 

74        2 

0        2   -f 

14 

71      30 

72      15 

0     45   -J- 

16 

69        4 

69      40 

0     36   -f 

18 

65     43 

66     43 

0        0 

21 

63     21 

63     39 

0      18   -f 

24 

60        8 

61        0 

0     52   -J. 

27 

57      10 

56      58 

0      12  — 

29 

55      16 

54     50 

0     26  — 

31 

53     28 

S3      16 

0      12  — 

33 

51      44 

51        0 

0     44  — 

35 

50        5 

50     23 

0      18   + 

39 

47        1 

46     50 

Oil  — 

41 

45      35 

45      49 

0      14   -f 

44 

43     34 

44        0 

0     25  -1- 

47 

41      41 

42        0 

0     19   -f 

100 

22      42 

20') 

11      49 

•  This  resul 

t  was  obtained 

5U0 

1,00(1 

4     47 
2     24 

by  a  parcel  ot 
rallel  glass. 

plates  of  pa- 

2,000 

1      12 

4,000 

0     36 

1 4,000 

0        1 

8,640.O(jO 

0       0       1" 

720 
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Upon  comparing  the  number  of  plates  wiih  the  an- 
gles, it  was  obvious  that  the  number  of  plates  were 
always  to  one  another  as  the  co-tangents  of  the  angles 
of  incidence  at  which  they  polarised  the  transmitted 
light ;  that  is,  if  n,  n',  represent  the  number  of  plates 
in  any  two  parcels,  and  (p,  ^',  the  angles  at  which  the 
pencil  was  polarised,  we  have 

n  :  n'  ^  cotang.  (p  :  cotang.  <^  and 

n  X  tang.  <>>  —  n'  x  tang-  <P'- 
Hence  it  follows,  that  the  number  of/ilatcs  in  any  parcel 
multiplied  by  the  tangent  of  the  angle  at  nvhich  it  fio- 
lariaes  light  is  a  constant  quantity.  From  a  great  number 
of  observations,  made  with  a  parcel  of  eighteen  plates. 
Dr.  Brewster  found  the  constant  quantity  for  crown 
glass  to  be  41.84,  when  the  light  was  that  of  a  good 
wax  candle,  placed  at  the  distance  of  about  12  feet,  so 
that  we  have 

^      41.84 
tang.  <p=-^ 

that  is,  divide  the  constant  quantity  by  any  given  num- 
ber of  plates,  and  the  quotient  will  be  the  natural  tan- 
gent of  the  angle  at  which  that  number  will  polarise  a 
pencil  of  light. 

In  this  way  Dr.  Brewster  computed  the  second  co- 
lumn of  the  Table,  which  differs  very  little  from  the 
observed  column. 

Prop.  XXII. 

When  a  pencil  of  light  is  incident  at  any  angle  ex- 
cept a  right  angle,  upon  the  surface  of  a  transparent 
body,  a  certain  portion  of  the  transmitted  light  is  com- 
pletely polarised,  while  the  remaining  portion  has  suf- 
fered a  fihysical  change,  approaching  more  or  less  to 
that  of  complete  polarisation. 

This  proposition,  which  Dr.  Brewster  proved  to  be 
true  with  regard  to  the  reflected  pencil,  is  true  also  of 
the  transmitted  pencil.  It  appears,  from  the  Table, 
that  24  plates  are  necessary  to  polarise  completely  a 
given  pencil  of  light,  at  an  angle  of  61°,  consequently 
12  plates  will  not  polarise  the  whole  pencil  at  the  same 
angle.  Let  us  now  suppose  that  the  portion  not  po- 
larised by  the  12  plates  amounts  to  20  rays  out  of  100; 
then,  if  these  20  rays  were  absolutely  unfiolarisedy  and 
in  the  same  state  as  direct  light,  they  would  require  to 
pass  through  24  plates  at  an  angle  of  61°,  in  order  to  be 
completely  polarised.  But  the  experiments  prove  that 
they  require  to  pass  only  through  other  12  plates  at 
that  angle,  in  order  to  be  completely  polarised.  It 
therefore  follows,  that  the  20  rays  have  been  half  ]io- 
larised  by  the  first  12  plates,  and  the  polarisation  com- 
pleted by  the  other  12.  Hence  arises  the  mistake  of 
Malus,  who  observes,  that  the  light  transmitted  oblique- 
ly through  glass,  consists,  1st.  of  a  quantity  of  polaris- 
ed light;  and  2d,  of  another  fiortion,  not  modified,  and 
which  fireserves  the  characters  of  direct  light.* 

Phop  XXIII. 

If  a  pencil  of  light  is  partly  fiolarised  by  transmis- 
sion at  any  angle,  it  will  be  more  and   more  polarised 


at  every  successive  transmission  in  the  same  plane  till 
its  polarisation  is  complete,  whether  the  transmissions 
are  made  at  angles  all  above  or  all  below  the  polarising 
angle,  or  at  angles,  some  of  which  are  above,  and  some 
below  the  polarising  angle. 

The  truth  in  this  proposition  is  deduced  from  nu- 
merous experiments,  besides  ihose  which  are  given  in 
the  preceding  Table,  and  may  be  easily  verified. 

Prop.  XXIV. 

When  a  pencil  of  light  is  transmitted  through  one  ov 
more  parallel  plates  of  the  same  refractive  power,  the 
quantity  of  light  polarised  by  transmission  will  be  a 
maximum  when  the  tangent  of  the  angle  of  incidence 
is  equal  to  the  index  of  refraction. 

The  quantity  of  light  polarised  by  reflexion  is  then 
a  maximum,  by  Prop.  V.  p  181,  and  consequently  the 
quantity  polarised  by  transmission,  which  is  equal  to  it, 
must  also  be  a  maximum. 

Cou.  AVIicn  the  plates  have  different  refractive  pow- 
ers, they  must  be  inclined  to  one  another  at  such  angles, 
that  the  pencil  may  fall  upon  each  of  them  at  an  angle 
whose  tangent  is  equal  to  its  own  index  of  refraction. 

Phop.  XXV. 

When  a  pencil  of  light  is  transmitted  through  a  num- 
ber of  parallel  plates  of  glass,  whose  index  of  refrac- 
tion is  m,  separated  by  a  fluid  whose  index  of  refraction 
is  m',  the  quantity  of  polarised  light  will  be  a  maxi- 
mum    when   the  tangent   of  the   angle  of  incidence  is 

equal  to  —,,  if  m  exceeds  m'. 
m 

This  proposition  is  deduced  from  Prop.  XT.  p.  716. 
and  Prop.  XXIV. 

Prop.  XXVI. 

If  a  pencil  of  light  is  incident  upon  a  number  of  un- 
crystallized  plates,  or  parcels  of  plates,  each  plate,  or 
each  parcel  of  plates,  being  inclined  at  different  angles, 
but  having  all  their  surfaces  at  right  angles  lo  the  plane 
of  refraction,  the  total  polarisation  of  the  pi'iicil  will 
commence  when  the  sum  of  the  products  of  the  tan- 
gents of  the  angles  of  incidence,  and  the  number  of 
plates  in  each  parcel,  are  equal  to  the  constant  quantity 
due  to  the  refractive  power  of  the  plates,  and  the  inten- 
sity of  the  incident  pencil. 

Let  n,  n',  n"  represent  the  number  of  plates  in  each 
pencil,  a,  a',  a"  the  angles  of  incidence,  and  A  the  an- 
gle at  which  the  pencil  would  begin  to  be  wholly  polar- 
ised by  transmission  by  all  the  plates  put  together  and 
parallel,  and  C  the  constant  quantity;  then  the  total  po- 
larisation will  commence  when  n  (tang,  a)  -|- n'(tang.  a') 
+  n"(tang.  a")  =«  -f  >.' +  7j"  (lang-  A)=:C  — 41.84 
in  crown  glass,  when  the  light  of  a  wax  candle,  at  the 
distance  of  JO  feet,  is  used. 

Phop.  XXVII. 

When  a  pencil  of  light  is  incident  on  a  transparent 
uncrystallizcd   plate,   the   transmitted   rays  contain   two 


•  M.  Biot  repeats  the  same  opinion,  "  la  portion  de  lumiere  transmise  qui  conserve  les  cbaracteres  de  la  lunaiere  directe."     Traiti 
de  Physigve,  torn.  iv.  p.  296 ;  and  Precis,  kc.  1821,  torn.  ii.  p.  564. 
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poriioiis  ot  ligiii)  oiiJ  of  wliich  is  polarised  in  the  plane 
of  refraction,  and  the  other  is  a  plane  perpendicular 
to  it. 

The  light  polarised  in  a  plane  perpendicular  to  the 
plane  of  refraction,  is  that  which  is  polarised  by  trans- 
mission, as  already  explained;  and  is  a  portion  of  the 
pencil  S  a  T,  Fig.  3.  proceeding  from  the  incident  ray 
RS.  The  li^ht  polarised  in  the  plane  of  refraction  are 
rays  c  V,  e  W,  produced  by  the  light  which  has  suffer- 
ed reflexion  at  the  points  a,  b,  c,  d.  This  portion  of  light 
increases  with  the  obliquity  of  incidence ;  and  since  it 
may  be  considered  as  producing  a  portion  of  direct  light 
when  combined  with  a  portion  of  the  polarised  light  in 
the  pencil  a  T,  it  becomes  impossible  to  polarise  the 
light  transmitted  through  two,  three,  or  four  plates  of 
glass,  however  great  be  the  angle  of  incidence.  See 
Edinburgh  Traiuactions,  vol.  viii.  p.  27. 

Sect.  IV,  On  the  Colours  produced  by  transmitting  Po- 
larised Light  through  thin  Crystallized  Plates,  or  near 
the  resultant  axes  of  Doubly  Refracting  Crystals. 

In  the  year  1811,  the  colours  of  thin  crystallized 
plates  were  discovered  by  M.  Arago,  and  the  same  dis- 
covery was  made  by  Dr.  Brewster,  and  in  1812*  com- 
municated to  the  Royal  Society  of  Edinburgh,  before  he 
or  any  of  his  countrymen  had  any  knowledge  of  what 
had  been  done  in  France.  But  though  the  general  fact 
■which  each  of  these  authors  discovered  was  the  same, 
yet  Dr.  Brewster  was  led,  by  a  peculiar  mode  of  obser- 
vation, to  examine  the  phenomena  seen  along  the  real 
and  the  resultant  axes  of  crystals,  and  was  thus  led  to 
the  discovery  of  the  single  and  double  systems  of  co- 
loured rings,  which  had  escaped  the  observation  of 
others,  and  which  have  led  to  those  general  laws  of  po- 
larisation and  double  refraction,  which  could  never  have 
been  deduced  from  the  examination  of  crystallized  la- 
minae. 

Before  we  begin  to  explain  this  class  of  phenomena, 
we  shall  describe  the  method  by  which  they  may  be  most 
easily  observed. 

Let  RS,  Fig.  4.  be  a  ray  of  direct  light,  from  the  sky 
or  from  a  candle,  and  ST  the  pencil  polarised  by  re- 
flexion from  the  plate  of  glass  AB ;  then,  as  we  have 
before  seen,  the  ray  ST  will  not  suffer  reflexion,  if  it  is 
incident  at  the  polarising  angle  upon  a  second  plate  CD, 
provided  the  plane  of  the  second  reflexion  is  at  right 
angles  to  that  of  the  first,  passing  through  RST,  which 
is  called  the  Plane  of  Primitive  Polarisation.  Let  the 
two  plates  of  glass,  therefore,  be  capable  of  being  fixed 
in  this  position,  so  that  the  light  is  reflected  in  the  di- 
rection TV,  which  will  be  known  by  the  appearance  of 
an  undefined  dark  spot  on  the  image  of  the  part  of  the 
sky  which  is  reflected  from  AB.  The  plate  AB  may 
be  called  the  polarising  plate,  and  CD  the  analyzing 
plate. 

If  we  now  take  a  thin  plate  of  sulphate  of  lime  or 
gypsum,  sliced  from  a  crystal  by  means  of  a  lancet  or 
pen-knife,  such  as  e  f,  and  expose  it  to  polarised  light 
by  holding  it  in  the  reflected  ray  ST,  it  will  be  found  by 
turning  it  round  in  a  plane,  perpendicular  to  ST,  and 
looking  into  the  plate  CD,  in  the  direction  VT,  that 
there  are  four  positions,  distant  90°  from  each  other, 
viz.  0°,  90°,  180°,  and   270°,  where  no  change  is   pro- 


duced; while  at  every  intcrmcurate  position,  the  sur- 
face of  the  plate  of  sulphate  of  lime  will  appear  cover- 
ed with  a  brilliant  colour,  supposed  red.  The  intensity 
of  this  colour  is  a  maximum  at  the  points  45°,  135°, 
2?5°,  315°,  and  it  appears  entirely  at  0°,  90°,  180°,  an<l 
270°. 

Let  the  analyzing  plate  be  now  gradually  turned  from 
the  position  in  Fig.  8.  in  the  azimuth  of  90°,  to  the  po- 
sition in  Fig.  1.  or  the  azimuth  of  0°,  which  we  shall 
call  the  zero  of  the  circle  in  which  it  revolves  round 
the  polarised  ray  ST,  the  plate  of  sulphate  of  lime  ef 
remaining  fixed  in  the  azimuth  of  45°,  so  as  to  give  the 
brightest  red  ;  then,  by  looking  into  the  analyzing  plate 
CD,  it  will  be  seen  that  thered  gradually  becomes  fainter 
and  fainter,  till  CD  comes  into  the  azimuth  of  45°,  when 
no  colour  whatever  appears.  Beyond  this  point,  or  45°, 
a  faint  green  appears,  which  gradually  becomes  more 
and  more  intense,  and  reaches  its  maximum  at  90°. 
From  90°  the  green  becomes  paler,  till  it  entirely  disap- 
pears at  the  azimuth  of  135°,  when  the  red  again  com- 
mences, and  reaches  its  maximum  of  brilliancy  at  180°. 
The  very  same  changes  arc  repeated  from  180°  to  360°, 
or  0°. 

In  studying  these  simple  facts,  it  is  manifest  that  the 
plate  e/ transmits  two  sets  of  differently  coloured  rays, 
viz.  red  and  green,  which  are  the  Extraordinary  and  the 
Ordinary,  which  we  shall  call  E  and  O,  and  which  are 
always  complementary  to  each  other,  or  together  make 
white  light.  Its  colour  is  always  red  when  the  analyzing 
plate  CD  is  in  the  azimuth  of  90°  and  270°,  and  always 
green  when  CD  is  in  the  azimuth  of  0°  and  ISO'. 

Now,  as  none  of  the  green  rays  O  are  reflected  in  the 
azimuth  of  90=',  it  is  quite  clear  that  they  are  polarised 
in  the  same  tiianner,  or  in  tlie  same  direction  or  plane, 
as  the  ray  of  white  light  ST,  none  of  which  is  reflected 
from  CD  in  that  azimuth  ;  that  is,  the  green  rays  O  pre- 
serve their  primitive  polarisation,  or  are  not  acted  upon 
by  the  plate  ef.  In  like  manner,  it  is  manifest,  that  as 
the  red  rays  E  are  reflected,  they  must  have  a  polarisa- 
tion different  from  that  of  ST,  or  these  rays  must  have 
had  their  polarisation  altered  by  the  plate  ef.  When  ef 
was  in  the  azimuth  of  45°,  the  red  rays  were  most  co- 
piously reflected  when  CD  was  in  the  azimuth  of  90° 
and  180°,  and  not  reflected  at  all  in  the  azimuth  of  O" 
and  270°.  Hence  they  must  in  this  case  have  been  po- 
larised in  a  plane  at  right  angles  to  the  polarisation  of 
ST,  that  is,  their  polarisation  must  have  suffered  a  change 
of  90°=:2x45°  =s2  a,  calling  o  the  azimuth  of  the  plates 
ef 

In  order  to  determine  if  the  change  of  polarisation  in 
the  tint  E  is  equal  to  2  a  in  every  other  azimuth,  let  the 
plate  CD,  or  the  plane  of  reflexion  from  it,  be  placed  in 
an  azimuth  equal  to  o,  the  azimuth  of  the  crystalline 
plate;  then,  it  the  pencil  E  is  polarised  in  Ihe  azimuth 
2  a,  the  plane  of  reflexion  from  the  plate  CD  will  form 
equal  angles,  viz.  a,  with  the  plane  RSP,  in  which  the 
pencil  O  is  polarised,  and  the  new  plane  in  which  E  is 
supposed  to  be  polarised,  and  consequently  it  will  reflect 
an  equal  portion  of  these  two  kinds  of  rays,  that  is,  of 
the  red  and  green,  so  that  the  ^esultin^'  pencil  will  be 
white.  By  making  this  experiment  at  all  azimuths,  or 
for  all  values  of  a,  M.  Biot  found  this  to  be  the  case,  and 
hence  he  established  his  doctrine  of  moveable  polarisa- 
tion in  a  double  azimuth. 


Vol,.  XIV.  Part  II. 


•  7Veaft«s  on  ,/Vew  Philvsophical  Jnstritmentt,  Preface,  p.  xiii.  and  p.  336. 
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By  applying  lo  the  two  lints  O  and  li,  the  formulae 
of  Malus  lor  the  division  of  the  rays  in  the  rhomboid, 
M.  Biot  found  that  the  colour  and  intensity  of  the  re- 
flected pencil  was  represented  by  the  following  foimulae: 

P0=:0  Cos.^  «+E  Cos."  (2a— «)  ; 

a  representing  the  azimuth  of  the  plate  ef,  and  a.  the 
azinuilh  of  the  analyzing  plate  CD.  In  order  to  deter- 
mine the  intetibity  of  tlie  tnu  when  only  E  is  visible,  let 
the  plate  CD  be  put  into  the  azimuth  of  90°,  in  which 
case  E  only  is  rillecied,  and  O  wholly  transmitted.  Then 
a. — 9()°,  and  the  above  formula  becomes 

P  o=E,  Sin.'^  2a. 

In  every  other  position,  the  reflected  ray  will  be  a  com- 
bination of  the  tints  O  and  E  in  different  proportions 
given  by  the  formula.  The  reflected  ray  will  always 
be  white  when  a  =  0°  ;  90°  ;  180°;  270°;  or  a=<«  ; 
<t-f  180°;  or  «-f270°. 

If,  instead  of  analyzing  the  light  transmitted  through 
the  plate  e/by  reflexion  from  CD,  we  analyze  it  with  a 
rhomboid  or  a  prism  of  Iceland  spar,  the  principal  sec- 
tion of  which  is  supposed  to  replace  the  plane  of  reflex- 
ion from  CD;  then  M.  Biot  has  shown  that  the  pheno- 
mena are  represented  by  the  formulae, 

P  o=0  Cos.'^  «-f  E  Cos.-"  («— 2a) 
P  f=:0  Sin.^  «+E  Sin.2  («— 2a) 

»  now  representing  the  angle  which  the  principal  sec- 
tion of  the  rhomboid  makes  with  the  plane  RST,  or  that 
of  primitive  polarisation.  When  the  principal  section 
is  in  the  plane  RST,  then  <»=0  and  we  have 

P  o=:0-f  E  Cos.=*  2fl. 
P  e=:ESin.*  a. 

Having  thus  determined  the  rule  of  the  tints,  M.Biot 
next  proceeds  to  examine  their  nature,  and  their  rela- 
tion to  the  thickness  of  the  plates  c  f. 

By  using  slices  of  sulphate  of  lime  of  various  thick- 
nesses, he  concludes  that  the  tints  E  are  identically  the 
same  with  those  in  Newton's  table  or  scale,  which  we 
have  given  in  page  696;  and  that  they  vary  with  the 
thickness  of  the  plate  according  to  the  values  of  the 
tints  calculated  for  glass,  which  has  nearly  the  same  re- 
fractive power  as  sulphate  of  lime.  By  taking  very  ac- 
curate measurements  of  different  plates  with  the  Sphe- 
rometer,  he  obtained  the  following  results  when  the 
light  was  transmitted  perpendicularly  through  the  plates. 

Millimetres. 
Thickness  at  which  no  tint  is  produced,  or  the 

commencement  of  black  in  Newton's  table     0.01 1777 
White  of  the  first  order     -         -          -         -       0.31144 
White  composed  of  a  mixture  of  all  the  co- 
lours          0.45493 

Having  determined  the  position  of  the  axis  of  sul- 
phate of  lime,  which  lies  in  the  plane  of  the  laminae, 
and  makes  an  angle  of  16°  13',  with  one  of  the  sides  of 
the  oblique  parallelograms,  into  which  the  laminae  are 
divisible  by  cleavage,  he  placed  t\*o  plates  with  their 
axes  coincident,  and  found  that  they  produced  a  tint  equal 
to  that  which  would  have  been  produced  by  a  plate 
equal  to  their  united  thickness;  but  if  the  axes  of  the 
two  plates  were  at  right  angles  to  one  another,  the  tint 
produced  was  the  same  as  that  of  a  plate  whose  thick- 
ness was  equal  to  their  difference.     Hence  two  plates 


of  equal  thickness,  with  their  axes  crossed,  gave  no  tint 
at  all,  and  by  using  platts  of  considerable  thickness,  and 
which  gave  no  tints  scparalel),  he  could  produce  the  po- 
larised colours,  provided  the  difference  in  the  thickness 
of  the  plates  did  not  exceed  0.45493  of  a  millimetre,  the 
thickness  at  which  the  coloured  rings  terminate. 

M.  Biot  made  analogous  experiments  on  calcareous 
spar  and  other  minerals,  and  obtained  the  results  in  the 
following  table. 


Intensity  of 

Nature  of 

Po 

ilarising  Force. 

the  Action. 

Calcareous  spar 

17.750 

Repulsive 

Sulphate  of  I)aryte3 

1.250 

Attractive 

Sulphate  of  strontian 

1.070 

Undetermined 

Sulphate  of  lime 

1.000 

Attractive 

Rock  crystal 

1.000 

Attractive 

Beryl 

0.523 

Repulsive 

The  numbers  iu  the  preceding  table,  are  in  the  in- 
verse ratio  of  the  thicknesses  that  produce  an  equilibri- 
um of  action.  Thus,  if  a  plate  of  beryl  has  its  axis 
crossing  the  axis  of  a  plate  of  carbonate  of  lime,  then 
the  twq,  tints  will  destroy  one  another,  if  their  thick- 
nesses are  as  0.523  to  17.75  ;  that  is,  a  plate  of  carbonate 
of  lime,  whose  thickness  is  0,523,  will  produce  the  same 
tint  as  a  plate  of  beryl,  whose  thickness  is  17.75. 

The  effect  of  the  combination  of  plates  which  we 
have  mentioned,  takes  place  only  when  a  refiulsive  is 
combined  with  a  refiulsive  crystal,  or  an  attractive  with 
an  attractive  crystal,  and  they  are  reversed  when  a  re- 
fiulsive is  combined  with  an  attractive  crystal.  If,  for 
example,  we  combine  a  plate  of  rock  crystal  and  beryl, 
so  as  lo  have  their  axes  comcirff 71/,  the  tint  willbeetjual  lo 
that  produced  by  the  difference  of  their  united  action, 
and  if  the  tints  are  of  the  same  value,  they  will  destroy 
one  another;  whereas,  if  their  axes  are  crossed  at  right 
angles,  we  shall  obtain  a  tint  equal  to  the  sum  of  their 
actions.  In  all  these  combinations,  it  is  supposed  that 
the  plate  is  cut  so  as  to  have  its  axis  lying  in  the  plane 
of  its  faces. 

In  comparing  the  tints  of  sulphate  of  lime  with  those 
of  the  coloured  rings  of  Ni-wton, as  formed  between  two 
object  glasses,  and  examining  the  effect  of  combining 
plates  of  different  thicknesses,  Dr.  Biewster  employed 
a  different  method  from  that  of  M.  Biot.  He  took  a 
uniform  plate  ol  sulphate  of  lime,  about  ^-'.jtn  of  an  inch 
thick,  and  ground  down  one  of  its  faces  so  as  lo  make  the 
thickness  vary  from  J-j^'^  '^^  ^"  '"'^'^  down  to  the  thinnest 
possible  edge.  He  then  placed  the  plate  in  water, 
which,  by  a  partial  dissolution,  made  it  thinner  at  the 
edges,  and  gave  its  surface  a  sufficient  polisli.  By  ex- 
posing this  plate  to  polarised  light,  a  series  of  itctiiineal 
coloured  fringes  were  seen,  parallel  lo  the  common  sec- 
tion of  its  inclined  surfaces,  showing  at  one  view  the  na- 
ture of  the  tints,  from  the  black,  at  the  beginning  of  the 
scale,  up  to  the  compound  while,  where  all  the  colours 
were  mixed,  and  the  way  in  which  they  vr-ried  as  the 
thickness  of  the  plate  increased.  He  then  cut  this  plate 
into  two,  and  by  combining  them  in  different  ways,  he  s;iw 
at  once  all  the  different  effects  of  ilie  combination  of 
plates  of  various  thickiicssts.  When  the  plates  were 
crossed  at  right  angles,  as  shown  in  Fig.  5.  a  new  set  of 
fringes  was  produced  parallel  to  the  black  frinue  CD, 
arising  from  the  opposite  action,  or  equilibrium  of  all 
the  similar  tints. 

The  iiexl  object  of  M.    Biot  was  to  determine  the 
manner  in  which  the  tints  varied  when  the  polarised  ray 
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was  transmitted  at  different  inclinations  to  the  axis. 
From  various  experiments  on  Rock  crystal,  Calcareous 
spar,  Arragonite,  and  Sulfihate  of  lime,  he  concluded, 
that  if  the  maximum  tint  of  the  crystal,  or  the  tint  per- 
pendicular to  the  axis,  was  represented  by  I,  then  Sin. 
V,  {<P  being  the  inclination  of  the  ray  to  the  axis,)  would 
represent  the  tint  at  all  the  other  inclinations.  This  de- 
duction, however,  was  quite  premature,  and  inconsistent 
■with  the  very  experiments  on  which  it  seemed  to  be 
founded.  Whenever  the  law  was  contradicted  by  ex- 
periment, M.  Biot  ascribed  the  discrepancy  to  secondary 
forces:  and  those  very  experiments  which  actuaily  over- 
turned the  law,  were  held  as  affording  it  support.  In 
Roc/c  crystal,  M.  Biot  found  the  tints  to  be  represented 
by  Sin.  ^(p  with  tolerable  accuracy ;  but  as  he  consider- 
ed the  secondary  forces  in  rock  crystal  as  mo'difying  the 
principal  force,  at  least  to  a  certain  distance  from  the 
axis,  the  law  of  Sin.  -  ^  could  not  be  established  by 
these  observations. 

His  experiments  on  Arragonite,  also,  give  Sin.'^  ^,  al- 
Ihougii  this  crystal  has  two  axes,  and  cannot  have  its 
lints  regulated  by  sucli  a  law.  His  experin\ei)ts  on 
Calcareous  sftar  were  better  fitted  to  establish  the  law  of 
Sin.^  <!>;  but  when  we  consider  that  his  mode  flf  obser- 
vation was  such  as  to  lead  to  such  errors  in  arragonite, 
it  Wjs  also  insufficient  lo  establish  the  law  in  calcareous 
spar,  or  any  other  crystal. 

The  principal  experiments  of  M.  Biot,  however,  were 
made  with  Sulfihate  of  lime,  from  its  being  peculiarly 
favourable  for  lliat  class  of  experiments.  He  measuied 
the  tints  in  p'anes,  forming  angles  of  0°,  22i°,  43°,  67\°, 
and  90°  with  the  axis,  and  at  all  incidences  upon  the  la- 
mit-ae  up  to  78°.  Wlicn  these  results  were  compared 
with  those  found  by  Sin."  <p,  the  discrepancy  was  enor- 
mous ;  but,  instead  of  abandoning  this  hypothesis,  he  as- 
cribed all  these  irregularities  to  the  influence  of  imper- 
fect crystallization,  and  represented  the  tints  by  compli- 
cated empirical  formulae,  involving  the  6th  power  of  the 
cosine  of  the  inclination  of  ihc  ray  to  the  axis,  and  the 
5lh  power  of  tlie  sine  of  the  angle  of  refraction.* 

Notwithstanding  that  these  resulis  were  absolutely  ir- 
reconcilable to  any  law,  M.  Bioi  concludes,  that,  with 
the  exception  of  mica,  which  lias  two  axes  offiolarisation, 
all  other  crystals  have  only  one  axis  ol  double  refraction, 
from  which  the  polarising  force  emanates;  that  all  crys- 
tals are  divisible  into  two  cla^ses,  viz.  artraciive  and  re- 
fiulaive  ;  and  that  the  Ibws  inves'iijated  lor  sulphate  of 
lime  are  the  general  liws  of  polarisation  for  all  other 
crystals  t  The  following  were  the  crystals  examined 
by  M.  Biot. 


Calcareous  spar. 
Rock  crystal. 


Tourmaline.  Sulphate  of  lime. 
Felspar.  Sulphate  of  burytes. 


Beryl.  Arragonite.    Sulphate  of  strontian. 

Phosphate  of  lime.    \  Topaz.         Mica. 

In  the  preceding  pages,  we  have  endeavoured  to  give 
a  brief  account  of  the  state  of  the  subject  of  polarisation 
and  double  refraction  in  regular  crys'als,  after  the  pub- 
lication of  M.  Bioi's  Traite  de  Physique  in  1816. 

M.  Malus,  in  his  Theorie  de  la  Double  Refraction,  p. 
246,  Sec.  concluded  from  his  elaborate  expenmenls,  that 
Arragonite  and  Sulfihate  of  Barytea  have  one  axis  of 
double  refraction,  like  quartz  and  calcareous  spar. 

Ft<r  some  years  before  M.  Biot  published  his  Traite 
de  Physique,  it  was  well  known  that  Tofiaz  and  Mica 
had  two  axes  of  polarisation;  but  it  was  never  even  con- 
jectured that  the  separation  of  the  two  images  vaiiished 
in  the  lints  where  the  polarisation  was  nothing.  Such  a 
conclusion,  indeed,  could  not  be  obtained  by  the  methods 
of  observation  which  were  then  in  use;  and  it  was  not 
till  the  discovery  of  the  system  of  coloured  rings  by  Dr, 
Brewster,  that  the  general  law  of  polarisition  and  double 
refraction  could  be  investigated  with  any  degree  of  suc- 
cess. The  history  of  this  investigation  we  shall  now 
proceed  to  detail. 

In  the  beginning  of  the  year  1813,  when  Dr.  Brewster 
was  examining  the  coloured  tints  which  he  had  discover- 
ed by  transmitting  polarised  light  through  various  crys- 
tallized bodicfe,  he  adopted  the  method  of  holding  the 
crystallized  plate  as  near  the  analyzing  plate  CD,  Fig. 
20.  as  possible,  or  in  contact  with  the  prism  of  Iceland 
spar,  when  it  was  substituted  in  place  of  the  plate.  By 
this  means  he  was  enabled  to  see  at  one  view  the  effect 
produced  by  polarised  light  incident  at  various  angles 
on  the  plate;  and  in  applying  this  method  to  topaz,  he 
discovered  its  double  system  of  rings,  which  could  not 
possibly  be  seen  by  any  other  method. 

Having  taken  a  plate  AB,  Fig.  6.  of  the  blue  Tofiaz  of 
Aberdeenshire  belonging  to  Mr.  Allan,  and  possessing 
the  finest  natural  cleavage  planes  perpendicular  to  the 
axis  of  the  primitive  |)rism,  he  transmitted  through  it 
obliquely  a  polarised  pencil  ST,  forming  an  angle  STW 
of  60°  38' with  the  perpendicular  TW;  and  upon  ana- 
lyzing the  light  TV  with  a  reflecting  plane  like  CD, 
I'ig.  4  he  Was  surprised  by  the  sight  of  a  system  of 
brilliant  elliptical  rings,  as  shown  in  Fig.  7.  By  turning 
the  plate  CD  from  its  azimuth  of  90°  to  180°,  each  co- 
lour underwent  the  same  change,  as  already  described 
to  lake  place  with  a  single  tint  of  sulphate  of  lime  ;  and 
when  CD  was  in  azimuth  180°,  a  set  of  rings  exactly 
complementary  lo  the  first  set  were  now  visible,  the  two 
sets  being  related  to  one  another  in  the  same  way  as  the 
rings  of  tiiin  plates  seem  by  reflexion  and  transmission. 
By  turning  round  AB,  so  that  the  polarised  light  ST 
fell  upon  the  plate  AB  in  another  direction  STV,  in- 


The  formula  given  by  M.  liiot  is  E'  =  e( 


Sin.'  U-t- 0.0713653  Cos.  «  U 


j  and  Sin.  u=a  Sin.  d'+b  Sin  s  6';  E' being-  the  lint  at  the 


Cos.  H 
angle  U,  E  the  tint  at  a  perpendicular  incidence,  ^the  ansrie  of  refraction,  and  a  and  6  two  co-ef?icients  determined  by  experiment. 

f  "  Tovites  les  lois,"  says  M  Biot,  "  toutes  les  formnles  que  nniis  vcnons  de  tronver  ici  pour  les  lami-s  minces  de' chain  sulfaliSe 
s'^tendent  aussi  aiix  lames  minces  de  cristal  de  roche  lail'^cs  p;.rallelcmeiit  a  I'axe,  comme  jc  m'en  suis  convaincu  nar  I'experience  ; 
el  non  seulement  la  mode  de  polarisation  csi  le  menu-  dnns  les  deux  substances,  ainsi  que  I'ordre  des  teinles.  et  Icur  rapport  avec  les 
epaisseurs  des  lames,  mais  les  valeurs  absolues  des  epaisseurs  sent  aussi  les  memes,  au  moins  dans  les  limiles  d'erreurs  que  compor- 
tent  mes  observations. 

_Je  me  suis  egalement  assure  que  tous  les  autres  cristaux  dons  de  la  double  refraction  offrent  les  m^n-.i  lois  de  polarisation  et  les 
meme  periodes  de  couleurs  quaiul  ils  sont  ricluils  en  lames  minces  paranoics  ilVxe."  Biot's  Traite  de  Fhvsique,  torn.  iv.  p.  361. 
See  nlso  p  387. 

t  After  the  table  given  by  M  Biot  in  his  Traite,  torn.  iii.  p.  350,  including  .^iTaj-oniVc,  Sulphate  if  Bartjtes,  Topaz,  and  Sulphate  of 
Lime,  he  adds,  "  Tons  les  crislaiix  ci-de?vus  dcsign^s  n'ont  qu'un  seiil  aXe  ;"  and  afterwards.  "  l>ans"tous  les  autres,  (all  the  rest,  ex- 
cept ^Sca,  in  which  the  separation  of  the  images  cannot  be  studied,)  la  loi  de  Hujgens  a  toujours  paru  s'appliquer  exaciement." 
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cUncd  at  mi  angle  S'TW  of  60-  38  ,  anoihei  system  of 
ellipiical  rings  was  also  seen  of  liic  very  same  form  and 
cliar.ictcr.  Hence  it  appeared  that  topaz  had  two  axes 
of  polarisation,  viz.  STV,  S' TV,  inclined  to  one  another 
at  an  angle  of  abont  65°. •  Dr.  Brewster  iias  described 
at  great  Icngih  various  new  plienomcna,  produced  by  a 
variation  in  the  circumstances  under  which  the  rings 
were  produced  ;  and  he  has  given  a  detailed  Table  ot 
the  colours  of  the  rings  observed  in  ten  different  azi- 
muths passing  through  their  centre.  From  this  Table, 
and  from  the  coloured  drawings  of  the  rings,  sent  to  the 
Royal  Society  in  1813,  it  appears  that  the  colours  are 
not  uniformly  those  of  Newton's  scale;  that  the  black 
does  not  commence  at  the  centres  of  the  rings,  but  at 
one  side  of  them  ;  and  that  the  colours  of  the  inner  ends 
of  the  rings  are  different  from  tlie  colours  of  the  outer 
ends 

In  the  same  year,  viz.  1813,  he  discovered  the  same 
double  system  of  rings  in  Mica,  Jcetaie  of  lead,  .N'itre, 
Mother  of  fiearl,  Tartrate  of  fiotasli  and  Soda, 'awA  Sul- 
phate of  potash,  and  segments  of  coloured  rings  in  vaii- 
ous  other  bodies,  such  as  ice,  amber,  and  hydrate  of  mag- 
nesia. 

In  examining,  during  the  same  year,  the  Oriental  Ruby, 
the  Emerald  and  Beryl,  Dr.  Brewster  discovered  an- 
other system  of  rings,  such  as  that  shown  in  Fig.  8. 
where  the  rings  are  perfectly  circular,  and  are  intersect- 
ed by  a  dark  rectangular  cross  AB,  CD  ;  and  in  1814, 
Dr.  Wollaston  discovered  the  same  system  of  rings 
along  the  axis  of  calcareous  spar. 

During  the  continuance  of  his  researches  in  the  years 
1815,  1815,  and  1817,  he  found  that  by  far  the  greater 
number  of  crystallized  bodies  possessed  the  double  sys- 
tem of  rings,  one  of  which  is  shown  in  Fig.  7.  and  that 
in  every  case  the  phenomena  of  polarisation  were  dis- 
tinctly related  to  the  phenomena  of  double  refraction  ; 
the  one  vanishing,  and  increasing,  and  decreasing,  with 
the  other. 

Akt.  I.    On  the  System  of  Rings  produced  by  Crystals 
with  one  jlxis  of  Polarisation  and  Double  Refraction. 

In  examining  the  polarising  structure  of  various  bo- 
dies, Dr.  Brewster  found  that  the  single  system  of  rings 
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Zircon. 

Quartz. 

Oxide  of  iron. 

Tungstate  of  lime. 

Titanite. 

Boracite. 


Apophyllite. 

Sulphate  of  potash  and  iron. 

Super-acetate  of  copper  and 

lime. 
Hydrate  of  magnesia. 
Ice. 


In  examining  the  coloured  rings  produced  by  tlie  dif- 
ferent crystals  in  the  table,  we  shall  fust  consider  the 
effect  proiluced  by  plates  of  different  thicknesses.  If 
we  take  a  rhomboid  of  calcareous  spar,  whose  principal 
section  is  ABCD,  Fig.  9.  and  cement  upon  its  surfaces 
AB,  CD,  two  prisms  of  flint  glass,  having  their  sides 
perpendicular  to  the  principal  section,  and  their  refract- 
ing angles  EBF,  GDH,  a  little  greater  than  FH  b,  which 
is  45°  23'  26"  ;  and  if  jiolarised  light  is  incident  perpen- 
dicularly upon  ilie  surfaces  BE,  DG,  it  will  be  trans- 
mitted ■  parallel  to  B  b.\  and  will  exhibit,  in  the  most 
beautiful  manner,  the  system  of  coloured  rings,  shown  in 
Ficr.  8.     Let  the  rhomboid  ABCD  be  now  cut  into  two 

o 

plates,  by  any  line  MN,  and  let  the  rings,  produced  by 
each  of  ihe  plates,  be  examined  separately  in  the  way 
already  described  :  it  will  then  be  found  that  the  squares 
of  the  diameters  of  the  rings  are  in  every  case  propor- 
tional to  the  numbers  which  represent  the  corrcspond- 
ii)g  tints  in  Newton's  table,  (see  p.  696.)  and  that  the 
squares  of  fhe  diameters  of  similar  rings,  as  produced 
by  plates  of  different  thicknesses,  are  reciprocally  pro- 
portional to  the  square  roots  of  these  thicknesses.  These 
two  results,  which  were  first  obtained  by  M.  Biot,  lead  to 
the  general  conclusion,  that  the  tints  produced  at  differ- 
ent inclinations  to  the  axis  of  the  crystal,  arc  to  one  an- 
other as  *.he  square  of  the  sine  of  the  angle  which  the 
polarised  ray  form?*with  that  axis.  Dr.  Brewster  found 
it  perfectly  correct  in  all  the  other  crystals  contained  in 
the  table ;  and  it  may  tiierefore  be  considered  as  a  ge- 
neral law,  which  we  may  apply  with  confidence  in  our 
future  researches. 

In  order  to  apply  it,  however,  with  the  utmost  sim- 
plicity, our  author  has  found  it  very  convenient  to  con- 
sider every  crystal  as  cut  into  a  sphere,  one  of  whose 
diameters  is  the  axis  of  double  refraction,  and  to  sup- 
represented  in  Fig.  8.  was  displayed  along  the  axis  of    pose  that  the  polarised  ray  passes  through  the  centre  of 


double  refraction,  as  described  in  p.  704,  70S,  in  the  fol 
lowing  bodies. 

NEGATIVE  CRYSTALS. 

Carbonate  of  lime.  Wernerite. 

Carbonate  of  lime  and  mag-  Mica  from  Kariat. 
nesia.  Phosphate  of  lead. 

Carbonate  of  lime  and  iron.  Phosphato-arseniatc  of  lead. 


Tourmaline. 

Rubellite. 

Corundum. 

Sapphire. 

Ruby. 

Emerald. 

Beryl. 

Phosphate  of  lime. 

Idocrase. 


Hydrate  of  strontites. 
Arseniate  of  potash. 
Muriate  of  lime. 
Muriate  of  strontian. 
Nitrate  of  soda. 
Sub-phosphate  of  potash. 
Sulphate  of  nickel  and  cop- 
per. 


the  sphere.  By  this  means  he  has  no  occasion  to  con- 
sider the  refractive  power  of  the  crystal,  or  the  differ- 
ence of  thickness  arising  from  oblique  transmission  ;  for 
the  polarised  ray  is  always  incident  perpendicularly,  and 
the  thickness  of  the  spliere  is  every  where  the  same. 
If  in  this  sphere,  AB,  Fig.  10.  is  the  axis  of  the  systeni 
of  rings,  then  P  p  may  be  called  the  diameter  of  no  po- 
larisation, or  the  a/iparent  axis  of  double  refraction  and 
polarisation  ;  P  and /i  the  poles  of  no  polarisation  ;  COD, 
the  equator  of  maximum  polarisation,  and  EF,  and  all  the 
o\htr  paraWeU,  ihe  isochromatic  lines  or  curves  of  equal 
tint.  Now,  since  Sin.^  (p  represents  the  tint  at  any  an- 
gle <p  with  the  axis,  we  may,  by  determining  experi- 
mentally the  tint  t,  produced  at  any  given  thickness  B, 
;lination  <p,  find  the  maximum  tint  T,  for 


and  at  any  incl 

that  thickness,  viz.  T 


Sin.^  (p 


and    the   tint    for   any 


•  This  is  the  inclination  of  ST,  ST'  after  refraction,  or  of  Tr.  Ti;',  their  inclination  before  refr-iction  being  twice  60°  38'=121«  26'. 

+  Th  s  mode  of  e  "h  bi  ng  the  coloured  rings,  is  greatly  superior  to  the  mode  employed  by  Biot,  of  grinding  down  the  solid  angles  at 
B  In  1  D  Beside  the  advantage  of  procuring  the  |reatest  possible  thickness  from  a  given  rhomboid,  we  preserve  the  polish  of  its  na- 
tural faces,  and  the  thickness  If  crystal  through  which  the  polarised  ray  passes  can  be  calculated  with  the  utmost  accuracy  from  the 
thickness  B  4  of  the  plate. 
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other  thickness  b  will  be  T  =  —-  X  r — r—-  J'  '^  obvious, 
•  li     Sin.    <p 

from  these  formulae,  that  any  given  tint  can  be  deve- 

!oped  at  any  angle  or  distance  from  the  axis,  merely  by 

varying  the  thickness  of  the  crystal  or  the  diameter  of 

the  sphere. 

If  it  should  be  required  to  find  the  tints  correspond- 
ing to  any  angle  of  incidence  upon  the  natural  faces  of 
the  crystal,  we  have  only  to  consider  the  position  of  our 
sphere  within  the  crystal,  and  compute  the  inclination 
of  the  refracted  ray  to  the  axis. 

Altliough  the  systems  of  rings  produced  by  all  crys- 
tals with  one  axis,  exhibit  the  same  tints,  and  possess 
the  same  properties,  yet  those  which  are  produced  by 
the  twenty-two  crystals  of  the  positive  class,  will  be 
found  to  differ  in  one  essential  particular  from  the  sys- 
tem produced  by  the  negative  crystals.  If  we  take  two 
rhomboids  of  calcareous  spar,  and  place  the  one  sym- 
metrically on  the  other,  the  system  of  rings  which  they 
exhibit  will  be  exactly  the  same  as  would  have  been 
produced  by  one  rhomboid,  whose  thickness  is  equal  to 
the  sum  of  the  thicknesses  of  the  two  which  are  com- 
bined. Dr.  Brewster  has  been  able  to  prove  this  by  di- 
rect observation.  He  obtained  a  similar  result  by  com- 
bining a  plate  of  beryl  with  a  plate  of  calcareous  sfiar ; 
for  the  system  of  rings  will  always  be  the  same  as  would 
have  been  produced  by  two  plates  of  beryl,  one  of  which 
was  the  plate  employed,  and  the  other  a  plate  which 
gave  rings  of  the  same  size  as  the  plate  of  calcareous 
spar. 

But  when  we  combine  the  system  of  rings  produced 
by  a  crystal  of  Zircon^  Ice,  &c.  with  the  system  produced 
by  calcareous  s/iar  or  beryl,  a  very  different  effect  is  pro- 
duced. The  system  of  rings,  instead  of  being  dimi- 
nished, is  increased,  and  is  equal  to  the  system  which 
would  have  been  produced  by  a  thin  plate  of  calcareous 
spar,  whose  thickness  is  equal  to  the  difference  of  the 
thicknesses  of  the  plate  of  calcareous  spar  employed, 
and  another  plate  of  calcareous  spar,  that  would  give 
rings  ot  the  same  size  as  those  given  by  the  zircon.  Sec. 
alone.  This  result,  which  our  author  succeeded,  after 
much  labour,  in  establishing  experimentally,  will  also 
be  obtained  by  substituting  Ice  in  place  of  Zircoji. 
Quartz  cannot  be  employed  in  these  experiments,  as  the 
system  of  rings  is  never  complete,  on  account  of  the 
secondary  tints  seen  along  its  axis.  If  the  plate  of  Zir- 
con, &c.  gives  a  system  o(  rings  of  the  very  same  size 
as  those  of  Calcareous  sfiar,  the  one  system  will  be  com- 
pletely obliterated  by  the  other,  and  the  combined  crys- 
tals will  exhibit  neither  double  refraction  nor  polarisa- 
tion. Hence  it  follows,  that  the  twenty-two  negative 
crystals  form  a  class  separate  from  all  the  other  crystals 
in  the  table  :  This  opposition  in  the  action  of  crystals 
was  first  observed  by  M.  Biot,  in  plates  cut  obliquely 
to  the  axis;  and  by  this  mode  of  observation  he  divided 
the  crystals  which  he  examined  into  two  classes,  in  the 
following  manner  : 


REPULSIVE   cr.ASS. 

Calcareous  spar 

Beryl 

Tourmaline 


ATTRACTIVE  CLASS. 

Rock  crvstal. 


REPULSIVE  CLASS. 

Calcareous  spar 
jirragoiiite 
Beryl 
Tourmaline 


ATTRACTIVE  CLASS. 

Rock  crystal 
Sulphate  of  lime 
Suljihate  of  barytes 
Tofiaz. 


But  since  the  crystals  marked  in  italics  ha^e  two  axes 
of  double  refraction,  and  cannot  be  ranked  in  either 
:lass,  the  list,  when  corrected,  will  stand  thus  : 


agreeing,  in  so  far  as  it  goes,  with  the  more  extended 
table  which  we  have  already  given. 

Hitherto  we  have  considered  the  system  of  coloured 
rings  as  produced  only  near  the  axes  of  crystals,  or  as 
capable  of  being  developed  at  any  distance  from  the 
axis,  inerely  by  diminishing  the  size  of  the  sphere;  but 
there  arc  two  modes  by  which  the  rings  can  be  ren- 
dered visible  at  any  distance  from  the  axis,  and  with 
any  thickness  of  crystals. 

If  we  take  a  prism  of  flint  glass,  with  a  large  re- 
fracting angle,  and  examine  through  it  the  system  of 
rings,  we  shall  find  that,  instead  of  nine  or  ten  rings, 
which  are  visible  without  the  prism,  we  may  reckon, 
by  estimation,  from  80  to  100  on  that  side  of  the  axis 
towards  which  the  refraction  is  made. 

The  other  mode  of  developing  the  rings  at  any  dis- 
tance from  the  axis,  and  with  any  thickness  of  crystal, 
consists  in  crossing  the  tints  with  plates  of  suljihate  of 
lime.  If  the  axis  MN,  Fig.  8.  of  a  plate  of  sulphate  of 
lime,  having  such  a  thickness  as  to  produce  no  coloured 
tints,  even  at  a  considerable  obliquity,  is  placed  in  the 
direction  of  a  diameter  of  the  rings  given  by  calcareous 
spar,  a  new  system  of  rings  will  be  produced  at  M  and 
N,  having  their  centres  at  O.  The  point  where  MN 
crosses  the  middle  ring  will  be  black,  as  the  action  of 
the  calcareous  spar  is  there  exactly  counterbalanced  by 
the  action  of  the  sulphate  of  lime.  The  rings  within 
the  dark  lines  EF,  GH,  will  hefiositive,  in  consequence 
of  the  action  of  the  rock  crystal  predominating,  and 
those  without  them  will  be  negative,  in  consequence  of 
the  action  of  the  calcareous  spar  predominating.  If  the 
plate  of  sulfihate  of  lime  produces  the  rings  at  a,  b,  in- 
stead of  M,  N,  then,  in  the  other  two  quadrants  c,  d, 
the  tints  will  be  those  which  are  produced  by  the  sum 
of  the  actions  of  the  crystals,  and  the  tints  at  c  and  d 
will  be  double  of  that  which  is  produced  at  these  points 
by  the  calcareous  spar  alone. 

One  of  the  most  interesting  features  of  the  coloured 
rings,  is  the  black  cross  AB,  CD,  where  the  two  arms 
are  exactly  at  right  angles  to  each  other.  If  the  plate 
which  produces  this  system  of  rings  is  turned  round  its 
axis  O,  the  rings  and  the  black  cross  will  preserve  an 
invariable  position  ;  CD  being  always  in  the  plane  of 
primitive  polarisation,  and  AB  in  a  plane  perpendicular 
to  it.  Hence  it  follows,  that  whenever  a  plane  passing 
through  the  axis  of  the  crystal,  is  either  in  the  plane  of 
primitive  polarisation,  or  perpendicular  to  it,  the  extra- 
ordinary pencil  or  tint  disappears.  This  result  will  be 
found  correct,  whatever  be  the  direction  in  which  the 
polarised  ray  traverses  the  crystal,  and  is  therefore  the 
general  law  of  the  disappearance  of  the  extraordinary 
pencil  for  crystals  with  one  axis. 

Art.  II. — On  the  Double  System  of  Rings  produced  by 
Crystals  with  two  Axes  of  Polarisation  and  Double  Re- 
fraction. 

In  the  system  of  rings,  seen  along  the  axis  of  Tofiaz^ 
as  shown  in  Fig.  7.  the  inclination  of  the  axes  SV,  S'V, 
Fig.  6.  was  so  great,  that  the  mode  in  which  the  two 
systems  of  rings  were  connected,  could  not  be  at  once 
rendered  visible  to  the  eye. 
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In  .Vitrc',  however,  and  other  crystals,  where  the  lines 
SV,  S'V,  have  a  small  inclination,  ihc  double  system 
of  rings,  and  tlie  mode  of  their  coniicciion,  may  be  ex- 
hibited with  great  facility.  When  a  plate  of  laire,  about 
one-twelfth  or  one-tiftcenth  of  an  inch  thick,  and  cut  by 
planes  perpendiculai'  to  the  axis  of  the  hexahedral  prism, 
exposed  at  e^/'to  polarised  liglit  SI',  tig.  4,  and  subse- 
quently analyzed  by  the  plate  CD, — then  al  two  rccian 


The  most  important  physical  circumstance  which  dis- 
tinguishes the  system  of  lings  tornicd  by  different  crys- 
tals, IS  ti>e  magnitude  of  the  arch  PF',  l''ig.  II.  winch 
wc  have  called  tlie  inclination  of  the  resultant  axea,  or 
of  the  diameters  of  no  fiolariaation  ;  Jor  it  is  from  tins  an- 
gle alone  that  wc  can  deduce  the  relative  intensity  of 
the  real  rectangular  axes. 

The  following  Table  contains  this  angle  for  about  60 


gular  azimuths  of  the  plate  f/,  which  we  shall  call  0°,     crystals.     The    measures    were   taken   with  grtui  care. 


and  yo°,  a  double  system  of  coloured  rings  will  be  seen, 
as  at  Fig.  I  1.  where  P,  P'  are  the  centres  of  each  sys- 
tem corresponding  with  the  ccnires  of  the  elliptical 
rings  of  topiz,  as  seen  in  Fig.  7.  and  AB,  CD,  a  rect- 
angular black  cross. 

The  poles  P,  P',  of  no  polarisation,  are  distant  5°  20', 
whatever  be  the  thickness  of  the  plate;  and  through 
them  passes  one  of  the  branches  CD  of  the  rectangular 
cross  AB,  CD.  The  breadth  of  each  ring  is  least  be- 
tween C  and  P,  and  D  and  P,  and  graduaily  increases 
towards  AB,  owing  partly  to  the  dillerent  thicknesses 
at  which  the  light  is  transmitted  through  the  pi.ue. 

When  the  plaie  of  nitre  is  turned  round  its  axis,  the 
block  cross  ABCD  iinmediately  breaks  up.  The  rings 
themselves  have  suffered  no  change  by  this  change  of 
position  in  the  plate  ;  but  the  black  cross  is  separated 
into  two  hyperbolical  branches  M'P'N',  MPN,  Fig.  12. 
When  the  thickness  of  the  plate  is  above  3-lOths  of  an 
inch,  the  portionb  of  the  rings  included  between  the  two 
hyperbolic  branches  are  confounded  into  one  mass  of 
white  liglit,  while  those  between  C  and  P,  or  D  ana  P, 
are  distinctly  visible.  The  concave  sides  of  the  hyper- 
bolic branches  are  strongly  fringed  with  a  red  and  yel- 
low colour,  while  the  convex  or  inner  sides  are  equally 
aflectecl  with  blue  rays.  By  diminishing  the  thickness 
of  the  plate,  the  rays  gradually  appear  between  the  hy- 
perbolic branches,  hut  they  consist  only  ol  /imk  and 
green  tints,  like  those  in  the  5th  order  of  Newton's 
scale  ;  and  even  when  the  rings  almost  cease  to  appear 
by  a  great  diminution  of  thicknesses,  the  tints,  though  at 
the  very  commencement  of  the  first  order,  are  not  the 
same  within  as  without  the  poles  of  no  polarisation.  In 
the  position  of  Fig.  1  I,  however,  and  when  the  tint  at 
O,  in  the  position  of  Fig  12.  is  only  blue  of  the  first  or- 
der, this  irregularitv  of  the  tints  is  almost  impercepti- 
ble, and  the  system  of  rings  is  distinguished  trom  that 
produced  by  crystals  with  one  axis  only,  by  a  slight  de- 
gree of  ellipticity.  This  approximation  to  the  system, 
shown  in  Flu;.  8.  arises  from  (he  great  attenuation  of 
the  crystallized  plate,  which  is  no  longer  capable  of  de- 
veloping the  tints  between  the  poles  of  no  polarisation; 
and  it  is  only  from  the  elliptical  lorm  of  the  curves  that 
we  can  in  this  state  recognise  the  existence  oi  two  axes. 
Even  Ibis  ellipiicity  will  disappear  by  a  farther  attenua- 
tion of  the  plate  ;  and  the  crystal,  deprived,  as  it  were, 
of  one  of  its  axes,  appears  to  act  upon  light  exactly  like 
beryl  or  calcareous  spar. 

The  various  minerals  and  crystals  which  possess  this 
double  systt  m  of  rin«;s,  having  already  been  given  in 
pne'e  707,  and  also  the  position  of  the  line  passing 
through  O  or  the  principal  axis  of  the  crystal,  it  is  un- 
necessary to  repeat  that  list  at  present. 


but  some  ot  them  are  only  estimated,  and  others  will 
admit  of  considerable  correction  by  the  use  of  bet  er 
specimens  than  those  which  Dr.  Brewster  was  able  to 
procure. 


Nunes  of  Minerals. 


character  of       Inclinatiun  ot 
Principal  Axil.    Hesultant  Asef. 


Sulphate  of  nickel,  certain  spe- 
cimens .  .  -{■ 

Carbonate  of  lead 

Sulphato-carb.  of  lead 

Carbonate  of  strontites 
5 barytes 

Nitrate  of  potash 

Mica,  certain  specimens 

Talc 

Mother-of-pearl     . 
10  Hydrate  of  barytes 

Mica,*  certain  specimens, 

Arrai^onite 

PrussKite  of  potash 

Cymophane 
15   Borax 

Anhydritet 

Apophyllite  biaxel 

Sulphate  of  magnesia 

• barytes 

20  Spermaceti,  about 

Tincal,  or  native  borax 

Nitrate  of  zinc,  estimated 

Stilbite 

Sulpliate  of  nickel 
25   Carbonate  of  ammonia 

Mica 

Lepidolite 

Benzoate  of  ammonia 

Sulphate  oi  zinc 
30 mai-'nesia  and 

ammonia 

Sugar 

Suiphate  of  strontites 

Murio-sulpliate  of  magnesia  and 
iron 
35  Sulphate  of  ammonia  and  mag- 
nesia 

Phosphate  of  soda 

Comptonite 

Su  phate  of  lime 

Oxy nitrate  of  silver 
40  Dichroite 

Feldspar 

Topaz,  Aberdeenshire* 


+ 
+ 
+ 


+ 


3°    0' 

5  15 

6  56 


— 

5  20 

— 

6  0 

— 

7  24 

— 

11  28 

— 

13  18 

about  — 

14  0 

m-m 

18  18 

+ 

19  34 

+ 

27  51 

+ 

28  42 

+ 

28  7 

-_ 

35   8 

_ 

37  24 

+ 

37  42 

+ 

37  40 



38  48 

at  about 

40  0 

+ 

41  42 

+ 

42  4 

43  34 

— 

45  0 



45   0 

+ 

45  8 

_— 

44  28 

soda 

46  49 

+ 

49  42 

—. 

50  0 

+ 

50  0 

—  51    16 


+ 


51 

22 

55 

20 

56 

6 

60 

0 

62 

16 

62 

50 

63 

0 

65 

0 

•  Since  these  experiments  were  made,  M.  Biot  found  specimens  of  mica,  in  which  the  inclination  was  about  30°,  3i°,  32°,  34°,  37°, 

*"t  M!"Bio'"hts''fmmd  the  inclination  of  the  axes  of  Anhydrite  to  be  44°  41',  so  that  the  two  substances  must  have  been  different. 

•'*t''B.^"i!iIn',opaz  has  been  found  by  M.  Biot  and  Dr.  Brewster  to  have  its  inclination  about  49°  and  50.     See  Mem.  Inn.  1819.  and 
Rdin.  Phil.  Joum.  vol.  v.  p.  217. 
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Namei  of  Minerals. 


Sulphate  of  potash 

Carbonate  of  soda 
45  Acetate  of  lead 

Citric  acid 

Tartrate  of  potash 

Taroric  acid 

Tartrate  of  potash  and  soda 
50  Carbonate  of  potash 

Kyanite 

Hyper-oxyniuriate  of  potash 

Muria.e  of  copper 

Epidote,  about 
55   Peridot 

Crystallized  Cheltenham  salts 

Succinic  acid,  estimated  at  about 

Sulphate  of  iron,  about 


eliancter  ot 
Principal  Axis. 

+ 


InclinatioD  of 
KesulutiiL  Axes. 

67  0 
70  1 
70  25 

70  29 

71  20 


+ 


79 
80 


80  30 

81  48 

82  0 
84  30 
84  19 

87  56 

88  14 


90 
90 


In  examining  the  preceding  Table,  we  cannot  fail  to 
be  stpuck  with  the  uniform  distribution  of  the  angles 
over  the  quadrant;  a  ciitutnstance  which  contributes 
to  render  this  new  prop'^ity  of  crystals  a  most  distinct 
and  valuable  phybical  cliaiacier  in  mineralogy. 

In  pioceediiig  to  explaui  the  general  law  which  Dr. 
Biewscer  distovertd  ior  determining  the  tints  in  crys- 
tals with  any  number  of  axes,  let  us  suppose  that  ABC, 
Fig.  13  represents  the  quadrant  of  a  spherical  surface, 
such  as  we  have  described  ;  and  thai  the  position  of  G, 
one  of  the  resultant  a.-ces,  where  the  tint  is  nothing,  has 
been  carefully  determined  by  experiment,  it  is  required 
to  find  the  tint  at  E  by  the  action  of  certain  polarising 
forces  which  are  in  equilibrio  at  G.     If  we  now  suppose, 

\at.  That  the  tints  are  produced  by  forces  emanating 
from  tiuo  negative  axes,  whose  poles  are  C,  A,  it  is  ob- 
vious that  their  relative  intensities  must  be  in  the  ratio 

of  1  :  ;t: — 2  pp)  ^C   representing  half  the  inclination 

of  the  diameters  of  no  polarisation.  For  as  the  tint  at 
G  produced  by  A  is  equal  to  the  tint  produced  at  the 
same  point  by  C,  and  since  the  tint  proiluced  there  by 
the  axis  A  is  its  maximum  tint,  AG  being  90°,  then  the 
maximum  tint  produced  by  C  will  be  found  by  the  ana- 
logy Sin.^  GC  :  Rad.^  =  1  :  „     ]  ,.  ,;■ 

Sni-''  GC 

2d,  If  we  suppose  that  the  forctb  emanate  from  two 
fiositive  axes,  A,  B,  A  being  greater  than  B,  then  the  re- 
lative intensities  must  be  as  1  :  77 — „  ^,  . 

Cos.*  GC 

3c?,  If  the  forces  emanate  from  two  axes  B,  C,  one 
of  which  is  positive  and  the  other  negative,  the  in- 
tensity of  B  must  be  to  that  of  C  as  Sm.^  GC  :  Cos.* 
GC. 

Through  E  draw  three  great  circles  AEF,  BE  and 
CE   Fig.  13.  and  let 

T  ~  tint  required  at  the  point  E. 

«  ZZ  the  arch  between  tlie  point  E  and  the  axis  C. 

^ZHthe  arch  between  the  points  E  and  B. 

a  :=the  tint  produced  separately  at  E  by  the  greater 
axis. 

b  rzthe  tint  produced  separately  at  E  by  the  lesser 
axis. 

1^^  the  angle  of  the  forces. 

"■~the  angle  BEF. 

«~ihe  angle  CEF. 

A  =  the  arch  FC,  or  the  angle  CAP,  or  the  azimuth 
on  the  great  circle  BGC,  passing  through  the 
poles  of  no  polarisation. 


D  zi  the  arch  FE,  or  the  declination  or  distance  of  the 
point  E  from  the  same  great  circle, 
g""  i'.alf  the  diflerence  of  the  angles  at  the  base,  or 
at  the  diagonal  of  the  parallelogram  of  forces. 
Then 

1.  When  the  two  axes  are  B,  C,  in  the  plane  passing 
through  the  diameters  of  no  polarisation,  we  have 

Cos.  e  ^  Cos.  A  X  Cos.  D. 
Cos.  ^  ZZ  Sm.  A  X  Cos.  D. 

2.  When  the- two  axes  are  C,  A,  in  a  plane  perpendi- 
cular 10  the  plane  passing  through  the  diameters  of  do 
polarisation, 

Cos.  0  —  Cos.  A  X  Cos.  D. 
^  ^90°  —  D. 

Then  we  have,  in  general,  whether  the  axes  are  A,  C, 
or  B,  C. 

n  —Tang.  D 

Cos.  ti  IZrr • 

1 ang. 0 

,,  Tani;.  D 

Cos.  5r  zz.  77: — ^^ . 

1  ang.  ^ 

When  B,  C,  are  the  two  axes,  either  both  fiosilive  ot 

both  negative, 

i^=:2  5r-f«. 
When  A,  C,  are  the  axes,  either  both  fiositive  or  both 
negative, 

^ZZ.  2(130°  — «)=:  2  a 
When  B,  A,  are  the  axes,  either  bolh /io»itive  or  both 
negative, 

■^  =  2  (180  — a-)  =2  jr. 
When  B,  C,  are  the  axes,  the  one  fiositive  and  the 
other  negative, 

4'ZZ  180°  —  2  X  +  a  —  2  5r  -,    »>. 
When  A  and  C   are  both  fiositive,  or  negative,  and 
C  t^A, 

QZlSin.^  CE,  and  6=iSin.2  EA-t-Sin.='  GC. 

When  A  and  B  are  both  fiositive,  or  both  negative, 
and  A  z^  B, 

aziSin.^  AE,  and  i=Sin.*BExCos.=  GC. 
When  B  and  C  are  the  one  ^osirtvf ,  and  the  other  ne- 
gative, 

a=Sin.=  EC  X  Cos.^  GC,  and 
6=Sin.»  BE  X  Sin. 2  GC. 
The  tints  produced  separately  by  each  axis  being 
thus  determined,  the  tint  resulting  from  their  joint  action 
will  be  found  to  be  the  diagonal  uf  a  fiarallelogram,  -whose 
sides  are  a,  b,  and  -whose  angle  is  4'-  I"  order  to  find 
this  diagonal, 

iir     I.         T.           j>     "  —  6  Tans.  1  t/' 
We  have  Tang,  fc -__1_:,  and 

^-}-|i^^Greater  angle  at  the  base; 

„  1- "  Sin.  ■J/ 

Hence     Izz- ,  „  ,      ... 

S.:,.  (C+i^^) 


When  a— 6,  then  'Yzz2  a  (Cos.  x-f ») 
When  a~A,  and  the  axes  equal,  then  ttzZ",  and 
T— 2a  (Cos.  2  3-)  or  Tzz2  a  (Cos.  2  a)  and  since  ^— « 
T=2  Sin.*  <p  (Cos.  2  ^) 

When  i|/— 90°  then  T=Va-'-f-6» 

When  %;.=:  1 8u°  TzTa — b 

When  ^J.=:36o°  T—a+b. 

This  general  law  nf  ih(.  tints  may  be  expressed  in  the 
following  manner  :  the  tint  produced  at  any  fioini  of  the 
sphere  by  the  joint  action  of  iivo  axes,  is  equal  to  the  dia^ 
gonal  of  a  parallelogram  ivfto/,e  sides  represent  the  tints 
produced  by  each  axis  separately,  and  whose  angle  is 
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double  of  the  angle  formed   by  the  two  jilanes  passing 
through  that  ftoint  of  the  s/ihere  and  the  resfiective  axes. 

If  the  crystal  has  three  or  more  axes,  lite  resulting 
tint  produced  by  any  two  of  them  may,  in  like  manner, 
be  combined  with  the  third,  and  this  resulting  tint  with 
the  fourth,  till  the  general  resultant  of  all  the  forces  is 
obtained. 

If  the  number  of  axes  with  given  intensities  exceeds 
two,  they  may  be  combined  by  the  methods  explained 
in  the  next  section,  till  they  are  reduced  to  two  axes, 
with  new  relative  intensities;  and  the  resultant  of  all  the 
axes  will  be  obtained  by  the  calculation  of  the  diagonal 
of  a  single  parallelogram. 

The  law  which  we  have  now  explained  is  obviously 
deduced  from  no  empirical  data,  but  is  rigorously  phy- 
sical, and  is  founded  upon  the  same  principles  which 
regulate  the  combination  of  all  other  mechanical  forces. 
The  accuracy  with  which  it  represents  the  complicated 
system  of  tints  is  very  wonderful,  and  cannot  fail  to 
recommend  it  to  the  reception  of  philosophers  as  a  true 
law  of  nature.  In  establishing  its  conformity  with  the 
actual  phenomena,  we  shall  submit  it  to  the  severe  or- 
deal of  M.  Biol's  measurements  of  the  tints  of  Sul/ihaie 
of  lime,  taken  long  before  the  discovery  of  the  law,  and 
which  he  considered  as  the  result  of  irregular  action 
depending  upon  imperfect  crystallization.  To  those  who 
may  desire  farther  evidence,  a  still  more  decisive  trial  may 
be  offered  ;  a  trial  too,  in  which  the  eye  itself  is  cajiable 
of  recognizing  the  /lerfect  identity  between  the  observed 
and  calculated  results.  If  we  compute  all  the  tints, 
by  means  of  the  law,  for  any  crystal  in  which  the  rings 
round  the  resultant  axes  can  be  seen  at  one  view,  and 
project  them  upon  paper,  after  they  are  reduced  to  dif- 
ferent thicknesses,  corresponding  to  the  oblique  transit 
of  the  rays  through  the  parallel  plate,  we  shall  have  a 
representation  of  the  rings  actually  observed,  express- 
ing in  the  most  accurate  manner  all  the  inversions  of 
the  lints,  and  exhibiting  the  points  of  contrary  flexure, 
and  the  innumerable  varieties  of  form  which  the  curves 
assume. 

In  order  to  determine  the  tints  of  sulphate  of  lime  at 
great  obliquities,  M.  Biot  placed  the  laminae  in  a  tube 
shut  up  at  both  ends  by  plates  of  glass ;  and  by  means 
of  a  metallic  rod  he  was  able  to  fix  them  at  any  angle 
with  the  axis  of  the  tube.  He  then  filled  the  tube  with 
water,  or  oil  of  turfientine,  and  observed  the  lints  at  in- 
clinations as  high  as  78°  2'.  In  this  way  he  constructed 
a  formula  which  represented  these  observations,  and  by 
this  formula  he  computed  the  following  tabic,  in  which 
Ur.  Brewcter  has  reduced  his  numbers,  in  order  to  re- 
present the  tints  at  equal  thicknesses,  by  dividing  them 
by  the  secants  of  the  angles  of  refraction. 

Table  of  the  tints  of  sulfihate  of  lime  in  different  azimuths 
reduced  from  M.  Bior's  exfieriments. 


In  determining  the  lints  by  new  experiments,  Ur 
Brewster  adopted  two  different  methods  of  investigation. 
By  one  of  these,  which  was  analogous  lo  that  of  M. 
Biot,  he  observed  the  tints  for  all  angles  of  refraction  up 
to  60°,  and  by  another  mode,  he  observed  the  remaining 
tints  up  to  90°,  and  he  endeavoured  to  avoid  as  niucii  as 
possible  the  secondary  efTccts  produced  by  obliquity. 

The  first  of  these  methods  is  shown  in  Fig.  15.  where 
ABCD  is  a  plate  of  sulphate  of  lime,  whose  natural  sur- 
faces, AB,  CD,  ai  e  parallel  to  the  plane  passing  through 
the  resultant  axes.  Upon  these  surfaces  he  cemented 
two  prisms  of  crown  glass  M,  N,  by  a  thin  and  equal 
film  of  Canada  balsam,  and  having  placed  them  upon 
the  goniometer,  he  was  able  to  observe  the  lints  with 
great  correctness  at  angles  of  refraction  considerably 
beyond  those  which  could  be  obtained  in  air.  At  angles 
of  refraction  between  60°  and  90°,  he  resorted  to  the  se- 
cond method,  which  consisted  in  transmitting  tlie  polar- 
ised light  through  the  parallel  faces  AD,  AC.  This 
method  is  attended  with  peculiar  difhcullies  ;  and  much 
perplexing  labour  must  be  submitted  to  before  good 
plates  can  be  obtained,  as  the  laminae  are  constantly  se- 
parating from  each  other  ;  and  by  admitting  the  mate- 
rials employed  in  grinding  and  smoothing  the  suifaccs, 
the  transparency  of  the  plate  is  destroyed.  Dr.  Brew- 
ster found  it  necessary,  indeed,  to  bind  the  laminx-  toge- 
geiher  by  wax,  sometimes  by  plates  of  wood,  and  at 
other  times  by  placing  them  in  a  small  hand  vice.  By 
these  means  his  experiments  at  last  succeeded,  and  all 
the  mysterious  actions  of  sulphate  of  lime,  with  the  ori- 
gin and  classification  of  which  M.  Biol  had  been  so  much 
perplexed,  were  immediately  unravelled.  The  two  re- 
sultant axes  and  their  attendant  rings  were  observed  at 
an  angular  distance  of  60°  ;  the  relative  intensities  of 
the  two  axes,  from  which  all  the  irregularities  arose, 
were  thus  given,  and  the  actual  progress  of  the  tints  be- 
came a  matter  of  simple  observation.  In  this  way  Dr. 
Brewster  constructed  the  following  tabic. 


Angle  ot 
retrac- 
tioD. 

Ang:ular 
disLfrom 
the  axis. 

Azimuth 

of 
0° 

Azimuth 

of 

22»  30' 

Azimuth 
of 

45° 

Azimuth 
of 

07°  30- 

Azimuth 
of 

90° 

0° 

90° 

1.0000 

1.0000 

10000 

l.OOOD 

1.0000 

10 

80 

0.9768 

0.9r87 

09838 

0.9905 

0.9944 

20 

70 

0.9105 

0  9164 

0.9352 

09615 

0  9756 

30 

60 

0810] 

0.8213 

0.8600 

0.9117 

0.9434 

40 

50 

0  6885 

0.7047 

0.7664  0.8523 

0.9002 

.50 

40 

0.4559 

0.5751 

0  6607 

0.7794 

C.8482 

60 

30 

04241 

0.4409 

0.5483 

0.6982 

0.7938 

70 

20 

0.3027 

0.3043 

04121 

0.5949 

0.7337 

1    80 

10 

0  2077 

0.1599 

0.2501 

0.4060 

0.6184 

1    90 

0 

1            1 

Angle  of 
refrac- 

Angular 

Azimuth 
of 

Azimuth 
of 

Azimuth  of 

Azimuth 
of 

Azimuth 
of 

Azimuth 
of 

tion. 

the  asii. 

0° 

22°  30' 

ant  a.\is  30^ 

43° 

67°  30' 

90° 

0° 

90° 

1.0000 

1.0000 

1.000 

1.0000 

1  0000 

l.OOOO 

10 

80 

0.978 

0.979 

0980 

0984 

0.992 

0.995 

20 

70 

0  913 

0.919 

0.927 

0.938 

0.962 

0.973 

30 

60 

0.811 

0.824 

0,835 

0.861 

0.913 

0.939 

40 

50 

0.689 

0.710 

0729 

0768 

0.853 

0.898 

50 

40 

0.558 

0.576 

0.588 

0.662 

0.782 

0.850 

60 

30 

0435 

0.438 

0.448 

0.538 

0.719 

0.810 

70 

20 

0.340 

0.294 

0  304 

0.410 

0.659 

0775 

80 

10 

0.274 

0.125 

0.154 

0.305 

0.614 

0.760 

90 

0 

0.250 

0.105 

0.000 

0.246 

0597 

0.753 

In  the  preceding  table,  Dr.  Brewster  has  not  given  the 
value  of  the  tints  tomoi  e  than  three  decimal  places,  aseven 
the  third  decimal  place  is  partly  the  result  of  estimation. 

In  comparing  these  observations  with  the  general  law, 
we  shall  suppose  that  one  of  the  axes  has  the  same  si- 
tuation in  the  laminae  as  the  line  which  M.  Biot  calls  the 
axis,  when  the  other  axis  is  perpendicular  to  the  plane 
of  the  laminx.  These  positions  are  indicated  in  Plate 
CCCCXXXVI.  Fig.  13. by  C  and  A.  Since  GC,  there- 
fore, or  half  the  distance  of  the  resultant  axis,  is  30°, 
we  shall  have  the  relative  intensity  of  the  axis  C,  to  that 

of  A,  as ^--rrrT---  or  as  4  to  1.     With  these  data  the 

Sin.  'GC 
following  table  has  been  calculated. 
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Angle  of 

Angfular 
di^t.from 

Azimuth 
of 

Azimuth 

of 

Azimuth  of 
the  reiult- 

Azimuth 

of 

Azimuth 
of 

Azimuth 
of 

tion. 

the    uri\ 

0° 

22°  30' 

ant  axis  50*" 

45° 

67°  30' 

9.1° 

0= 

90° 

1.0000 

I.OOUO 

1.0000 

1.0000 

1.0000 

1.0000 

10 

80 

0.9775 

0.9796 

0.9811 

0  9848 

0  9903 

0.9925 

20 

70 

0.9124 

(J.9202 

0  92.^8 

09401 

0.9614 

0.9707 

30 

60 

0.K135 

u  «i72 

0.8385 

0  8660 

0  9160 

0.9375 

40 

50 

0.6901 

0.7093    0.7254 

0  77-9 

0.8573 

0.896- 

50 

10 

05600 

0.5755    0.5936 

06593 

0.7901 

0.8533 

60 

30 

04375 

0.4356    0.4507 

05339 

0.7221 

0.8125 

70 

20 

0.3378 

0.2980    0.3018 

0  4071 

0.6615 

0.7792 

80 

10 

0.i:726 

01238,  0.1511 

0.2983 

0.6190 

0.7575 

90 

0 

0.2500 

0.1035   0.0000 

0.2500 

0.6036 

0.7500 

The  agreement  between  the  nunnbers  in  this  and  the 
preceding  table  will  convey  an  idea  of  the  accuracy, 
with  which  the  law  accommodates  itself  to  all  the  ca- 
pricious changes  of  the  lints.  Dr.  Brewster  has  com- 
pared it  also  with  numerous  experiments  made  on  nilre, 
mica,  topaz,  sulfihale  of  iron,  &c.  embracing  all  the  va- 
rieties in  the  inclination  of  ihe  resultant  axes,  and  found 
it  equally  accurate  in  all  these  crystals.  The  projection 
of  tlie  calculated  results,  indeed,  compared  with  the 
system  of  rings  where  their  curvature  is  the  most  va- 
riable, may  be  considered  as  an  ocular  demonstration  of 
the  correctness  of  the  law. 

In  examining  the  tints  of  crystals  with  two  axes,  and 
measuriiig  the  form  of  the  fringes,  Mr.  Herschel  found 
that  they  belonged  to  the  class  of  curves  called  Icmnis- 
cates,  and  that  if  <p,  «/>',  represent  the  ani;les  which  any 
point  forms  with  the  two  resultant  axes  P,  P,  the  tints 
vary  as  Sin  tf  x  Sin.  $',  so  that  if  T  is  the  maximum 
tint,  the  tint  t  at  any  other  point  of  the  paper  is  tzzT 
Sin.  <p  X  Sin.  41',  a  formula  deducible  from  the  general 
law  discovered  by  Dr.  Brewster. 


Art.  III.   On  Crystals  with  three  axes  of  Polarisation 
and  Double  Refraction. 

In  the  third  section  of  Chap.  VI.  we  have  already 
explained  the  reasons  why  this  class  of  crystals  is  sup- 
posed to  have  three  axes  of  double  refraction  ;  but  as 
the  arguments  there  adduced  are  founded  on  the  sup- 
position, that  three  equal  axes  of  double  refraction  and 
fiolarisation,  either  fiositive  or  negative,  destroy  one  an- 
other, or  are  in  equilibrio  in  every  point  of  the  sphere, 
we  shall  now  give  the  demonstration,  by  which  Dr. 
Br<  wsier  established  the  fundamental  proposition  on 
whicl"  the  resolution  and  composition  of  polarising  axes 
is  found' d. 

Let  A, B.C.  Fig.  13.  be  the  poles  of  the  three  axes, 
of  which  B,C  are  the  positive  axes,  and  A  the  negative 
axis. 

The  tint  produced  at  any  point  E  by  the  axis  A 
alone,  is  of  the  same  intensity,  and  the  same  character, 
as  the  tint  that  wi.tiUl  be  produced  at  the  same  point 
by  thi  positive  axc^  B,  C,  acting  jointly  Through  E 
draw  tilt  e:rtTt  circles  AEF,  BE,  and  CE,  and  call 
EF  =  X,  BE  n<f.,  EC  = «,  BF  =  m,  CF  =  w.  BEF  =  ■^, 
CEF  ~<»  Tht-n  as  the  tint  produced  .u  E  by  iht-  :'xes 
A  alone  is  Sin  *  AEorCos.^o:,  we  must  show  th.Tt  the 
resulting  tint  pro'luced  by  th';  two  axes  B,  C.  is  also 
equal  to  Cos.'x.  By  spherical  ti  ii;onometry,  we  have 
Sin.^<Z>xSin.^«-=Sin.^7« 
S!n.=»«  X  Si.i  2  «=  S:...'  n. 

But  since  n;  +  n  =  9  °  Sin.2  r.  =  Cos.'  m.     Hence 
Sin.^m  -|-Sin.*7»=l, 
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and   by  adding    together   the  two  first  equations, 


have 


Sin.*  41  X  Sin.=  ?r  +  Sin.''  «  x  S:n.^  a  =  1. 

Again,  since  Tang.  ^  =—1^1— ,  and  Tang.  :r=:  Tang. 

<f  X  Cos.  TT and  Cos.  ^zzx  Y.  Cos.  m,  we  obtain  by  sub- 
stitution 

~,  Sin.  4>  X  Cos.  a- 

Tang.  X— -- — ■; and 

Cos.  X  X  Cos.  TO 

Tang.  X  X  Cos.  x  x  Cos  m^Sin.^i  x  Cos. a-;  but  since 

Tang.  X  x  Cos.  x  —  Sin.  x,  we  have 
Sin.  X  X  Cos.  TO  ::;  Sin.  <p  x  Cos.  ■k,  and  by  the  same  rea- 
soning 

Sin.  xxCos.  n  ~  Sin.  9xCos.  a. 
Hence,  after  squaring  both  equations,  and  adding 
them  together,  we  have 

Sin.^  xxCos.''  TO  -f  Sin.g  xxCos."  n  —  Sin.'  (^xCos.^  x 
-f  Sin.^«xCos.^« 


,  „.    „           Sin.2  ^  X  Cos.^  :r  +  Sin.-  6  x  Cos.= 
and  Sin.=  x  -zz ~ — ■ 


C0S.2  TO  X  Cos.^n 

But  Cos.''  in  X  Cos.^  n  =  1 .     Hence, 

Sin.*  X  =  Sin.2  (pxCos.^  v  -f  Sin.'  6  x  Cos.*  «. 

But  since  Cos  ''■  ■fiz.  Cos.  2  3-  -f  Sin.*  v  and 

Cos.*  a  =  Cos.  2  a  -f  Sin.*  a,  we  have 
Sin.*  X  =  Sin.*  41  x  Cos.  2  )r  -|-  Sin.*  (|i  x  Sin  *  jt 

-f  Sin.*  6  X  Cos.*  a  -f  Sin.2  i  x  Sin.*«. 
But  Sin.*  (J>  x  Sin.'  x  +  Sin.2  i  x  Sin.*  aZZ.\;  hence, 
Sin.2  ^r:  Sin. -<f>x  Cos.  2x  +  Sin.*  fl  x  Cos.  2»  -f  1, 
And  since  Cos  *  xrr  I  —  Sin.»  x  we  have 
—  C0S.2  x  — Sin.*  (p  xCos.  2x  +  Sin.*  fl  X  Cos.2<». 

Now,  in  the  parallelogram  of  forces,  the  two  forces 
AC,  AD,  Fig.  14.  are  Sin.*  $,  Sin  *  6,  when  the  axes  are 
of  equal  intensity,  that  is  ACziSin.*<f,  and  AD— Sin.*  i. 
But 

Sin.2  4:  Sin.2  »  =  Sin.*  a:  Sin.*  x,  and  the 

Angle  CAD  =  2  tt  -f  2  «.     Hence, 

CAB  ^  2  5r  and  BAD  z:  2  «.     Consequently, 

AF  =  Sin.2  ^  X  Cqs  2  ^,  and 

BF  =  Sin.*  i  X  Cos.  2  a,  and  therefore 


AF-f  BF  =  AB  =  Sin. 
Cos.  2  a. 


<p  X  Cos.  2  s-  -f-  Sin.*  6  x 


which  is  the  very  same  value  which  we  have  found 
above  for  Cos.*j:,  the  measure  of  the  tint  produced  by 
one  axis. 

Hence  it  follows,  that  the  intensity  of  the  tints,  and 
consequently  the  form  of  the  curves  of  equal  tint,  are 
the  same,  whether  they  arc  produced  by  one  negative, 
or  by  two  equal  and  rectangular  positive  axes. 

We  may  therefore  conclude, 

1st,  That  a  single  negative  axis  may  be  resolved  into 
two  equal  rectangular  positive  axes  of  the  same  inten- 
sity as  the  negative  axis,  and  lying  in  a  plane  perpen- 
dicular to  that  axis 

This  fundamental  principle  being  established,  we  may 
proceed  still  farther  in  the  resolution  of  the  axes  into 
axes  of  equal  iiuinsity,  hut  diff.'i  ing  in  iheir  character 
and  position.  Ti.us.in  Fig.  13.  the  negitive  axis  .\  be- 
ing equivalent  to  the  positive  axes  B,C,  we  may  again 
resolve  B  into  a  negative  axis  at  C,  and  another  at  A. 
Hence  the  original  axis  at  A  is  equivalent  to  a  negative 
5  R 
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Jixis  at  A,  a  pobuivc  axis  al  C,  and  a  negative  axis  at  C. 
But  these  two  last  axes  destroy  each  other  ;  and  there- 
fore the  negative  axis  A  is  the  only  one  that  is  lelt. 
U"  we  also  resolve  the  other  positive  axis  C  into  two 
negative  axes  at  A  and  B,  we  have  the  original  nega- 
tive axis  A,  cqiiivaltm  to  four  negative  axes,  two  at  A, 
one  at  C,  and  one  at  B.     \Vfe  thercl'ore  conclude, 

2rf,  That  the  effect  of  a  single  negative  axis  may  be 
represented  by  three  rectangular  negative  axes,  provid- 
ed two  of  them  are  equal,  and  the  third  has  a  greater 
intensity  than  the  other  two;  and,  vice  versa,  a  single 
positive  axis  may  be  represented  by  three  rectangular 
positive  axes,  provided  two  of  them  arc  equal,  and  the 
Ihird  has  a  less  intensity  than  the  other  two. 

Hence  it  follows,  that  by  leaving  one  axis  at  A,  the 
efTcci  of  the  other  three  negative  axes  must  be  to  de- 
stroy each  other. 

Or  we  may  obtain  the  same  result  in  the  following 
inanner :  For  since  two  equal  positive  axes  are  eiiui- 
valent  to  one  negative  axis,  of  the  same  intensity  as 
either  of  the  two  ;  and  since  this  negative  axis  will 
be  balanced  by  an  equal  positive  axis  coincident  with 
it,  it  follows  that  the  three  rectangular  positive  axes 
will  be  in  equilibrio.  In  perfect  crystals  of  this  class, 
where  all  the  axes  are  equal,  and  their  position  exactly 
rectangular,  the  equilibrium  of  the  forces  is  complete  ; 
but  if  the  axes  are  not  equal,  or  their  position  not  ac- 
curately rectangular,  the  phenomena  of  one  or  more 
axes  will  be  developed.  If  one  axis,  for  example,  is 
weaker  than  the  othtr,  then  the  result  will  be  ihe  ap- 
pearance of  an  axis  of  an  opposite  name  to  that  of  the 
three  axes,  and  coinciding  with  the  resultant  of  the 
other  two  ;  but  if  one  of  the  axes  is  stronger  than  the 
other  two,  the  result  will  be  an  axis  of  the  same  name 
with  the  three  axes,  and  coincident  with  the  strongest 
axis 

Our  limits  will  not  permit  us  to  show  the  various 
methods  of  combining  axes,  particularly  when  they  are 
not  rectangular  ;  but  the  reader  will  find  this  branch  of 
the  subject  treated  in  detail  in  the  P/iil.  Trans.  1818,  p. 
231.  245,  Sec. 


Sect.  V. — On  the  deviation  of  the  Polarised  Tints  from 
A''ewton's  Scale. 

In  all  the  investigations  of  M.  Biot,  the  polarised 
tints  are  considered  as  exactly  those  of  Newton's  scale, 
(as  given  in  p.  696.)  with  respect  to  the  order  and 
the  proportions  of  the  colours.  This  opinion,  however, 
was  completely  overturned  by  the  subsequent  researches 
of  Dr.  Brewster,  who  showed  that  the  system  of  co- 
loured rings  which  he  had  discovered  in  apophyllitc, 
had  not  the  slightest  resemblance  to  those  of  Newton's 
scale;  that  in  all  crystals  with  two  axes,  the  tints  in 
the  neighbourhood  of  the  resultant  axes  lost  their  i-e- 
.semblance  to  those  of  Newton's  scale  ;  that  this  devia- 
;ion  was  greater  in  some  crystals  than  in  others,  being 
a  maximum  in  tartrate  of  potash,  and  soda,  and  acetate 
of  lead  ;  and  that  the  crystals  in  which  it  existed  might 
be  divided  into  two  classes,  viz.  those  that  have  the  red 
ends  of  the  rtngs  in%vards,  or  towards  the  principal  axis 
O,  and  those  which  have  the  red  ends  outwards,  and 
the  blue  ends  towards  O.    Thus, 


Jied  Ends  inwards^ 


Nitre. 

Sulphate  of  barytes. 

strontites. 


Super-lartrale  of  potash  and 

soda. 
Arragonitc. 
Carbonate  of  lead. 


Phosphate  of  soda. 

Tartrate  of  potash  and  soda.  Sulphato-Carbonatc  of  lead 


Red  Ends  Outwards. 


Topaz. 

Mica. 

Anhydrite, 


Native  borax. 
Sulphate  of  magnesia. 


Deviation  in  the  Tints,  but  the  Position  of  the   Red  Enda 
undetermined. 


Chromatc  of  lead.* 
Muriate  of  mercury. 
Muriate  of  Copper. 
Oxynitrate  of  silver. 

Sugar 


Superoxalate  of  potash. 
Oxalic  acid. 
Sulphate  of  iron. 
Carbonate  of  lead. 
Cymophane. 


Crystallized  Cheltenham  salts.  Felspar. 
Nitrate  of  mercury.  Benzoic  acid. 
Nitrate  of  zinc.  Chromic  acid. 
lime.                      Nadelstein  from  Faroe. 

In  examining  the  rings  formed  by  these  bodies.  Dr. 
Brewster  discovered  that  the  point  of  compensation,  or 
the  black  spot  in  each  system  of  rings  from  wliich  the 
colours  commenced,  was  not  in  the  centre  of  the  rings, 
and  the  position  of  this  spot  is  given  in  his  table  of  the 
colours  of  the  rings  in  topaz. t 

The  subject  of  the  deviation  of  the  polarised  tints 
from  Newton's  table,  attracted  the  attention  of  Mr. 
Herschel,  who  conceived  the  idea  of  examining  the 
coloured  rings  by  homogeneous  light.  He  proved  not 
only  that  the  magnitude  of  the  rings  varied  in  the  dif- 
ferent rays  of  the  spectrum,  but  that  the  poles  P,  P, 
Figs.  1 1.  and  12.  of  the  resultant  axes  shifted  their  po- 
sition, approaching  to  one  another  in  red  light,  and  re- 
ceding in  violet  in  some  crystals,  while  in  others  they 
receded  from  one  another  in  red,  and  approached  to  one 
another  in  violet.  In  sulphate  of  barytes,  for  example, 
Mr,  Herschel  found  that  the  distances  P,  P'  in  violet 
light,  was  66°  5',  and  in  red  light  62°  2',  which  gives 
the  apparent  separation  of  the  axes  2°  1'  30".  In  Ro- 
chelle  salts,  or  tartrate  of  potash  and  soda,  the  real  in- 
clination of  the  axes  in  red  light  was  75"  42',  and  in 
violet  light  only  55."   14'. 

This  discovery  of  Mr.  Herschel  cannot  fail  to  be  con- 
sidered as  one  of  the  highest  importance,  not  only  as 
furnishing  a  complete  explanation  of  the  irregularity  of 
the  tints  in  crystals  with  two  axes,  but  as  affording  a 
decisive  proof  that  the  resultant  axes  of  crystals  are 
not  the  real  axes  from  which  the  forces  emanate, 
the  phenomena  being  related  to  two  rectangular  axes, 
coincident  with  prominent  lines  in  the  primitive  forms 
of  the  crystal  ;  for  if  this  were  not  the  case,  tartrate  of 
potash  and  soda  would  have  an  infinity  of  axes  of  double 
refraction  dispersed  over  two  arches  of  5°  each.  Mr. 
Herschel  has  himself  maintained  this  conclusion  with 
great  force  of  argument,  and  has  established  beyond  a 


»  There  is  a  bright  blue  light  at  one  end  of  the  system  of  rings,  and  a  bright  red  light  at  the  other  end- 
j  Phil.  Tram.  1814,  p.  204,  205. 


OPTICS. 


731 


doubt  the  truth  of  Dr.  Brewster's  theory  of  rectangular 
axes. 

The  anomalous  tints  of  apophyllite  furnish  us  with  a 
still  more  extraordinary  deviation  from  the  colours  of 
Newton's  scale,  and  as  this  crystal  lias  only  one  appa- 
rent axis  of  double  refraction,  the  difficulty  of  explain- 
ing them  is  greatly  increased.*  In  the  paper  in  which 
Dr.  Brewster  first  gave  an  account  of  these  tints,  he 
considered  them  as  proving  that  this  crystal  had  nega- 
tive iixes  lying  in  the  plane  of  the  lamina.  Mr.  Her- 
schel  examined  the  phenomena  of  apophyllite  with  pe- 
culiar attention.  By  exposing  it  to  homogeneous  light, 
he  found  that  some  specimens  gave  rings  of  nearly  the 
same  size  in  all  the  dilierent  coiours  of  the  spectrum  ; 
and,  what  is  extremely  remarkable,  that  some  specimens 
exercise  a  negative  action  upon  one  end  of  the  spectrum. 
Si  fiositrve  action  upon  tlie  other  end,  and  no  action  at  all 
upon  the  mean  rays. 

This  very  singular  fact,  of  which  Mr.  Herschel  does 
not  give  any  explanation,  has  been  recently  studied  by 
Dr.  Brewster.  In  order  to  ascertain  how  far  it  might 
be  general,  he  examined  various  apophyllites  of  Faro, 
Uto,  Faroe,  and  Iceland,  and  he  invariably  found,  by 
effecting  a  separation  of  the  images,  that  the  doubly 
refracting  force  was  positive  or  attractive,  like  that  of 
guartZi  whether  the  ray  was  red,  blue,  or  yellow.  He 
therefore  regarded  it  as  an  accidental  anomaly,  having 
its  origin  in  some  peculiar  relation  of  the  polarising 
doubly  refracting  forces  of  particular  specimens  of  apo- 
phyllite. 


will  exercise  over  them  no  polarising  energy.  The 
red  rays  being  subjected  to  a  greater  polarising  energy 
irom  the  negative  than  from  ibe  fiositive  axis,  will  give- 
rings  corresponding  to  the  dif5ercnce  of  their  opposite 
actions,  and  the  cliaracters  of  these  rings  will  be  nega- 
tive. The  blue  rays,  on  the  contrary,  being  much  less 
energetically  acted  upon  by  the  negative  than  by  the 
positive  axis,  will  form  rings  proponional  to  the  differ- 
ence of  their  actions,  and  these  rings  will  be  fiositive, 
from  the  predominating  influence  of  the  positive  axis.t 
In  (his  way  a  particular  crystal  of  apophyllite  may  ex- 
ercise over  the  red  rays  of  the  polarised  beam  a  nega- 
tive iiiflucnce  ;  over  the  blue  rays  a  positive  influence  ; 
and  over  the  yellow  rays  no  influence  at  all ;  while  it  is 
the  general  character  of  the  mineral  to  exert  an  attrac- 
tive doubly  refracting  force  over  all  the  rays  of  the 
spectrum.  The  ray  of  compensation,  in  place  of  being 
yellow,  may  have  any  position  in  the  spectrum,  and 
those  on  each  side  of  it  \vill  afford  positive  or  negative 
lints,  according  as  the  positive  or  the  negative  axis  ex- 
ercises over  them  a  predominating  influence.  This 
explanation  may  be  presented  in  a  more  brief  form,  by 
stating  that  the  specimen  of  apophyllite  in  question  had 
three  positive  rectangular  axes,  which  were  in  equili- 
brio  only  for  the  yellow  rays  of  the  spectrum ;  and  in 
this  point  of  view  the  phenomena  belong  to  the  case 
of  three  imperfectly  balanced  axes,  which  is  described 
in  the  PMl.   Trans.  1818,  p.  255. 

This  view  of  the  polarising  structure  of  apophyllite 
affords  a  complete  explanation  of  the  sir.gular  lints 
which  surround  its  resultant  axis.     Each  order  of  co- 


As  there  are  specimens  of  apophyllite  with  two  axes, 

as  well  as  with  one,  and  as  the  intensity  of  one  of  these  lour  is,  as  it  were,  a  residual  spectrum,  arising  from  the 

axes  varies   in  different  parts  of  the  same  crystal,  as  opposite  actions  of  the  negative  and  the  positive  axis, 

■will  afterwards  be  described,  Dr.  Brewster  explains  all  and  the   tints  of  which  these  orders  are  composed  will 


the  phenomena  upon  the  supposition  that  it  has  three 
rectangular  axes,  nearly,  but  not  accurately  in  equili- 
brio. 

In  the  Biaxal  apophyllite,  says  he,  one  of  the  pola- 
rising axes  must  be  in  the  plane  of  the  laminae,  and  in 
both  the  Biaxal,  and  l/n;axa/ apophyllite,  there  appears 
to  be  an  axis  perpendicular  to  the  laminae.  As  the  form 
of  the  prism  of  apophyllite  is  perfectly  symmetrical  in 
relation  to  the  axis,  it  is  probable  that  there  are  two 
equal  and  rectangular  axes,  of  a  fioaitive  or  attractive 
character,  in  the  plane  of  the  lamins,  each  axis  being 
perpendicular  to  the  parallel  faces  of  the  crystal ;  and 
we  know  that  there  is  a  -positive  or  attractive  axis  at 
right  angles  to  the  laminae,  and  coincident  with  the 
axis  of  the  prism.  The  two  equal  positive  axes,  which 
we  shall  call  the  horizontal  axes,  on  the  supposition  that 
the  prism  is  placed  on  its  base,  will  obviously  produce 
a  single  negative  axis,  coincident  with  the  oX\\tv  positive 
axis,  or  the  vertical  one  perpendicular  to  the  laminae, 
and  the  system  of  rings  round  the  resultant  of  these 
two  axes  will  deviate  more  or  less  from  Newton's  scale, 
according  to  the  nature  of  the  dispersive  forces  of  the 
elementary  axes.  Let  us  suppose  that  the  resultant  ne- 
gative vertical  axis  has  the  same  action  upon  the  yellow 
rays  of  the  spectrum,  as  the  real  positive  vertical  axis; 
but  that  it  acts  much  more  energetically  upon  the  red 
extremity,  and  much  less  energetically  upon  the  blue 
extremity,  of  the  spectrum.  The  yellow  rays  being 
thus  solicited  by  equal  and  opposite  forces,  the  crystal 


consquenily  vary,  according  to  the  locality  of  tlie  ray 
of  compensation. 

For  farther  information  upon  the  subject  of  this  section, 
see  Dr.  Brewster's  papers,  i^/j//.  Trans.  1814,  p.  204, 
205;  P/iil  Trans,  1818,  p.  242,  243,  256,  257;  JVer- 
nerian  Memoirs,  vol.  iii.  p.  68  ;  Edin.  Phil.  Journal,  vol. 
i.  p.  5  ;  and  Edin.  Transactions,  vol.  ix,  part  ii.  p.  329— 
333  ;  and  Mr.  Herschel's  papers,  in  the  PhU.  Trann.  1820, 
p.  76,  &c.  ;  Memoirs  cf  the  Cambridge  Philosophical 
Society,  vol.  i.  part  i.  p.  21  ;  and  part  ii.  p.  241  ;  or  in 
the  Edin.  Phil.  Journal,  vol.  iv.  p.  334  ;  vol.  v.  p.  334  ; 
and  vol.  vii.  p.  136  and  143. 

Sect.  VI.  On  Circular  Polarisation  in  Rock  Crystal  one' 
certain  Fluids. 

In  examiniBg  the  polarised  tints  of  Quartz,  M.  Ara- 
go  observed  along  the  axis  certain  colours,  which  ap- 
peared to  differ  in  their  nature  from  the  ordinary  tints 
of  the  mineral,  though  they  increased  and  diminished 
by  varying  the  thickness  of  the  plate.  The  phenome- 
na were  subsequently  analyzed  by  M.  Biot,  who  ob- 
served, that  in  certain  specimens  of  quartz  the  colour 
along  the  axis  descended  in  the  scale,  by  turning  the 
analyzing  prism  from  right  to  left,  while  in  others  the 
same  tint  descended  in  the  scale  by  turning  the  prism 
from  left  to  right.  From  these  facts,  M.  Biot  con- 
ceived the  hypothesis,  that  the  first  kind  of  quartz 
impressed   upon    the     particles    of   polarised    light  a 


•  Mr.  Herschel  discovered  anomalous  tints  in  the  ht/posulphate  of  lime,  a  crystal  with  one  negative  axis. 
.Sac.  vol.  i. 


Mem.  of  Cambridge  PhtL 


f  We  have  no  doubt  but  that  4pophyllites  will  be  found  in  whi^h  the  axis  is  negative  for  all  the  rays  of  the  spectninj. 
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rotatory  motion  from  right  to  left,  while  the  other  kind 
gave  it  a  rotatory  motion  from  left  to  light;  that  this 
propeity  belonged  to  the  ultimate  particles  of  silex,  and 
that  it  was  quite  independent  of  the  crystallization  of 
the  quartz,  or  the  mode  of  aggregation  of  its  particles. 

In  analyzing  the  phenomena  themselves,  M.  Biot 
found  thai  they  could  be  explained,  by  supposing  the 
axes  of  polarisation  of  the  luminous  rays  to  have  a  pro- 
gressive rotation  ;  and  that  the  rapidity  of  this  rotation 
increased  wiih  the  refrangibility  of  the  rays ;  the  violet 
rays  tuining  more  rapidly  than  the  blue,  and  the 
red  ones  revolving  slower  than  the  rest.  By  employ- 
ing plates  of  rock  crystal  of  various  thickness,  he  found 
that  the  arcs  of  rotation  were  proportional  to  the  thick- 
ness of  the  plates,  and  that  in  the  same  plate  they  were 
reciprocally  proportioned  to  the  squares  of  the  lengths  of 
their  fits,  or  to  the  squares  of  the  lengths  of  the  vibra- 
tions in  the  system  of  undulations.  The  following  Ta- 
ble contains  the  arcs  of  lotation  of  differently  coloured 
rays,  as  produced  by  a  thickness  of  one  millimetre  of 
rock  crystal,  to  which  we  have  added  tiie  results  of  M. 
Fresnel's  formula,  already  noticed. 


Extreme  red  -     -     - 

Mean  red 18  9881 

Liniit  of  red  and  orange   -  20.4798 

Mean  orange  -     -     •     -  21  3968 

Limit  of  orange  and  yellow  22  3 138 

Mean  yellow         -     -     -  23.9945 

Limit  of  yellow  and  green  25.(i732 

Mean  green    -     -     -     -  27  8606 

Limit  of  green  and  blue    -  30.0460 

Mean  blue       -     -     -     -  32.3088 

Liniii 'if  blue  and  indigo    -  34.5717 

Mean  indigo  -     -     -      -  36.1273 

Limit  of  indigo  and  violet  37.6829 

Mean  violet     -     -     -     -  40.8828 


Arc  of  Rotation  Arc  of  Rotation  calculated 
olwerved,  from  M.  Fresnel's 

Experimentx 
17.4964 

18.9881 


21.5105 


23.9628 


27.3960 


31.1097 


34.1225 


37.4860 


Extreme  violet 


44.0827 


The  connexion  between  the  phenomena  of  circular  po- 
larisation and  those  of  the  common  polarised  tints  has 
been  discovered  by  M.  Fresnel.  Having  taken  two  ob- 
lique angled  parallelopideds,  like  ABCD,  Fig.  16.  he 
allowed  a  polai  ised  ray  RS  to  suffer  two  lotal  reflexions 
with  the  paralltlopiped  at  S  and  S',  and  having  received 
the  emergent  ray  S'T  upon  a  ihin  plate  of  sulphate  of 
lime,  iiaving  its  axis  inclined  45°  to  the  plane  of  reflexion 
TS'S,  the  transniilied  ray  was  again  allowed  to  suffer 
two  total  reflexions  within  another  parallelopiped,  hav- 
ing its  plane  of  reflexion  inclined  90"  to  the  plane  of 
the  first,  and  of  course  45°  to  the  axis  of  the  sulphate  of 
lime.  Upon  examining  the  light  thus  modified,  he 
found  that  it  had  all  the  properties  of  light  transmitted 
through  a  certain  thickness  of  rock  crystal  perpendicu- 
lar to  the  axis.  See  the  History  of  Optics,  p.  624,  col.  2. 
In  repealing  the  experiments  which  had  been  made 
in  circular  polarisation,  Dr.  Brewster  observed  that  the 
tints  seen  along  the  axis  of  rock  crystal  obliterated  the 
arms  of  the  black  cross,  as  shown  in  Fig.  17.  which  cha- 
racterizes every  single  system  of  coloured  rinijs.  By 
making  the  plate  of  quartz  extremely  thin,  he  caused 
the  arms  of  the  black  cross  to  re-appear,  and  they  be- 


came still  more  distinct  by  turning  the  prism  into  the 
position  that  gave  the  minimum  or  faint  circular  tint 
that  still  remained.  By  combining  also  two  piates  of 
quartz  of  the  same  thickness,  but  which  turned  the 
planes  of  polarisation  in  opposite  directions,  he  obtain- 
ed a  resultant  system  of  rings  free  of  any  of  tlie  circu- 
lar tints,  and  having  the  black  cross  in  the  most  perfect 
manner.*  Hence  it  followed,  that  all  the  ordinary 
tints,  viz.  those  of  the  first  order,  and  pi-oduoed  along 
the  axis  of  other  crystals,  were  produced  in  the  most 
perfect  manner  by  quartz,  and  were  merely  obliterated 
by  the  circular  tints. 

In  examining  the  structure  of  the  amethyst,  Dr. 
Brewster  found  that  this  mineral  possessed  the  singular 
properly  of  uniting  the  two  kinds  of  quartz  that  turn- 
ed the  planes  of  polarisation  both  horn  left  to  right,  and 
from  right  to  left.  These  two  kinds  of  quarlz  are  ar- 
ranged in  veins  as  represented  in  Figs.  18  and  19.  In 
Fig.  18.  the  shaded  veins  which  correspond  to  each  al- 
ternaie  face  of  the  pyramid  turns  the  planes  of  polarisa- 
tion fiom  right  to  left-,  while  all  the.  rest  of  the  crystal 
turns  the  same  planes  from  left  to  right  \  and,  what  is  very 
interesting,  the  black  lines  where  these  two  structures 
unite  have  no  action  whatever  on  the  planes  of  polarisa- 
tion. In  some  specimens  these  opposite  veins  are  so 
very  minute  that  they  destroy  each  other's  action  upon 
the  polarised  ray,  and  when  this  happens,  the  single 
system  of  rings  appears  with  its  black  cross,  and  en- 
tirely free  of  any  of  the  tints  of  circular  polarisation. 
The  colouring  matter  of  the  amethyst  is  arranged  in  a 
very  singular  manner  in  relation  to  these  veins  ;  and 
the  fracture  across  the  veins  exhibits  a  beautiful,  and 
sometimes  a  regular  rippled  structure,  resembling  the 
engine  turning  a  watch,  and  affords  an  infallible  mi- 
neralogic.il  characier  of  the  amethyst,  whether  its  co- 
lour is  yellow,  orange,  olive,  green,  blue,  or  perfectly  co- 
lourless. 

The  general  structure  of  well  crystallized  amethysts 
is  shown  m  Fig.  19.  which  is  of  the  natural  size,  and  is 
taken  from  one  of  the  finest  specimens  that  Dr.  Brew- 
ster met  with.  "  On  the  three  alternate  sides  of  the 
prism,"  s.iys  he,  viz.  "  .MN,  OP,  and  QR,  are  placed 
sectors  M  e  N,  O  d  P,  Q  a  R,  which  are  divided  into 
two  parts  bj  I'urk  lines  c  c'  :  del',  a  d,  which  separate 
the  direct  structuies  of  A.  C,  and  E,  from  the  retro- 
grade structures  of  B,  D,  and  F.  On  the  other  three 
alternate  facea  of  the  prisms  are  placed  the  three  veined 
sectors  McAaR,  Nc6dO,  and  P  d  6  a  Q,  which 
meet  at  b  in  angles  of  120°,  and  consist  of  veins  of  op- 
posite structure,  alleinatuig  with  each  other,  and  so  mi- 
nute, that  in  many  pluces  the  circular  tints  are  al- 
most wholly  ex'i.iguished  by  their  mutual  action.  The 
direct  sectors  A,  C,  and  E,  are  all  connected  together 
by  the  three  radial  veins  b  a,  b  c,  b  d,  and  are  therefore 
to  be  considered  as  the  exp<inded  terminations  of  these 
veins.  Th  ■  retrograde  sectors  B,  D,  and  F,  are  exp-in- 
sions  sf  the  first  retrograde  veins  next  {o  b  d  c,d  b  a,  and 
ab  c s  and  the  lines  c  c'  d  d',  and  a  a',  are  continuations 
of  the  dark  or  neutral  lines  which  separate  the  first  re- 
troi;rade  vein  from  the  direct  radial  veins. 

All  the  sectors  A,  B,  C,  D,  E  and  F,  are  of  a  yello'j)' 
ish  brown  colour,  and  all  the  rest  of  the  crystal  is  of  a 
fiale  lilac  colour,  the  lilac  tints  being  arranged  in  the 
manner  previously  described.     The  phenomena  which  I 


•  M.  B'lot  bad  long  before  found,  that  the  two  opposite  circular  tints  destroyed  one  another,  but  without  any  reference  to  the  system 

«f  rings. 
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have  now  mentioned  as  existing  in  this  specimen  ars 
ver\  common  in  the  amelhyst  ;  and  I  have  never  yet 
found  a  specimen,  in  which  tlie  yellow  tints  were  not 
confined  to  those  ponions  whicli  formed  the  expanded 
lerminalions  of  veins;  a  fan  which  indicates  that  this 
would  have  been  the  colour  of  the  crystal,  whether  its 
jjCtion  were  direct  or  reliograde,  and  that  the  lilac  colour 
^ffects  in  general  those  portions  which  are  composed  of 
jjPP'jsite  veins." 

In  order  to  determine  whether  or  not  the  phenomena 
cf  circular  polarismion,  as  M.  Biot  maintained,  arise  from 
the  ultimate  pLiriicles  of  silcx,  Dr.  Brewster  examined 
opal  and  tabasheer,  but  could  not  detect  the  slightest 
trace  of  such  a  property.  He  then  conceived  the 
idea  of  examining  quartz  that  had  betn  melted  by  heat, 
and  having  received  from  Dr.  Hope  a  piece  which  that 
eminent  chemist  had  reduced  to  fusion,  he  found  that  it 
did  not  exhibit  the  slightest  trace  either  of  common  or 
circular  polarisation. 

A  very  important  discovery  relative  to  circular  po- 
larisation, was  some  time  ago  made  by  Mr.  Hcrschet. 
Impressed  with  the  idea  that  this  property  might  be 
related  to  some  crystalline  structure  in  quartz,  he 
examined  different  specimens  of  that  variety,  which  is 
called  by  Hauy  PlagUdre,  and  which  possess  unsym- 
meirical  faces  x,  x,  x,  x',  x',  x',  Fig.  20.  that  always 
lean  in  one  uniform  direction  round  the  summit  A, 
but  sometimes  to  the  right  and  sometimes  to  the  le/t ; 
he  submitted  these  crystals  to  examination ;  and 
though  M.  Biot,  as  Mr.  Herschel  remarks,  assures  us 
that  no  peculiarity  in  the  crystalline  form  can  lead  us 
to  conjecture  the  direction  of  rotation  ;  yet  he  found 
in  every  case,  after  examining  Jifty-three  different 
crystals,  that  the  direction  in  which  they  turned  the 
planes  of  polarisation  was  invariably  the  same  as  the 
direction  in  which  the  plagiedral  faces  leant  round 
the  crystal.  Hence  Mr.  Herschel  concludes  that  these 
faces  are  firodiiced  by  the  same  cause  which  determines 
the  disjilacement  of  the  filane  of  fiolarisation  of  a  ray 
traversing  the  crystal  ftarallel  to  its  axis. 

In  examining  so  many  crystals  of  quartz,  Mr.  Her- 
schel remarked,  that  the  number  of  those  in  which 
the  plagiedral  planes  have  an  inclination  to  the  left,  is 
to  the  number  of  those  which  have  them  in  the  oppo- 
site direction  as  fiwo  to  one  nearly.  Mr.  Herschel 
likewise  found  by  preparing  the  liquor  siticum  (a  solu- 
tion of  silica  in  potash)  from  a  portion  of  a  plagiedral 
crystal  that  turned  the  plane  of  polarisation  to  the 
left,  that  it  exhibited  none  of  the  phenomena  of  circu- 
lar polarisation.  See  the  works  quoted  at  the  end  of  the 
next  section. 

Sect.  VII. — On  Circular  Polarisation  in  Fluids. 

MM.  Biot  and  Seebeck  discovered  about  the  same 
time  that  certain  fluids  exhibited  the  phenomena  of 
circular  polarisation,  but  in  a  very  weak  degree;  but 
it  is  to  the  foimer  that  we  owe  the  analysis  of  tnis  class 
of  phenomena.  Having  filled  a  tube  six  or  seven  inches 
long,  and  containing  oil  of  turpentine,  and  placed  it  in 
the  apparatus  shown  in  Fig.  4,  he  observed  the  compli- 
mentary colours,  which  had  the  same  property  as  those 
produced  by  a  plate  of  rock  crystal,  which  turned  the 
planes  of  polarisation  from  right  to  left.  By  trying  other 
fluids,  he  obtained  the  following  results. 


From  Right  to  Left.  From  Left  to  Right. 

Oil  of  turpentine.  Essential  oil  of  lemons. 

Essential  oil  of  laurel.  Solution  of  natural  cam- 

Solution  of  artificial  camphor       phor  in  alcohol. 

in  alcohol.  Syrup  of  sugar. 

Vapour  of  turpentine. 

M.  Biot  found  that  the  tints  rose  in  the  scale  as  the 
thicktiess  of  the  fluid  was  increased;— that  oil  of  tur- 
pentine, mixed  with  another  fluid  that  has  not  the  power 
of  acting  upon  light,  gave  a  tint  proportional  to  ilie  num- 
ber of  particles  of  turpentine  in  the  mixture  ;  and  that, 
when  two  fluids  that  turned  the  planes  of  polarisation  in 
opposite  directions,  were  mixed  in  quantities  recipro- 
cally proportional  to  the  intensity  of  the  action,  they 
neutralised  one  another.  He  found  also  that  oil  of  tur- 
pentine required  to  have  a  thickness  of  685-  millimetres 
to  give  the  same  tint  as  a  single  millimetre  of  quartz  ; 
that  a  thickness  of  38  millimeires  of  oil  of  lemons  was 
equal  to  a  thickness  of  65  of  oil  of  turpentine  ;  and  that 
a  thickness  of  4|  millimetres  of  concentrated  syrup  of 
sugar  was  equal  to  one  millimetre  of  quartz. 

The  action  of  these  dift'erent  fluids  on  the  differently 
coloured  rays,  followed  the  same  laws  as  in  rock  crys- 
tal. 

By  using  two  columns  of  essence  of  turpentine,  0.50 
and  2.030  millimetres  thick,  M.  Fresnel  deduced  the 
following  arcs  of  rotation  for  the  diflerent  rays  for  a  cen- 
timetre of  thickness. 


Mean  Red 

Orange 

Yellow 

Green 

Blue 

Indigo 

Violet 


By  comparing  the  results  in  the  2d  column,  which  M. 
Fresnel  conceives  to  be  the  most  correct,  with  the  arc 
produced  by  a  continuation  of  rock  crystal  in  the  mean 
red  ray,  M.  Biot  finds  the  relative  intensities  of  oil  of 
turpentine  and  quartz  to  be  as  1  to  70.0678,  and  from 
this  data  he  computed  the  2d  column  in  the  table  in 
p.  732. 

For  farther  information  on  the  subject  of  this  and  the 
preceding  section,  see  M.  Biot's  Traite  de  Physique, 
tom.  iv.  p.  539;  Mem.  de  I'Institut,  1818,  Edinburgh 
Transactions,  vol.  ix.  p.  139  ;  Memoirs  of  the  Cambridge 
Society,  vol.  i  No.  1  ;  and  the  Edin.  Phil.  Journal,  vol. 
iv.  p.  371.  433,  and  vol.  vi.  p.  379. 

Sect.  VIII. — On  Singly  Polarising  Crystals. 

Art.  1.     On  JVatural  Sirigly  Polarising  Crystals. 

During  his  earlier  experiments  on  the  polarisation  of 
light,  Dr.  Brewster  discovered,  in  1812,  the  singular 
property  possessed  by  the  agate,  of  polarising  m  one 
filane  a.\\  the  light  which  it  transmits  in  the  formation  of 
a  distinct  image  of  any  luminous  object ;  and  in  conse- 
quence of  its  possessing  this  property,  he  used  plates 
of  agate,  and  also  agate  microscopes,  for  polarising  light, 
and  for  analyzing  the  pencils  transmitted  through  regu- 
lar crystals.  Upon  examining  the  phenomena  of  this 
mineral  with  more  minnte  attention,  he  found  that  the 
bright  image  was  actually  enveloped  in  a  mass  of  nebu- 
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'ous  ligh!,  polarised  in  an  opposite  plane  to  tiie  litjhl  of 
the  distinct  image.  In  some  agates,  impeilectly  lorni- 
cd,  two  images  were  pioduecd  ;  anil  in  other  specimens 
of  an  intermediate  cliaracier,  the  one  image  was  much 
fainter  than  the  other;*  and  therefore  a  part  of  its  light 
must  have  been  lost  either  by  rcllesion  or  absorption,  or 
from  both  causes.  In  some  specimens,  the  light  of  tlic 
bright  image  gradually  assumed  a  red  colour,  and  van- 
ished when  the  obliquiiy  was  considerable.  In  some 
specimens  of  the  agate  there  was  an  approach  to  the 
system  of  rings  in  quartz  ;  and  in  all  of  them,  when  re- 
duced to  a  sufficient  degree  of  thinness,  the  lints  of 
moveable  polarisation  were  developed  in  an  irregular 
manner,  the  axis  of  one  part  of  the  crystal  being  inclin- 
ed to  the  axis  of  the  other  parts.f 

The  phenomena  of  single  refraction  were  also  obser- 
ved by  Dr.  Brewster  in  the  massive  carbonate  of  barytes. 
In  some  directions,  two  images  were  seen  of  different 
intcntities,  and  in  others  only  one,  accompanied  with  a 
nebulous  mass  oppositely  polarised.  In  some  direc- 
tions, the  least  refracted  image  was  extremely  distinct, 
■while  the  oiUer  was  a  faint  nebulous  image,  of  a  brown- 
ish-red hue. I 

In  plates  of  Mica,  0.127  and  0  093  of  an  inch  thick, 
the  same  author  produced  the  phenomena  of  single  re- 
fraction by  inclining  the  plate  ;  and  in  a  every  position 
of  these  plates  beyond  a  certain  angle  of  inclination,  the 
transmitted  light  was  all  polarised  in  one  plane,  and  in  an 
opposite  manner  to  the  light  polarised  by  the  reflexion, 
and,  consequently,  the  light  of  the  other  image  must 
have  been  lost  either  by  reflexion  or  absorption,  or  by 
both. 

Of  all  these  cases  of  single  refraction,  the  most  re- 
markable is  that  which  is  produced  by  the  absorption  of 
direct  and  polarised  light  in  mother-of-pearl.  When  a 
ray  falls  at  an  angle  of  about  60°,  on  a  plate  of  this  sub- 
stance, about  the  40th  of  an  inch  thick,  the  transmitted 
ray  is  fiolarised  in  the  same  vianner  as  the  refected  ray; 
and  the  same  effect  is  produced  by  turning  round  the 
plate,  provided  the  inclination  of  the  ray  remains  the 
same.§  Hence,  as  mother-of-pearl  is  a  negative  doubly 
refracting  crystal,  like  mica,  it  follows,  that  while  the 
ordinary  ray  is  absorbed  or  lost  in  the  one  crystal,  the  ex- 
traordinary ray  is  absorbed  or  lost  in  the  other.  This 
very  singular  effect  would  admit  of  explanation,  if  we 


a  reddish  brown  hue.  When  the  polarised  light  of  a 
cam.le  is  traiismitted  through  those  parts  that  produce 
the  halo,  the  plate  depolarises  four  luminous  sectors,  as 
shown  in  Fig.  21.  where  AU  is  the  plane  of  polarisation, 
M,  N,  the  two  images  formed  by  an  analyzing  prism  of 
calcareous  spar,  m  the  place  of  the  vanished  image,  and 
72  the  visible  image.  The  evanescent  image  in  is  sur- 
rounded with  four  lummous  sectors,  I,  3,  5,  7,  separated 
by  four  dark  ones,  2,  4,  6,  8,  and  the  biight  image  n  is 
also  surrounded  wim  iour  sectors,  9,  II,  13.  1 3,  separat- 
ed by  dark  sectors,  10,  12,  14,  16;  but  these  sectors,  of 
which  1 1  and  15  arc  the  brightest,  are  less  lurninous 
than  those  round  m. 

As  the  luminous  sectors  do  not  appear  without  using 
the  analysing  prism,  it  is  obvious  that  the  nebulous  image 
consists  of  two  superimposed  images,  as  in  Fig.  22. 
each  sector  in  the  one  being  oppositely  polarised  to  the 
corresponding  sector  of  the  other.  The  polarisation  of 
the  light  in  the  sectors,  and  all  the  phenomena  of  oil  of 
mace,  are  capable  of  being  explained  by  supposing  the 
crystals  grouped  round  a  cenue,  and  having  ihcir  axes 
all  directed  to  that  centre.  When  the  axes  of  these 
crystals  are  either  parallel  or  perpendicular  to  the  plane 
ol  polarisation,  the  light  which  they  polarise  will  vanish 
as  at  2,  4,  6,  8,  and  when  the  axes  are  inclined  45°  to  the 
same  plane,  the  light  will  appear  as  at  1,  3,  5,  7.!| 

A  very  curious  example  of  single  refraction  or  ab- 
sorption was  observed  by  Dr.  Brewster  in  a  prism  of 
.Yitrale  of  Potash,  through  which  he  observed  its  sys- 
tem of  coloured  rings  by  simple  exposure  to  direct  light, 
and  without  cither  polarising  the  incident  pencil  or  an- 
alysing the  transmitted  rays. 

In  the  .Annales  de  Chimiciov  May,  1815,  !M.  Biot  pub- 
lished an  account  of  the  property  of  single  refraction, 
which  he  had  found  in  the  tourmaline,  and  which  had 
been  discovered  about  the  same  time  by  Dr.  Seebeck. 
When  plates  of  tourmaline  are  cut  by  planes  passing 
through  the  axis  of  the  crystal,  they  transmit  only  the 
rays  of  the  extraordinary  pencil,  polarised  in  a  plane 
perpendicular  to  the  axis  of  the  prism,  provided  the 
plates  arc  above  a  certain  degree  of  thickness.  Below 
this  degree  of  thickness,  which  is  variable  in  different 
touimalines,  the  crystal  has  double  refraction  like  all 
others,  and  consequently  at  different  thicknesses  below 
that  which  extinguishes  the  ordinary  ray  ;  this  ray  will 


„ould  suppose  laminx  perpendicular  to  the  surface  of    gradually  become  more  and  more  intense,  constantly  ap- 
\[\e  plate,  and  so  arranged  as  to  have  their  planes  of  re-     proximating  to  the  intensity  of  the  extraordinary  ray.  M. 

••     •  .        .  ■■  •     :. -r  ..  -     Biot  observed  the  two  images  when  seen  in  this  way,  and 

noticed  that  the  ordinary  one  was  of  a  greenish  yellow 
colour,  while  the  extraordinary  one  was  whitish,  the  very 
same  fact  which  Dr.  Brewster  had  long  before  found  in 
carbonate  of  barytes,  and  he  concluded  that  the  violet 
rays  were  more  easily  absorbed  by  the  tourmaline  when 
they  were  polarised  parallel  to  its  axis,  than  when  they 
were  polarised  perpendicularly  to  it. 

Independent  of  the  crystals  enumerated  above,  there 
are  many  organized  substances,  in  which  one  of  the  po- 
larised images  has  less  intensity  than  the  other,  and  in 
which,  therefore,  a  portion  of  one  of  the  pencils  has  been 
lost  or  absorbcd.1I 


flexion  perpendicular  to  the  plane  of  incidence  of  the 
primitive  ray.  But  as  this  seems  out  of  the  question, 
we  can  only  refer  the  fact  to  a  specific  action  of  mother- 
of-pearl  in  absorbing  light  polarised  in  a  particular 
plane. 

Among  the  phenomena  of  nebulous  images  accom- 
panying double  refraction,  there  is  none  more  extraor- 
dinary than  those  which  appear  in  the  form  of  luminous 
sectors  in  Oil  of  Mace  melted,  and  gradually  cooled  be- 
tween two  plates  of  glass.  When  we  look  at  the  direct 
light  of  a  candle  through  particular  parts  of  this  plate, 
the  candle  appears  surrounded  with  a  halo  or  nebulous 
mass,  varying  from  0°  to  16°  in  diameter,  and  having  its 
central  parts  of  a  bluish  colour,  and  its  circumference  of 

•  PUl.  Trans.  1813.  p.  103,  104. 

t  Edin.  Tram.  vol.  vii.  p.  289,  read  Feb.  7, 1814. 


i  Phil.  Tram.  1814,  p.  194. 
%  P/M.  Traii.1.  1814. 


i  See  Phil.  Trans'.  1815,  p.  38.  49.  read  December  15,  1814,  where  several  other  curious  phenomena,  exhibited  by  oil  of  rhfce, 
are  described. 
^  See  Phil.  Trans.  1815,  p.  27. 
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Art.  II.— On  Artificial  Singly  Polarising  and  Refracting 
Crystals. 

In  all  the  singly  refiacling  and  polarising  crystals 
above  enumerated,  tlie  efTecls  described  arise  from  a 
certain  degree  of  imperfection  in  the  structure  and  com- 
bination of  llie  elementary  crystals,  by  which  one  of  the 
polarised  pencils  is  reflected  or  absorbed ;  but  Dr. 
Urewster  found  the  same  property  may  be  communicated 
to  any  crystal  merely  by  altering  its  superficial  confor- 
inalion. 

If  we  take  a  hesahedral  prism  of  nitrate  of  fiotaah, 
and  observe  a  luminous  object  througli  two  of  its  in- 
clined surfaces  that  have  a  good  natural  or  artificial 
polish,  we  shall  perceive  tvvo  distinct  and  perfectly  form- 
ed images.  If  we  now  roughen  these  two  surfiices,  and 
cement  upon  each  of  them  a  plate  of  glass  by  means  of 
balsam  of  ca/iivi,  the  character  of  the  two  images  will 
be  greatly  changed.  The  image  that  has  suffered  the 
greatest  refraction,  will  be  as  distinct  as  before,  but  the 
other  image  will  be  either  of  a  faint  reddish  colour,  or 
■wholly  invisible,  according  to  the  degree  of  roughness 
induced  upon  the  refracting  surfaces.  When  oil  of  cassia 
is  used  instead  of  the  balsam,  the  least  refracted  image, 
if  it  was  visible  before,  will  now  be  completely  extin- 
guished. 

By  substituting  pure  alcofiol,  or  the  rj/iite  of  an  egg, 
instead  of  the  balsam,  the  least  refracted  image  will  be- 
come distinct,  and  the  most  refracted  image  will  be  either 
a  mass  of  nebulous  light,  or  almost  invisible. 

In  order  to  txplain  these  phenomena,  we  must  recol- 
lect that  the  index  of  refraction  for  the  ordinary  image 
of  nitre  is  1.511,  and  that  of  the  extraordinary  image 
i.328.  When  the  rough  surface  of  the  nitre  is  covered 
with  balsam  of  capivi,  which  has  nearly  the  same  index 
of  refraction  as  the  ordinary  image,  the  same  effect  is 
produced  as  if  the  rough  surface  had  been  polished  for 
the  ordinary  rays.  All  the  little  pits,  or  depressions  in 
the  rough  surface,  being  filled  up  with  balsam,  the  or- 
dinary rays  suffer  little  or  no  refraction  in  penetrating  the 
ciystal,and  therefore  the  image  which  they  form  will  be 
as  clear  and  distinct  as  in  the  first  experiment.  But 
since  the  index  of  refraction  firthe  extraordinary  image 
is  much  less  than  that  of  the  balsam,  the  rays  of  which 
it  is  composed  will  not  enter  the  crystal  undisturbed,  but 
will  be  scattered  in  the  same  manner  as  if  its  surface 
was  rough,  and  had  a  refractive  power  corresponding  to 
the  difference  between  the  index  of  refraction  for  the  ex- 
traordinary ray,  and  the  index  of  refraction  for  the  bal- 
sam. ^\'hen  water  or  alcohol  is  substituted  in  room  of 
the  balsam,  the  effects  now  described  are  interchanged, 
the  roughness  being  removed  for  the  extraordinary  rays 
by  the  application  of  a  fluid  of  the  same  refractive  den- 
sity, while  the  rays  that  form  the  ordinary  image  are 
dispersed  by  the  refractions  which  still  exist  at  the  rough 
surface  of  the  crystal. 

These  effects  will  be  still  better  understood  by  sup- 
posing the  crystal  to  consist  of  an  extraordinary  nnd  an 
ordinary  medium,  arranged  in  alternate  S'trata,  or  as 
water  exists  in  wet  hydrophanous  opal.  When  the  su- 
perficial polish  of  both  these  media  is  removed,  the  ap- 
plication of  the  balsam  restores,  as  it  were,  the  polish 
of  the  ordinary  medium,  without  restoring  that  of  the 
extraordinary  medium  ;  while  the  application  of  the 
alcohol  restores  the  polish  of  the  extraordinary  medium 
without  restoring  that  of  the  ordinary  medium. 

These  results  were  repeatedly  obtained  ■with  calca- 


reous  sjiar,  arragonite,  nitre,  carbonate  of  i^olash,   and 
other  crystals.     See  Phil.  Trans.  1819,  p.  !46. 

Sect.  IX. — On  the  Absorfxtion  of  Common  and  Polarised 
Light. 

When  light  is  said  to  be  absorbed  by  any  transparent 
or  translucent  medium,  ail  that  is  meant  is,  that  a 
certain  quantity  is  lost  in  passing  through  that  medium, 
either  from  being  dispersed  i.T  all  directions  by  re- 
flexion from  its  particles,  or  by  being  assimilated  to 
the  substance  of  the  body,  or  by  both  of  these  causes 
together. 

Art.  I. — On  Dichroism,   or  the  Absorfition  of  Common 
Light  by  Crystallized  Bodies. 

The  term  Dichroism,  from  i'vi  two,  and  jijo«  colour, 
is  applied  to  denote  the  two  colours,  which  Dr.  Wol- 
laston  long  ago  observed  in  Tourmaline,  and  certain 
crystals  of  Palladium,  and  which  Cordier  afterwards 
observed  in  the  Jolite  or  Dichroite.  The  cause  of  this 
phenomenon  was  entirely  unknown  till  Dr.  Brewster 
investigated  its  origin  in  the  lolite,  and  showed  that 
the  two  colours  were  related  to  its  two  resultant  axes 
of  double  refraction,  and  arose  from  the  absorption  of 
the  transmitted  rays,  when  exposed  only  to  common 
light,  and  according  to  laws  depending  on  the  position 
of  the  incident  ray  in  reference  to  its  axes  of  double  re- 
fraction. 

The  curious  mineral  called  lolite,  from  its  bluish 
violet  colour,  crystallizes  in  six  or  twelve-sided  prisms, 
which  appear  of  a  deeji  blue  cointr,  when  seen  along  the 
axis,  and  of  a  yellovjish-brown  colour,  when  seen  in  a  di- 
rection perpendicular  to  the  axis.  If  c  i  c  d.  Fig.  23.  is 
a  section  of  a  prism  of  lolite,  by  a  plane  passing  through 
tlie  axis  of  the  prism,  the  transmitted  light  will  be  blue 
through  the  faces  a  b,  and  d  c,  and  yelloT.'ish-brown 
through  a  d,  b  c,  and  in  eveiy  direction  perpendicular 
to  the  axis  of  the  prism.  If  we  grind  down  the  angles 
a,  c,  b,  d,  so  as  to  replace  them  with  faces  m  n,  m'  n', 
and  0  fi,  o'  /i',  inclined  31°  41'  to  a  d,  or  to  the  axis  of 
the  prism  ;  then,  if  the  plane  abed  passes  through  the 
resultant  axes  of  double  refraction,  we  shall  observe,  by 
transmitting  polarised  light  through  the  crystal  in  the 
directions  a  c,  b  d,  and  subsequently  analysing  it,  a  sys- 
tem of  rings  round  each  of  these  axes.  The  systeni 
will  exhibit  the  individual  rings  very  plainly  if  the  crys- 
tal is  thin ;  but  if  it  is  thick,  we  shall  observe,  when 
the  plane  abed  is  perpendicular  to  the  plane  of  pri- 
mitive polarisation,  some  bra?iches  of  blue  and  ivhite  light, 
diverging  in  the  form  of  a  cross  from  the  centre  of  the 
system  of  rings,  or  the  poles  of  n^  polarisation,  as  shown 
at  /!  and  /i',  Fig.  24.  where  the  shaded  branches  repre- 
sent the  blue  ones.  The  summits  of  the  blue  masses  at 
/i  and  /('  are  tipped  wiih  purple,  and  are  separated  by 
whitish  light  in  some  specimens,  and  yellowish  light  in 
others.  The  white  light  becomes  more  blue  from  /;  and 
//  to  0,  where  it  is  quite  blue,  and  more  yellow  from  /i 
and  fi  to  c  and  d,  where  it  is  completely  yelloiv.  When 
the  plane  a  6  c  dis  in  the  plane  of  primitive  polarisation, 
the  poles  /;,  fi'  arc  marked  by  spots  of  white  light,  but 
every  where  else  the  light  is  a  deep  blue. 

In  the  plane  c  a  d  b.  Fig.  £3.  the  mineral,  when  we 
look  through  it  at  common  light,  exhibits  no  other  co- 
lour but  yellow,  mixed  with  a  small  quantity  of  blue, 
polarised  in  an  opposite  plane.    The  ordinary  image  a» 
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c  and  d  is  yellowish-brown,  and  the  extraordinary  image 
faint  blue ;  the  former  acquiring  some  blue  rays,  and 
the  latter  some  yellow  ones  from  c  and  cl  to  a  and  b, 
where  the  difference  of  colour  is  still  highly  marked. 
From  a  and  b  towards  /;  and  /j',  the  yellow  image  be- 
comes fainter,  till  it  changes  into  blue,  and  the  weak  blue 
image  is  reinforced  by  other  blue  rays,  till  the  intensity 
of  the  two  blue  images  is  nearly  equal.  The  faint  blue 
image  increases  in  intensity  as  the  incident  ray  ap- 
proaches from  c  and  d  to  /i  and  /;',  and  the  yellow  one, 
acquiring  an  accession  of  blue  light,  becomes  bluish 
white.  From  fi  and  fi'  to  o,  the  ordinary  image  is 
whitish,  and  the  other  deep  blue,  but  the  whiteness 
gradually  diminishes  towards  o,  where  they  are  both 
almost  equally  blue. 

The  principal  axis  of  lolite  is  negative,  and  its  great- 
est refracted  image  is  purplish  blue,  while  the  ordinary 
or  least  refracted  image  is  yellowish  brown,  passing 
into  one  another  as  above  described. 

In  jitigite,  one  of  the  pencils  is  of  a  dee/i  blood  red 
colour,  while  the  other  is  of  a  most  brilliant  green  co- 
lour. 

The  phenomena  of  dichroism  are  seen  also  in  Sajifihire, 
/rfocrase,  and  other  minerals.  See  Phil.  Trans.  1819, 
p.  22,  23  ;  and  Edin.  Phil.  Journal,  vol.  iii.  p.  243. 

Art.  II.— On  the  Absorfuion  of  Polarised  Light  by 
Doubly  Refracting  Crystals. 

If  we  take  a  prism  of  certain  specimens  of  Beryl  of  a 
bluish-green  colour,  and  examine  it  in  every  direction 
by  common  light,  no  change  of  tint  appears,  excepting 
that  which  arises  from  the  different  thicknesses  through 
which  the  light  is  transmitted  ;  but  if  we  expose  it  to 
polarised  light,  we  shall  find  that  it  transmits  only  a 
beautiful  blue  light  when  its  axis  is  perpendicular  to  the 
plane  of  polarisation,  and  only  a  greenish-ivhite  light 
when  the  axis  coincides  with  that  plane  ;  the  trans- 
mitted light  passing  from  the  former  to  the  latter  tint, 
svhile  the  crystal  is  raovirig  from  the  first  into  the  se- 
cond position.  Hence  it  is  obvious,  that  the  green  light 
is  absorbed  in  one  position,  and  the  blue  light  in  the 
other  position.  Now,  this  absorption  varies  with  the 
angle  which  the  polarised  ray  forms  with  the  axis  of 
the  prism,  being  a  maximum  when  that  angle  is  90°, 
and  vanishing  altogether  when  the  ray  passes  along  the 
axis. 

If  we  now  cut  the  crystal  of  beryl  into  a  prism,  so 
as  to  separate  its  two  images,  we  shall  find  that  these 
two  images  have  different  colours,  the  one  having  the 
same  colour  that  would  have  been  produced  by  expos- 
ing it  in  one  position  to  polarised  liu^lit,  and  the  other 
image  having  the  colour  that  would  be  obtained  by 
turning  it  round  90°.  Here,  then,  we  have  two  sin- 
gular properties  of  this  class  of  crystals,  which  always 
appear  to  accompany  one  another,  viz.  the  property 
which  the  extraordinary  refracting  force  possesses  of 
selecting  certain  rays  out  of  the  compound  beam  of  com- 
mon incident  light,  and  the  property  of  absorbing  these 
rays  in  one  position,  and  the  supplementary  rays  in  ano- 
ther position,  when  the  incident  light  has  been  pre- 
viously polarised. 

The  property  which  has  now  been  described  as  be- 
longing to  beryl,  Dr.  Brewster  has  found  in  other  twelve 
crystals  with  one  axis.  The  colour  of  the  ordinary  and 
extraordinary  images,  or  of  the  absorbed  pencils,  is 
shown  in  the  following  Table. 


List  of  Meorbing  Crystah  with  One  Axis. 


Narnes  of  Crystali. 

Zircon 
Sapphire 
Ruby 
Emerald 
Emerald 
Beryl  blue 
Beryl  green 
Beryl  yell,  green. 
Rock   crystal,  al- 
most transparent 
Rock  crystal  yell. 
Amethyst 
Amethyst 
Amethyst 
Tourmaline 
Rubellite 
Idocrase 
Mellite 
Phos.  of  lime 

(lilac) 
Phos.  of  lime 

(olive) 
Phos.  of  lead 
Calcareous  spar 


Colour  when  its  axil  is  io 
ttie  plane  of  primitive 
polarisation. 

Brownish  white 
Yellowish  green 
Pale  yellow 
Yellowish  green 
Bhiish  green 
Bluish  white 
Whitish 
Pale  yellow 

Whitish 
Yellowish  white 
Blue 

Greyish  white 
Reddish  yellow 
Greenish  white 
Reddish  white 
Yellow 
Yellow 

Bluish 

Bluish  green 
Bright  green 
Orange  yellow 


Coloar  when  its  axis  is 
perpendicular  to  Itiac 
plane. 

A  deeper  brown 

Blue 

Bright  pink 

Bluish  green 

Yellowish  green 

Blue 

Bluish  green 

Pale  green 

Faint  brown 
Yellow 
Pink 

Ruby  red 
Ruby  red 
Bluish  green 
Faint  red 
Green 
Bluish  white 

Reddish 

Yellowish  green 
Orange  yellow 
Yellowish  white 


The  property  which  these  crystals  possess  of  absorb- 
ing the  different  tints  in  different  positions  of  the  axis, 
with  regard  lo  the  plane  of  primitive  polarisation,  does 
not  belong  to  every  specimen.  There  are  many  crys- 
tals of  ruby,  sapphire,  emerald,  kc.  which  give  an  or- 
dinary and  an  extraordinary  image  of  the  same  colour; 
and  whenever  this  is  the  case,  they  are  destitute  of 
the  property  of  absorbing  polarised  light.  These  two 
classes  of  phenomena  are  indeed  invariably  connected, 
and  will  ultimately  be  found  to  have  the  same  origin. 

In  crystals  with  two  axes,  the  preceding  phenomena 
receive  some  curious  modifications  ;  for  a  particular  ac- 
count of  which  we  must  refer  to  the  Phil.  Trans.  1819. 
The  two  colours  which  appear  in  the  ordinary  and  ex- 
traordinary pencils  are  now  seen  diverging  rectangu- 
larly from  the  resultant  axes  of  the  crystal ;  an  effect 
which  constitutes  one  of  the  finest  appearances  in  op- 
tics. 

The  following  Table  contains  the  tints  in  several 
crystals,  in  which  the  effect  will  be  seen  in  every  azi- 
muth. 

List  of  Absorbing  Crystals  with  Tv)0  Axes. 


Plane  of  the  reraltant 

ax'js  in  the   plane  of 
prim,  polarisation. 

Topaz  blue  White 

-  green  White 

greyish  blue  R -ddish  grey 


pink 

pink  yellow 

yellow 

Sulphat-of  brirytes 
yellow- 
is'-  purple 

yellow 

orange 


P'lk 
Pink 
Yellowish  white  Orange 


Plane  of  the  resultant  axea 
perpendicular  io  the  piano 
of  prim,  polarisation. 

Blue 

Green 

Blue 

White 

Yellow 


Lemon  yellow 
Lemon  yellow 


Purple 
Yellowish  white 


yellow 


Gamboge  yellow  Yellowish  white 
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Plane  of  the  teialtant 
axes  iu  the  plane  of 
prim,  polarisation. 

Kyanite  White 

Dichroite  Blue 

Cymophane  Yellowish  white 

Epidoteolive  green  Brown 

-  whitish  gr.  Pink  white 
Mica  Reddish  brown 


Plane  of  the  reniltant  axes 
perpendicular  to  the  plane 
ol'prira.  polarisation. 


Blue 

Yellowish  white 
Yellowish 
Sap  green 
Yellowish  white 
Reddish  white 


The  following  Table  shows  the  characters  of  the  tints 
in  crystals  with  two  axes,  which  have  not  been  exa- 
mined in  every  azimuth. 

Axis  of  prism  perpendicu- 
lar to  the  plane  of  primi- 
tive polarisation. 


Mica 

Acetate  of  copper 

Muriate  of  copper* 

Olivine 

Sphene 

Nitrate  of  copper 

Chromate  of  lead 

Staurotide 
Augite 
Anhydrite 
Axinite 
Diallage 
Sulphur 

Sulphate  of  stron- 
tites 

cobalt 

Olivine 


Axis  of  prism  in  the 
plane  of  primitrv-e  po- 
larisatioa. 

Blood  red 
Blue 

Greenish  white 
Bluish  green 
Yellow 
Bluish  white 
Orange 

Brownish  red 
Blood  red 
Bright  pink 
Reddish  white 
Brownish  white 
Yellow 
Blue 

Pink 
Brown 


Pale  greenish  yell. 

Greenish  yellow 

Blue 

Greenish  yellow 

Bluish 

Blue 

Blood  red 

Yellowish  white 
Bright  green 
Pale  yellow 
Yellowish  white 
White 

Deeper  yellow 
Bluish  white 

Brick  red 
Brownish  white 


In  the  last  eight  crystals  of  the  preceding  Table,  the 
tints  are  not  given  in  relation  to  any  fixed  line. 

The  following  Table  contains  the  characters  of  the 
two  pencils  in  crystals,  the  number  of  whose  axes  has 
not  yet  been  determined. 


Phosphate  of  iron 
Actynolite 
Precious  opal 
Serpentine 
Asbestos 


Fine  bluet 
Green 
Yellow 
Dark  green 
Greenish 


Bluish  white 
Greenish  white 
Lighter  yellow 
Lighter  green 
Yellowish 
Greenish  blue 


Blue  carb.  of  cop'per  Violet  blue 

Octohedrite  (one aarw)  Whitish  brown    Yellowish  brown 

Several  of  the  preceding  crystals  which  have  a  lami- 
nated structure,  such  as  mica,  epidote,  &c.  or  such  as 
have  an  imperfect  transparency  from  a  defective  aggre- 
gation of  their  elementary  crystals,  frequently  exhibit 
their  absorptive  qualities,  and  also  their  system  of  co- 
loured rings,  by  exposure  to  common  light.  The  light 
is,  in  these  cases,  analysed  in  passing  obliquely  through 
the  laminae,  in  the  same  manner  as  if  it  had  been  trans- 
mitted through  a  bundle  of  glass  plates. 

The  absorbent  power  of  crystals  is  modified  in  a  very 
remarkable  manner  by  heat,  and  this  property  may  even 
be  communicated  to  them  by  methods  which  are  de- 
scribed in  the  paper  already  quoted.  See  Phil.  Tra/is. 
1819.  p.  II.  or  £din.  Phil.  Journal, \-o\.  ii.  p.  346. 

Art.  111. — On  the  Msorfition  of  Common  and  Polarised 
Light  by  the  Oxidated  Surfaces  of  Metals. 

The  phenomena  exhibited  by  the  action  of  oxidated 


surfaces  on  common  and  polarised  light,  were  first  ob- 
served by  Dr.  Brewster  in  1812.J: 

When  a  ray  of  white  light  is  reflected  from  an  indigo- 
coloured  oxide  of  steel,  the  reflected  pencil  contains  two 
pencils,  viz.  red  and  blue,  polarised  in  opposite  planes, 
the  red  pencil  being  greatly  inferior  in  intensity  to  the 
blue  pencil.  At  an  angle  below  60°  the  blue  pencil  be- 
comes more  intense,  and  is  a  maximum  at  a  perpendi- 
cular incidence  ;  while  below  60°,  the  blue  pencil  appears 
less  and  less  brilliant. 

When  a  ray  of  common  light  is  reflected  successive- 
ly between  two  plates  of  this  blue  steel,  the  red  rays  are 
entirely  absorbed,  and  the  resulting  pencil  is  of  the 
most  brilliant  blue  colour,  and  all  polarised  in  the  plane 
of  reflexion.  If  the  colour  of  the  steel  is  /lur/ilish  red, 
the  resulting  image  of  the  successive  reflexions  will  be 
deefi  red  ;  and  if  the  colour  of  the  steel  is  straw-yellow, 
the  resulting  image  will  be  a  brilliant  yellow,  the  light 
polarised  perpendicularly  to  the  plane  of  reflexion  being 
uniformly  absorbed. 

If  we  take  two  plates  of  uncoloured  steel,  the  same 
effect  will  be  produced,  only  the  resulting  image  will 
have  no  decided  colours.  The  same  is  true  of  almost 
all  the  other  metals,  but  the  absorption  is  much  less  in 
gold  and  silver,  especially  the  last,  from  which  it  re- 
quires a  very  great  number  of  successive  reflexions  to 
extinguish  one  of  the  images. 

The  absorption  of  polarised  light  by  oxidated  and  me- 
tallic surfaces  is  analogous  to  that  of  crystals,  as  already 
described,  and  may  be  deduced  from  the  laws  of  metallic 
polarisation,  to  be  given  in  a  subsequent  section. 

Sect.  X. — On  the  Polarisation  of  Light  by  the    Trana- 
miaion  of  Heat  through  Glass  and  other  Bodies, 

In  all  the  phenomena  of  polarisation  and  double  re- 
fraction, which  we  have  hitherto  considered,  the  power 
of  producing  these  properties  in  bodies,  was  supposed 
to  be  derived  from  some  unknown  cause  ;  and  it  was 
never  conceived  io  be  possible  to  communicate  by  art  the 
polarising  and  doubly  refracting  structure  to  bodies  that 
did  not  possess  it. 

In  a  letter  addressed  to  Sir  Joseph  Banks,  dated 
April  8,  1814,  and  read  before  the  Royal  Society  on 
the  1 9th  May,  1814,  Dr.  Brewster  announced  the  dis- 
covery that  a  piece  of  glass  received  the  doubly  refract- 
ing and  polarising  structure  in  the  process  of  being 
heated  at  a  candle,  and  lost  this  property  by  cooling; 
and  that  Prince  Rupert's  drops  possessed  distinct,  neu- 
tral, and  depolarising  axes,  like  the  most  perfect  crys- 
tals. 

In  the  year  1815  he  instituted  a  regular  set  of  experi- 
ments on  the  transmission  of  heat  through  glass,  which 
were  communicated  during  that  year  to  the  Institute  of 
France,  and  to  the  Royal  Society  of  London.  The  results 
of  these  experiments  we  shall  now  endeavour  to  explain 
as  briefly  and  perspicuously  as  possible. 

Art.  I. — On  Circular  Plates  of  Glass  ivith  one  .4xis  of 
Polarisation. 

If  we  take  a  plate  orglass,.\CBD,PlateCCCCXXX  VL 
Fig.  8.  perfectly  cylindrical,  and  transmit  heat  from  its 
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*  The  tints  are  given  in  relation  to  the  short  diagonal  of  its  rhomboidal  base, 
t  When  the  axis  of  the  prism  was  in  the  plane  of  primitive  polaris,-»tion. 

%   Treatise  on  J^'urj  Phil.  Instruments,  p.  344, 
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circumference  to  its  centre,  we  shall  find  that  it  will  ex- 
hibit, when  exposed  to  polariseil  light,  and  when  the 
heat  has  reached  its  centre,  the  system  of  rings  shown 
in  the  figure,  traversed  liy  a  hlack  rectangular  cross  AB, 
CD.  This  system  of  rings  is  precisely  the  same,  both 
in  appearanct,  and  in  the  cliaractei-  of  its  tinls,  as  the 
system  seen  along  the  axis  of  zircon,  ice,  and  other  crys- 
tals of  the /iosiVife  class. 

If  the  cirtuhir  plate  of  glass,  on  the  contrary,  is  im- 
mersed in  boiling  oil,  or  equally  heated  in  any  other  way, 
and  is  allowed  to  cool  rapidly,  it  will  exhibit  a  similar 
system  of  rings  ;  but  this  system  has  a  negative  polarisa- 
tion, like  the  rings  formed  by  calcareous  sfiavy  beryl,  &c. 
and  other  crystals  of  the  negative  class. 

Tliis  opposition  in  tlic  character  of  the  two  plates  may 
be  finely  observed,  by  combining  them  together,  as  al- 
ready described  in  page  725. 

By  comparing  the  value  of  the  tinls  with  their  dis- 
tances from  tiic  centre  of  the  plate,  Dr.  Brewster 
found,  that  they  vary  as  the  squares  of  their  distances 
from  the  axis.  Hence  if  T  is  the  tint  which  corresponds 
to  Joy  dis'  -.nee  D,  the  tint  e,  corresponding  to  any  other 
distance  d,  will  be  found  by  the  formula 

Art.   II. — On   Rectangular  Plates    of  Glass  luith  tiuo 
Axes  of  Polarisation. 

Let  a  well  annealed  rectangular  plate  of  glass  EFCD. 
having  no  polarising  structure,  Fig.  25.  be  now  placed 
with  its  lower  t^dge  CD  upon  a  thick  bar  AB  of  red-hot 
iron,  and  exposed  to  polarised  light  in  the  usual  way. 
The  entrance  of  the  heat  into  the  glass  at  CD  will  be 
marked  by  fringes  of  coloured  light  at  CD  ;  and  nearly 
at  the  same  instant,  and  before  a  single  fiarticle  of  heat 
has  reached  the  ufiper  edge  F.F  or  even  a  b,  corresliond- 
ing  fringes  will  afijiear  at  EF,  and  also  at  a  b,  and  the 
fringes  will  become  more  distinct  till  they  resemble 
those  seen  in  Fig.  25.  where  MN,  OP  are  two  black 
lines,  where  there  is  neither  douljle  refraction  nor  po- 
larisation. Bclvveen  OP  and  MN  the  doubly  refract- 
ing and  polarising  structure  is  negative,  because  the 
fringes  descend  in  the  scale  when  crosseil  by  the  axis  of 
a  plate  of  sulphate  of  lime  ;  while  the  structures  be- 
tween OP  and  EF,  and  between  MN  and  CD,  are  po- 
sitive. 

If  the  plate  of  glass  is  immersed  in  boiling  oil,  and  then 
allowed  to  cool  rapidly,  it  will  exhibit  the  same  fiinges, 
&c. ;  but  the  central  structure  will  now  be  fiositive,  and 
the  two  external  structures  negative. 

When  heat  is  distributed  uniformly  over  the  plate, 
in  both  the  preceding  cases,  the  fringes  arc  no  longer 
visible.  In  all  these  cases,  similar  fringes  and  struc- 
tures are  seen  through  the  thickness  of  the  plates,  and 
also  in  the  direction  of  their  length.  When  the  plate 
of  glass  is  nearly  of  a  square  form,  and  its  thickness 
about  one-third  of  the  length  of  one  of  its  sides,  these 
fringes  assume  the  form  shown  in  Fig.  26  ;  and  when 
the  length  t.f  the  piece  of  glass  is  about  three  times  that 
of  one  of  the  sides,  the  fringes  have  the  form  shown  in 
Fig.  27. 

All  the  tints  displayed  in  these  fringes  resemble,  in 
every  respect,  the  tints  polarised  by  doubly  refracting 
crystals,  and  follow  the  same  laws  in  their  combina- 
tion. 

By  measuring  carefully  the  distances  of  the  tints  f»om 


the  centre  of  the  plate,  Dr  Brewster  found  the  following 

iormula,   deduced    from    the    supposition   of  two   axes, 

'1"  fP 
perfectly  correct,  viz. /^  T r-j-,   where   rf,    is    the 

distance    from  a  6  of    the  point  at    which    the    tint    is 

required,  and  D   the    distance  of   either    of   the    black 

fringes,  or  lines  of  no  pohirisation,  from  the  centre  of 

T  d^ 
the   plate.     The   term  represents  the  influence  of 

the  principal  axis  or  series  of  axes,  perpendicular  to  the 

plate,  and   would  have  given  us  the   lint  t  if  these  axes 

had  existed  alone.     But  as  the  axis  or  series  of  axes  in 

the  plane   of  the  plate   produces  an  uniform  tint  T  in 

every  part  of  the  plate,  whicli  acts  in  oppokition  to  the 

other  tint  ;  the  tint  t  must  be  e(iual  to  the  diH'ereiice  of 

T  d^ 
these  lints,  or  to  T r^,  or  if  we  muke  T  —  1,  and 

D  IZ  1,  we  have  tziZ  1  — d". 

U  we  wish  to  find  the  tini,  in  terms  of  the  distance  of 
any  point  from  the  two  black  lines  MN,  OP,  let  i",  i', 
represent  the  distances  of  any  point  troni  those  lines 
whose  distances  from  the  centre  WaS  fornitily  d,  then 
we  have  S-=.  I  —d,  J"=  1  —d,  and  iy^z  I  —  d^  ;  that 
is,  the  tint  /,  at  any  poiii;,  vanes  as  tli  product  of  the 
distances  of  that  point  from  the  lines  of  no  polarisation. 
If  we  call  V  the  velocity  of  the  exiraorrlniary  i .  y,  ^uid  V 
that  of  the  ordinary  ray,  we  shall  h.ive  v^  ZHV  ■{■  a  S'S^, 
a  formula  which  represents  the  exiraordiiiary  relVditioii 
in  rectangular  plates  of  glass.  In  circular  plates  the  ex- 
pression becomes  v^  =«  V^  -f-  a  ^' 

The  efi'ects  now  explained  as  produced  in  glass,  are 
exhibited  also  duiing    ihe  propai^alioii    of  heat   lluough' 
rock  salt,Jluor  s/iar,  obsidian,  semi-ofial,  rosin,  copal,  am- 
ber, and  tortoise  shell,  Sec. 

The  properties  of  heat,  whii  h  have  just  been  de- 
scribed, suggested  to  Or.  Brewster  the  construction  of 
a  chromatic  thermometer,  which  consists  in  combining 
a  great  number  of  plates  of  glass,  to  the  edi^es  of  which 
the  heat  to  be  measured  is  ajjplied.  Tne  coloured 
tinls  developed  by  the  combined  plates  become  a  mea- 
sure of  the  diflcrence  of  temperature.  This  in.strument 
will  enable  us  to  measure  any  temperature  below  that 
at  which  glass  becomes  red  hot.  The  heal  of  ihe  hand 
applied  to  a  single  plate  of  glass  will  develop  a  lint 
which  may  be  distinctly  appreciated  by  the  eye,  and, 
consequently,  ten  such  plates  would  render  perceptible 
the  lenih  part  of  the  same  degree  of  heat.  See  Phil. 
Trans.  1816,  p.  108,  for  a  full  description  of  this  in- 
strument. ' 

AUT.   Ill — On    the   Effict    of    combining  'and   crossing 
Rectangular  Plates  uf  Glass  of  different  kinds. 

If  we  combine  a  fiositive  rectangular  {date,  or  one  in 
which  the  principal  axis  is  fiositive,  with  another  posi- 
tive rectangular  plate,  so  that  the  lines  of  no  polarisation 
are  parallel,  the  cfTect  of  each  will  be  combined  as  if  a 
plate  had  been  used  equal  to  the  sum  of  their  thick- 
nesses, and  Ihe  fiinges  on  each  side  of  the  black  lines 
will  increase  in  number. 

If  we  combine  a  fiositive  rectangular  plate  with  a  si- 
milar negative  rectangular  plate,  the  efi'ect  of  the  one 
will  counteract  that  of  the  (jther.  If  they  have  equal 
actions,  the  polarising  structure  of  the  one  will  destroy 
that  of  the  other;  hut  if  they  are  unequal,  the  effect 
will  be  the  same  as  if  a  plate  had  been  used  of  the  same 
thickness  as  the    diiTerence  of  their   thicknesses,   and 
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liaving  the  structure  of  ihe  thickest  of  the  two  combined 

plates. 

When  two  positive,  OTtvjo  negative  rectangular  plates 
are  crossed,  as  shown  in  Fig.  28.  the  lints  ;iie  in  some 
places  raisecVin  the  scale,  and  in  others  depressed,  ac- 
cording as  opposite  or  similar  structures  are  opposed  to 
one  another,  the  crossing  of  two  pobitive  or  two  nega- 
tive structures  sinV;ing  the  tin;:  in  the  scale,  and  the 
crossing  of  a  positive  with  a  negative  structure  raising 
them.  By  finding  the  tint  at  any  given  point  in  each 
plate  from  the  preceding  formula,  and  combining  these 
tints  according  to  the  rule  already  given,  it  will  be 
found  that  the  isochromatic  curves  at  the  intersectiona! 
space  ABCD  are  hyfierbolas,  which  will  be  eyiiilalerai 
when  the  breadths  and  the  maximum  lints  of  the  two 
plates  are  the  same. 

When  a  fiositivc  rectangular  plate  crosses  a  negatwe 
/dale,  it  will  be  found,  by  the  same  process,  that  the 
isochromatic  curves  are  eUifises,  as  in  I'ig.  29.  when  the 
plates  are  of  unequal  breadtlis;  and  that  they  become 
circles  when  the  plates  and  maximum  tints  are  equal,  as 
in  Fig.  30. 

All  these  different  phenomena  were  observed  by  Dr. 
Brewster,  and  are  also  deduced  matlieniatically  from 
the  formula  tzz  1  — d^i  in  his  paper  in  the  Edinburgh 
Transactions,  vol.  viii.  p.  357. 

Art,  IV. — On  the  Distribution  of  the  Polarising  Force 
in  tubes  of  Glass. 

We  have  already  seen,  that  circular  plates  or  cylin- 
ders of  glass,  have  one  positive  axis-  like  zircojz  ;  but 
when  the  cylinder  has  the  form  of  a  tube,  like  AB, 
Fig.  31.  the  polarising  force  is  distributed  in  a  very  re- 
markable manner.  A  black  circular  fringe  m  p  n  o 
forms  the  line  of  no  polarisation,  and  the  coloured  fringes 
are  placed  on  each  side  of  this  dark  ring,  and  concentric 
■with  it.  The  structure  on  the  outside  oi  m  p  no  is  po- 
sitive, like  zircon,  &c.  and  the  structure  on  the  inside 
negative,  like  calcareous  spar.* 

The  breadth  of  the  negative  annulus,  a  o  is  always  less 
than  that  of  the  positive  annulus  A  o,  the  former  de- 
creasing, and  the  latter  increasing,  as  the  bore  of  the  tube 
diminishes ;  and  when  the  bore  becomes  extremely  small, 
as  in  Fig.  32.  the  negative  structure  is  also  extremely 
small,  and  sometimes  can  scarcely  be  seen  without  the 
aid  of  a  microscope. 

In  comparing  the  values  of  the  tints  with  their  dis- 
tances from  the  line  m  p  n  o,  Dr.  Brewster  has  found 
that  they  vary  as  the  distances.  Hence  it  is  obvious, 
that  the  glass  is  in  a  state  of  compression  within  the 
black  ring  m  p  n  o,  and  in  a  state  of  dilatation  without 
that  ring,  and  that  the  particles  are  held  in  violent  con- 
straint, entirely  different  from  that  position  of  equili- 
brium in  which  they  are  placed  in  plates  of  glass  with 
one  or  two  axes. 

If  a  tube  of  glass  is  brought  to  a  red  heat,  and  then 
cooled  by  inserting  in  its  bore  a  cylinder  of  iron,  or  any 
other  conducting  body,  the  structure  will  then  be  the 
same  as  is  represented  in  Fig.  33. 

If  a  solid  cylinder  of  glass  which  has  only  one  struc- 
ture, is  perforated  in  its  centre,  it  will  exhibit  the  ap- 
pearance in  Fig.  31. 


AV'hen  polarised  light  is  transmitted  through  a  long 
cylinder  of  urianncaled  glass,  in  a  line  perpendicular  to 
its  axis,  after  it  is  immersed  in  a  fluid  of  the  same  re- 
fractive power,  it  exhibits  the  same  ijtenomena  as  rect- 
angular plates  of  glass,  having  a  posii.ve  axis  perpendicu- 
lar to  its  length,  and  a  negative  axis  perpendicular  to  the 
positive  one  ;  but  in  the  cylinder,  the  external  tints  do 
not  rise  so  high,  from  the  diminution  in  the  thickness  of 
the  glass  towards  the  edge. 

The  same  phenomena  are  exhibited  by  a  glass  lube, 
but  ti)e  niaximum  tint  does  not  appear  along  the  central 
axis  of  the  tube,  but  on  each  side  of  it, — an  efTecl  obvi- 
ously occasioned  by  the  greater  thickness  of  the  glass  in 
these  directions. 

In  examining  the  structure  of  glass  tubes,  it  will  be 
found  that  they  are,  as  it  were,  divided  into  different  elc- 
nieniary  concentric  tubes  ;  and  that  in  some  cases  there 
is  an  actual  separation  between  them.  Hence  there 
arises  a  singularity  in  the  progression  of  the  tints.  In- 
stead of  shading  into  one  another,  each  elementary  tube 
has  an  uniform  tint  of  its  ownj  as  is  repi^-sentetl  in  Fig. 
34.  where  the  lube  ACBD  is  divided  into  four  tubes  I, 
1 ;  2,2;  3,  3  ;  4,  4  ;  the  tube  4,  4,  is  in  every  part  of  it 
a  luhile  of  the  first  order  ;  the  tube  3,  3,  is  every  where 
equally  dark,  being  the  black  circular  fringe  m  p  n  o  o{ 
Fig.  32  J  the  tubes  2,  2,  and  4,  4,  are  a  white  of  the  first 
order;  and  the  tube  I,  1,  is  a  yellow  of  the  first  order. 
Hence  it  follows,  that  in  tubes  whicli  possess  this  pecu- 
liarity of  structure,  each  elementary  tube  is  uniformly 
dense  througliout,  and  that  the  variation  of  density  lakes 
place  by  leaps. 

Art.  V. — On  the  effects  produced  by  subdividing,  or  al- 
tering the  form  of,  Plates  and  Cylinders  of  Glass. 

If  we  make  a  cut  with  a  diamond  across  the  line  a  b 
of  a  plate  of  glass  CDEF,  Fig.  25.  and  having  placed  it 
on  ihe  hot  iron  AB,  break  it  into  two  pieces  when 
the  fringes  are  fully  developed,  we  shall  find  that  each 
half  of  the  plate  has  the  saine  structure  as  the  whole  plate 
had  before.  The  heat,  whose  unequal  distribution  pro- 
ducing an  inequality  of  density,  (according  to  a  certain 
law  indicated  by  ihe  progression  of  the  tints,)  has  its 
distribution  instantaneously  altered,  and  a  portion  of  it 
escapes  during  the  change.  This  effect,  which  is  one 
of  the  most  singular  facts  in  natural  philosophy,  is  shown 
in  Fig.  35.  which  represents  the  arrangement  of  the 
tints,  when  the  glass  is  divided  along  the  line  r  s,  each 
plate  having  two  lines  of  no  polarisation,  and  one  negative, 
between  two  positive  structures,  exactly  like  ihe  primi- 
tive plate  before  it  was  divided.  If  the  plate  had  been 
divided  in  the  direction  CD,  the  angular  fringes  will  start 
up  at  the  two  new  angles  which  are  formed  by  the  divi- 
sion of  the  plate. 

This  experiment  may  be  performed  in  a  still  simpler 
manner,  by  taking  two  separate  plates  of  glass,  EF  a  r, 
GH  s  r,  Fig.  36.  When  these  plates  are  pressed  together 
wiih  the  force  of  a  screw,  and  then  laid  with  the  edge 
GH  on  a  plate  of  hot  iron,  the  heat  will  distribute  itself 
as  if  the  whole  constituted  one  plate,  nnd  produce  the 
effect  shown  in  Fig.  25  ;  but  the  moment  the  plates  ar* 
separated,  the  heat  will  distribute  itself  as  in  Fig.  36. 

When  the  tints  are  arranged  in  a  glass  cylinder,  as 


•  In  tlie  Edinburgh  Transactions,  vol.  viii.  p.  362,  from  which  these  remarks  &re  taken,  the  words,  "  negative  like  calcareous  spar," 
and  "  positive  like  quartz,"  should  be  transposed ;  and  in  the  same  page,  and  in  p.  Z6Z,poaiiive  and  n^j-ortir  should  also  be  transposed 
as  the  reader  will  readily  discover.  ' 
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in  Fig.  31.  take  a  file  with  a  very  sharp  edge,  and  cut 
the  tube  entirely  through  by  a  notch  EK,  Fig.  33.  By 
this  operation  the  panicles  will  be  freed  from  the  slate 
of  violence  in  which  they  are  held,  and  will  assume 
the  very  same  arrangement  which  they  never  fail  to 
take  in  rectangular  plates  of  glass.  By  exposing  the 
tube,  thus  divided,  to  polarised  light,  it  will  exhibit 
the  appearance  shown  in  Fig.  33.  where  m  fin  o.,  m'  fi' 
n'  o',  are  two  dark  fringes  having  a  negative  structure 
on  the  outer  side  of  each,  and  a  positive  structure  be- 
tween them,  as  in  plates  of  glass  with  two  axes.  The 
same  result  will  be  obtained  with  a  tube  of  a  very  large 
bore,  having  its  exterior  diameter  0.875  of  an  inch,  and 
its  interior  diameter  0.816  ;  so  that  the  thickness  of  the 
glass  was  only  0.059  of  an  inch.  When  the  tube  is  cut 
into  two  or  more  pieces,  each  piece  has  the  same  struc- 
ture as  a  plate  of  glass  with  two  axes.  By  a  number  of 
measurements.  Dr.  Brewster  found  that  the  diameter  o 
/i,  Fig.  31.  of  the  black  fringe  or  circle  of  no  polarisa- 
tion, is  a  geometrical  mean  between  the  interior  and  ex- 
terior diameters  of  the  tube  ;  th-tt  is, 
o/i  —  V  AB  X  a  b. 

If  we  take  a  piece  of  unannealed  glass,  perfectly  cir- 
cular, we  have  only  one  axis,  or  one  structure,  as  shown 
in  Fig.  8.  But  if  we  grind  the  smallest  quantity  from 
any  two  opposite  sides  CB,  AD,  so  as  to  induce  a  slight 
degree  of  elliplicity,  a  new  axis  is  created  ;  the  tint 
which  it  produces  appears  at  the  centre  of  the  plate, 
and  the  system  of  rings  has  the  form  sliown  in  Fig.  35, 
where  the  internal  structure  within  the  black  fringes 
AD,  CB,  is  negative,  and  the  two  external  structures 
without  AD,  CB,  positive. 

If,  on  the  contrary,  we  now  grind  a  small  quantity 
from  the  sides  AC,  BD,  so  as  to  reconvert  the  elliptical 
plate  into  a  circular  plate,  we  shall  find  that  the  new 
axis,  which  was  generated  by  the  change  of  form,  has 


Thickness  of  the  Plates. 

0.1125 

0.2000 
0.2666 
0.2833 
0.4375 


Maximum  Tint  at  the  Lower 
Edge  at  CD,  Fig.  25. 

Beginning  of  .B/uf  of  2d  order. 
Green  of  the  3d  order. 
Bluish  Green  of  the  4th  order. 
Green  of  the  Ith  order. 
End  of  Kcd  of  the  5th  order. 


entirely  disappeared,  so  that  the  plate  exhibits  the  figure 
shown  in  Fig.  8. 

For  further  information  on  the  subject  of  this  section, 
see  the  Philoso/i/ncal  Transactions,  1816,  p.  46;  and  the 
article  Heat,  vol.  x.  p.  677.  • 

Sect.  XI. — On  the  Polarisation   of  Light  by  Plates  of 
Glass  /ierma?ie>itly  crystallized. 

In  the  month  of  March,  1814,  Dr.  Brewster  found 
that  glass  melted  and  suddenly  cooled,  as  in  Piincc  Ru- 
pert's drops,  displayed  all  the  phenomena  of  doubly  re- 
fracting and  polarising  crystals, and  had,  in  the  most  dis- 
tinct manner,  regular  neutral  and  depolarising  axes. 

Dr.  Sccbcck  published,  in  Sclnvcigger's  Journal  for 
Dec.  1814,  an  account  of  a  series  of  experiments,  in 
which  he  had  communicated  the  polarising  structure 
permanently  to  plates  of  glass,  by  making  them  red-hot, 
and  then  cooling  them  gradually  ;  and,  in  the  summer  of 
1815,  Dr.  Brewster  discovered  the  same  method,  after 
he  had  made  all  his  experiments  on  the  transmission  of 
heat  thrciugh  plates  of  gh'ss. 

In  order  to  make  these  plates,  we  have  only  to  bring 
them  to  a  red  heat,  and  cool  them  as  rapidly  and  equally 
as  possible,  by  placing  a  conducting  substance  in  contact 
with  all  the  edges  of  the  plates.  When  the  plates  are 
cold,  they  will  exhibit  the  same  fringes  which  are  pro- 
duced during  the  transmission  of  heat,  and  which  are 
shown  in  Fig.  25. 

The  negative  plates  with  one  axis,  and  the  rectangular 
plates  with  the  principal  axis  negative,  cannot  be  pro- 
duced by  this  method. 

The  following  table  shows  the  tints  developed  by  rec- 
tangular plates  of  glass  of  different  thicknesses,  and 
which  were  cooled  by  placing  only  one  of  their  edges 
upon  a  piece  of  cold  iron. 

Numbers  in  Newfon'.'s 

Tint  in  the  Middle,  or  the  Table   corresponding 

Line  a  b.  Fig.  25.  to  the  Maximum  Tint. 

Blue  of  the  1st  order.  8.7 

Beginning  of  .B/ue  of  2d  order.  16.2 

Blue  of  2d  order.  22.0 

Beginning  of  Purfile  of  1st  order.  22.7 

Black  of  the  2d  order.  35.5 


For  farther    information    on    this    subject,  see  Phil.     Sect.  XIII. — On  the  Communication  of  the  Polarising 
Trans.  1816,  p.  78.  Structure  by  Comfiression  and  Dilatation. 


Sect.  XII. On  the  Polarisation  of  Light  by  Evafiora- 

tion  and  Gradual  Induration. 

The  earliest  experiment  on  this  branch  of  our  subject 
was  made  by  Dr.  Brewster,  in  the  beginning  of  18I4.» 
He  observed  that  when  caoutchouc  was  dissolved  by 
heat,  and  had  no  action  upon  light,  it  acquired  the 
polarising  structure  after  standing  a  certain  number  of 
days. 

The  same  effect  was  likewise  produced  by  the  gra- 
dual induration  of  calves'  foot  jelly,t  and  the  pheno- 
mena were  afterwards  more  fully  developed  in  paral- 
lelepipeds of  jelly  and  isinglass.  Our  limits,  how- 
ever, will  not  allow  us  to  enter  into  any  details  on  the 
subject,  and  we  must,  therefore,  refer  the  reader  to 
the  Phil.  Trans.  1814,  p.  2,  3;  1815,  p.  61;  and  1816, 
p.  172. 


On  the  3d  of  January,  1815,  Dr.  Brewster  discovered 
that  soft  animal  substances,  such  as  calves'  foot  jelly 
and  isinglass,  acquire  from  simple  pressure  that  pecu- 
liar structure,  which  enables  them  to  form  two  images 
polarised  in  an  opposite  manner,  like  those  produced 
by  all  doubly  refracting  crystals,  and  to  exhibit  the 
complementary  colours  produced  by  regularly  crystal- 
lized minerals.  This  remarkable  effect  was  observed 
in  a  cylindrical  piece  of  tender  calves'  foot  jelly,  which 
could  scarcely  support  its  own  weight,  and  which  had 
no  action  whatever  upon  polarised  light  ;  but  whenever 
it  was  pressed  in  the  slightest  manner  between  the  finger 
and  the  thumb,  or  even  touched  gently  by  the  finger, 
it  instantly  displayed  the  properties  of  the  polarising 
structure. 

During  some  subsequent  experiments  on  this  subject, 
in  October,  1815,  the  same  author  observed  that  com- 


•  See  Pha.  Trans.  1814,  p.  8.  31. 


t  Phil.  Ti-atit.  1815,  p.  61,  &c. 
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Jiression  produced  a  negative  polarising  structure,  and 
dilatation  a  fiositive  polarisinj^  structure  ;  and  by  dilating 
isinglass,  he  created  a  polarising  structure  much  more 
powerful  than  that  which  is  possessed  by  Beryl. 

These  experiments,  which  had  hitherto  been  con- 
fined to  a  soft  solid,  he  extended,  on  the  1st  November, 
1815,  to  plates  of  solid  glass;  but  finding  it  difficult  to 
apply  regular  forces  to  such  a  hard  substance,  so  as  to 
develop  regular  effects,  and  ascertain  the  laws  of  the 
phenomena,  he  conceived  the  idea  of  developing  the 
polarising  structure,  by  bending  /ilates  of  glass,  tuliose 
edges  -were  ground  and  fiolished.  In  this  way  ne  suc- 
ceeded in  developing  the  phenomena  in  the  most  simple 
manner. 

If  we  take  any  slip  of  glass,  cut  merely  with  a  dia- 
mond, and  holding  one  end  of  it  in  each  hand,  bend  it 
slightly,  we  shall  observe,  through  its  edges,  when  ex- 
posed to  polarised  light,  two  separate  structures  AB, 
CD,  Fig.  2.  separated  by  a  dark  line  MN  ;  and  each 
of  them  covered  witii  coloured  fringes,  the  scale  of 
•which  commences  at  MN.  When  the  axis  of  a  plate  of 
sulphate  of  lime  is  made  to  cross  these  fringes,  those 
in  CD,  on  the  concave  side,  will  rise  in  the  scale,  and 
■will  therefore  be  fiositive,  while  those  in  AB,  on  the 
convex  side,  will  fall  in  the  scale,  and  will  therefore  be 
negative.  By  measuring  the  breadth  of  the  fringes, 
the  tints  were  found  to  vary  as  their  distance  from  the 
axis. 

When  two  bent  plates  of  glass  cross  one  another  at 
right  angles,  as  shown  at  Fig  1.  the  interscctional  frin- 
ges are  straight  lines  parallel  to  m  n,  the  line  of  no  pola- 
risation. 

When  a  plate  of  bent  glass  CD,  Fig.  3.  is  made  to 
cross  a  plate  of  glass,  AB,  crystallized  permanently  by 
rapid  cooling,  the  interscctional  fringes  will  be  Jiara- 
bolas,  whose  vertices  will  be  towards  the  convex  side, 
if  the  principal  axis  of  AB  is  fiositive,  as  in  the  figure, 
but  towards  the  concave  side,  if  the  principal  axis  of  AB 
is  negative. 

The  doubly  refracting  structure  may  also  be  com- 
municated to  rock  salt,  fiuor  sfiar,  diamond,  amber,  co- 
fial,  caoutchouc,  rosin,  fihosfihorus,  and  other  sub- 
stances. 

By  the  application  of  compressing  and  dilating  forces. 
Dr.  Brewster  succeeded  in  altering  the  polarising  struc- 
ture of  regularly  crystallized  bodies  in  every  direction  ; 
but  the  effect,  as  might  have  been  expected,  was  always 
most  obvious  when  it  was  produced  along  the  real  or 
the  resultsnt  axes,  where  the  natural  doubly  refracting 
force  was  a  minimum. 

By  using  plates  of  crystals,  and  applying  the  forces 
to  parallel  surfaces,  he  obtained  the  following  results: 


Axes  of  Compres- 
sion ,  or  Dilataiion 
parallel  tothe  A\i3 
or  the  Crystal. 

pressed    Tints  rise 


Axis  of  Compres- 
sion, or  Dilatation 
perpendicular  to 
Axis  of  Crystal. 

Tints  descend 


,,    :.  ,  ,    CCompr 

Positive     crystals  ^pi,^/^j  Tints  descend    Tints  rise 

Nepative    crvstals  ^'^P'^P'',''^^''     Tints  descend    Tints  rise 
Negative    crystals  ^  ^jj^j^^  Tims  rise  Tints  descend 

For  farther    information    on  this  subject,   see    Phil. 
Trant,  1816,  p.  156;  and  Edin.  Trans,  vol  viii.  p.  281. 


Sect.  XIV. — On  the  Polarisation  of  Light   by   Metals. 

When  Malus  published  his  discovery  of  the  polari- 
sation of  light  by  reflexion,  he  announced  that  the 
metals  polarised  light  in  a  very  imperfect  manner;  but 
upon  resuming  the  investigation,  and  examining  the 
action  of  metallic  surfaces  upon  polarised  light,  he 
found  that,  when  the  plane  of  reflexion  from  the  metal 
was  inclined  about  45°  to  the  plalie  of  primitive  polari- 
sa.ion,  the  polarised  ray  was  depofarised  by  the  metal, 
which  could  only  be  effected  by  the  power  of  pro- 
ducing two  oppositely  polarised  images.  When  the 
plane  of  reflexion  was  either  parallel  or  perpendicular 
to  the  plane  of  primitive  polarisation,  the  polarised  ray 
suffered  no  change.  Hence  Malus  concluded,  that  while 
transparent  substances  refract  aii  the  light  polarised  in 
one  plane,  and  reflect  all  the  light  polarised  in  the  oppo- 
site plane,  metallic  bodies  reflect  what  they  polarise  in 
both  planes.* 

In  examining  the  effects  produced  by  successive  re- 
flexions from  metallic  surfaces.  Dr.  Brewster  disco- 
vered that  they  possessed  the  singular  property  of  pro- 
ducing, when  exposed  to  polarised  light,  the  phenomena 
of  the  complementary  colours,  and  of  moveable  polarisa- 
tion, like  crystallized  bodies. 

Let  us  suppose  that  two  parallel  plates  of  highly  po- 
lished silver,  about  three  or  four  inches  long,  and  half  an 
inch  broad,  are  fixed  at  the  distance  of  about  half  an  inch, 
and  are  interposed  at  ef,  Plate  CCCCXXXVI.  Fig  4. 
between  the  polarising  plane  AB,  and  the  analysing 
plate  CD,  and  that  the  silver  plates  can  be  turned  round, 
that  the  plane  of  reflexion  may  form  any  angle  with  the 
plane  of  primitive  polarisation  AST.  If  the  plane  of 
reflexion  from  the  silver  plates,  is  either  parallel  or  per- 
pendicular to  the  plane  of  primitive  polarisation,  the 
action  of  the  plates  upon  the  polarised  ray  will  be  no- 
thing, that  is,  the  ray  will  retain  its  primitive  polarisa- 
tion, and  will  be  colourless,  however  great  be  the  num- 
ber of  reflexions.  In  every  other  position,  however,  of 
the  plane  of  reflexion  from  the  silver  plates,  and  at  every 
angle  of  incidence,  the  polarised  ray  will  be  divided  into 
two  portions,  O  and  E,  one  of  which,  O,  retains  its  pri- 
mitive polarisation,  while  the  other,  E,  is  polarised  in  an 
angle  equal  to  2  a,  or  twice  the  azimuth  of  the  plane  of 
reflexion.  When  a  is  45°,  the  tint  E  is  a  maximum,  just 
as  in  plates  of  regularly  crystallized  bodies ;  the  azi- 
muthal  angle  of  the  plane  of  reflexion  in  the  former  re- 
placing the  azimuth  of  the  axis  in  the  latter. 

When  a  polarised  ray  is  reflected  from  a  single  me- 
tallic surface  in  the  manner  now  described,  it  expe- 
riences the  same  modification,  as  if  it  had  passed  through 
a  plate  of  any  crystallized  body  of  a  certain  thickness. 
If  the  action  of  the  metallic  surface  is  combined  with 
that  of  a  plate  of  sulphate  of  lime,  having  its  axis  co- 
incident with  the  plane  of  reflexion,  the  colour  polarised 
by  the  system  will  be  that  which  is  due  to  the  sum  of 
the  thicknesses  of  the  crystallized  plate,  and  the  equi- 
valent plate  of  the  same  substance  ;  but  if  the  axis  of 
the  plate  is  at  right  angles  to  the  plane  of  reflexion,  the 
colour  polarised  by  the  system  will  be  that  which  belongs 
to  the  difference  of  the  .thicknesses  of  the  crystallized 
plate  and  the  equivalent  plate.  The  same  is  true  of  two 
or  more  metallic  reflexions,  each  reflexion  being  equi- 
valent to  a  plate  of  a  crystallized  body  of  a  given  thick- 


•  The  polarisation  of  light  by  metallic  bodies  was  discovered  by  Dr.  Brewster  before  he  knew  that  Malus  had  resumed  the  consi- 
deration of  this  subject.     See  Treatise  on  A'e^t/  P/iil.  lust.  Pref.  p.  xiii.  xW.  and  p.  347. 


742 


OPTICS. 


ncss,  iheir  tliickncss  varying  wiilj  ihc  angle  of  inci- 
dence ;  and  if  the  anj^lc  of  incidence  vaiiis,  the  tliick- 
ness  of  the  equivalent  plate  always  increases  as  ihc  angle 
of  incidence  upon  the  metal  diininishcs  ;  or  the  depth 
to  which  the  incident  ray  penetrates  the  metallic  sur- 
face, increases  as  it  approaches  to  l!)C  perpendicular. 

The  same  effect  is  pjoduced  by  successive  reflexions 
from  Gold,  and,  in  an  inferior  degree,  from  Platinum., 
Steel,  Brass,  Copfier,  Tin,  Lead,  Mtrcttry,  metal  for 
sfiecula,  and  Amalgam  of  Bismuih. 

When  a  ray  of  common  light  has  suffered  a  number 
of  reHexionsfrom  polished  plates  of  silver.  Dr.  Brewster 
found,  that  even  when  the  number  of  reflexions  was 
thirty-six,  the  emergent  pencil  consisted  of  two  pencils 
polarised  in  opposite  planes.  A  portion  of  the  most  re- 
fi-angible  rays  was  absorbed  at  each  reflexion,  so  that  the 
resulting  pencil  was  of  a  dee/i  red  colour.  As  one  of  the 
images  was  decidedly  fainter  than  the  other,  the  pencil 
would  have  ultimately  been  all  polarised  in  the  plane  of 
reflexion.  Hence  it  follows,  that  the  intensity  of  the 
pencil  polarised  in  the  plane  of  reflexion  is  greater  than 
that  of  the  pencil  polarised  in  the  opposite  plane  ;  but 
these  two  intensities  approach  nearer  to  equality  in  sil- 
ver than  in  any  other  metal. 

If  common  light  is  incident  upon  Steel,  and  all  the 
other  metals  except  Gold  and  Silver,  five  or  six  re- 
flexions at  an  angle  of  70°  are  sufficient  to  polarise  the 
whole  of  the  incident  pencil  in  the  ))lane  of  reflexion. 
Hence  it  follows,  that  in  all  these  metals  the  pencil  po- 
larised in  the  plane  of  reflexion  exceeds  greatly  in  in- 
tensity that  which  is  polarised  in  an  opposite  plane ;  a 
great  portion  of  this  last  pencil  having  been  absorbed 
by  the  substance  of  the  metal. 

The  first  experiments  of  Dr.  Brewster  were  repeated 
by  M.  Biot,  who  obtained  also  several  similar  results. 
A  full  account  of  the  history  of  this  branch  of  the  sub- 
ject will  be  found  in  an  early  number  of  the  F.dinburgh 
Philosophical  Journal.  M.  Blot's  account  of  the  sub- 
ject will  be  found  in  his  Traite  de  Physique,  torn.  iv. 
p.  579. 

Sect.  XV". — On  the  Polarisation  of  Light  by  Total  Re- 
flexion from  the  Second  Surfaces  of  Transparent  Bodies. 

The  discovery  of  the  polarisation  of  light  in  two  op- 
posite pencils  by  the  action  of  the  forces  which  produce 
total  reflexion,  was  made  by  Dr.  Brewster  in  1814,  and 
explained  in  his  paper  on  the  Polarisation  of  Light  by 
Reflexion. 

The  experiments  by  which  he  ascertained  this  pro- 
perty were  conducted  in  a  manner  similar  to  those  of 
Malus  upon  polished  metals.  A  ray  of  polarised  light 
was  found  to  be  depolarised  by  total  reflexion,  when  the 
plane  of  total  reflexion  was  inclined  45°  to  the  plane  of 
primitive  polarisation,  and  in  intermediate  degrees  at 
different  azimuthal  angles,  excepting  when  the  azimuths 
are  0°,  90°,  180°,  and  270°,  or  when  the  plane  of  total 
reflexion  is  parallel  or  perpendicular  to  the  plane  of  pri- 
mitive polarisation. 

During  these  experiments.  Dr.  Brewster  likewise 
discovered  that  the  complementary  colours  of  moveable 
polarisation  were  produced  by  total  reflexion  in  a  man- 
ner analogous  to  those  produced  by  metallic  surfaces  ; 
one  reflexion  appearing  to  correspond  to  an  equivalent 
plate  of  a  crystallized  body  of  a  certain  thickness.   The 


effect  is  increased  by  increasing  the  niimher  of  re- 
flexions in  the  same  plane  ;  but  wlien  the  two  reflexioijs 
are  in  planes  at  right  ani;les  to  each  other,  the  atlioiis 
counteract  each  otlier.  These  c fleets  he  attri'.iuted  to 
the  circumstance  of  one  of  the  pencils  being  liter  in 
suffering  rtllcsion  than  the  other,  the  first  being  under 
the  influence  of  the  lorce  that  protluces  the  usual  par- 
tial reflexion,  and  the  other,  alter  beginning  to  be  re- 
fracted, being  caused  to  return  by  the  continued  opera- 
tion of  the  same  power.  This  idea,  which  he  commu- 
nicated to  Dr.  Young,  as  supporting  his  ingenious  theory 
of  recurrent  colours,  was  afterwards  adopted  by  that 
eminent  author. 

In  the  year  1816,  Dr.  Brewster  undertook  a  set  of  ex- 
periments on  a  large  scale,  on  the  efl'ects  produced  by 
total  reflexion  ;  and  in  the  same  year  he  announced  in 
the  journals  that  a  new  kind  of  moveable  polarisation 
was  produced.  These  experiments,  which  prove  that 
the  total  reflexion  communicates  properties  to  polarised 
light  different  Irom  those  of  orilinary  polarisation,  were 
signed  by  the  President  of  tlie  Piiy;>ical  Class  of  the 
Royal  Sociely  of  Edinburgh,  but  have  not  yet  been  pvib- 
lishcd. 

The  fine  discovery  of  M.  Fiesnel,  that  the  pheno- 
mena of  circular  polarisation  may  be  produced  by  the 
combination  of  total  reflexions  in  opposite  planes  with 
the  ordinary  polarisini;  action  of  crystals  has  already 
been  explained  in  Sect.  vi.  p.  732. 

Sect.  XVI. — On  the  j/ciion   of  Crystallized   Surfaces 
upon  Light. 

It  has  been  remarked  by  Malus,  "  that  the  action 
which  the  first  surface  of  Iceland  spar  exercises  upon 
light,  is  independent  of  the  position  of  its  principal 
section  ;  that  its  reflecting  power  extends  beyond  the 
limits  of  the  polarising  forces  of  the  crystal,  and  that,  as 
light  is  only  polarised  by  penetrating  the  surface,  the 
forces  which  produce  extraordinary  refraction  begin  to 
act  only  at  this  limit."  He  also  observes,  that  "  the 
angle  of  incidence  at  v/hich  Iceland  spar  polarises  light 
by  partial  reflexion,  is  56°  3o' ;  tliat  it  then  comports 
itself  like  a  common  transparent  body  ;  and  that,  what- 
ever be  the  angle  comprehended  between  the  plane  of 
incidence  and  the  principal  section  of  the  crystal,  the 
ray  reflected  by  the  first  surface  is  always  polarised  in 
the  same  manner."* 

In  order  to  examine  with  care  the  superficial  action 
of  calcareous  spar,  Dr.  Brewster  exposed  several  sur- 
faces by  cleavage,  and  having  selected  the  one  that  had 
the  most  perfect  polish,  he  covered  all  the  other  sides 
of  the  rhomb  with  black  wax,  and  measured  the  polar- 
ising angles  in  planes  variously  inclined  to  the  principal 
section.  The  following  are  the  results  of  a  great  num- 
ber of  observations : 

Polflrisin^       Ko.  of 
Position  of  tlie  crystal.  Azimuth.         angle,     obseriations 

Short  diagonal  in  pli'.nc  of  reflexion         0°  5i°  14         39 

One  of  the  edges  in  plane  of  reflexion  50  57^'    53   32         15 
Long  diagonal  in  plane  of  reflexion       90  59   32         37 

Difference  between  the  greatest  and  least  po- 
larising angles    .        .        .        .         .        .        2"  IS' 

The  following  observations  were  made  with  rhombs 
taken  from  a  different  mass  of  calcareous  spar: 


•  Thcorie  de  la  Double  R^ractiott,  p.  240, 241,  and  Blot's  Traite  de  Physique,  torn.  iv.  p.  339. 
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Polarising       No.  of 
Poritionofihe  orjslal.  Azimu  b.         angle,     obiervaliom. 

Short  diagoiialin  plane  of  reflexion         0°  57"  36'  5 

(Jne  of  llie  edges  in  plane  of  itflexion  50  5ri'     58   5(J  7 

Long  diagonal  in  plune  of  reflexion       90  59   44  7 

DilTerence  between  the  greatest  and  least  po- 
larising angles  .         •         ...         2°    8' 

In  these  expeiiments  the  results  were  the  same,  whe- 
ther the  obtuse  angle  of  the  rhomb  was  nearest  or  far- 
thest from  the  eye,  or  whether  it  was  to  the  right  or  left 
liand  of  the  observer. 

In  order  to  determine  the  angle  of  polarisation  for 
surfaces  ditierently  inclined  lo  the  axis,  he  selected  some 
fine  Farce  crystals  of  calcareous  spar  from  the  cabinets 
of  Sir  George  Mackenzie  and  Mr.  Allan.  One  of  these 
crystals  was  an  acuie  dodecahedron,  havini;  a  highly  po- 
lished surface  inJined  about.  5°  to  the  axis,  and  with  it 
he  obtained  the  following  results. 

Posiiton  of  the  crystal.  Polarising  angle.  No.  of  observations. 

Axis  in  plane  of  reflexion      .         .         54°  18'  13 
Axis  perpendicular  to  plane  of  re- 
flexion          58    14  10 

In  any  fjiven  surface  of  the  rhomb,  where  A  and  A" 
are  the  niiuimum  and  maximum  polarising  angles,  viz. 
in  the  azimuth  ol  0°  ano  90°,  the  polarising  angle  A',  at 
any  intermediate  azimuth  »,  may  be  found  by  the  for- 
mula 

A'=:A-f  Sin.*«(A"— A.) 

In  the  rhomhoii.al  surfaces  of  calcareous  spar, 
A"— A— 138'. 

Since  the  extraordinary  force  in  calcareous  spar  was 
thus  shown  lo  extend  lo  such  a  distance  beyond  th^  sur- 
face as  to  modify  the  polarising  angle  produced  by  su- 
perficial reflexion,  it  became  extremely  probable  that 
the  polarisation  of  the  reflected  ray  might  sutter  some 
change  from  the  same  cause  :  Dr.  Bi  twster  accordingly 
introduced  a  film  of  oil  of  cassia  bttween  a  glass  prism 
and  the  surface  of  the  spar,  and  having  inclined  the 
prism  at  a  very  sinall  angle  to  that  surface,  he  thus  sepa- 
rated the  image  formed  at  the  common  surface  of  the 
prism,  and  the  oil  from  the  image  formed  at  the  com- 
mon surface  of  the  oil  and  the  spar.  The  effect  was 
exactly  what  he  had  anticipated  The  influence  of  the 
ordinary  reflecting  force  was  reduced  almost  to  nothing, 
and  the  light  reflected  from  the  separating  surface  of 
the  oil  and  the  spar,  was  polarised  at  an  angle  of  about 
45  J",  and  was  almost  entirely  under  the  dominion  of  the 
force  which  emanated  from  the  axis  The  following 
were  the  results  obtained  with  an  ordinary  surface,  in- 
clined 45°  23§'  to  the  axis. 

1.  JzimutU  'j°.  When  the  plane  of  the  principal  sec- 
tion is  in  the  plane  of  reflexion,  the  light  reflected  at 
the  surface  of  the  oil  and  the  spar  is  polarised  in  the 
plane  of  reflexion,  the  obtuse  solid  angle  being  farthest 
from  the  eye.  The  light  of  the  image  is  of  a  faint  red 
colour,  and  has  very  little  intensity. 

2.  Azimuth  1 2°.  The  obtuse  angle  being  farthest  from 
the  eye,  the  reflected  pencil  is  polarised  about  45°  out 
of  the  plane  of  reflexion. 

3.  Jzimulh  42°.  The  reflected  pencil  is  polarised 
transverse  to  the  plane  of  reflexion,  or  9ii°  out  of  it. 
The  light  is  now  of  a  yellowish  white  tint,  and  is  much 
more  intense  than  isi  azimuth  0°. 

4.  Azimuth  90°.  When  the  plane  of  reflexion  is  per- 
pendicular to  the  plane  of  the  principal  section,  the  ob- 


tuse solid  angle  being  either  to  the  right  or  left  hand, 
the  reflected  pencil  is  polarised  a  little  more  than  135°, 
or — 45°  out  of  the  plane  of  reflexion.  The  intensity 
of  the  pencil  is  now  intermediate  between  that  of  azi- 
muth 0°  and  45°. 

5.  Jlzimuth  180°.  The  obtuse  angle  being  now  next 
the  eye,  the  pencil  is  polarised  180°  out  of  the  plane  of 
reflexion,  or  it  has  again  returned  into  that  plane. 

In  passing  through  the  last  45°  of  azimuth,  the  po- 
larisation varies  very  slowly,  the  change  being  only  about 
10°  :  whereas,  in  passing  through  the  first  42°  of  azi- 
muth, the  polarisation  varies  no  less  than  90°,  indicating" 
in  the  most  unequivocal  manner,  as  we  shall  afterwards 
see,  that  this  change  depends  upon  the  angle  which  the 
incident  ray  forms  with  the  axis  of  the  crystal.  In  the 
course  of  these  experiments  many  other  unexpected  re- 
sults were  obtained  ;  but  we  must  refer  the  reader  to 
the  Phil.  Trans.  1819,  p.  145,  &c.  for  a  fuller  detail  of 
them. 

The  light  reflected  from  the  separating  surface  of  the 
oil  and  the  sfiar  is  a  maximum^  when  the  plane  of  the 
principal  section  is  perpendicular  to  the  plane  of  reflex- 
ion, and  its  colour  is  then  nearly  white.  When  these 
two  planes  coincide,  the  intensity  of  the  light  is  a  mini- 
mum, and  its  colour  is  then  a  faint  red  ;  and  in  interme- 
diate positions,  the  reflected  pencil  has  both  its  intensity 
and  its  colour  of  an  intermediate  character.  In  the  azi- 
muth of  42°,  the  reflected  pencil  exiiibits  a  very' curious 
phenomenon  when  analysed  with  calcareous  spar.  Its 
■colour  is  then  yellowish  white,  and  all  the  ye/Zow  light  is 
polarised  transversely  to  the  plane  of  reflexion.  One  of 
the  images,  however,  instead  of  vanishing,  consists  of 
blue  and  red  light,  the  red  vanishing,  and  the  blue  be- 
coming .more  brilliant  as  the  analysing  prism  is  turned 
to  the  lefi  ;  and  the  blue  vanishing,  and  the  red  becom- 
ing mort  brilliant  as  the  prism  is  turned  to  the  right. 
This  eff"ect  arises  from- the  difference  in  the  angles  at 
which  the  red  and  blue  rays  are  incident  upon  the  sepa- 
rating surface  of  the  oil  and  the  spar.  Each  set  of  rays, 
therefore,  as  will  afterwards  appear,  suffers  a  diff'erent 
change  of  polarisation;  the  one  being  polarised  about 
87°  out  of  the  plane  of  reflexion,  and  the  other  92°. 

Dr.  Brewster  repeated  the  preceding  experiments, by 
subsiiuiting,  in  place  of  oil  of  cassia,  -water,  alcohol,  cas- 
tor oil.  balsam  of  cajiivi,  and  oil  of  anise  seeds,  a  series 
ol  fluids  '.vhose  lelVactive  powers  increase  progressively. 
With  water,  the  light  refuses  to  be  polarised  completely 
in  the  direction  of  the  Ibng  diagonal,  while  it  suffers 
complete  polarisation  in  the  direction  of  the  short  diag- 
onal. With  alcohol,  the  direction  of  the  polarisation  is 
not  altered.  With  castor  oil,  ihe  intensity  of  the  light  is 
greater  in  the  direction  of  the  long  diagonal  than  in  that 
of  the  short  one  ;  and  in  the  former  case,  the  pencil  is 
polarised  at  a  much  greater  angle  than  in  the  latter. 
With  balsam  of  cafiivi,  in  the  aziiiiuth  of  45°,  the  pen- 
cil is  polarised  about  15°  out  of  the  plane  of  reflexion. 
In  the  azimuth  of  90°,  the  pencil  is  not  completely  po- 
int ised  at  any  angle,  but  is  nearly  so  in  the  plane  of  re- 
flexion, and  at  a  considerable  angle  of  incidence.  In  0* 
of  azimuth,  the  pencil  is  completely  polarised  in  the 
plaiic  of  reflexion.  With  oil  of  anise  seeds,  in  azimuth 
45°,  the  pencil  is  polarised  about  45°  out  of  the  plane  of 
reflexion.  In  azimuth  90°,  the  pencil  refuses  to  be  po- 
larised at  any  angle,  and  in  0°  of  azimuth,  the  polarisa- 
tion is  complete  in  the  plane  of  reflexion. 

As  the    precedini^  results  were  obtained  with  a  sur- 
face inclined  45°  23^'  to  the  axis,  Dr.  Brewster  was 
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anxious  to  observe  the  effects  produced  by  the  Faroe 
crystals,  where  the  natural  faces  are  nearly  in  the  plane 
of  the  axis.  He  accoidingly  repealed  the  experinicnls 
with  a  variety  of  these  crystals,  and  in  every  case  he 
observed  the  same  phenomena.  In  the  azimuth  of  90*, 
where  the  polarising  angle  is  58"  U',  the  pencil  was 
polarised  a  degree  or  two  out  of  the  plane  of  reflexion. 
In  the  azimuth  of  45",  where  the  polarising  angle  is 
about  56''  16',  the  change  of  polarisation  is  about  40°; 
and  in  the  azimuth  of  0°,  where  the  polarising  angle  is 
54°  18',  the  change  of  polarisation  was  a  little  more 
than  90°  when  the  obtuse  angle  was  farthest  from  the 
eye,  and  about  106°  when  the  obtuse  angle  was  nearest 
the  eye.  In  all  these  positions,  the  image  reflected  from 
the  surface  of  the  oil  and  the  spar,  is  nearly  as  bright  as 
that  from  the  surface  of  the  prism  and  the  oil. 

In  order  to  determine  the  change  of  polarisation  \yhen 
the  plane  of  reflexion  was  perpendicular  to  the  axis,  it 
was  necessary  to  have  a  prismatic  crystal  of  calcareous 
spar  with  a  polished  summit;  but  he  always  found  this 
summit  rough  and  unpolished.  There  was,  therefore, 
•  no  alternative  but  to  polish  an  artificial  face  cut  in  this 
direction  ;  and  upon  the  application  of  oil  of  cassia,  he 
found  that  in  every  azimuth  the  change  of  polarisation 
was  about  75°.  The  colour  of  the  image  was  a  bright 
yellow,  and  a  little  blue  light  remained  at  the  point  of 
evanescence. 

In  extending  these  experiments  to  other  crystals,  our 
author  obtiiined  similar  results;  but  there  are  none  so 
well  fitted  for  this  species  of  examination  as  calcareous 
spar.  In  applying  oil  of  cassia  to  a  very  fine  prism  of 
chromate  of  lead,  the  direction  of  the  polarisation  was 
not  in  the  slightest  degree  altered,  as  the  ordinary  ac- 
tion was  not  sufficiently  weakened  to  render  visible  the 
influence  of  the  interior  force.  When  the  plane  of  reflex- 
ion passed  through  the  axis  of  the  prism,  blue  light  re- 
mained in  the  vanishing  image  ;  but  in  a  plane  rectangu- 
lar to  this,  the  light  was  completely  polarised,  as  in  the 
experiment  when  the  reflecting  surface  was  in  contact 

with  air. 

Dr.  Brewster  now  tried  rock  crysCal  and  oil  of  anise 
seeds,  which  have  nearly  the  same  mean  refraction  ;  but 
on  account  of  the  great  debility  of  the  interior  polarising 
force,  it  was  not  able  to  overpower  or  even  to  modify 
that  which  accompanies  partial  reflexion.  He  could 
easily  have  reduced  this  last  force  still  farther,  till  it 
came  under  the  dominion  of  the  first:  but  the  reflecting 
power  would  have  been  reduced  in  the  same  proportion, 
and  would  not  have  been  capable  of  driving  back  a  num- 
ber of  rays  sufficient  to  form  a  perceptible  image.  But 
though  the  polarisation  is  not  changed  at  the  separating 
surface  of  the  oil  and  the  rock  crystal,  yet  the  character 
of  the  reflected  light  is  modified  in  a  very  remarkable 
manner.  When  the  plane  of  reflexion  from  one  of  the 
sides  of  the  prism  of  rock  crystal  was  in  the  direction 
of  the  axis,  or  in  0°  of  azimuth,  the  reflected  image  was  a 
deefi  blue  of  very  little  intensity ;  whereas,  in  a  rectan- 
gular direction,  where  the  azimuth  was  90°,  it  was  of  a 
brick  red  colour,  and  much  more  luminous.  On  one  of 
the  faces  of  the  pyramid,  in  azimuth  0°,  the  tint  was  a 


brilliant  fiink,  intermediate  between  the  red  and  the  blue  ; 
and  on  the  same  face,  in  90°  of  azimuth,  it  was  of  a 
brick  red  colour,  as  before.  These  variations  are  obvi- 
ously related  to  the  axis  of  double  refraction,  and  indi- 
cate the  extension  of  its  force  within  the  sphere  of  par- 
tial reflexion.  The  origin  of  the  colours  themselves. 
Dr.  Brewster  will  soon  have  occasion  to  explain,  in  a  pa- 
per on  the  action  of  uncrystallized  surfaces.* 

3.  General  results  deduced  from  the  fireceding  exfieri- 
ments. — Had  it  been  in  our  author's  power  to  command 
a  series  of  the  most  perfect  crystals,  or  to  communicate 
to  artificial  faces  that  high  polish  which  nature  often  ex- 
hibits, he  might  have  obtained  a  more  complete  gene- 
ralization  of  the  preceding  phenomena.  Limited,  how- 
ever, as  the  investigation  has  been  by  these  causes,  it 
still  presents  us  with  several  views  of  great  generality 
and  interest. 

1.  The  force  of  double  refraction  and  polarisation  ex- 
tends without  the  surface  of  crystals,  and  within  the 
sphere  of  the  force  which  produces  partial  reflexion. 

2.  The  change  in  the  angle  of  polarisation,  produced 
by  the  interior  force,  depends  on  the  inclination  of  the 
reflecting  surface  to  the  axis  of  the  crystal,  and  also  on 
the  azimuthal  angle  which  the  plane  of  reflexion  forms 
with  the  principal  section. 

3.  The  change  in  the  direction  of  the  polarisation 
must  be  produced  after  the  ray  has  suffered  reflexion ; 
for  if  the  change  preceded  reflexion,  the  reflecting  force 
would  have  polarised  it  in  the  plane  of  reflexion,  what- 
ever had  been  the  direction  of  its  previous  polarisation. 

4.  The  change  in  the  direction  of  the  polarisation  de- 
pends upon  the  angle  which  the  incident  ray  forms  with 
the  axis  of  the  crystal,  and  takes  place  in  such  a  man- 
ner, that  if 

<^  n  angle  of  incident  ray  with  the  axis  ;  and 

C^:  change  in  the  direction  of  the  polarisation, 
we  shall  have  Sin.  ^  C  :^  V  Sin.  <p. 
If  we  make 

A  :z  complement  of  the  inclination  of  the  reflecting 
plane  to  the  axis  ; 

«— azimuth  of  the  plane  of  incidence  with  the  prin- 
cipal section ;  and 

j^:  angle  of  incidence  reckoned  from  the  perpendi- 
cular, we  shall  have 

Cos.  «  X  Tang.  A  — Tang,  z,  and 
Cos.  A  X  Cos.  ('^=z) 

Cos.  4>  = 7"' 

^  Cos.  z. 

In  one  of  the  ordinary  rhomboidal  surfaces,  where  the 
inclination  to  the  axis  is  45°  23|',  Az:44°  36>' ;  and  with 
oil  of  cassia  i,  or  the  incidence  of  the  mean  ray,  when 
the  polarisation  is  complete,  is  about  45°  17'.  Dr. 
Brewster  assumed  it  at  45°  23i',  (which  will  be  more 
correct  for  the  mean  luminous  ray  than  45°  17',)  for  the 
purpose  of  making  the  change  of  polarisation  com- 
mence with  zero  in  0°  of  azimuth. 

Upon  these  principles,  he  computed  the  following  ta- 
ble, which  shows  the  change  in  the  direction  of  the  po- 
larisation, corresponding  to  any  azimuth  and  any  inclina- 
tion of  the  incident  ray  with  the  axis. 


•  This  paper  was  read  before  the  Royal  Society  of  Edinburgh,  on  the  4th  of  January,  1819. 
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Table  shewing  the  Change  in  the  Direction  of  the 
Polarisation  in  different  Azimuths. 


Azimuth. 

loclination  of  Incident 
Raj  to  the  Asii. 

Chanre  in  the  Direction 
of  the  Polarisation. 

o 

o       / 

o      f 

0     0 

0      0 

10 

6  54 

40    36 

20 

16   50 

65      6 

30 

23      0 

77   22 

40 

29   24 

88   52 

45 

32   38 

94   34 

SO  ST^ 

36  29 

100  54 

60 

42    17 

110    10 

70 

48   32 

120     0 

80 

54  37 

129      8 

90 

60     0 

137     0 

100 

65   56 

145  48 

110 

71      4 

153     4 

120 

75   42 

159   48 

129   2^' 

79   28 

165     3 

135 

81   41 

169   46 

140 

83   22 

170   34 

150 

86    12 

174   52 

160 

88    18 

177   35 

170 

89   33 

179   28 

180 

90     0 

180     0 

The  results  in  the  preceding  table,  enable  us  to  ex- 
plain the  phenomenon  described  in  p.  744.  As  the  in- 
terposed oil  of  cassia  has  a  prismatic  form,  and  a  very 
high  dispersive  power,  the  blue  and  the  red  rays  are 
incident  at  different  angles  with  the  axis,  and  therefore 
the  change  in  the  direction  of  their  polarisation  must  be 
different.  The  nearest  approximation  to  evanescence 
in  one  of  the  images,  belongs  to  the  mean  ray  of  the 
spectrum,  and  therefore  at  this  point  the  image  that 
should  have  vanished,  must  consist  of  blue  and  red 
light,  one  of  which  colours  will  disappear  before,  and 
the  other  after  \\\e  mean  ray.  See  Phil.  Trans.  1819, 
p.  145. 

Sect.  XVI. — On  the  Phenomena  of  Tesselaled  Crystals. 

In  all  the  crystals  which  have  hitherto  come  under 
our  notice,  every  portion  of  the  crystal  had  the  same 
property  as  the  whole,  and  the  forces  of  double  refrac- 
tion and  polarisation  had  the  same  character  and  the  same 
intensity  in  all  parallel  directions.  A  very  singular  ex- 
ception to  this  general  law  presented  itself  to  Dr.  Brew- 
ster, while  he  was  examining  the  Apophyllites  of  Faroe. 

When  we  remove  the  uppermost  slices  A,  B,  Fig.  4, 
from  each  of  the  two  summits  of  the  crystal,  to  the 
thickness  of  the  100th  of  an  inch  or  more,  and  examine 
it  either  by  the  microscope  or  by  polarised  light,  wc 
perceive  no  tesselated  structure,  and  this  slice  has  only 
one  axis  of  double  refraction.  A  number  of  veins  ap. 
pear  at  the  edges  MO,  ON,  NP,  PM,  as  shown  in  Fig. 
5.  or  at  A,  Fig.  4. 

If  we  now  remove  the  next  slice,  and  all  subsequent 
slices,  we  shall  find  that  they  exhibit  by  polarised  light, 
and  also  by  the  microscope,  under  favourable  circum- 
stances of  illumination,  the  beautiful  figure  represented 
in  Figs.  4.  and  5.     The  outer  case  MONP,  Fig.  5.  which 


binds  the  interior  parts  together,  is  coiiiposed  of  a  great 
number  of  parallel  veins,  which,  from  their  minuteness, 
display  the  colours  of  striated  surfaces.  This  external 
coating  envelopes  no  fewer  than  nine  separate  crystals, 
viz.  the  central  lozenge  n,  b,  c,  d,  which  has  one  axis  of 
double  refraction  ;  the  four  prisms  A,  B,  C,  D,  with 
trapezial  bases,  which  have  fiuo  axes  of  double  refrac- 
tion ;  and  the  four  triangular  prisms  e  h  I,  I  m  n,  n  k  g, 
gf  c,  all  of  which  are  separated  from  one  another  by 
distinct  veins.  The  inflected  lines  e  h  I,  I  m  n,  n  k  g, 
gfe,  are  most  easily  seen  by  the  microscope.  The 
central  lozenge  is  seen  much  less  frequently,  and  the 
radial  lines  /;  a,  c  k,  fd,  b  m,  require  a  particular  mode 
of  illumination  to  be  distinctly  recognised,  though  they 
are  easily  seen  by  polarised  light.  In  the  quadrants  AM 
and  DN,  the  planes  of  the  two  resultant  axes  are  coin- 
cident, and  in  the  line  IMN ;  and  in  like  manner  in  the 
quadrants  BO,  CP,  the  plane  of  the  axes  is  in  the  line 
OP.  The  consequence  of  this  is,  that  when  a  plate  of 
sulphate  of  lime  has  its  axis  coincident  with  MN,  it  de- 
presses the  tints  in  A  and  B,  and  raises  the  tints  in  C 
and  D,  while  the  central  lozenge  and  the  radial  lines 
have  the  same  tint  as  the  plate  of  sulphate  of  lime. 

Among  the  peculiarities  of  apophyllite,  there  is  none 
more  remarkable  than  the  variation  which  takes  place 
in  the  intensity  of  the  doubly  refracting  and  polarising 
forces  in  the  same  crystal.  This  effect  is  well  seen  in 
the  summit  of  one  of  the  pyramidal  crystals  shown  in 
Fig.  6.  where  the  isochromatic  lines,  instead  of  being 
parallel  to  one  another,  as  they  would  have  been,  had 
the  polarising  forces  been  uniform,  undergo  the  most  re- 
markable variation. 

One  of  the  Faroe  varieties  of  apophyllite  which  occurs 
in  complete  and  transparent  crystals,  exhibits  through 
both  its  pairs  of  parallel  faces  the  very  remarkable  tes- 
selated structure  shown  in  Fig,  7.  consisting  of  the  most 
splendid  tints,  arranged  symmetrically  in  relation  to  the 
centre  of  the  crystal.  The  existence  of  the-curvilineal 
solid  in  the  centre ; — the  gradual  diminution  in  the 
length  of  the  circumscribing  plates,  in  consequence  of 
which  they  taper,  as  it  were,  from  the  angles  of  the  cen- 
tral square,  to  the  truncated  angles  at  the  summits  ;  but, 
above  all,  the  reprodaction  of  similar  tints  on  each  side 
of  the  central  figure,  and  at  equal  distances  from  it,  can- 
not fail  to  strike  the  observer  with  surprise  and  admira- 
tion. 

The  tints  exhibited  by  each  crystal  vary,  of  course, 
according  to  its  thickness,  but  the  range  of  tint  in  the 
same  plate,  and  at  the  same  thickness,  generally  amounts, 
in  the  largest  crystals,  to  three  of  the  orders  of  colours 
in  Newton's  scale.  The  central  portion,  and  the  two 
squares,  have,  in  general,  the  same  intensity,  while  the 
four  segments  round  the  central  portion,  and  some  of  the 
parts  beyond  each  of  the  squares,  are  also  isochromatic* 
In  the  central  part,  the  colours  have  a  decided  termi- 
nation ;  but  towards  the  summits  of  the  prism  their  out- 
line is  less  regular,  and  less  distinctly  marked  ;  though 
this  irregularity  has  also  its  counterpart  at  the  other 
termination. 

In  order  to  ascertain  the  order  of  the  colours  polarised 
by  the  crystal,  Dr.  Brewster  transmitted  the  polarised 
light  in  a  direction  parallel  to  one  of  the  diagonals  of  the 
quadrangular  prism,  and  thus  obtained,  as  it  were,  a  sec- 
tion of  the  different  orders  of  colours,  from  the  zero  of 


»  In  some  crystals  the  two  smaller  green  segments  have  a  different  tint  from  the  two  larger  segments,  and  the  same  tint  as  the' 
central  sanare. 
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tlicii'  scale.  Tiie  itsult  ol  iliis  expeiiineiit,  shown  in 
Fig.  8.  disphiycil  lo  Ihc  eye  the  law  accoriling  lo  wliicli 
the  inleiisity  of  the  pohirisinjj  I'orces  vaiicd  in  difl'crcni 
parts  of  the  crystal.  At  tlie  points  in  the  diagonal  m  n, 
opposite  to  a  and  d  of  the  crystal,  the  lints  rose  to  the 
seventh  order  of  colours;  at  other  two  places,  opposite 
toe  and  c/,  ihey  rose  only  to  the  sixth  ;  while  near  the 
suinmils,  at  in  and  n,  they  descended  so  low  as  the 
fourth  order.  Hence  it  follows,  that  the  portions  at  a,  a, 
have  the  maxinium  polarising  force;  that  the  four  seg- 
ments round  the  centre,  in  Fig.  4.  are  next  to  these  in 
intensity  ;  that  the  central  portions  and  the  red  squares 
are  again  inferior  to  these  ;  and  that  the  weakest  polaris- 
ing force  is  near  the  summits  of  the  prism.  At  a  and 
6,"the  fourth,  fifth,  and  sixth  fringes  have  a  singulaily 
serrated  outline,  exhibiting,  in  a  very  interesting  manner, 
the  sudden  variation  which  takes  place  in  the  polarising 
forces  of  the  successive  lamina:.  There  is  another  va- 
liety  of  apophyllite  brought  by  Sir  Charles  Gicseckc 
from  Disco,  and  called  the  Barrel  Apophyllite,  which 
exhibits,  by  polarised  light,  the  singular  structure  re- 
presented in  Fig.  9, 

The  tesselated  structure  has  been  found  also  by  our 
author  in  the  bipyramidal  crystals  of  sulphate  of  potash, 
and  under  very  peculiar  circumstances,  m  several  mine- 
rals;  but  we  cannot  find  room  for  entering  at  greater 
length  into  this  subject. 

For  farther  information  on  the  structure  of  the  apo- 
phyllite, see  the  Edin.  Phil.  Journ.  vol.  i.  p.  1  ;  and  the 
Edin.  Trans,  vol.  ix.  p.  317,  where  the  subject  Is  illus- 
trated with  great  detail,  and  with  coloured  figures. 

Sect.  XVII— On  the  Mullifilication  of  Images,  and  their 
accomjianying  Colours  in  Calcareous  sfiar  and  other 
Crystals. 

The  multiplication  of  the  images  in  some  specimens 
of  calcareous  spar  was  observed  by  Bartholinus  and 
Huygens,  and  was  afterwards  described  by  Benjamin 
Martin,  Dr.  Robison,  and  Mr.  Brougham. 

Malus  studied  these  phenomena  with  particular  care  ; 
but  though  his  analysis  of  them  is,  like  all  his  other  in- 
vestigations, full  of  ingenuity,  yet  his  explanation,  both 
of  the  separation  of  the  images,  and  the  colours  which 
accompany  them  is  without  foundation. 

The  crystals  of  Iceland  spar  which  possess  this  pro- 
perty, arc  intersected  with  one  or  more  planes  ABCD, 
Fig.  10.  e  beg,  afh  d,  perpendicular  to  the  long  diago- 
nals EF,  GH,  of  the  rhomboidal  faces,  and  parallel  to 
the  edges  EG,  FH.  When  we  look  through  the  two 
l)arallel  faces  of  the  crystal  at  a  candle,  so  that  the  light 
may  pass  through  one  of  these  planes,  We  observe  the 
two  principal  images  A,  B,  Fig.  U.  two  secondary  im- 
ages a  b,  sometimesybur,  viz.  a,  b  ;  a',  b',  and  sometimes 
sijf,  a,  b  ;  a',  b' ;  a",  b".  When  there  are  more  than  one 
interrupting  plane,  the  images  are  often  doubled,  or  mul- 
tiplied to  such  a  degree  that  the  eye  observes,  in  favour- 
able positions  of  the  rhomboid,  heaps  of  images  of  the 
most  beautiful  kind,  sometimes  varying  in  the  intensity 
of  their  light,  sometimes  vanishing,  and  sometimes  re- 
appearing. These  images  are,  in  general,  highly  co- 
loured with  all  the  tints  of  the  spectrum  ;  though  in 
some  specimens  no  colours  at  all  appear,  excepting  the 
prismatic  tinges  at  their  edges,  arising  from  refraction; 


and  by  Naryuig  ilie  uidlnation  ol  the  rhomboid,  the  co- 
lours which  affect  the  dillerent  images  change  in  the 
most  rapid  and  beautiful  manner,  running  more  thaii 
once  through  the  whole  series  of  the  prismatic  colours. 
In  order  to  explain  these  phenomena,  Malus  supposes 
i/mt  there  is  ajissure  or  cracX-,  within  the  crystal,  parallel 
to  EG,  and  perpendicular  to  EF,  Fig.  10.  or  as  shown 
at  AB,  Fig.  II.  He  then  supposes  a  ray  Kb  incident 
at  b.  This  ray  will  be  divided  into  two  pencils  b  I,  1/  I', 
and  the  ray  b  I  being  refracted  ordinarily  at  I,  will  be  re- 
fracted ordinarily  at  m  in  the  direction  m  c,  and  extraor- 
dinarily in  the  direction  ?n  d'.  In  like  manner,  the  ray 
b  I,  refracted  extraordinarily  at  /,  will  be  refracted  ordi- 
7iarily  at  m'  into  m'  d,  and  extraordinarily  into  m'  d'. 
The  ordinary  ray  m  c,  and  the  extraordinary  ray  m' c', 
will  be  refracted  at  the  surface  BF,  in  parallel  directions 
c  e,  c'  e',  so  as  to  form  the  images  A,  B,  in  Fig.  12  ;  while 
the  other  ordinary  ray  m'  d,  and  \.\\^  extraordinary  ray  m  d', 
will  be  refracietl  in  the  directions  df,  d' /',  so  as  to  furm 
the  other  two  images  a  b. 

With  regard  to  the  colours  with  which  the  images 
are  tinged,  Malus  considers  them  as  the  colours  of  a 
plate  of  air  in  the  fissure,  or  crack,  and  quite  similar  to 
the  Newtonian  colours  of  thin  plates. 

By  examining  with  the  microscope,  and  subsequently 
breaking  up  the  specimens  which  produce  the  preceding- 
phenomena.  Dr.  Brewster  found,  that  in  no  case  whatever 
is  there  ajissure  or  a  crack,  in  the  crystal.  He  ascer- 
tained, however,  that  the  phenomena  were  produced  by 
veins,  or  strata  of  calcareous  s/iar,  such  as  ABCD,  Sec* 
Fig.  10.  always  parallel  to  the  long  diagonal  EF.*  He 
measured  the  thickness  of  these  veins,  which  he  found 
to  vary  from  almost  imperceptible  films  to  plates  of 
considerable  thickness,  and  he  succeeded  in  determining 
that  these  strata  were  regular  rhomboidal  plates  of  the 
spar,  having  their  axes  in  a  constant  position  in  relation 
to  the  axis  of  the  rhomboid  which  contained  them.  After 
these  results  were  established  all  the  phenomena  pro- 
duced by  such  interrupted  crystals  admitted  of  imme- 
diate explanation, 

Let  MN,  Fig.  12.  be  the  vein  or  stratum,  of  calcare- 
ous sp:.r  interposed  between  the  two  prisms  AEB,  CFD, 
and,  though  it  adheres  firmly  to  these  prisms  by  both 
its  surfaces,  let  us  suppose  an  open  interval  on  each  side 
of  it.  This  stratum  intersects  the  rhomboid  so  com- 
pletely, that  wc  can  measure  with  the  goniometer  the 
inclination  of  the  projecting  rhomboidal  face  M  lo  the 
general  rhomboidal  face  GE.  Let  us  now  suppose  a 
ray  R  b  incident  at  6.  This  ray,  after  being  refracted 
doubly,  -will  emerge  in  two  pencils  at  c,  c',  and  will  en- 
ter the  plale  of  spar  MN.  As  the  axis  of  this  stratum 
is  neither  parallel  nor  perpendicular  to  the  plane  in 
which  the  rays  be,  be',  are  polarised,  and  as  it  is  so 
thin  as  to  produce  the  phenomena  of  moveable  polarisa- 
tion, each  of  these  pencils  will  be  divided  into  two  com- 
plementary tints — suppose  red  and  green,  shown  by  the 
double  lines  d  c,  d'  e',  in  the  figure,  one  of  which  will 
retain  its  primitive  polarisation,  while  the  other  is  ])olar- 
ised  in  a  double  azimuth,  as  in  all  ordinary  cases.  These 
double  pencils  emerging  at  e  e',  and  incident  upon  the 
second  prism  CDF  s.\./,/',  will  be  divided,  as  in  the 
figure,  and  will  emerge  at  g  h,  g'  h',  in  the  directions 
gn,  hm,  g!  n',  h'  m' ;  the  two  images  formed  by  the  rays 
m,  m',  being  red,  and  the  other  two  images  formed  by 


•In  certain  specimens  these  strata  were  found  in  three  series,  parallel  to  all  the  three  long  diagonals,  and  in  some  specimens 
ihere  were  hundreds  of  them. 
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n,  n',  green.  The  various  coJoiirs,  in  shorl,  wliich  affect 
these  images,  are  portions  of  the  single  system  of  co- 
loured rings  which  surround  llie  axis  of  the  plate  MN  ; 
and  the  second  prism  CDF  is  precisely  an  anal)  zing 
prism,  ■which  separates  the  tints  polarised  by  the  plate 
MN. 

If  any  doubt  could  remain  of  the  certainty  of  this  ex- 
planation of  the  phenomena,  Dr.  Brewster  has  removed 
it  entirely,  by  actually  composing  artificial  rhomboids, 
and  interposing  a  plate  of  calcareous  spar,  having  the 
same  position  as  it  has  in  the  natural  crystal.  This  ar- 
tificial rliomboid  produced  all  the  various  and  beautiful 
phenomena  which  are  displayed  in  the  compound  crys- 
tal. The  phenomena  admit  of  many  interesting  varia- 
tions, by  substituting  one  or  more  thin  plates  of  sulphate 
of  lime,  in  place  of  the  plate  MN  of  calcareous  spar  ; 
but  we  must  refer  the  reader  for  an  account  of  them, 
and  of  various  other  phenomena  observed  by  Dr.  Brew- 
ster, and  connected  with  this  subject,  to  the  Phil.  Trans. 
1815,  p.  270;  Edin.  Trans,  vol.  viii.  p.  165;  and  the 
Transactions  of  the  Geological  Society,  vol.  v.  See  also 
an  account  of  the  Dichroscofie  in  Part  III. 

For  an  account  of  the  experiments  of  preceding  au- 
thors, see  Bartholinus,  Exfier.  Cryst.  Island.  Exp.  XI. 
p.  17,  18,  where  the  phenomena  are  ascribed  to  reflexion 
from  the  sides  of  the  crystal ;  Martin's  Essay  on  Ice/and 
Crystal ;  Brougham's  "  Further  Experiinents  on  Light," 
Phil.  Trans.  1797  ;  and  Malus,  Theorie  de  la  Double 
Refraction,  p.  194—198. 

Sect.  XVIII. — On  the  Cause  of  Double  Refraction. 

When  Huygens  stated  that  the  extraordinary  refrac- 
tion in  Iceland  spar  was  explicable  on  the  supposition 
that  the  light  which  composed  the  extraordinary  ray 
was  propagated  in  spheroidal  waves,  he  furnished  us 
with  no  information  respecting  the  cause  of  the  pheno- 
mena, even  if  the  undulatory  theory  were  demonstrable  ; 
and  in  like  manner,  when  Laplace  and  Malus  assert  that 
the  phenomena  are  explicable  by  means  of  a  repulsive 
force  emanating  from  the  axis  of  the  rhomb,  and  vary- 
ing according  to  a  given  law,  they  gave  us  no  insight 
into  the  cause  of  double  refraction.  The  question  still 
remains, — what  produces  the  spheroidal  wave,  and  what 
occasions  the  repulsive  force*  emanating  from  the  axis 
of  the  rhomb  ? 

The  discovery  of  a  method  of  producing  the  two  kinds 
of  double  refraction,  viz.  positive  and  negative,  by  com- 
pressing and  dilating  forces,  enables  us  to  give  an  an- 
swer to  a  question  which  has  perplexed  the  philosophers 
of  the  two  last  centuries. 

Let  ACBD,  Fig.  14  and  15.  be  two  spheres  of  jelly 
or  glass,  and  let  them  both  preserve  their  natural  den- 
sity in  the  direction  AB,  which  may  be  called  the  axis, 
while  a  comfiressing  force  is  applied  to  i7icrease  the  den- 
sity regularly,  as  in  Fig.  14.  from  A  and  B  to  the  equa- 
tor CD,  and  a  dilating  force  to  diminish  the  density,  as 
in  Fig.  15.  from  A  and  B  to  the  equator  CD.  Then  it 
is  manifest,  that  if  a  ray  of  light  R  r  is  incident  perpcn- 
Gjcularly  at  R  r,  as  in  Fig.  14.  in  place  of  going  on  un- 
refracted,  as  it  would  do  in  an  uniform  medium,  it  will 
be  attracted  towards  C,  as  the  density  between  r  and  c  is 
greater  than  the  density  between  r  and  A.     In  Fig.  15. 


on  the  contrary,  tiie  ray  H  r  will  be  attracted  towards  A, 
because  the  density  is  greater  between  r  and  A  than  be- 
tween rand  C.  The  sphere  ACBD  in  Fig.  14.  will  then 
represent  a  fiositrve  crystal,  like  Zircon,  or  a  circular 
plate  of  glass,  which  has  received  ibe  positive  doubly 
refracting  structuie  by  the  admission  of  heal ;  while  the 
sphere  ACBD  in  Fig.  15.  will  represent  a  negative  crys- 
tal, like  calcareous  s/tar,  or  a  circular  plate  of  glass 
heated,  and  in  the  act  of  cooling. 

Conceiving,  therefore,  the  structure  now  described  as 
that  of  the  extraordinary  medium,  the  phenomena  of  the 
extraordinary  refraction  is  as  well  explained  by  this  hy- 
pothesis as  any  other  fact  in  physics  ;  and  in  place  of 
imaginary  axes,  from  which  attractive  and  repulsive 
forces  emanate,  a  supposition  without  example  in  phy- 
sics, we  refer  the  phenomena  of  positive  and  negative 
crystals  to  the  ordinary  attractive  forces  to  which  light 
has  always  been  supposed  to  be  subject.  In  ihe  fiositive 
crystals  the  extraordinary  ray  is  attracted  to  the  equator, 
oi/i/ane  of  maximum  density,  while  in  the  negative  crys- 
tals it  is  attracted  to  the  fwle  of  maximum  density. 

In  order  to  explain  the  coexistence  of  an  ordinary 
ray  along  with  an  extraordinary  one,  we  have  only  to 
suppose,  that  the  medium  of  ordinary  refraction  accom- 
panies the  other  medium,  and  has  its  density  perfectly 
uniform  ;  so  that  the  portion  of  the  ray  Rr  that  enters 
the  ordinary  medium  will  be  refracted  according  to  the 
law  of  SncUius. 

This  explanation  is  equally  accordant  with  the  Huy- 
genian  theory;  for  the  part  of  the  ray  R  r  that  enters 
the  ordinary  medium  will  be  propagated  in  spherical 
waves,  while  it  is  demonstrable  that  the  other  part  will 
be  propagated  in  waves  of  a  spheroidal  form. 

The  phenomena  of  crystals  with  two  axes  may  be  ex- 
plained on  the  supposition  of  the  body  being  spherical, 
either  by^  conceiving  two  extraordinary  media,  which 
have  their  compression  or  dilatation  related  to  two  rect- 
angular axes,  the  degrees  of  compression  being  differ- 
ent in  each  medium  ;  or  by  conceiving  an  extraordinary 
medium  with  its  variations  of  density  related  in  differ- 
ent degrees  to  two  rectangular  axes.  Similar  effects 
will  be  produced,  if  we  suppose  the  elementary  parti- 
cles of  the  crystal  to  be  prolate  or  oblate  spheroids,  as 
described  by  Dr.  Brewster  in  his  paper  on  the  laws  of 
polarisation.! 

In  applying  these  principles  to  the  explanation  of  the 
phenomena  of  doubly  refracting  crystals,  we  must  sup- 
pose the  spheres  in  Figs.  14.  and  15.  to  represent  the 
particles  of  which  the  crystal  is  composed,  as  it  is  only 
by  such  a  supposition  that  we  can  account  for  the  exist- 
ence of  regular  axes  of  double  refraction  in  the  minut- 
est fragment  of  the  crystal. 

Hitherto  we  have  considered  only  the  division  of  the 
ray  into  two  portions,  viz.  an  ordinary  and  an  extraordi- 
nary one;  but  the  difficult  t.isk  remains  of  explaining 
the  opposite  polarisation  of  the  two  pencils.  If  we  con- 
ceive that  a  beam  of  direct  light  consists  of  particles 
in  every  state  of  positive  and  negative  polaris.iiion.f  and 
that  the  sides  or  poles  of  those  which  arc  positively  po- 
larised  are  more  liable  to  be  acted  upon  by  the  refr.ict- 
ing  force,  while  those  negatively  polarised  are  more  lia- 
ble to  be  acted  upon  by  the  reflecting  force,  (a  supposi- 
tion conformable  to  many  facts,)  then  the  positive  par- 

•  There  is  no  proof  whatever  of  the  existence  of  such  a  force ;  on  the  contrary,  the  idea  of  a  force  residing  in  an  axis,  and  changing 
;t9  intensity  with  the  obliquity  of  the  ray  to  that  axis,  is  an  anomaly  in  physics. 

t  Pliil.  Trans.  1818,  p.  264.  "  -;  Ibid.  1815,  p.  147. 
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liclfs  will  lorm  the  exliaoidinary  lay,  while  llic  negative 
panicles  are  Icll  under  llie  iiiHuencc  of  the  ordinary 
I'orcc.  Hence  the  two  pencils  will  be  polarised  in  op- 
posite planes,  and  hence,  also,  the  reason  why  the  ex- 
traordinary ray  has  opposite  polarisations  in  positive  and 
negative  crystals. 

The  general  views  contained  in  this  section,  are 
founded,  to  a  considerable  extent,  on  the  phenomena 
of  compressed  and  dilated  solids,  and  on  the  condition 


of  circular  and  rectangular  plates  of  glass  that  have  the 
polarising  structure;  and  it  is  a  very  remarkable  cir- 
cumstance, which  justifies  us  in  reasoning  from  the  con- 
dition of  this  kind  of  glass,  to  the  structure  of  crystals, 
that  all  the  tints  in  the  glass  may,  mutatis  mutandis,  be 
calculated  by  the  very  same  formulae  as  those  of  crys- 
tallized bodies.  See  Edin,  Trajis.  vol.  vii.  p.  297;  Phil. 
Trans.  1815,  p.  60;  18  16,  p.  136;  and  1818,  p.  239, 
Sect.  vi. ;  and  1819,  p.  146. 


PART  II. 

ON  THE  APPLICATION  OF  OPTICS  TO  THE  EXPLANATION  OF   NATURAL  PHENOMENA. 

Having  explained,  as  fully  as  our  limits  will  permit,     has  its  posterior  surface  more  convex  than  its  anterior 
the  general  principles,  both  of  geometrical  and  physical     one,  and  consists  of  concentric  coals,  composed  of  fibres, 
optics,  we  shall  now  proceed  to  point  out  their  applica-     and  increasing  in  density  towards  its  centre, 
lion  in  the  explanation  of  naluial  phenomena.    As  these         The  following  are  some  of  the  principal  dimensions 
phenomena  are  vciy  numerous,  we  shall  attend  only  to     of  the  human  eye,  as  given  by  Dr.  Young, 
those  which  arc  most   general  and  important;  such  as, 
1.  The  description  of  the  eye  and  the  phenomena  of  vi- 
sion ;  2.  The  tlitory  of  the  rainbow  ;  3.  The  theory  of 
halos  and  parhelia;  4.  The  phenomena  of  unusual  at- 
niospherical    refraction  ;    5.  The   colours   of  the   atmo- 
sphere ;  6.  The  colours  of  natural  bodies;  and  7.  The 
subject  of  photometry,  or  the  measure  of  light. 
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CHAP.  I. 

On  the  Eye  and  Vision. 

Sect.  I.     Descrijition  of  the  Eye. 

The  human  eye,  which  is  represented  in  a  vertical 
section  in  Fig.  20.  and  on  a  still  larger  scale  in  Plate 
XXII.  Fig.  8.  of  Anatomy,  consists  of  four  coats  and 
four  humours.  The  outer  coat,  a,  a,  a,  a,  is  the  sclero- 
tic coat,  or  the  white  part  of  the  eye.  It  is  joined  to 
the  cornea,  b,  b,  or  the  clear  and  transparent  circular 
membrane  in  the  front  of  the  eye,  which  resembles  a 
watch  glass,  and  is  of  the  same  thickness  throughout. 
On  the  interior  surface  of  the  sclerotic  coat  is  another 
membrane,  called  the  choroid  coat,  covered  with  a  black 
pigment,  called  the  fiigmentum  nigrum,  above  which 
lies  the  retina,  a  fine  reticular  membrane,  which  forms 
the  innermost  coat  of  the  eye.  The  optic  nerve  enters 
the  eye  at  O,  about  fVs'hs  of  an  inch  from  the  axis  of 
the  eye,  and  towards  the  nose,  and  expands  itself  into 
the  retina.  In  the  very  centre  of  the  retina,  and  the  ex- 
tremity of  the  axis  of  the  eye,  there  is  a  small  hole  with 
a  yellow  margin,  called  the  foramen  centrale,  which  is 
an  opening  in  the  retina,  and  commonly  of  the  form  of 
a  cross,  having  its  margin  of  a  brilliant  yellow  colour. 
The  interior  globe  of  the  eye  is  divided  into  two  very 


Length  of  optical  axis 

Vertical  chord  of  the  cornea 

Versed  sine  of  ditto 

Horizontal  chord  of  the  cornea 

Aperture  of  the  pupil  seen  through  the  cor- 
nea       27  to  13 

Diminished  in  consequence  of  the  magnify- 
ing power  of  the  cornea  .         .     2s  to  13 

Radius  of  the  anterior  surface  of  the  crys- 
talline lens 30 

Radius  of  the  posterior  surface  .         .      22 

Distance  of  the  optical  centre  from  the  ante- 
rior surface  of  the  lens        ...  10 

Distance  of  the  optical  centre  of  the  lens  from 
the  cornea  .....  22 

Focal  length  of  the  cornea  for  objects  10 
inches  distant      •         .         .         .         .         115 

Joint  focus  of  cornea  and  lens  91  —  22  ^         69 

Principal  focal  distance  of  lens        .  .  173 

Distance  of  the  centre  of  the  optic  nerve 
from  the  point  opposite  to  the  right     .  1 1 

Range  of  the  eye,  or  field  of  vision     .         .     110° 

The  following  measure  of  the  crystalline  and  cornea 
were  laken  by  Dr.  Brewster  and  Dr.  Gordon,  from  the 
eye  of  a  female,  above  50  years  of  age,  a  few  hours 
after  death. 


Diameter  of  the  crystalline 
Diameter  of  the  cornea 
Thickness  of  the  crystalline 
Thickness  of  the  cornea 


0.378 
0.400 
0.172 
0.042 


The  following  measures  of  the  refractive  powers  of 
unequal   portions,  by  a  circular  plane,  EF,  called  the     the  humours  of  the  eye,  were  taken  by  Dr.  Brewster 
iris,  having  a  circular  opening  in  its  centre,  called  the     and  Dr.  Gordon  from  the  same  eye.* 
hutiil,  which   expands   and   contracts   according   as  the 


light  which  falls  upon  it  is  diminished  or  increased. 
The  space  in  front  of  the  iris,  called  the  anterior  cham- 
ber of  the  eye,  contains  the  aqueous  humour,  a  fluid 
which  has  a  refractive  power  a  litile  gre.  ler  than  water. 
The  space  behind  the  iris,  called  the  posterior  chamber, 
contains  the  crystalline  lens  CD,  suspended  in  a  trans- 
parent csfisute  by  the  ciliary  firocesses  d,  d.     This  lens 


Refractive  power  of  water 
Ditto  of  aqueous  humour 
Ditto  of  vitreous  humour 
Ditto  of  outer  coat  of  crystalline 
Ditto  of  middle  coat  of  ditto 
Ditto  of  central  part  of  ditto 
Ditto  of  the  whole  crystalline 


Index  of  Refnction, 

1.33iS   • 
.   1.3366 

1.3394 
.   1.3767 

1.3786 
.   1.3990 

1,3839 


•  Aiv>logou3  results  were  afterwards  obtained  by  Dr.  Cbossat. 
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For  farther  information  on  this  subject,  see  Petit, 
Man.  Mad.  Par.  1723,  p.  ."8.  289  ;  1729,  p.  C9 ;  1730, 
p.  4.  435  ;  Dr.  Young,  Phil  Trans.  1801,  and  JVat.  Phil. 
vol.  ii.  p.  573;  Chnssat,  Biblioth.  Univcrs.  1818,  p.  26; 
and  Edin.  Phil.  Journal,  vol.  i.  p.  42. 

Sect.  II. — On  the   Ofitical  Structttre  of  the  Crystalline 
Lens  in  Man,  Pishes,  arid  Quadrufieds. 

It  would  be  foreign  to  an  article  on  optics  to  enter 
into  any  inquiry  respecting  tlie  anatomical  structure  of 
the  lens,  which  has  been  examined  to  a  very  great  ex- 
tent by  Dr.  Brewster;  but  the  optical  structure  of  the 
lens,  as  developed  by  the  action  of  polarised  light,  is  too 
interesting  to  be  passed  over  unnoticed. 

When  a  recent  human  crystalline  lens  is  immersed 
in  a  trough  of  glass,  containing  a  fluid  of  nearly  the 
same  refractive  power,  and  when  polarised  light  is  trans- 
mitted through  its  axis,  it  depolarises  four  faint  sectors 
of  light,  considerably  below  the  white  of  the  first  order, 
as  shown  in  l''ig.  1  6.  thus  indicating  a  positive  doubly  re- 
fracting structure,  like  a  sphere  of  glass  crystallized  by 
rapid  cooling,  and  increasing  in  density  towards  the  cen- 
tre. 

Upon  exposing  to  a  polarised  ray  the  crystalline  lens 
of  a  large  Cod,  included  in  its  capsule,  and  plunged  in 
Canada  balsam,  contained  in  a  hollow  parallelopiped  of 
glass,  Dr  Brewster  observed  a  regular  optical  figure, 
varying  its  shape  during  the  revolution  of  the  crystalline. 
He  now  turned  the  spherical  crystalline,  till  the  dia- 
meter which  corresponded  to  the  axis  of  the  eye,  or  the 
line  joining  the  poles  to  which  the  fibres  converge,  was 
parallel  to  the  polarised  ray,  and  observed  the  appear- 
ance shown  in  Fig.  17.  consisting  of  twelve  luminous 
sectors,  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  1 1,  12,  separated  from 
each  other  by  a  black  cross,  and  by  two  daik  concentric 
circles.  The  interior  sectors,  I,  2,  7,  8,  were  small, 
and  exhibited  a  white  tint  of  the  fiist  order,  increasing 
in  brilliancy  towards  the  centre.  The  middle  sectors 
3,  4,  9,  10,  which  are  very  large,  are  separated  from  the 
interior  ones,  by  a  broad  daik  circle,  and  display  a  white 
lint  of  the  same  intensity.  The  outer  sectors  5,  6  II, 
12,  are  extremely  faint,  and  are  seen  with  considerable 
difficulty  in  this  position  of  the  lens. 

By  transmitting  the  polarised  light  through  other 
two  faces  of  the  glass  parallelopiped,  so  as  to  traverse 
the  crystalline  in  a  line  perpendicular  to  its  axis,  the 
optical  figure  presented  new  appearances.  When  the 
axis  of  the  lens  was  either  parallel  or  perpendicular 
to  the  plane  of  primitive  polarisation,  which  happened 
four  times  in  the  course  of  a  revolution,  it  exhibited 
the  form  shown  in  Fiy;.  18.  The  tints  I,  2,  7,  8,  were 
now  reduced  to  a  pale  blue  of  the  first  order,  and  the 
black  cross  was  very  ill  defined  at  the  centre.  The 
middle  sectors  3,  4.  9,  10,  were  a  little  reduced  in 
size,  while  the  exterior  ones,  5,  6,  11,  12,  had  expe- 
rienced a  very  sensible  augmentation.  At  intermediate 
posilioi'S  of  the  crystalline,  when  its  axis  was  inclined 
45°,  135°.  225°,  and  315,°  to  the  plane  of  primitive 
polarisation,  the  optical  figure  assumed  the  ajipearance 
shown  in  Fig.  19.  in  consequence  of  the  spheroidal  form 
of  the  lens,  where  the  two  sectors  7,  8,  are  greatly  en- 
larged, and  the  other  two,  1,  2,  have  wholly,  or  almost 
AvhoUy,  disappeared. 

He  now  removed  the  capsule  of  the  lens,  so  as  to  let 
out  the  semifluid  mstter  which  it  inclosed,  and  having 
rubbed  off  the  very  soft  exterior  coat,  he  immersed  the 


sphere  thus  diminished  in  Canada  balsam,  but  he  could 
never  observe  the  exterior  sectors,  5,  6,  11,  12;  all  the 
other  appearances  being  exhibited  as  before.  lie  next 
removed  the  middle  coals  of  the  crystalline,  and  replac- 
ing the  nucleus,  which  was  now  reduced  to  one-eighth  ot 
an  inch  in  diameter,  in  tlie  glass  parallelopiped,  he  ob- 
served the  central  sectors,  1,  2,  7,  8,  without  any  of  the 
middle  or  exterior  ones. 

If  we  now  take  a  plate  of  suljihate  of  lime  which  po- 
larises a  blue  of  the  second  order,  and  combine  it  wiih 
the  crystalline  lens,  so  that  its  axis  may  be  parallel  to 
the  line  6,  10,  2,  1,  9,  5,  the  white  tints  9,  10,  will  as- 
cend to  a  green  of  the  second  order,  while  those  at   1, 

2,  5,  6,  will  descend  to  an  orange  red  of  the  first  or- 
der. In  like  manner,  if  the  axis  of  the  plate  of  sulphate 
of  lime  is  parallel  to  the  line  11,  3,  7,  8,  4,  12,  the  tints 

3,  4,  will  become  green,  and  7,  8,  II,  12,  an  orange  red. 
Hence  it  follows,  titat  the  nucleus   1,2,  7,  3.  and  the 

exterior  coat,  5,  6,  II,  12,  have  the  same  structure  as  the 
negative  class  of  doubly  refracting  crystals,  while  the 
middle  coats  3,  4,  9,  10,  liave  the  structure  as  in  the  /lo- 
sitive  class. 

Dr.  Brewster  discovered  a  similar  structure  in  the 
lenses  of  many  other  fishes.  In  quadrupeds,  sometimes 
three  structures  were  seen,  and  sometimes  only  two  ; 
but  in  every  case,  excepting  one,  the  middle,  or  princi- 
pal structure,  corresponding  to  3,  4,  and  9,  10,  in  Fig. 
IS.  was /;o«iViT»e.  For  fartner  information  on  this  sub- 
ject, see  the  Phil.  Trans.  1816,  p.  31 1. 

Sect.  III. — On  Vision. 

As  all  the  humours  of  the  eye  are  perfectly  transpa- 
rent, and  are  bounded  by  spherical  surfaces,  the  rays  of 
light  issuing  from  any  object  will  experience  the  same 
changes  by  refraction  as  if  they  passed  thi'ough  the  sur- 
faces of  glass  lenses  ;  and  it  is  easy,  from  the  proposi- 
tions and  formulae  given  in  Chap.  I.  Part  I.  to  trace  the 
progress  of  a  ray  of  light  through  the  various  humours 
which  compose  this  organ.  Let  MN,  Fig.  20,  be  an 
object  placed  at  the  distance  of  a  few  feet  before  the 
eye  OEF  Rays  of  light  issuing  from  the  points  M,  N, 
and  falling  upon  the  cornea  b  b,  will  be  refracted  into 
the  aqueous  humour  between  the  cornea  and  the  iris, 
and  after  being  incident  on  the  crystalline  lens  CD.  they 
will  be  accurately  converged  upon  the  retina,  and  then 
form  an  inverted  picture  m  n  of  the  object,  in  the  same 
manner  as  if  it  had  been  formed  by  a  convex  lens.  The 
form  of  the  crystalline,  and  its  increasing  density  towards 
the  centre,  are  intended  lo  remove  the  spherical  aber- 
ration, by  hastening  the  convergence  of  the  rays  that 
pass  near  its  axis.  Hence  the  image  formed  on  the 
back  part  of  the  eye  is  more  distinct  than  if  it  had  been 
formed  by  any  single  lens.  Tiiat  an  inverted  image  of 
objects  is  formed  upon  the  back  part  of  the  eye,  may  be 
shown  experimentally  by  culling  away,  gradually,  with 
a  sharp  knife,  the  sclerotic  coat,  till  it  is  so  thin  as  to 
exhibit  the  image  upon  the  retina. 

If  all  the  parts  of  the  eye  were  permanently  fixed, 
like  the  lenses  in  a  telescope,  it  would  form  a  distinct 
picture  only  of  those  objects  that  were  situ:\ted  at  a 
given  distance  from  the  observer.  At  shorter  distances 
the  rays  would  converge  to  a  point  behind  the  retina, 
and  at  greater  distances  to  a  point  in  front ff  the  retina, 
so  that  compound  images  would  in  both  these  c\ses  be 
formed,  and  vision,  of  course,  r^nd'-rd  indistinc: 

That  wise  Being,  however,  who  has  given  us  tins 
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admirable  organ,  has  furnished  us  also  with  the  means 
of  accommodating  it  to  different  distances,  although  ilic 
united  wisdom  of  philosophers  and  physiologists  have 
not  yet  discovered  the  precise  method  by  which  it  is  ef- 
fected. It  is  very  manifest  that  the  power  of  adjusting 
the  eye  to  different  distances  must  be  produced  cither 
by  an  alteration  in  the  crystalline  lens,  by  which  its  con- 
vexity is  increased  and  diminished,  or  by  an  elongation 
and  contraction  of  the  eye,  in  virtue  of  which  the  retina 
is  removed  from,  or  made  to  approximate  to,  the  lens, 
or  probably  by  both  these  causes  acting  together.  Dr. 
Young  has  maintained  the  first  of  these  opinions  with 
his  usual  ingenuity  ;  and  the  experiments  of  Mr.  Rams- 
den  and  Sir  Everard  Home  give  some  countenance  to 
the  second.  By  whatever  means,  however,  this  adjust- 
ment is  effected,  its  range  is  very  considerable,  and  its 
average  power  seems  to  be,  that  of  obtaining  distant 
vision  at  all  distances  above  two  inches  and  nine-tenths. 
If  this  power  is  obtained  by  increasing  the  convexity  of 
the  cornea,  it  would  be  effected  by  reducing  its  radius 
from  thirty-one  to  twenty-five  hundredths  of  an' inch,  or 
in  the  ratio  oi  five  to  four.  If  it  is  effected  by  removing 
the  retina  from  the  lens,  an  elongation  of  1 35  thousandths 
of  an  inch,  or  one-seventh  of  the  diameter  of  the  eye, 
would  be  sufficient.  If  it  is  effected  both  by  an  altera- 
tion of  the  cornea  and  an  elongation  of  the  eye,  a  re- 
duction of  the  radius  of  the  cornea  one-sixteenth  part, 
or  to  twenty-nine  hundredths  of  an  inch,  would  be  suf- 
ficient, provided  the  eye  is  at  the  same  time  lengthened 
ninety-seven  thousandth  parts  of  an  inch,  or  about  one- 
ninth  of  its  diameter.  If  it  is  effected  by  a  change  of 
form  in  the  crystalline,  the  radius  of  the  anterior  sur- 
face must  be  reduced  to  about  twenty-one,  and  that  of 
the  posterior  surface  to  about  fifteen,  hundredths  of  an 
inch.* 

When  the  eye,  cither  from  the  approach  of  age,  or 
from  any  other  cause,  loses  the  power  of  accommo- 
dating itself  to  near  objects,  the  person  is  said  to  be 
long-sighted.  This  imperfection  of  vision  may  be  reme- 
died by  the  use  of  a  convex  /ens,  which  enables  the  eye 
to  converge  to  distinct  points  on  the  retina  the  rays 
which  proceed  from  near  objects. 

When  the  eye,  on  the  contrary,  from  any  original 
conformation  or  otherwise,  has  the  power  only  of  see- 
ing near  objects  distinctly,  the  person  is  said  to  be 
short-sighted.  This  inability  of  converging  the  rays 
from  distant  objects  to  points  on  the  retina,  is  easily  re- 
medied by  the  use  of  a  concave  lens. 

The  phenomena  of  erect  vision,  by  means  of  an  in- 
verted picture,  and  of  single  vision,  by  means  of  two 
images  on  the  retina,  have  long  been  a  source  of  diffi- 
culty among  physiologists  If  we  conceive  that  the 
mind  views  the  inverted  picture  m  n,  Fig.  20.  on  the  re- 
tina, in  the  same  manner  as  an  eye  behind  it  would  do, 
thedifficulty  of  accounting  for  erect  vision  would  be  great. 
Such  a  hypothesis,  however,  is  certainly  without  foun- 
dation, for  we  know  nothing  more  than  tbat  the  mind, 
residing, as  it  were,  in  every  point  of  the  retina,  refers 
the  impression  made  upon  it  at  each  point  to  a  direction 
coinciding  with  the  last  portion  of  the  ray  which  con- 
veys the  impression.  Thus,  in  Fig.  20.  the  lower  point 
OT  of  the  image,  formed  by  rays  coming  in  the  direction 
m  I,  must  be  referred  to  the  point  M,  while  the  rays 
which  form/he  upper  point  n  of  the  image,  coming  in 
•he  direction  n  I,  must  be  referred  to  the  lower  point 


N  of  the  object  MN  ;  and  therefore  an  erect  object  is 
the  necessary  consequence  of  an  inverted  image. 

The  phenomena  of  single  vision  from  two  images  ad- 
mits ot  an  explanation  equally  satisfactory.  Let  the  rays 
from  the  object  MN,  Fig.  20.  fall  upon  the  two  eyes  X 
and  Z,  and  I'orm  two  images  m  n,  m'  n',  on  the  retina  of 
each.  Then,  since  the  point  m  of  the  image  is  referred 
by  each  eye  to  the  same  point  M,  and  the  point  n  to  the 
point  N,  only  one  object  can  be  seen  at  MN.  If  we 
press  the  eye  X  to  one  side,  the  image  of  MN,  which  it 
forms,  will  separate  from  the  image  MN  formed  by  the 
other  eye,  and  the  object  will  appear  double.  In  like 
manner,  if  the  axes  of  each  eye  are  directed  to  a  point 
nearer  or  farther  from  the  eye  than  MN,  the  object  will 
in  both  cases  appear  double,  as  each  eye  docs  not  refer 
the  same  points  of  the  image  to  the  same  point  in  abso- 
lute space.  When  an  object,  therefore,  is  seen  single 
with  two  eyes,  it  is  in  reality  double,  but  the  two  images 
coincide  so  accurately,  that  they  appear  only  as  one,  and 
having  twice  the  brightness  of  the  image  formed  by 
either  eye  alone. 

The  angle  which  any  object  MN  subtends  at  the  eye, 
or  the  angle  IMN,  is  called  ils  afifiarent  magnituile ; 
and  that  angle  increases  as  MN  is  brought  nearer  to 
the  eye,  and  diminishes  as  MN  recedes  from  it.  The 
point  of  the  finger  held  near  the  eye  will  cover  a  whole 
mountain  at  a  distance  ;  and  though  the  real  magnitudes 
of  these  two  objects  are  very  different,  yet  the  apparent 
magnitude  of  the  finger  is  greater  than  that  of  the  moun- 
tain. An  eye  which  possesses  its  full  range  of  adjust- 
ment, from  about  three  inches  to  the  greatest  distance, 
has  the  power  of  varying  the  apparent  magnitude  of 
objects,  or  of  magnifying  them.  When  an  object  is 
placed  at  the  distance  of  nine  inches  from  the  eye,  it 
has  a  certain  angular  magnitude  ;  but  when  it  is  brought 
to  the  distance  of  three  inches,  its  apparent  magnitude 
is  increased  three  times,  or  in  the  ratio  of  nine  to  three, 
and  it  is,  consequently,  magnified  as  many  times. 

For  farther  information  on  the  subject  of  Vision,  see 
the  History  of  Optics,  p.  475,  also  Part  i.  p.  499  ;  and 
the  article  Accidental  Colours,  vol.  i.  p.  88.  See 
also  Anatomy,  vol.  i.  p.  790,  795  ;  and  the  article  Phy- 
siology, chap.  xiii.  for  a  full  account  of  the  functions 
of  the  eye. 

CHAP.  II. 

ON  THE   RAINDOW. 

The  phenomena  of  the  rainbow  consists,  as  every 
person  knows,  of  two  bows,  or  arches,  stretching  across 
the  sky,  and  tinged  with  all  the  colours  of  the  prismatic 
spectrum.  The  internal  or  principal  rainbow,  which  is 
often  seen  without  the  other,  has  the  x<iolet  rays  inner- 
most, and  the  red  rays  outermost,  and  is  part  of  a  circle 
whose  diameter  is  82°.  The  external,  or  secondary 
rainbow,  which  is  much  fainter  than  the  other,  has  the 
violet  colour  outermost,  and  the  red  colour  innermost, 
and  has  a  diameter  of  about  104°.  Sometimes  super- 
numerary bows  are  seen  accompanying  the  principal 
bows. 

As  the  rainbow  is  never  seen  unless  when  the  sun 
shines,  and  when  rain  is  falling,  it  has  been  universally 
ascribed,  as  we  have  already  seen  in  the  History  of 
Optics,  to  the  decomposition  of  white  light  by  the  re- 
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fraction  of  the  drops  of  lain,  and  tlieii'  rciiexioii  within 
the  drops.  The  production  of  rainbows  by  the  spray  of 
waierfalls,  or  by  drops  of  water  scattered  by  a  brush,  or 
syringe,  is  an  experimental  proof  of  their  origin. 

Let  an  observer  be  placed  with  his  back  to  the  sun, 
and  his  eye  directed  through  a  shower  of  rain  to  the 
part  of  the  sky  opposite  to  the  sun.  As  the  drops  of 
rain  are  spherical  panicles  of  water,  they  will  reflect 
and  refract  the  sun's  rays  according  to  the  usual  laws 
of  refraction  and  reflexion.  A  ray  of  white  light  R  a, 
Fig,  2  1,  entering  the  spherical  drop  AB  at  a,  will  be 
refracted  and  dispersed,  so  that  the  red  ray  a  b  will  fall 
upon  the  back  of  the  drop  at  b,  and  the  violet  ray  a  c  at 
c ;  from  these  points  they  will  be  reflected  again  to  d 
and  f,  and  will  emerge  in  the  direction  d  r,  ev.  Now, 
it  is  demonstrable  that  the  inclination  of  the  emergent 
red  ray  r  d  to  the  incident  ray  R  a  will  be  42°  2',  while 
the  inclination  of  the  violec  ray  e  v  lo  the  ray  R  a  will  be 
40°  17'.  Let  us  now  suppose  that  the  ray  R  a,  Fig.  22. 
falls  on  the  lower  side  of  a  drop  of  water,  and  after  suf- 
fering one  refraction  at  a,  suiVers  two  reflexions  at  b,  c, 
and  emerges  alter  a  second  refraction  at  the  points/^, 
and  in  the  direction/r,  g  v  ;  then  it  is  demonstrable, 
that  the  inclination  of  the  emergent  red  ray/r  to  the 
ray  R  a  will  be  50°  59',  and  the  inclination  of  the  violet 
ray  ^  v  to  R  a,  54°  9'.  In  both  these  cases,  all  the  in- 
termediate coloured  rays  will  form  intermediate  angles 
between  the  red  and  the  violet. 

Let  us  now  suppose  the  observer  at  O,  Fig.  23.  looking 
to  a  point  opposite  to  the  sun,  from  which  the  rays  R, 
"R,  R,  £ic.  proceed,  and  fall  upon  the  drops  H,  G,  F,  E; 
then,  since  the  position  of  the  rays  R,  R,  is  fixed,  and 
also  that  of  the  eye  at  O,  the  eye  can  only  receive  the  red 
rays  that  issue  from  the  drops  E,  F,  (after  two  refrac- 
tions and  one  reflexion,)  when  they  are  in  such  a  posi- 
tion that  the  emergent  red  ray  r  O  is  inclined  42°  2'  to 
RF,  or  (drawing  OP  parallel  to  RF,and  passing  through 
the  eye  and  the  sun)  when  the  angle  r  OP~R  r  o  is  42° 
2'.  Hence  the  eye  receiving  these  red  rays,  will  see 
them  projected  against  the  sky  at  F.  If  we  now  sup- 
pose the  ray  OF,  that  reaches  the  eye  at  O,  to  turn 
round  the  axis  OP,  so  as  to  describe  a  conical  surface, 
there  will  be  drops  in  the  prolongation  of  this  surface, 
from  which  the  ray  OF,  in  all  these  positions,  will  be 
the  emergent  red  ray,  and,  consequently,  a  bow  of  red 
light  r'  r  P  will  be  seen  round  the  point  P,  and  having  a 
radius  FP~42°  2'  or  a  diameter  of  84°  4';  and  what  is 
true  of  any  one  ray  O  r  forming  a  given  angle  with  OP, 
the  line  joining  the  eye  and  the  sun,  must  be  true  of 
every  other  ray  forming  the  same  angle  with  OP.  By 
the  very  same  reasoning  it  may  be  shown,  that  a 
violet  bow  v'  v  v'  will  be  formed  by  the  violet  rays 
emerging  from  the  drops  at  E,  and  having  a  radius  of 
40°  17',  or  a  diameter  of  80°  34'.  In  like  manner, 
every  intermediate  coloured  ray  in  the  spectrum  will 
give  an  intermediate  bow  of  its  own  colour,  so  that  the 
eye  will  see  a  coloured  arch  consisting  of  all  the  pris- 
matic colours,  and  having  its  breadth  equal  to  42°  2' — 
40°  16'lZl°46'. 

The  reasoning  which  we  have  now  applied  to  those 
drops,  in  which  there  is  only  one  reflexion,  may  be  ap- 
plied also,  mutatis  mutandis,  to  those  in  which  there  are 
two  reflexions,  as  in  Fig.  21.  or  as  shown  at  H,  G,  in 
Fig.  23.  In  this  case  it  is  demonstrable  that  the  incli- 
nation of  the  emergent  rerf  ray/r,  Fig.  22.  or  f'0,Fig. 
23.  to  OP,  will  be  50°  SB',  and  that  of  the  violet  bow  54° 


10',  giving  3°  12'  for  the  breadth  of  the  exterior  bow, 
in  which  all  the  colours  are  reversed. 

If  MN  is  the  horizon,  the  angle  OQM=:NQP  will 
be  equal  to  tlie  altitude  of  tlie  sun  ;  consequently  the 
altitude  of  any  arc  v'  E  v'  of  the  bow  will  be  equal  to 
the  radius  of  that  arc  minus  the  sun's  altitude,  and  the 
radius  of  any  arc  will  be  equal  to  the  altitude  of  the  arc 
filus  the  sun's  altitude.  Hence  it  follows,  that  when  the 
altitude  of  the  sun  is  equal  to,  or  exceeds,  42°  2',  the 
radius  of  the  red  part  of  the  primary  bow,  no  part  of  the 
rainbow  will  be  visible  ;  and,  in  like  manner,  when  the 
sun's  altitude  is  equal  to,  or  exceeds,  54°  10',  the  radius 
of  the  violet  part  of  the  secondary  bow,  no  part  will  be 
seen.  When  the  sun  is  in  the  horizon,  the  two  rainbows 
will  be  exact  semicircles,  but  in  every  other  position 
they  will  be  less  than  semicircles. 

In  examining  the  light  of  the  primary  and  the  se- 
condary rainbow.  Dr.  Brewster  discovered  that  the  light 
which  formed  both  of  them  was  completely  polarised  in 
a  plane  passing  through  part  of  the  arch  examined  and 
the  centre  of  the  bow  ;  that  is,  in  the  plane  of  reflexion 
within  the  drops  of  water  ;  a  demonstrative  proof,  if  any 
were  wanting,  that  the  rainbows  are  formed  by  reflexion 
within  the  drops.  Then,  if  we  calculate  the  polarising 
angle  for  one  reflexion,  at  the  second  surface  of  water, 
we  shall  find  it  to  be  36°  51',  which  differs  only  2°  56' 
from  39°  47',  the  angle  at  which  the  mean  rays  are  ac- 
tually reflected  from  the  posterior  surface  of  the  drops. 
In  like  manner,  the  polarising  angle  for  two  reflexions 
from  water,  viz.  40°  1 ',  is  within  a  few  degrees  of  the 
actual  angle  at  which  the  light  suffers  the  two  reflexions 
with  the  drops. 

In  some  particular  cases,  other  coloured  bows  have 
been  seen  within  the  primary  rainbow,  and  immediately 
in  contact  with  it.  These  rainbows,  called  sufiernume- 
rary  rainbows,  consist  of  a  succession  of  bows  of  red  and 
green  light  alternately,  and  gradually  diminishing  in  di- 
ameter and  in  breadth  like  the  coloured  rings  of  thin 
plates.  The  first  supernumerary  red  bow  is  in  imme- 
diate contact  with  the  violet  arch  v'vv'  of  the  primary 
rainbow,  and  is  followed  by  a  green  bow,  which  is  again 
followed  by  a  red  bow  of  less  breadth  than  the  first. 
On  the  29th  of  July,  1813,  we  had  an  oportunity  of  ob- 
serving these  supernumerary  rainbows  under  favourable 
circumstances,  when  no  fewer  than  four  repetitions  of 
the  red  and  green  bows  were  seen  without  the  primary 
violet.  In  the  Pbilosofihical  Transactions  for  1723,  Dr. 
Langwith  has  described  in  a  very  distinct  manner  a  bow 
of  this  kind;  and  M.  Dicquemarre  observed  analogous 
supernumerary  bows  on  the  outside  of  the  secondary 
rainbow.  Similar  phenomena  were  observed  by  Monge 
and  Daval.  Dr.  Thomas  Young  has  explained  these 
phenomena  with  much  ingenuity,  by  reterring  them  to 
the  interference  of  different  portions  of  light  reflected 
fiom  the  drops  of  water  about  one-seventy-sixth  of  an 
inch  in  diameter.  ^ 

For  farther  information  on  the  subject  of  the  rain- 
bow, see  the  Hisiory  of  Optics,  Newton's  Ofitica,  p. 
147.  8vo.  Smith's  0/Ui'c«,  vol.  i.  p.  182;  Wood's  Ofi- 
tics,  p.  224  ;  Marioue.  Mem.  Acad.  Par.  torn.  i.  p.  189. 
Langwith,  Phil.  Trans.  1723,  vol.  xxxii.  p.  241  ;  Pem- 
berton, /i/.  1723,  vol.  xxxii.  p.  245  ;  Daval,  Id.  1749, 
vol.  xlvi.  p.  193  ;  Dicquemarre,  in  Rozier's  Journal,  tom. 
vii.  p.  300  ;  Dr.  Young,  Phil.  Trans.  1804,  or  Led.  on 
JVat.  Phil.  vol.  i.  p.  470.  and  vol.  n.  p  643  ;  Dr.  Brewster's 
Treatise  on  JVew  Phil.  Instruments,  p.  350, 
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CHAP.  Ill 

OK    HALOS)  CORONAS,  PAaHELIAi  tcC. 

Havin^r  already,  in  our  ariicle  Halo,  given  adescrip- 
tionand  represenlaiiun  ol  the  leading  phenomena  of  Ila- 
lo',,  wilh  an  account  of  the  difTerent  theories  by  which 
ihey  have  been  explained,  it  is  unnecessary  to  resume 
the.suhjecl  at  present.  Several  new  forms  of  halos 
and  paraselenae  huve  been  described  by  Captain  Ross 
and  Captjin  Parry;  and  C-ptain  Scoreshy,  in  his  ac- 
cou;«  of  the  Arctic  Re^ion^,  has  delineated  an  immense 


the  rays  of  light  would  move  in  curve  lines,  convex  up- 
wards when  ihcy  passed  above  the  line  of  n.axiiniim 
density,  and  coiivtx  do\Vnwards  when  they  pa'»sed  be- 
low the  line  of  maximum  density.  Hence,  two  pencils 
from  the  object  will  arrive  at  the  e)e,  which  will  pro- 
duce an  inverted  image  of  llie  object. 

In  the  year  1798,  the  Rev.  Dr.  Vince  of  Cambridge 
maile  a  series  of  interesting  observations  at  Ramsgate  on 
the  unusual  refraction  of  the  atmjsphire.  He  made  his 
observations  with  a  terrestrial  telescope  magnifying  be- 
tween thirty  and  forty  times,  when  the  height  of  the  eye 
was  about  twenty-five  feet  above  the  suif.ice  of  the  sea  : 


number  of  particles  of  snow,  which  assume  the  most  beau-  Sometimes  the  height  of  the  eye  was  eighty  feet,  but  no 
tiful  and  varied  crystallizations  all  depending  more  or  variation  in  the  phenomena  seemed  to  arise  from  this 
Jess  on  htxahedral  comuinaiions  of  minute  particles  of     cause.     On  the   1st  of  August,  between  four  and  eight 


ice.  When  particles  of  such  forms  arc  floating  or  de- 
scending in  the  air,  there  can  be  no  diflRculty  in  deriving 
from  them  those  various  and  intricate  forms  which  are 
occasionally  met  with  among  this  class  of  phenomena. 

It  is  much  to  be  desired  fhat  those  navigators  who 
visit  Baffi.i's  Bay  and  the  Greenland  seas,  should  exa- 
mine, by  means  of  a  prism  of  Iceland  spar,  whether 
any  of  the  circles  or  images  which  compose  these  lu- 
minous meteors  consist  of  polarised  light,  like  the 
rainbow;  for  it  is  very  obvious,  that  if  the  explanation 
given  of  some  of  the  anlhelia  is  correct,  the  whole,  or 


o'clock,  P.  M.  he  saw  the  topmasts  of  a  ship  as  at  A, 
Fii;.  1.  above  the  horizon  x  y  of  the  sea  :  "  A'  'he  same 
lime,  also,  he  discovered  in  the  field  of  view,  two  com- 
plete images  B,  C,  of  the  ship  in  the  air.  vertical  to  the 
ship  itself,  B  being  inverted  and  C  erect,  having  their 
hulls  joined."*  As  the  ship  receded  from  the  shore,  less 
and  less  of  its  masts  became  visible,  and  as  \\  deseended 
the  images  B,  C,  asceyided  ;  but  as  the  ship  did  not  sink 
below  the  horizon,  Dr,  Vince  did  not  oljserve  at  what 
time  and  in  what  order  the  images  vanished. 

He   then  directed    his  telescope   to  another  ship  A, 


at  least  a   great  portion  of  the  light  which    forms  them,     Fig.   2.  whose  hull  was  just  in  the  horizon  x  y,  and  lie 
must    be    polarised.      For    farther   information  on  this     observed  a  complete  inverted  image  B,  the  mainmast  of 
subiect,  see  the  works  quoted  at  the  end  of  the   article     which  just  touched  that  of   the  ship  itself.     In  this  case 
H.\LO;     Captain    Ross  and    Captain    Parry's    Voyages; 
Captain  Scoresby's  jiccount  of  the  Arctic  Regions  ;  Dr. 
Young's   Introduction   to   Medical   Literature,  p.    559  ; 
and  Edin.  Phil.  Journ.  vol.  v.  p.  204. 


there  was  no  second  image,  as  before.  While  the  ship 
A  moved  along,  B  followed  its  motion,  without  any 
change  of  appearance. 

The  next  ship  which  Dr.  Vince  examined,   was   so 
far  on  tlie  other  side  of   the  horizon  x  i/  as  just  to  pre- 
vent  its    hull    from    being    seen,    as  shown   in  Fig.    3. 
Inverted  images  of  some  of  its  parts  appiared  at  x,  y, 
and  z  ;  but,  what  was  very  remarkable,  these  images  sud- 
denly appeared,  and  disappeared,  "  first  appearing  be- 
low, and  running  up  very  rapidly,  showing  more  or  less 
Although  the  phenomena  of  unusual  refraction  have     of  the  masts  aU  different  times  as  they  broke  out,  re- 
been  often  observed  by  astronomers  and  navigators,  yet     sembling  in   the  swiftness    of  their  breaking  out   the 
they  do  not  seem  to  have  attracted  particular  notice  till     shooting  out  of  a  beam  of  the  aurora  borealis."     As  the 
the  year  1797.     The  unusual  elevation  of  coasts,  moiin-     ship  continued  to  descend,  more  of  the  image  gradually 
tains,  and  ships,  have  been  long  known  under  the  name     appeared,  till  at  last  the  image  of  the  whole  ship    was 
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ON  THE  UNUSUAL  REFRACTION  OF  THE  ATMOSPHERE. 


ol  looming;  and  the  same  phenomena,  when  accompa- 
nied with  inverted  images,  have  been  distinguished  in 
France  by  the  name  of  the  Mirage. 

In  a  paper  printed  in  the  fhilosofihical  Transactions 
for  1797,  Mr.  Huddart  describes  several  examples  of 
powerful  atmospherical   refraction,   in   consequence   of 


completed,  with  the  mainmasts  touching  each  other. 
When  the  ship  descended  still  lower,  the  image  and 
the  ship  separated  ;  but  no  second  image  was  observed, 
as  in  the  first  case. 

A    third  ship  appeared  in  the  horizon,  at  a,  Fig.  4. 
the  topmast  only  being   seen.     An  inverted  image  was 


which  objects  near   the  horizon  appeared  inverted,  and  seen  at   B,  vertical  to  a,  and  an  erect  image  at  C,  both 

the  horizon    itself  either  elevated  or  depressed.     Mr.  of  them  very   perfect  and  well  defined,  with  an  image 

Huddart  seems  to  have  been  the  first  who  described  an  v  w  of  the  sea  between  them,  the  water  appearing  very 

inverted  image  beneath  the  real  object ;  and  he  accounts  distinctly.     As  the   ship    approached    the    horizon    the 

for   this,  and   other    phenomena  of  elevation,    by   sup-  image  C   gradually   disappeared,   and   during  this  time 

posing  that,  in   consequence  (jf  the  evaporation   of  the  the    itriage    B    descended,  but  the  ships  did   not  run  so 

water,   the   refractive   power  of  the  air  is  not  greatest  near  to  the  horizon  as  to  bring  the  mainmasts  together, 

at  the  surface  of  the  sea,  but  at   some   distance  above  The  two  images  were  visible  when  the  whole  ship  was 

it,  increasing  gradually  from  the  surface  of  the  sea  to  a  actually  below  the  horizon. 

line  which  he  calls  the  line  of  maximum  density,  and  On  the  17th  of  August,  about  3J '■.  P.  M.  Dr.  Vince 
thence  diminishing  gradually  upward  ad  infinitum.  He  observed  a  phenomenon  like  that  noticed  by  Mr.  Hud- 
then  shows,  that,  in  passing  through  such  a  medium,  dart,  as   shown  in  Fig.  5,  where  A  is  the  real  ship,  B 

•A  learned  author,  in  recently  giving  an  account  of  this  fundamental  fact,  has  completely  mistaken  Dr.  Vince's  mcanin,^,  when 
iie  represents  the  appearances  in  Fig.  1.  as  successive,  and  that  at  BC  as  seen  when  the  ship  came  fuller  in  view.  .Ill  the  three  ships,  A, 
i!.  C,  -rr^rf  seen  at  once,  and  in  this  consists  the  beauty  of  the  phenomenon. 
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tlie  image,  e  r,  m  v  Uie  hulls,  a  t  the  flag,  and  w  x  its 
image  just  touching  it,  with  llic  sea  x  \j  below.  The 
vessel  had  scarcely  come  up  to  the  horizon,  and  as  it  ap- 
proached it  the  image  gradually  diminished,  and  totally 
disappeared  when  the  ship  reached  the  hoiizon. 

In  order  to  account  for  this  phenomtna,  Dr.  Vince 
"  supposes  Az  to  be  the  surface  of  the  sea  ;  q  6  an  objecl, 
and  E  the  place  of  the  eye  ;  ar  E,  6  SE,  the  progress  of 
two  rays  by  the  usual  refraction,  from  the  extreme 
parts  of  the  object  to  the  eye  ;  to  these  curves  draw 
the  tangents  E  a,  E  6',  and  a'  b'  will  be  the  image  of 
the  object,  as  usually  formed.  Now,  if  we  take  the  case 
represented  in  Fig.  4.  let  a"  b"  represent  the  inverted 
image,  and  a'"  b'"  the  erect  image  ;  join  a"E,  then  c"'E, 
and  6"E,  6"'E,  and  these  lines  must  respectively  be  the 
directions  of  the  rays  entering  the  eye  from  a  and  6,  in 
order  to  produce  the  images  a"  b"  and  a"'  b'"  ;  hence 
these  lines  must  be  tangents  at  E.  to  the  curves  which 
are  described  by  the  rays  of  light ;  let,  therefore,  a  ?jE, 
a  m  E,  A  xi  E,  6  TO  E,  be  the  curves  described.  We  have 
therefore  to  assign  a  cause,  which  may  bring  rays  pass- 
ing above  the  rays  a  rE,  ASE,  to  the  eye  at  E.  Now 
if  there  were  no  variation  of  the  refractive  power  of 
the  air,  a  ray  of  light  passinp;  through  it  would  describe 
a  straight  line  ;  therefore  the  curvature  of  a  ray  of 
light  passing  through  the  atmosphere,  depends  on  the 
variation  of  the  refractive  power  of  the  air.  If,  there- 
fore, we  suppose  the  air  lying  above  a  rE  to  vary 
quicker  in  its  refractive  power,  than  the  air  through 
which  o  rE  passes,  the  curvature  of  a  ray  proceeding 
above  that  of  a  rE  will  be  greater  than  the  cnrvature  of 
a  rE  ;  and  on  this  principle  we  may  conceive  that  a 
ray  may  describe  the  curve  a  nE  :  and,  in  like  manner, 
if  a  quicker  variation  of  refractive  power  should  take 
place  above  the  curye  a  nE  than  in  that  curve,  a  third 
ray  may  describe  the  curve  a  »iE.  The  same  may  be 
said  for  the  rays  b  t'E,  b  ivY,,  diverging  from  b.  The 
alterations  of  the  refractive  power  may  arise  partly 
'rom  the  variations  of  its  density,  and  partly  from  the 
variations  of  its  moisture  ;  and  the  passage  of  the  rays 
through  the  boundary  of  the  fog  may  there  suffer  a  very 
considerable  refraction  ;  for,  from  the  motion  of  the  fog, 
and  that  of  the  images  above-mentioned.  Dr.  Vince  had 
no  doubt  that  the  fog  was  a  very  considerable  agent  in 
producing  the  phenomena.  When  all  the  causes  co- 
operate, we  can  easily  conceive  that  they  may  produce 
the  cflTects  which  he  has  described.  If  the  cause  should 
not  operate  in  the  tract  of  a;r  through  which  the  curves 
e  nE,  i  T"  E  pass,  but  should  operate  in  the  tract  through 
which  a  ttjE,  b  toE  pass,  an  erect  image  would  be  visi- 
ble, but  there  would  be  no  inverted  image  ;  and  should 
it  operate  in  the  latter  case,  but  not  in  the  former,  there 
would  be  only  an  inverted  image." 

The  subject  of  unusual  atmospherical  refraction  re- 
ceived  much  illustration  from  an  ingenious  paper  of 
Dr.  Wollaston's  in  the  Phil.  Trans,  for  1810.  Dr. 
Wollaston  began  his  inquiry  by  laying  down  the  fol- 
lowing propositions,  which  we  shall  give  in  his  own 
words. 

Prop.  1.  "  If  the  density  of  any  medium  -caries  by  fia- 
rallel  indefnilely  thin  strata,  any  rays  of  light  moving 
through  it  in  the  direction  of  the  strata,  vjill  be  made  to 
deviate  during  their  fiassage,  and  their  deviations  will  be 
in  fircportion  to  the  increments  of  den'^ity  where  they 
fiass.  For  each  ray  will  be  bent  towards  the  denser 
strata,  by  a  refracting  force  proportioned  to  the  differ- 
ence of  the  densities  above  and  below  the  line  of  its  pas- 
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sage  ;  and  as  their  velocities  arc  the  same,  and  there- 
fore the  times  of  action  of  the  forces  equal,  the  devia- 
tions will  be  as  the  refracting  forces,  i.  e.  as  the  incrs- 
ments  of  densi  y. 

Prop.  2.  M'hen  two  fluids  of  unusual  deniity  are 
brought  into  contact  and  unite  by  mutual  ftenetration  ,• 
if  the  densities  at  different  heights  be  cxfiressed  by  ordi- 
nates,  the  curve  which  terminates  these  ordinates  villhave 
a  ficint  of  contrary  flexure.  For  the  straight  lires  d  a 
r  n,  Fig.  7.  which  terminate  the  ordinates  r  x,  d  y,  of 
uniform  density,  will  be  parallel,  and,  if  not  united  by 
contrary  curvature,  some  straight  line  of  union,  as  a  o, 
must  be  supposed.  But,  from  whatever  cause  the  first 
line  c  0  is  inferred,  by  the  same  cause  other  interme- 
diate lines  m  fi,  t  ij,  kc.  will  be  produced,  and  curves 
d  efm,  m  t  s  r,  will  be  ultimately  formed,  having  a  point 
of  contrary  flLXure  at  m. 

Prop  3.  If  fiarallel  rays  fiass  through  a  medium 
varying  according  to  the  preceding  firo/iosilion,  those  a- 
bove  the  fioint  of  contrary  flexure  '.vill  be  made  to  diverge, 
and  those  below  the  same  fioint  will  converge,  after  their 
fiassage  through  it.  For  since  the  deviation  of  each  ray 
depends  on  the  increment  of  density  where  it  passes,  and 
since  the  increment  of  density  is  greatest  at  the  point 
of  contrary  flexure,  any  rays,  as  a  b,  Fig.  8.  passing 
near  to  that  point,  will  be  refracted  more  towards  the 
denser  medium  than  those  at  c  d,  which  move  in  a  higher 
stratum,  and  will  diverge  from  them,  but  will  be  re- 
fracted towards  and  meet  those  at  ef,  which  pass  nearer 
to  the  denser  medium,  where  the  increments  of  density 
are  also  less. 

Con.  Hence  adjacent  portions  of  the  converging  rays 
will  form  a  focus,  beyond  which  they  will  diverge  again, 
and  the  varied  medium  will  produce  effects  similar  to 
those  caused  by  a  medium  of  uniform  density,  having 
a  surface  similar  to  the  curve  of  densities,  since  con- 
vergence or  divergence  will  be  produced  according  as 
the  curve  of  densities  is  convex  or  concave  ;  consequent- 
ly, by  tracing  backwards,  to  the  extremities  of  an  ob- 
ject, the  progress  of  the  visual  rays,  or  axes  of  the  pen- 
cils received  by  the  eye,  it  will  be  manifest  that  any 
object  seen  through  the  inclined  concave  part  r  7)!,  Fig. 
9.  v/ould  appear  elevated,  erect,  and  somewhat  dimi- 
nished. An  object  seen  through  m  d,  where  it  is  con- 
vex and  inclined,  would  be  elevated  ;  and  if  situated 
beyond  the  focus  of  visual  rays  from  tlic  eye,  it  would 
appear  inverted.  The  magnitude  would  depend  on 
the  relative  distances  of  the  eye  and  the  object.  Be- 
low the  point  d,  where  the  curve  terminates,  vision 
would  be  direct,  so  that  an  object  might  be  situated  so 
as  to  be  seen  in  all  the  three  ways  at  the  same  time,  di- 
rect  at  O,  inverted  at  I,  and  erect  again  at  A." 

Considering  these  propositions  as  applicable  to  all  cases 
of  varying  density,  whether  they  arise  from  the  mutual 
solution  of  different  fluids,  or  from  a  variation  of  density 
in  the  same  fluid.  Dr.  Wollaston  made  a  number  of  very 
interesting  experiments,  which  lie  found  to  give  results 
perfectly  conformable  to  this  theoiy. 

Into  a  square  phial  AB,  shown  in  Fig.  10.  he  poured 
a  small  quantity  of  clear  syrufi,  and  above  this  an  equal 
quantity  of  water,  which  gradually  incorporated  with 
the  syrup,  as  seen  at  A,  between  the  pure  water  and  the 
pure  sytup.  The  word  syrufi,  written  on  a  card,  and 
held  behind  the  bottle,  appeared  erect  through  the  pure 
syrup  ;  but  when  seen  through  the  visible  medium  of 
the  syrup  and  water,  it  appeared  inverted  thus,  ^fun-J, 
with  an  erect  image  above.  When  the  variations  of 
f  U 
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density  are  great,  the  object  may  be  held  close  to  the 
phial ;  but  when  they  become  more  gradual,  the 
object  is  only  elongated,  and  in  order  to  be  seen  in- 
verted must  be  held  one  or  two  inches  bcliind  the  phial. 

Dr.  Wollaston  then  put  nearly  the  same  quantity  of 
rectified  s/iirit  of  wine  above  the  water,  as  in  Fig.  10.  at 
B,  and  he  observed  the  appearance  there  represented  ; 
the  true  place  of  the  object  being  in  this  case  seen  up- 
permost, and  the  inverted  and  erect  images  below. 

When  an  oblique  line  d  e  r,  Fig.  H.  is  seen  through 
a  variable  medium,  formed  as  above  described,  if  it 
is  at  the  distance  of  the  principal  focus,  one  part  of  it 
is  dilated  into  a  vertical  line  Im  (Fii,'.  II.  at  A,)  if  it 
is  btyond  that  focus,  the  portion  /m  is  inclined  back- 
wards, being  an  inverted  image  of  d  /,  and  m  n  is  another 
portion  of  the  same  image  seen  erect,  (Fig.  11.  at  B.) 
By  examining  a  line  seen  in  this  way,  he  found  that  the 
appearances  continue  many  hours  even  with  s/iiril  of 
luine ;  with  syrtifi,  two  or  three  days;  wiih  tutphuric 
acid,  lour  or  live;  and  still  longer  with  a  solution  of 
gum-arabic. 

Dr.  Wollaston  next  heated  a  poker  red  hot,  and  looked 
aloni;  the  side  of  it  at  a  paper  ten  or  twelve  feet  distant. 
A  1  ■  rcepiible  refraction  took  place  at  a  distance  of  three- 
eigh.hs  ijf  an  inch  from  it.  A  letter  more  than  three- 
eighths  of  -..n  inch  distant,  appeared  erect  as  usual  ;  at  a 
less  distance  there  was  a  faint  reversed  image  of  it ;  and 
still  nearer  the  poker  was  a  second  image  erect,  as 
shown  in  Fig.  12.  by  the  word  Poker  a  section  of  the 
atmosphere  benig  represented. 

The  effects  of  solar  heat  upon  the  air  adjacent  to  the 
surface  of  a  wall,  or  a  painted  board,  and  the  effects 
produced  by  rapid  evaporation,  have  been  detailed  by 
Dr.  Wollaston,  and  will  be  found  in  his  interesting 
memoir. 

One  of  the  most  extraordinary  phenomena  produced 
by  unusual  refraciion,  was  observed  by  Dr.  Vmce  at 
liamsgHte  on  the  6th  August,  1806,  about  7h.  P.  M.  Be- 
tween Ramsgate  and  Dover  there  is  a  hill,  over  which 
the  lops  of  the  four  turrets  of  Dover  Castle  are  usually 
seen  to  a  person  at  Ramsgate.  At  the  time  above  men- 
tioned, however,  Dr.  Vince,  when  at  Ramss^a'e,  not 
only  ^awthe  four  turrets  v,x,  w,  y.  but  the  -whole  of  the 
castle  m  n  s  r,  appearing  as  if  it  were  situated  on  the 
side  of  the  hill  next  to  Rum^gale,  and  rising  as  much 
above  the  hill  AB  as  usual,  as  if  it  had  been  brought 
over  and  placed  on  the  Ramsgate  side  of  the  hill. 
This  appearance  continued  aboui  twenty  minutes.  Be- 
tween Ramsgate,  and  the  land  from  .vhich  the  hill  rises, 
there  is  about  six  miles  of  sea,  and  from  thence  to  the 
top  of  the  hill  al^out  the  same  distance,  the  height  of  the 
eye  above  tlie  surface  of  the  sea  being  about  seventy 
feet.  It  is  a  very  singular  circumstance  in  this  pheno- 
menon, that  the  image  of  the  castle  was  so  very  strong 
and  well  defined  that  the  hill  itself  did  not  appear  through 
the  image. 

In  order  to  explain  this  phenomenon.  Dr.  Vince  sup- 
poses AB.  Fii?  14,  to  represent  the  castle,  FC  the  cliff 
of  Ramsgate,  BTD  the  hill,  DC  the  sea,  E  me  place  of 
the  spectator,  T  the  top  of  the  hill,  A  y  tw  E  a  ray  of 
light  romin;;  from  the  top  uf  the  castle  to  the  observer, 
and  B  jTTO  E  another  ray  comiiii^  from  the  bottom  of  the 
castle,  and  T  x  2  E  a  ray  from  the  summit  of  the  hill, 
reaching  the  e)e  at  E,  in  a  direction  between  those  of 
the  other  two  rays  ;  then  it  is  obvi<ms  that  such  a  dispo- 
sition of  the  rays  uill  produce  tlu-  observed  appearance. 
In  order  to  give  such  a  refraciion,  the  density  of  the  air 


between  jnc;  E  and  x  w  E  must  have  varied  with  great 
rapidity,  so  as  to  increase  the  cui-vature  of  the  ray  T 
X  z  E  after  it  cuts  B  w  E  in  x,  so  as  to  make  the  ray  T 
X  :  E  fall  between  the  other  two  lays. 

During  the  French  expedition  to  Egypt,  the  pheno- 
mena of  unusual  refraction  were  often  seen.  The  uni- 
formity of  the  extensive  sandy  plains  of  Lower  Egypt  is 
interrupted  only  by  small  eminences,  on  which  the  vil- 
lages are  situated,  in  order  to  escape  the  inundations  of 
the  Nile.  In  the  morning  and  the  evening,  as  many 
have  remarked,  objects  appear  in  their  natural  form  and 
position;  but  when  the  suiface  of  the  sandy  ground  is 
l)eated  by  the  sun,  the  land  seems  terminated  at  a  cer- 
tain distance  by  a  general  inundation.  The  villages 
which  are  beyond  it  appear  like  so  many  islands  situated 
in  the  middle  of  a  great  lake,  and  under  each  village  is 
an  inverted  image  of  it.  As  the  observer  approaches  the 
limiis  of  the  apparent  inundation,  the  imaginary  lake 
which  seemed  to  encircle  the  village  withdraws  itself; 
and  the  same  illusion  is  reproduced  by  another  village 
more  remote. 

Analogous  phenomena  were  observed  by  MM.  Biot 
and  Matthieu  over  the  sandy  plains  near  Dunkirk, 
and  the  mathematical  theory  of  these  phenomena  has 
been  given  by  the  former  in  the  Memoirs  of  the  In- 
stitute for  1809.  He  has  shown,  that  the  consecu- 
tive trajectories,  or  paths  of  the  rays,  which  set  out 
from  the  eye  of  the  observer,  cut  one  another  in  their 
second  branches,  so  as  to  form  a  caustic,  below  which 
no  part  can  be  perceived.  This  caustic  is  represented 
by  the  curve  LT,  Fig.  15.  and  DMS  is  the  limiting 
trajectory,  drawn  from  the  eye  of  the  observer,  and 
touching  the  ground.  It  is  called  the  limiting  tra- 
jectory, because  it  limits  the  height  where  the  inversion 
takes  place.  All  the  points  in  the'fiijure  situated  above 
the  trajectory  can  only  transmit  to  the  observer  a  single 
image,  whereas  those  points  in  the  space  SLT  transmit 
two ;  one  erect,  and  above  the  object,  and  the  other  in- 
verted, and  below  it.  The  points,  too,  situated  below 
the  caustic,  in  the  space  MLT,  transmit  no  rays,  and 
are  invisible,  so  that  a  moveable  object,  such  as  a  man, 
for  example,  who  is  successively  removed  to  different 
distances,  presents  the  successive  appearances  shown  in 
Fig.  16.  A  difference  of  temperature  equal  to  two  cen- 
tesimal degrees,  or  3'  6'  of  Fahrenheit,  often  produced 
the  pnenomcna  of  unusual  refraction. 

In  all  the  preceding  cases  of  unusual  refraction,  the 
difference  of  density  in  the  air  has  been  related  to  a  ho- 
rizontal line,  and  consequently  the  different  images  have 
been  situated  in  the  sani'-  vertical  line.  A  very  curious 
case,  however,  of  a  lateral  mirage  was  observed  at  Ge- 
neva, on  the  irUi  Sept.  1818.  at  10  o'clock  P.  M.  bv  MM. 
Jurine  and  Sor<  t.  A  bark  near  B  llerive,  at  thi:  distance 
of  about  4000  toises,  was  seen  approaching  to  Gcnova  by 
the  left  t>ai]k  of  the  lake,  and  at  the  same  time  an  image 
of  the  sails  was  observed  above  the  water,  which,  instead 
of  following  the  direnion  ol  ihc  bark,  separ.ilt'd  from  it, 
and  appeared  to  approach  G-neva  by  the  right  bank  of 
the  lake,  the  image  inovmg  from  east  to  west,  while  the 
bark  moved  from  north  o  south.  When  the  image  se- 
parated from  the  bark  ii  was  of  the  same  dimensions  as 
the  bark,  but  it  diminished  as  it  receded  from  it,  so  as  to 
be  reduced  to  oni -half  when  the  phenomenon  ceased. 
In  this  case  of  unusual  refraciion  the  plane  of  refraction 
was  clearly  lioiiz.,nt -1  ;  an.l  consequently  the  two  masses 
of  air  of  different  density  must  have  been  laterally  conti- 
guous  to  each  other. 
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On  the  28th  June,  1820,  Capt.  Scoresby  observed 
some  curious  examples  of  unusual  refraciion,  while  na- 
vigating the  Greenland  sea,  in  Lat.  73°  30',  and  Long. 
!  1°  50'  W.  The  sun  had  shone  during  the  day  with- 
out the  interposition  of  a  cloud,  and  his  rays  were  pecu- 
liarly ardent.  About  6  o'clock  P.  M.  a  light  breeze 
having  sprung  up,  most  of  the  ships  navigating  at  the 
distance  of  ten  or  fifteen  miles,  amounting  to  about 
eighteen  or  nineteen  sail,  began  to  change  their  form  and 
magnitude,  and,  when  examined  from  the  mast-head 
with  a  telescope,  exhibited  some  extraordinary  appear- 
ances, different  in  almost  every  point  uf  llie  compass. 
One  ship  bearing  NW.  by  W.  had  an  inverted  image  as 
at  a,  Fig.  17.  above  it.  Another  at  b,  had  two  distinct 
inverted  images  in  the  air.  A  third  at  rf,  bearing  about 
N.  was  distorted  by  elongation,  the  m.asls  being  nearly 
of  twice  their  proper  height;  and  others  Inaring  NNE. 
and  E.  and  at  the  distance  of  twelve  or  fifteen  miles, 
contracted,  as  shown  at  e  and  _/".  These  two  last  ships 
were  beyond  the  natural  horizon,  but  the  ice  for  a  few 
minuses  appeared  beyond  them.  Along  witli  all  the 
images  of  the  ships  a  reflexion  of  the  ice,  in  some  places 
in  two  strata,  also  appeared  in  the  air,  the  upper  stra- 
tum having  an  altitude  of  about  15'. 

Although  the  experimental  method  of  illustrating 
the  phenomena  of  unusual  refraction,  as  given  by  Dr. 
VVollaston,  is  in  every  respect  an  excellent  one,  yet  the 
employment  of  different  fluids  does  not  represent  the 
case  which  actually  exists  in  nature.  The  method  employ- 
ed by  Dr.  Brewster,  and  which  we  have  already  explain- 
ed in  our  article  on  Heat,  consists  in  holding  a  heated 
iron  GH  (see  Plate  CCLXXXIX.  Fig.  8.)  above  a  mass 
of  water,  bounded  by  parallel  plates  of  glass.  As  the 
heat  descends  through  the  fluid  we  have  a  regular  va- 
riation of  density,  which  gradually  increases  from  the 
surface  to  the  bottom.  If  we  now  withdraw  the  heated 
iron,  and  substitute  a  cold  body  in  its  place,  or  even  allow 
the  air  to  act  alone,  the  superficial  strata  of  water  will 
give  out  their  heat,  so  as  to  have  an  increase  of  density 
from  the  surface  to  a  certain  depth  below  it.  Through 
the  medium  thus  constituted,  all  the  phenomena  of  unu- 
sual refraction  may  be  seen  in  the  most  beautiful  man- 
ner ;  the  variation  of  density  being  produced  by  heat 
alone.  The  same  author  has  produced  the  same  effects 
with  plates  of  glass,  and  by  applying  the  heat  in  different 
ways  to  the  plate  of  glass,  the  remarkable  phenomena  of 
Dover  Castle  may  be  readily  imitated. 

For  farther  information  on  this  subject,  see  Hviddart, 
Fhil.  Trans.  1797,  p.  29.  Vince,/rf.  1799,  p.  13  ;  Monge, 
Memoires  sur  I'Egyfite,  or  in  the  Ann.  de  Chim.  vol.  xxix. 
p.  207  ;  Gruber,  Gilbert's  Journal,  vol.  iii.  p.  377.  439  ; 
Woltmann,  Gilbert's  Journal,  iii.  397  ;  WoUaston,  Phil. 
Trans.  1800,  p.  289,  1803,  p.  I;  B\o\.,  Mem.  de  Tin- 
stiCut,  1809  ;  MM.  Jurine  and  Soret,  in  the  Jourtial  de 
f/iysigue,  March,  1820,  torn.  xc.  p.  217,  or  in  the  Edin. 
Phil.  Journal,  vol.  iii.  p.  400  ;  Vince,  Edin.  Trans. 
vol.  vi.  p.  245  ;  Scoresby,  Edin.  Trans,  vol.  ix.  p.  290  ; 
Capt.  Colby,  Edin.  Phil.  Joum.  vol.  i.  p.  411.  See  also 
our  articles  Fat.\  Morgana,  vol.  ix.  p.  287,  and  Heat, 
vol.  X.  p.  675. 

CHAP.  V. 

ox  THE    COtOtJRS    OF    THE    ATMOSPHERE,    AND    TIIK    CO- 
LOURED   SHADOWS    WHICH    THEY    PRODUCE. 

If  the  earth's  atmosphere  consisted  of  a  medium  un- 


limited, and  perfectly  homogeneous,  the  sun  and  the 
planets  would  shine  in  a  firmament  of  the  most  in- 
tense darkness,  similar  to  what  has  been  observed  by 
travellers  on  the  elevated  summits  of  the  Alps  and  the 
Andes. 

As  the  aimoiphere,  however,  is  of  limited  extent,  and 
composed  of  strata  of  variable  density,  the  light  of  the 
sun  which  falls  upon  it  is  reflected  in  every  direction, 
and  reaches  the  surface  of  the  earth  with  that  chaste 
tinge  of  blue  which  forms  such  a  fine  relief  to  the  yel- 
lowish light  of  the  heavenly  bodies. 

The  blue  colour  of  the  sky  was  attributed  by  Fromon- 
dus.  Otto  Guericke,  VVolfius,  and  Muschcnbrot  k,  to  a 
mixture  of  light  and  shadow.  Sir  liaac  Newton  and 
Bouguer,  on  the  contrary,  were  of  opinion,  that  the  parti- 
cles of  air  reflect  the  blue  rays  more  copiously,  and  trans- 
mit the  red,  as  we  have  already  explained  in  our  article 
on  the  Atmosphere. 

This  explanation,  which  was  then  little  better  than 
conjecture,  has  received  ample  toi.firmHtion  from  the 
experiments  of  Dr.  Brewster  on  the  polarisation  of  a 
great  part  of  the  blue  light  of  the  sky,  fiom  wliich  it 
follows  that  it  has  suffered  reflexion.  He  obsern^ci  also, 
that  one  of  the  images  of  certain  parts  of  the  sky,  form- 
ed by  a  doubly  refracting  crystal,  was  mucii  bluer  than 
the  other,  and  that  the  images  changed  their  tints  al- 
ternately. Upon  the  supposition,  therefore,  that  the 
light  of  the  sky  consists  of  two  portions  of  light,  one 
blue  and  the  other  nearly  colourless,  polarised  in  dif- 
ferent directions,  we  may  explain  all  the  phenomena 
which  appear,  when  the  light  of  the  sky  is  examined 
in  different  azimuths  and  in  different  planes  passing 
through  the  sun. 

The  phenomena  of  blue  shadows,  which  have  been 
so  often  observed,  arise  from  the  illumination  of  the 
shadows  of  bodies  by  the  blue  light  of  the  sky,  the 
parts  without  the  shadow  being  illuminated  with  some 
other  light,  such  as  that  of  the  sun  or  of  a  candle. 
These  coloured  shadows  are  generally  seen  with  most 
distinctness  at  sun-rise  and  sun-set,  when  the  sun's  light 
has  a  yellow  tinge.  ' 

The  colours  of  shadows  illuminated  by  the  sky,  vary 
in  different  countries,  and  with  diflerent  seasons  of  the 
year,  from  pale  blue  to  a  violet  black  ;  and  when  there 
are  yellow  vapours  in  the  horizon,  or  yellow  light  re- 
flected from  the  lower  part  of  the  sky,  eillicr  at  sun-rise 
or  sun-set,  the  shadows  have  a  strong  tinge  of  green, 
arising  from  the  mixture  of  these  accidental  rays  with 
the  blue  tint  of  the  shadow. 

The  phenomena  of  coloured  shadows  are  often  finely 
seen  in  the  interior  of  a  room.  They  arise  from  the 
blue  light  of  the  sky,  and  the  light  reflected  either  from 
the  furniture,  or  the  painted  walls  of  the  room.  In  this 
case,  however,  the  colours  are  always  complementary 
to  one  another. 

M.  Hassenfratz  has  written  a  very  elaborate  memoir 
on  the  subject  of  coloured  shadows,  and  has  deduced 
the  following  conclusions  from  his  various  experiments 
and  observations  : 

\st,  "  That  the  shadows  formed  by  the  direct  light  of 
lite  sun  and  that  of  the  atmosphere  vary  from  meadow 
green  to  a  violet  black,  in  a  gradation  through  the  blue, 
indigo,  and  violel  ;  and  that  the  variation  depends  on  the 
intensity  of  the  light  of  the  sun  compared  to  that  of  the 
atmosphere. 

2rf,  That  the  shadows  formed  in  apartments  by  the 
light  of  the  atmosphere  and  reflected  lights,  may  pre- 
5   U  2 
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sent  all  ilie  piibmuUc  colours,  ir.oie  or  less  cliangcd  by 
black ;  and  ihal  ilic  linls  of  the  shadows  observed  art: 
always  complcmciiiary  to  each  olher. 

2d,  Th^t  Uic  sliadows  produced  on  a  piece  of  paste- 
board illuminated  by  artificial  lights,  are  reddish  and 
tiluish  more  or  less  deep  ;  and  that  very  probably  the 
bluish  and  reddish  tints  of  the  shadows  depend  on  the 
proportion  of  hydrogen  and  carbon  in  the  combustible 
bodies." 

For  farther  informaiion  on  the  blue  light  of  the  sky, 
atid  of  an  instrument  for  measuring  its  intensity,  see  the 
article  Cyanomkier.  Sec  also  .-Ictajyova  Ces  torn.  ii. 
App.  p.  263;  Otto  Guericke,  Exti.  jVaifdeburgica,  p. 
142  ,  BufTon,  Me?!!,  jlcad.  Par  1743,  p.  217;  Bousuer, 
Traite  d'  0/itigue,  p.  368;  Smith's  0/ilics,  vol.  ii.  Rem. 
p.  63  ;  Melville,  Edin.  Essmja,  vol.  ii.  p.  75  ;  Beguelin, 
Mem.  ^cad.  Berlin.  1767,  p.  27  ;  Monge,  Rnzicr's  Jour- 
nal, xii.  p.  127  ;  Monge.  .'lim.  de  C/iim.  torn.  iii.  p.  131  ; 
Rumford,  P/iil.  Trans.  1794,  p.  107;  liassenfrutz,  Jour- 
nal Polyiech.  torn.  iv.  p.  272,  or  Nicholson's  Journal, 
vi.  281  ;  vii.  23. 


CHAP.  VI. 

ON  THE  COJ.OtJRS  OF  NATURAL   BODIES. 

There  is  no  branch  of  optics  more  difficult,  and  more 
generally  interesting,  than  that  which  relates  to  the  co- 
lours of  natural  bodies.  The  splendid  tints  with  which 
nature  has  enriched  the  vegetable,  the  mineral,  and  the 
animal  kingdom,  have  attracted  the  admiration  even  of 
the  rudest  minds,  and  have  long  formed  a  subject  of 
perplexing  research  to  the  natural  philosopher. 

One  of  the  finest  results  of  Newion's  experiments  on 
the  colours  of  thin  plates  was  their  application  to  the  ex- 
planation of  the  colours  of  natural  bodies.  The  whole 
of  the  reasoning  upon  which  this  explanation  is  founded, 
is  a  striking  specimen  of  the  sagacity  and  address  of 
that  extraordinary  man,  and  as  his  hypothesis  has  never 
been  clearly  explained  in  our  language,  we  shall  think 
ourselves  fortunate  if  we  can  convey  to  the  reader  a  ge- 
neral view  of  the  principles  upon  which  it  rests. 

1.  The  surfaces  of  transparent  bodies  reflect  the 
greatest  quantity  of  light  when  their  refractive  power 
is  the  greatest,  whether  the  suiface  is  in  contact  with  air, 
or  separates  two  media  of  different  refractive  powers. 
^Vhen  the  two  media  have  the  same  refractive  power, 
there  is  no  reflexion  at  their  separating  surfaces,  and  the 
quantity  of  reflected  light  always  increases  with  the  dif- 
ference of  the  refractive  powers. 

This  proposition  is  established  by  numerous  experi- 
ments. Ruby-silver,  chromate  of  lead,  red  sfiar,  octohe- 
drite,  diamond,  and  the  other  substances  at  the  head  of 
our  table  of  refractive  powers,  p.  620,  have  a  much 
higher  lustre,  or  reflt;ct  much  more  light  than  any  other 
substance  ;  and  Tabasheer,  ice,  and  water,  reflect  less 
light  than  any  of  the  olher  bodies  in  the  table.  If  in 
the  manfjcture  oi glass  we  gradually  increase  the  refrac- 
tive power  by  adding  lead,  wc  at  the  same  time  increase 
its  lustre,  or  its  reflective  power;  and,  in  like  manner, 
if  we  add  alcohol  to  water,  the  lustre  of  the  compound 
increases  with  its  refractive  power. 

If  we  pour  Water  upon  a  surface  of  Croivn  glass,  the 
reflective  power  of  the  surface  will  be  greatly  diminish- 
ed. If  we  pour  Meohol  upon  it,  it  will  be  diminished 
still  more.     Sulfihuric  acid  will  reduce  it  still  farther; 


and  if  we  use  Castor  oil,  the  separating  surface  will  rc- 
ikci  almost  no  light  at  all.  The  analogy  between  the  re- 
ileelive  and  the  refractive  powers  of  bodies  is  well  shown 
by  the  relation  between  the  angle  of  total  reflexion  at 
their  second  surf.ices,  and  the  refractive  power;  (See  p. 
619,  1'hop.  III.  and  p.  652  )  and  it  is  also  indicated  in  a 
very  striking  manner  in  the  polarisation  of  light  by  re- 
flexion, which  depends  on  the  index  of  relVaciion.  (See 
p.  715.) 

2.  'I'he  least  parts  of  almost  all  natural  bodies  are  in 
some  measure  Iransjiarent,  and  the  opacity  of  any  body 
arises  from  the  multitude  of  reflexions  caused  in  its  in- 
ternal parts. 

The  transparency  of  gold  and  silver,  when  reduced 
into  thin  films,  and  of  all  metallic  particles,  either  when 
in  a  Slate  of  solution,  or  when  in  the  form  of  salts,  mav 
be  considered  as  a  proof  of  the  proposition.  Substances 
loo,  that  appear  perfectly  black  to  the  eye,  become  trans- 
lucent, and  even  transparent,  when  reduced  very  thin, 
and  exposed  to  a  strong  light. 

The  phenomena  of  the  polarisation  of  light  by  metals 
remove  every  excepiion  that  can  be  staled  to  the  univer- 
sality of  this  truth;  for  it  is  demonstrable  that  part  of 
the  light  which  is  reflected  by  them  has  actually  penetrat- 
ed the  metal ;  and  in  plates  of  steel,  polished  perfectly 
flat,  wc  have  observed,  in  the  most  distinct  manner,  a 
variation  of  density  and  of  refractive  power  in  the  infi- 
nitely thin  transparent  film  which  forms  the  reflecting 
surface  of  the  metal. 

3.  Between  the  parts  of  opaque  and  coloured  bodies 
there  are  many  spaces  either  empty,  or  filled  with  media 
of  diflferent  densities,  as  water,  for  example,  between  the 
tinging  corpuscles  with  which  any  fluid  is  impregnated; 
and  between  the  aqueous  globules  that  constitute  clouds 
or  mists  ;  and  for  the  most  part  spaces  void  of  both  air 
and  water,  but  yet  perhaps  not  wholly  void  of  all  sub- 
stance between  the  parts  of  hard  bodies. 

The  truth  of  this  proposition  is  deducible  from  the 
two  preceding  ones;  for,  by  Sect.  2.  there  are  numerous 
reflexions  with  bodies,  which,  by  Sect.  1.  cannot  happen, 
unless  there  were  interstices  between  their  particles,  and 
of  a  different  refractive  power.  Besides,  many  sub- 
stances, more  or  less  opaque,  become  transparent  by  fill- 
ing their  pores  with  any  substance  of  nearly  the  same 
density  with  their  parts;  thus  hydrofthane  and  tabasheer 
become  transparent  when  they  have  absorbed  either  oil 
or  water.  Cryolite,  in  like  manner,  has  its  transparency 
increased  by  absorbing  water  ;  and  fiafier,  vellum,  and  - 
various  other  bodies,  become  almost  transparent  by  ab- 
sorption of  oil,  or  other  fluids  of  nearly  the  same  refrac- 
tive power.  On  the  contrary,  all  these  bodies  become 
opaiiue  when  the  water  or  fluid  has  escaped  from  their 
pores.  The  substance  called  Iodine,  which  reflects  light 
exactly  like  metals,  is  perfectly  opaque;  but  when  it  is 
thrown  oR"  into  vapour  by  heat,  it  forms  a  purple  colour- 
ed gas,  which  consists  of  the  solid  transparent  particles 
of  iodine  floating  with  air  between  them.  When  a  mix- 
ture of  turpentine  and  water,  or  of  water  and  air,  is 
effected,  the  compounds  become  perfectly  white  and 
ofiacjue,  in  consequence  of  the  reflexion  of  light  at  the 
pat  tides  of  turpentine  and  water,  and  at  the  junction  of 
the  vesicles  of  froth  with  the  air  which  they  inclose. 

4,  The  parts  of  bodies  and  their  interstices  must  not 
be  less  than  of  some  definite  bigness,  to  render  them 
opaque  and  coloured. 

The  experiments  on  thin  plates  completely  prove 
that,  below  a  certain  degree  of  thickness,  the  power  of 
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audits  lo  reflect  light  ceases.  Hence,  Sir  Isaac  New- 
ton conceives,  that  the  cause  of  the  transparency  of  wa- 
ter, glass,  kc.  is,  that  they  are  lull  of  pores,  and  that 
their  parts  and  interstices  arc  too  small  to  produce  reflex- 
ions at  their  separating  surfaces. 

5.  The  transparent  parts  of  botiies,  according  lo  their 
several  sizes,  reflect  rays  of  one  colour,  and  transmit 
ihose  of  anoiuer,  fur  the  same  reason  that  thin  jjlates  of 
uir  and  water  reflect  or  transmit  those  rays. 

Sir  Isaac  Newton  conceives,  that  the  parts  of  all  na- 
tural bodies  cxhi'^it  llie  same  colours  as  the  bodies,  on 
ine  same  ground  that  the  parts  of  a  film  of  uniform 
thickness  and  colour,  have  tlie  same  colour,  as  the  film, 
even  when  slit  into  threads,  or  broken  into  fiagments 
that  preseive  their  thickness.  Tiie  coloured  plumage 
of  birds  vary  their  lints  at  the  same  plice,  by  varying 
the  position  of  tlie  eye,  in  the  same  manner  as  thin  plates, 
and  hence  the  tints  arise  from  the  slendciness  of  the 
fine  hairs  which  grow  out  of  the  leathers.  In  like  man- 
ner, the  colouis  ot  silks,  cloths,  kc.  when  penetrated  by 
water  or  oil,  become  more  faint  by  immersion  in  these 
liquors,  and  again  recover  their  original  colours  when 
ihey  are  dry.  Leaf  gold,  some  kinds  of  painted  glass, 
and  the  infusion  oi  lignum  ne/i/iricicum,  reflect  one  colour 
and  transmit  another,  like  thin  plates,  and  the  coloured 
Howers  of  plants  and  vegetables  usually  become  more 
transparent,  or  in  some  degree  change  their  colours  by 
being  bruised.  The  change  of  colours  produced  by 
mixing  diflerent  fluids  is  ascribed  by  Sir  Isaac  Newton 
to  a  change  of  bulk  and  of  densiiy  m  the  saline  particles 
of  the  liquor,  in  consequence  of  ihe  mutual  action.  A 
coloured  fluid,  for  example,  may  occur  transparent,  if 
its  particles  are  by  any  means  divided  inlo  smaller  ones, 
and,  on  the  contrary,  two  transparent  fluids  may  com- 
pose a  coloured  one,  by  the  association  of  the  particles 
inlo  one  cluster. 

6.  The  parts  of  bodies  on  which  their  colours  depend 
are  denser  than  the  medium  which  pervades  their  inter- 
stices. 

The  colour  of  a  body  depends  on  the  rays  incident  at 
all  obliquities,  and  as  a  slight  variation  of  obliquity  will 
alter  the  reflected  tint  lo  various  colours,  when  the  par- 
ticles are  rarer  than  the  surrounding  medium,  to  a  much 
greater  extent  than  when  the  particles  are  more  dense 
than  that  medium,  and  it  is  probable  ihat  the  panicles 
are  the  densest. 

7.  The  size  of  tlie  component  parts  of  natural  bodies 
may  be  conjectured  from  their  colours. 

A  panicle,  for  example,  of  the  same  density  as  Glass, 
which  reflects  the  green  of  the  iMrd  order,  will  have  its 
thickness  16^,  (See  the  Table,  p.  696,  opposite  the 
Green  of  Third  Order,  and  in  Uie  column  answering  to 
glass,)  or  16  millionths  of  an  inch.  In  order  to  deter- 
mine to  what  order  the  colour  of  any  body  belongs, 
Newton  has  given  the  following  rules. 

Scarlet,  led,  orange,  and  yelloiv  colours  are  most  pro- 
bably of  the  second  order,  if  they  are  pure  and  intense. 
Those  of  Xhtjirst  and  third  order  may  be  good  ;  but  ihe 
yellow  of  xUcJirst  order  is  faint,  and  the  orange  and  red 
of  the  t/iird  order  have  a  great  mixture  of  violet  and 
blue. 

Green  colours  of  the  purest  kind  are  of  the  third  or- 
der, but  those  of  the  fourth  may  be  good.  All  vegeta- 
ble greens  seem  to  be  of  the  third  order,  both  from  the 
intensity,  and  from  the  circumstances  that  when  they 
wither,  some  of  them  turn  to  a  greetiiah  yellorj,  and 
Others  lo  a  more  perfect  yellow  or  orange,  or  perhaps  to 


red,  passing  f.rsi  iliicjiigh  ail  liie  above  nienlioiied  inter- 
mediate tints.  Newton  conjectures,  that  the'  tinging 
corpuscles  become  more  dense  by  the  exhalation  of  the 
moisture,  and  may  be  also  augmented  in  size  by  the  ac- 
cretion of  the  oily  and  earthy  part  of  that  moisture  : 
As  the  changes  which  the  green  leaves  of  plants,  as 
well  as  their  coloured  petals  undergo,  are  gradual,  the 
colours  into  which  they  pass  will  be  of  the  same  order. 

mue  and  fiurjiie  colours,  when  the  brightest,  are  of 
the  third  order,  but  they  may  also  be  of  the  second.  New- 
ton considers  the  above  true  of  violets,  or  of  the  second 
order,  "  because  their  syrup  by  acid  liquor  turns  red, 
and  by  aerinous  and  alcalizate  turns  green,"  and  if  there 
should  be  any  body  of  a  deeper  and  less  reddish  purple 
than  that  of  violets,  he  would  consider  it  as  of  the  «ccond 
order. 

The  faint  pale  blue  of  the  first  order  lie  supposes  lo 
be  the  azure  colour  of  the  purest  and  most  transparent 
sky,  formed  by  particles  of  vapour  before  ihey-have  ar- 
rived at  the  size  requisite  to  reflect  other  colours. 

li'hiteness,  when  it  is  most  luminous  and  intense,  is 
that  of  the  first  order,  such  as  that  of  white  metals;  but 
when  it  is  less  strong  and  luminous,  it  is  a  mixture  of 
all  the  colours,  such  as  the  whiteness  of  froth,  linen, 
fia/ier,  he.  and  the  greater  number  of  white  substances. 
The  colours  of  gold  and  co/i/ier  are  probably  of  the  se- 
cond or  third  order. 

Black-ness  is  produced  when  the  particles  of  the  body 
are  less  than  any  of  those  which  produce  colours.  The 
effect  of  a  change  of  condition  in  the  particles  of  a  co- 
loured body  in  producing  blackness  is  finely  exemplifi- 
ed in  an  interesting  experiment  on  fihosfihorus,  which  was 
made  by  M.  Thenard.  Having  obtained  some  very  pure 
phosphorus  of  the  usual  yellow  colour,  after  repeated 
distillation,  he  found  that  it  possessed  the  singular  pro- 
perly of  becoming  flerfectly  black,  when  it  was  melted 
and  suddenly  cooled.  If  it  was  again  melted  when  in 
its  black  state,  it  recovered  its  yellow  colour,  and  could 
thus  be  made  either  black  or  yellow,  at  pleasure. 

Newton  looked  forward  to  the  improvement  of  the 
microscope  as  the  means  of  actually  discovering  the 
particles  of  bodies  upon  which  their  colours  depend; 
and  hi  conjectures  that,  excepting  those  which  produce 
blackness,  they  might  be  all  discerned  by  a  microscope 
which  magnified  three  or  four  thousand  limes. 

Before  we  conclude  this  section,  we  shall  mention 
some  curious  facts,  which  both  illustrate  and  support 
the  Newtonian  theory  of  the  colours  of  natural  bodies. 

1.  Dr.  Drummond  of  Belfast  observed,  that  the  mem- 
brane behind  the  retina  of  the  dog,  and  other  animals, 
which  produce  those  blue,  or  green,  or  sometimes  red 
reflexions,  which  oficn  shine  with  such  brilliancy  in  the 
living  animal,  loses  the  power  of  reflecting  these  lints 
when  it  is  dry,  and  becomes  entirely  black.  Upon  learn- 
ing this  fact  from  Dr.  Drummond,  we  prepared  several 
eyes  that  rtfiected  these  colours  with  great  vivacity, 
and  invariably  found  that  they  became  black  when  dry, 
and  blue  and  green  when  softened  with  water.  After 
some  of  them  had  remained  four  or  Jive  years  in  a  dry 
state,  they  still  possessed  the  propel  ly  of  developing 
their  colours  by  Mioisturc.  It  is  worthy  of  remark,  how- 
ever, that  the  black  passed  instantly  into  a  brilliant  blue, 
the  blue  into  green,  and  the  green  into  a  greenish  yellow. 

2.  Tincture  of  turnsole,  when  it  has  long  been  shut 
up  in  a  bottle,  well  corked,  often  becomes  of  an  orange 
colour,  an  tfiect  which  is  supposed  to  arise  from  deoxi- 
dalion.     If  the  bottle  is  opened,  and  the  fluid  agitated 
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so  as  to  make  it  combine  with  the  oxygen  of  the  air,  it 
becomes  rfrf  in  a  few  minutes,  and  then  violet  blue. 

3.  When  pure  and  solid  oxide  of  manganese,  which 
is  of  a  brown  colour,  is  heated  witii  potash,  there  arises 
a  solid  combination,  whose  colour  is  a  lively  green,  ap- 
parently of  the  third  order.  When  this  combination, 
which  is  called  the  cameteon  mineral,  is  dissolved  in  a 
great  quantity  of  warm  water,  it  is  rapidly  disuiiileil, 
and  the  oxide  separated  from  it.  But  if  the  combina- 
tion has  been  well  prepared,  and  if  a  small  quantity 
of  water  is  employed,  the  se|)araiion  of  its  parts  takes 
place  gradually,  and  the  solution  assumes  a  variety  of 
colours  in  succession.  I'rom  green  it  passes  to  btuiah- 
green,  then  to  blue,  next  to  /lurfile,  and  lastly  to  a  red- 
dish fiurfilc,  the  tints  gradually  descending  in  the  order 
of  the  rings. 

4.  If  oil  of  sweet  almonds  is  mixed  with  soap  and 
sulphuric  acid,  the  combination  will  at  first  be  yellow, 
and  successively  orange-ijellow,  deefi  orange,  red,  and 
violet,  which  is  the  series  of  colours  in  passing  from  the 
first  to  the  second  order.  During  the  transition  from 
the  orange  to  the  red,  there  is  a  time  when  the  absorp- 
tion of  the  incident  rays  becomes  so  strong,  that  the 
mixture  appears  almost  black.  The  same  interruption 
is  observed  when  we  substitute  for  ilie  almond  oil  the 
oil  which  is  obtained  from  alcohol,  treated  with  chlorine. 
In  this  case,  the  succession  of  colours  is  a  fiale  yellow 
of  the  first  order,  orange,  black,  red,  violet,  and  lastly 
a  fine  blue  of  the  second  order.  The  flower  of  the  co- 
bca  exhibits  a  similar  phenomenon.  When  it  first  opens, 
it  is  of  an  imperfect  yellowish-green  colour,  which  is 
evidently  that  of  the  second  order,  but  it  is  soon  cover- 
ed with  spots  of  violet,  and  in  a  few  hours  becomes  en- 
tirely violet,  wiihout  passing  through  the  intermediate 
blue.  When  the  (lower  withers,  however,  it  passes  from 
the  violet  to  the  blue. 

5.  The  substance  called  hematine,  discovered  by  M. 
Chevreul,  is  of  a  greyish  tint  when  it  is  pure  and  so- 
lid. When  dissolved  in  water,  to  which  some  atoms  of 
acetic  acid  have  been  added,  its  colour  is  of  a  yellow 
of  the  second  order  slightly  green.  If  the  fluid  in  this 
state  is  introduced  under  a  tube  filled  with  mercury, 
and  is  then  heated  by  surrounding  it  with  a  hot  iron, 
it  becomes  successively  yellow,  brilliant  orange,  brilliant 
red,  Imrtile,  and  bluish  fiurfile.  When  kept  by  itself  to 
cool,  it  returns  gradually  to  its  first  colour,  which  it  re- 
quires some  days  to  do  if  the  quantity  employed  is  about 
half  of  a  centilitre.* 

Effects  somewhat  analogous  to  those  which  have  been 
described,  are  exhibited  in  the  changes  which  heat  pro- 
duces on  the  colouring  matter  of  minerals.  In  subject- 
ing the  Balas  Ruby  to  high  degrees  of  heat.  Dr.  Brew- 
ster observed  that  the  ruby  became  green,  which  gra- 
dually faded  into  a  brown  as  the  cooling  advanced, 
which  rose  by  degiees  to  its  original  brilliant  red  co- 
lour. M.  Berzelius  observed  an  analogous  fact  in  tiie 
Sfiinelle  of  Ceylon  and  Aker,  which  becomes  brown  by 
heat,  then  blackens,  and  becomes  opaque  as  the  heat 
increases.  It  then  passes  through  a  fine  chrome  green 
before  it  recovers  its  red  colour. 

See  Newton's  0/itics,  book  ii.  part  iii.  p.  217;  Dela- 
val,  in  Alanchester  Memoirs,  vol.  ii.  p.  131 ;  Blot's  Traile 
de  Physiijue,  torn.  iv.  p.  123  ;  Edinburgh  Philoso/ihical 
Journal,  vol.  vi.  p.  379  ;  vol.  vii.  p.  180  ;  Berzelius,  De 
L'En!j)lui  de  Chalumeau,  p.  289,  252. 


CHAP.  VII. 

ON    PHOTOSETRV,  OR  THE   MEASURE  OF   LlCHf  . 

The  most  valuable  experiments  which  have  hitherto 
been  made  on  the  subject  of  photometry,  we  owe  to  the 
genius  of  Bougucr  and  Lambert,  of  whose  labour.s  we 
have  already  given  a  ge[ieral  account  in  the  history  ot 
the  science. 

In  order  to  measure  the  quantity  of  light  lost  by  re- 
flexioT),  Bouguer  placed  the  nflecting  surface  to  be  tried 
at  B,  Fig.  18.  and  by  means  of  a  lamp  or  candle  at  P, 
he  illuminated  two  tablets  D,  E,  parallel  to  one  another, 
and  having  precisely  the  same  degree  of  whiteness.  He 
then  placed  his  eye  at  A,  so  that  he  could  see  at  the 
same  time  the  tablet  E  directly,  and  the  image  of  the 
tablet  D  reflected  from  the  mirror  B.  When  the  direct 
and  reflected  images  were  brought  into  contact,  so  that 
the  eye  could  compare  together  their  degrees  of  illumi- 
nation, he  caused  the  candle  to  be  moved  along  the  line 
ED,  so  as  to  throw  more  or  less  light  upon  either  of 
them  till  the  intensity  of  their  light  appeared  perfectly 
equal.  The  square  of  the  distances  EP  and  DP  afford- 
ed an  expression  of  the  diminution  of  the  light  by  re- 
flexion. By  this,  and  various  other  methods  adapted  to 
the  nature  of  the  case,  he  obtained  the  results  given  in 
the  following  Table. 

Light  reflected  from  Water  at  different  angles  of  inci- 
dence, according  to  Bouguer. 

Angles  of       No.  of  rays       Anfrles  of       No.  of  rays       Anf.)es  of       No.  of  rays 
Incidence,    reflected  out     Inciilence.      reflected  out     Incidence.      reflected  out 


of  1000. 

of  1000. 

of  1000. 

89  J° 

721 

80° 

333 

50° 

34 

89 

692 

77i 

271 

40 

22 

88J 

669 

75 

211 

30 

19 

88 

639 

72J 

178 

20 

18 

87§ 

614 

70 

145 

10 

18 

85 

501 

65 

97 

0 

18 

82i 

409 

60 

65 

By  comparing  these  results  with  the  quantity  of  light 
reflected  from  quicksilver,  Bouguer  concluded  that,  at 
great  angles  of  incidence,  water  reflected  as  much  light 
as  quicksilver.  The  following  measures  for  quicksilver 
are  deduced  from  Bouguer's  comparison  of  its  reflective 
force  with  that  of  water. 


Angles  of  Incidence. 

Ray!  reflected  out  of  lOOO. 

89J 

721 

40 

704 

0 

666 

M.  Bouguer  obtained   the   following   results  from  a 
plate  of  looking-glass  not  quicksilvered. 

Light  reflected  from  Plate  Glass  af  different  angles  of  in- 
cidence. 

Anfles  of       No.  of  rayi        Angles  of      No.  of  rayi        Angles  of  No.  of  ray* 

Incidence,    reflected  out       Incidence,    reflected  out      Incidence,  reflected  out 

of  1000.                                         of  1000.  of  1000. 

87^°     584     64°      149     50°  57 

85      543     60      112     44  40 

82|     474     59      105     40  34 

80      412     56       85     35  29 

77^     356     55      79     30  27 

75      299     54       74     20  25 

70      222     53       69     10  25 

69      210     52       65      0  25 
65      156     51       61 


See  a  fuller  account  of  these  last  four  facts  in  Biot's  Traiti  de  Physique,  torn.  iv.  p.  134. 
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The  I'ollowing  Table  contains  Bouguei's  experiments 
on  the  reflexion  of  light  from  white  opaque  bodies. 

Lig/ii  rejiecied  from  white  opaque  bodies  at  different  an- 
gUa  of  incidence. 

Anffles  of  Incidence.     No.  of  Kays  Reflected  out  of  1000. 

Silver.  PlMter.  3uwh  Papfr. 

0  1000  1000  1000 

15  802  762  971 


a  sheet  of  white  paper,  i-'U,  Fig.  20.  A  plate  of  glass 
AB  was  then  inclined,  so  that  the  light  reflected  in  the 
direction  CE,  and  refracted  in  CD,  illuminated  equally 
the  spaces  EA,  AD.  In  this  case  it  is  demonstrable, 
that  the  reflected  is  to  the  refracted  light,  or  M  :  N  = 
AE  :  AD.  In  this  way  he  obtained  the  following  re- 
sults : 


13 
43 
60 
75 


640 
455 
319 
209 


640 
529 
352 
194 


743 
507 
332 
203 


In  his  very  interesting  work  on  Photometry,  Lambert 
has  investigated  at  great  length  the  reflexion  of  light 
from  one  or  more  plates  of  glass  at  various  angles  of  in- 
cidence. As  the  methods  which  he  employed  are  re- 
markable for  their  ingenuity,  we  shall  endeavour  to 
make  them  intelligible  to  the  reader  before  we  detail 
the  results  to  which  he  was  conducted. 

Let  ABCD  be  a  plane  white  surface,  on  svhich  is 
drawn  a  line  ILK,  which  is  every  where  of  equal  black- 
ness. A  plate  of  glass,  EFGH,  was  placed  at  right  an- 
gles to  the  white  surface,  so  that  the  angle  HLK  was  a 
few  degrees  less  than  a  right  angle.  When  the  plane 
ABCD  was  equally  illuminated  by  the  sun,  or  by  a  can- 
dle, or  by  the  light  of  the  sky,  the  observer  placed  at  O 
viewed  the  posterior  part  IL  of  the  line  IK.  projected 
into  LQ,  and  the  anterior  part  of  it  KL  reflected  at  LP. 
Both  of  these  images  had  an  asb-grey  colour,  which 
varied  in  intensity  as  the  position  of  the  eye  was  chang- 
ed ;  for  with  the  image  of  IL  was  mixed  the  reflected 
image  of  the  plane  white  ground  LN  ;  and,  on  the  con- 
trary, the  reflected  image  LP  was  mixed  with  the  image 
of  part  of  the  plane  at  LM,  seen  by  refraction.  The 
candle  being  removed  to  such  a  distance,  that  the  rays 
were  nearly  parallel,  Lambert  sought  the  position  of  the 
eye  at  O,  where  the  two  lines  LQ,  LP,  appeared  of  equal 
paleness,  which  was  very  easy,  as  the  light  of  the  one 
increased,  while  that  of  the  other  diminished.  When 
this  position  was  determined,  he  measured  the  angle  of 
incidence,  and  found  it  75^°.  Hence  it  follows,  on  the 
supposition  that  the  glass  is  perfectly  pellucid,  t/iat  at  an 
angle  of  75^°,  the  quantity  of  light  refected  is  exactly 
equal  to  the  quantity  of  transmitted  light,  whatever  be 
the  intensity  of  the  incident  rays. 

Various  plates  of  glass,  from  1  to  9,  were  now  sub- 
stituted in  the  place  of  EFGH;  and  in  the  same  way 
Lambert  determined  the  different  angles,  at  which  the 
light  reflected  from  the  plates  was  equal  to  the  light 
transmitted.     Thus 


Angles  of  iDCidence 

at  which  the  re6ected 

and  iransniitteit 

Light  is  equal. 

51 

47 

43 

39i 


If  we  now  call  M  the  quantity  of  reflected,  and  N 
the  quantity  of  transmitted  light,  it  is  i:tc<ssary  to  de- 
termine their  relative  values  at  different  angles  of  inci- 
dence. 

In  order  to  do  this,  Lambert  made  the  light  fall  upon 


No.  of  Plates 
of  Glass. 

1 

Angles  of  Incidence 

at  which  the  reflected 

and  transDiitted 

Light  is  equal. 

75^ 

No.  of  Platet 
of  Glass. 

6 

2 

68 

7 

3 

63 

8 

4 

59 

9 

5 

55 

esof  incidence. 

Light  Refiected, 

Light  Refracted, 

Ratio  ol  M  :  N 

orM. 

orN. 

75i 

h 

h 

1  :     1 

6a 

\ 

% 
7 

I  :    2 

63 

i 

1 

I  :     3 

59 

\ 

A 

1  :    4 

55 

■  ■ 

1 

1  :    5 

51 

:  ■ 

4 

1  :     6 

47 

• 

7 

s 

1  :    7 

43 

•  ■ 

1 

1  :    9 

39§ 

T5 

T% 

1  :  10 

As  the  value  of  M  consists  of  two  portions,  viz.  g, 
the  quantity  of  light  reflected  at  the  first  surface,  and /;, 
the  quantity  reflected  by  the  second  surface  of  the  glass, 
it  became  necessary  to  determine  by  experiment  the 
ratio  of  these  two  quantities.  For  this  purpose  he 
placed  a  plate  of  glass  AB,  Fig. '21.  so  that  it  might  re- 
flect by  both  its  surfaces,  the  incident  light  coming  in 
the  direction  LE,  upon  the  white  paper  DA  ;  and  he 
inclined  a  glass  prism  AC,  so  as  to  reflect  by  its  ante- 
rior surface  light  coming  in  the  same  direction  LF, 
and  he  observed  the  angles  of  incidence  on  the  plate 
and  the  prism,  when  they  illuminated  the  space  AH 
equally.  The  following  are  the  results  of  two  experi- 
ments 

Experinient  L         Experiment  XL 
AE 1  1 

AH 0.90  2.10 

AG 0.67  1.02 

Angle  CAE  .        .         .15°  19° 

LEB  ....         42  65 

Corrcspondingangle  of  incidence  48  25 

LFG  ....         27  46 

Coi  responding  angle  of  incidence  63  44 

Now,  the  illumination  of  the  space  AG^:^-^^,  and  of 

Avj 

M 

AHl^-TTT)  which  being  equal  by  the  experiment,  we 
AH 

q        M        ^        MxAG 

'^^""ag=ah''"'^^=-ah— 

5 
But  since,  by  the  preceding  Table,  M  :=  .^,  when  the 
angle  (if  incidence  is  3151°  ;  or  LEB:^39°.  an<l  M~|^, 
wi.en  the  angle  of  incidence  is  ~-i7°,  or  LEB  "43°: 
ihe.  ,  by  taki.i.u:  proportion^il  pans,  we  shall  hav  M~ 
J-T-5^^~0.  12054  for  an  ansfle  of  mcidence  of  48°  ;    on- 

fS7    VI 
sequently  7~ ^~  0.08972,  which  is  the  quantity  of 

light  reflected   from  the  exterior,  i<r  first  surface  of  the 
prism,  '.t  ail  ;ini;le  of  incidtntc  ot  63°. 

In  the  same  experimeni,  the  aii^jie  Ll-'C^r  27°.  and 
the  angle  of  incidence  63°,  and  fur  this  anglt  M~V 

■        \\—q 

■1+/,'         '— i_.vi' 


But  as  Lambert  has  shown  that  M~; 


we  have  fiZZO  21370,  which  is  thi,  r|ujntity  ol  li,;iit  re- 
flected from  the  internal  or  second  surface  of  the  glass 
plate. 


V6(J 
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In  the  sfcoiHi  cxpcrii«er,!,  wiitri;  H1".L~65°,  or  an- 
t;le  of  incidence  IZ  25°,  we  shnll,  in  like  manner,  have 
7  —  0.03735,  ami  /J  — 0  08297. 

Lamlicrt  now  arraiit^C'l  the  experiment  as  in  Fig.  22. 
where  both  the  prism  aiitl  (he  plate  of  i^lass  are  inclined 
to  the  papiT  D.\,  and  when  AG  and  All  were  equally 
illuminated,  he  took  the  following  measures: 

AErrl  Angle     BADirS7''      LFC  zzflSJ" 

AGz:J.47  LEB— ::5°       Angle  of  incid.  76^° 

AH=:0.42      Angle  of  incio.  65°       FAC  =:1U° 

By  taking  proportional  parts,  M  will  be— 0.28333  for 

65°  ;   hence  qzz'    .  .,   'z:0.31706,  which  is  the  quan- 

Ari 
tily  of  light  from  the  prism,  corresponding  to  an  angle 
of  incidence  of  76J°.     In  like  manner  we  shall  have  ft 
ZZ'I  58596. 

From  the  above  experiments  Lambert  deduced  the 
following  Table. 


Angle  of 
Incitlence 
from  the 
Perpen- 
dicular. 

Catculaled. 

Observed. 

Differences  be- 
tween the  Ob. 
served  and  Cal. 
eutated  Results. 

Light  Re- 
fl(fcted  at 

the  first 
Surtace=5. 

Light  Re- 
llected 
from  the 

SfCUlltl 

Surface=p. 

Qnanttty  of 
RrHecteil 
Light  =  M. 

Quantity  of 

ReflfCted 
Light  =M. 

75i° 

68 

63 

59 

55 

51 

47 

43 

40J 

0.2741 
0.1333 
0.0928 
0.0729 
0.0592 
0.0494 
0.0423 
0.0368 
0.0332 

0.5136 
0.2753 
0.1968 
0.1566 
0.1283 
0.1078 
0.0925 
0.0810 
0.0731 

0.5205 
0.3204 
0.2421 
0.1985 
0.1663 
0.1428 
0.1234 
0.1091 
1.0991 

0.5000 
0.3333 
0.2500 
0.2000 
0.1667 
0.1429 
0.1250 
0.1111 
O.I  000 

4-  0.0205 

—  0.0130 

—  0.0079 

—  0.0015 

—  0.0004 

—  0.000! 

—  0.00 1 6 

—  0.0020 

—  0.009 

From  this  Table  Lambert  deduced  the  following  for 
every  tenth  degree. 


;  Angle  of 

Inci* 

dence. 

1 

P 

M 

N 

80° 

0.4862 

0.7765 

0.7108 

0.2892 

70 

0.157S 

0  3204 

03622 

0.6373 

60 

0.0772 

0.1653 

0.2070 

0.7930 

50 

0.0474 

0.1046 

0.1375 

0  8624 

40 

0.0337 

0.0705 

0.0973 

0.9027 

30 

0.0264 

0  0585 

0.0802 

0.9198 

20 

0.0225 

0.0499 

0.0690 

0.9310 

10 

0.0203 

0.0450 

0.0624 

0.9376 

0 

0.0199 

0  0448 

00619 

0.9381 

From  these  data  wc  may  deduce  the  light  reflected 
or  transmitted  by  any  number  of  transparent  glasses, 
by  means  of  the  following  formulje,  given  by  Lambert, 
where  x  is  the  number  of  glass  plates,  X  the  reflected 
light,  and  Y  the  transmitted  light. 

right  angle,  when  M— 0.0519,  we  have  X  ; 


15.1535-4-a: 


Number  ol 
Glass  LUalcs. 

1 

2 


6 

r 

8 


Liglil  Re. 
nected.ur  N« 

0.0619 

0.1166 

0.1652 

0.2088 

0.248  1 

0.2835 

0  3158 

0.3455 


LItibt  Iran' 
niittcd,or  V. 

0.9381 
0.8834 
0.8348 
0.79  1  2 
0.75  19 
0.7  164 
0.6842 
0.6545 


By  using  plates  of  glass  that  were  less  pellucid,  Lam- 
bert obtained  the  results  in  the  following  Table. 


her  of 

Light  Re- 
flected. 

Light  Trani- 

Light 

Plates. 

mitled. 

Lost. 

1 

0.05  16 

OSlll 

0.1373 

2 

0.0856 

0.6i96 

0.2548 

3 

0.1081 

0  536S 

0.3551 

4 

01228 

0.4377 

0.4495 

8 

0.1467 

0.1945 

0  6588 

16 

0.1524 

0.0387 

0.8089 

32 

0.1526 

0.0U16 

0.8458 

ZZ  1  —  Y  ;  consequently  we  obtain  the  following  re- 
sults. 


Since  the  time  of  Lambert  only  a  few  experiments 
have  been  made  in  photometry  Coint  Rumford  found, 
that  when  light  was  transmitted  perpendicularly  through 
a  thin,  clear,  and  colourless  pane  of  window  glass,  the 
loss  was  only  .1263;  that  is,  out  of  10,000  rays,  8737 
rays  were  transmitted.  When  a  pane  of  fine,  clear, 
and  well  polished  glass,  such  as  that  commonly  usetl 
for  looking-glasses,  was  used,  the  loss  of  light  was 
.1973,  or  the  rays  out  of  10,000  that  were  transmitted 
were  8027.  When  two  such  plates  were  used,  so  as  to 
stand  parallel,  but  not  to  touch  each  other,  the  loss  was 
3184  of  the  whole,  or  the  light  transmitted  was  6816. 
These  results  differ  very  considerably  from  those  of 
Lambert  and  Bouguer,  and  make  the  loss  of  light  much 
greater  than  it  seems  to  be.  Dr.  Herschel  found,  tiiat 
the  light  transmitted  by  one  eye-glass  was  9482,  by  two 
eye-glasses  .899  1 8,  and  by  three  eye-glasses    85265. 

In  examining  the  reflecting  power  of  glass  mirrors, 
Lambert  found,  that  the  light  reflected  at  a  perpendi- 
cular incidence  was  5352  out  of  10,000  rays,  the  quan- 
tity lost  being  4648.  In  separating,  however,  the  light 
reflected  from  the  first  surface  of  the  glass,  he  fovind 
that,  in  general,  the  quicksilvered  surface  may  be  con- 
sidered as  reflecting  two-thirds  of  the  Iiq;ht  which  f.ills 
upon  it.  When  the  inclination  of  the  incident  rays  to 
the  perpendicular  is  about  30°,  Lambert  considers  that 
the  glass  mirror  reflects  about  two-thirds  of  the  incident 
rays.  It  is  much  to  be  regretted,  that  no  person  has 
yet  undertaken  a  series  of  experiments  on  the  reflec- 
tive power  of  the  different  metals,  and  on  the  variation 
of  intensity  in  the  reflected  rays,  produced  by  varying 
the  angle  of  incidence.  The  results  obtained  by  Bou- 
guer for  quicksilver,  and  given  in  p.  758,  are  comput- 
ed from  the  comparative  effects  which  he  has  given 
of  the  reflecting  power  of  quicksilver  and  water.  One 
of  his  experiments,  which  we  have  not  inserted,  gives 
the  very  anomalous  result  of  a  maximum  of  reflective 
power  at  a  considerable  angle  of  incidence,  which 
Bouguer  does  not  seem  to  have  observed.  If  this 
shall  turn  out  to  be  the  case,  it  will  connect  itself,  in. 
a  very  interesting  manner,  with  the  angle  of  maxi- 
nium  polarisation  in  metals.  In  order  to  determine 
the  penetrating  power  of  his  reflecting  telescopes,  Dr. 
Herschel    made  some    experiments  on   the  reflective 
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power  of  metals,  of  which  the  specula  were  composed, 
and  he  found  that  a  perfectly  polished  surface  of  this 
metal  reflected  67,162  out  of  100,000  rays,  at  a  vertical 
incidence;  which  is  a  result  very  near  that  which  Bou- 
gucr  found  for  quicksilver.  Alter  two  reflexions,  the 
light  reflected  amounted  only  to  45,242  of  the  first 
100,000  rays.     We  would  recommend  the  prosecution 


of  this  interesting  branch  of  optics  to  the  attention  of 
some  of  our  young  and  active  philosophers. 

For  farther  information  on  this  subject,  see  Bougucr's 
Traiti  de  Ofitique ;  Lambert's  P/iOfometria,  p.  184.  209. 
227,  Sec;  Rumford,  Phil.  Trans.  1794,  p.  67.;  and 
Herschel,  Phil.  Trans.  1803,  p.  49. 


PART  III. 

ON  OPTICAL  INSTRUMENTS,  AND  THE  METHOD  OF  CONSTRUCTING  THEM. 


Although  we  have  already  had  occasion,  under  se- 
veral heads,  to  describe  the  construction  and  use  of  a 
few  individual  optical  instruments,  yet  the  general  prin- 
ciples of  their  construction  have,  in  most  cases,  been  re- 
served for  the  present  article.  In  the  following  chap- 
ters, therefore,  we  shall  resume  the  consideration  of 
some  of  those  that  have  been  previously  described,  with- 
out repeating  any  of  the  particular  details  that  have  al- 
ready been  given. 

CHAP.  L 

BESCRIPTION  OF  OPTICAL  INSTRUMENTS. 

Sect.  I. — The  Multijilying  Glass. 

The  multiplying  glass  is  an  instrument  by  which  an 
object  is  multiplied  any  number  of  times  without  being 
magnified. 

The  common  multiplying  glass,  shown  in  Fig.  23.  is 
made  by  grinding  a  number  of  flat  planes  upon  the 
convex  s'ltle  h  i /c  of  a  plano-convtx  lens  AB,  such  as 
h  b,  b  I  d,  and  d  k.  When  an  object  C  is  placed  at  a 
distance  exceeding  six  inches,  or  tliai  of  distinct  vision, 
as  many  images  of  it  will  be  seen  by  an  eye  placed  at 
H  as  there  are  flat  faces  cut  upon  the  lens.  A  distinct 
and  colourless  imagf;  will  obviously  be  seen  at  C, 
through  the  two  flat  surfaces  b  d.  e  f ;  but  as  every  other 
face  is  inclined  to  the  plane  surface  b  k,  ihese  iiiclined 
faces  will  constiiutf  so  many  prisms,  by  which  the  light 
will  be  refracted,  at.  (hscribcd  in  page  633.  By  means 
of  the  prism  h  b  e,  for  example,  a  ray  of  light  a  b,  pro- 
ceeding from  C,  will  be  refracted  in  the  direction  b  e  H, 
and  reaching  the  eye  in  the  direction  e  H,  the  image 
of  C  will  appear  at  E.  In  like  manntr,  by  means  of 
the  prism  d/k,  another  image  of  C  will  appear  at  D. 
There  will,  therefore,  be  a  circle  of  images  arranged 
round  C  as  a  centre,  and  containing  as  many  as  there 
are  faces  round  the  vertical  oiie  b  d.  It  a  second  cir- 
cle of  flat  planes  were  cut  without  the  fi'st  circle,  so  as 
to  produce  another  set  of  prisms  with  greater  refracting 
angles,  a  second  circle  of  images  would  be  sten  round 
C.  All  these  images,  however,  will  be  highly  coloured 
by  refraction  except  that  at  C.  In  order  to  see  the 
images  to  advantage,  the  eye  must  be  situated  at  H,  the 
point  of  concourse  of  the  refracted  rays. 

The  multiplying  glass  may  be  rendered  achromatic, 
by  placing  a  flat  plate  of  glass  m  n  upon  the  central 
face  b  d,  and  introdticing  a  fluid  between  it  and  the  cut 
surface  of  the'glass.  If  this  fluid  has  a  less  refractive 
and  a  greater  dispersive  power  than  the  glass,  all  the 
prismatic  colours  will  be  corrected,  and  a  considerable 
balance  of  refractive  power  left  to  produce  the  multipli- 
cation, or  to  separate  the  images  D  and  E  from  C, 
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There  are  many  transparent  minerals  which  are 
crossed  with  veins  or  strata  of  the  same  substance, 
which,  though  bounded  by  parallel  faces,  possess  the 
property  of  multiplying  glasses  in  the  highest  perfec- 
tion. In  Sect.  XVII.  p.  746.  we  have  already  had  occa- 
sion to  treat  of  this  class  of  phenomena.  In  some  spe- 
cimens of  Iceland  spar,  intersected  with  more  than  one 
series  of  veins,  and  found  near  Montrose,  the  property 
of  multiplication  is  such,  that  almost  100  images  may 
be  seen  heaped  up  in  pyramids.  In  describing  an  instru- 
ment called  a  Dichroscofie,  we  shall  have  occasion  to  re- 
sume this  subject. 

Sect.  II. — On  the  common  Looking  Glass. 

We  have  already  explained  (see  p.  657.)  the  princi- 
ples upon  which  every  plane  mirror  CD,  Fig.  24.  forms 
an  image  EF,  of  the  same  size  and  form  as  the  object 
AB,  and  at  the  same  distance  behind  it.  If  the  length 
of  the  mirror  CD  is  only  half  the  length  of  the  human 
figure  AB,  then  the  eye  of  the  figure  at  A  will  see  the 
whole  of  bis  figure  at  EF.  The  image  of  the  head  at  E 
will  be  seen  in  the  direction  AE,  by  the  rays  AC,  inci- 
dent perpendicularly  on  the  mirror  at  C,  and  reflected 
back  to  the  eye  at  A,  and  the  image  of  the  part  at  F 
will  be  seen  by  rays  BD  incident  at  D,  and  reflected  to 
the  eye  at  A,  in  the  direction  AD ;  so  that  if  a  D  is  a 
perpendicular  at  D,  a  DA^a  DB.  Hence  A  a=a  B=j 
AB ;  and  on  account  of  the  parallelism  of  AC,  CD,  we 
have  CD=Aa=i  AB. 

If  the  looking  glass  is  brought  nearer  to  the  observer, 
and  is  placed  at  c  d,  the  effect  will  still  be  the  same.  The 
person  AB  will  see  his  image  at  CG,  and  we  shall  have 
c'd=i  .\B,  as  before. 

In  all  plane  mirrors,  particularly  when  they  consist  of 
a  single  reflecting  surface,  the  brightness  of  the  image 
of  the  observer's  eye  will  always  be  a  minimum,  and  the 
brightness  of  other  patts  of  his  body  will  increase, 
the  more  remote  they  are  from  the  eye.  The  eye  being 
always  seen  by  rays  incident  perpendicularly,  there  will 
be  a  greater  number  of  them  lost  by  reflexion,  as  the 
image  of  the  parts  most  distant  from  the  eye  is  neces- 
sarily formed  by  rays  that  have  been  reflected  at  the 
greatest  angle.  This  difference  in  the  intensity  of  the 
light,  and  different  parts  of  the  observer's  image,  in- 
creases as  he  approaches  to  the  mirror  ;  for  when  the 
mirror  is  brought  to  c  d,  the  image  of  his  feet  is  seen 
by  rays  B  d,  reflected  at  an  angle  Ada,  nearly  twice 
as  great  as  the  former  angle  AD  a;  hence  the  image 
of  his  feet  will  be  much  brighter  than  before. 

Another  peculiarity  in  the  plane  mirror,  is  the  rever- 
sion of  the  image ;  the  right  hand  opposing  the  lefc,  and 
the  left  hand  the  right ;  and  hence  it  is  used  by  artists 
for   reversing  drawings.      The  word  NEWTON,  for 
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example,  in  front  of  ihc  mirror  CI),  will  be  reversed, 
as  in  Fig.  24.     See  the  article  Kaleidoscoie. 


Sect.   111. — On   Byramidal   Glasses  for  combining  the 
sefiaratcd  /larls  cyan  Image. 

These  pyramidal  glasses,  one  of  which  is  represented 
in  Fig.  1 .  consists  of  a  number  of  flat  faces,  ground  upon 
the  surface  of  a  cone  of  glass,  so  as  to  ioriii  a  pyramid 
with  a  flat  and  highly  polished  base.  They  consist, 
therefore,  of  as  many  prisms  as  the  pyramid  has  sides; 
so  that  if  the  eye  is  placed  above  the  vertex  A,  it 
will  receive  a  ponion  of  the  rays  refracted  by  each 
prism,  and  consequently  coming  from  remote  points, 
M,  N,  O,  P,  and  wi;l  see  these  points  collected  toge- 
ther, or  combineu  mimcdiaiely  below  the  axis  ot  the 
pyramid.  Lei  us  suppose  that  the  pyramid  has  four 
faces,  fronting  north,  south,  east,  and  west,  and  that 
the  picture  ol  a  bird  is  divided  into  four  parts,  the  head 
being  at  iM,  the  tail  at  N,  and  the  two  wings  at  O  and 
P,  then  we  can  conceive  these  pans  plactd  in  such  a 
"manner  th.it  thi-ii-  images,  after  lelVaction  through  the 
four  prisms,  shall  all  be  combined  together  below  the 
glass  pyramid,  and  form  a  complete  bird. 

In  order  to  render  the  deception  more  complete,  the 
four  parts  of  the  bird  are  connected  together  with  fan- 
ciful figures,  which  are  not  visible  through  the  pyra- 
mid, so  that  the  picture  above  which  the  pyramidal 
glass  is  set  appears  to  be  a  mass  of  inextricable  confu- 
sion. We  have  seen  some  of  these  glasses  containing 
twelve  faces,  so  that  the  picture,  whose  scattered  parts 
it  combines,  must  be  divided  into  twelve  portions. 
When  well  made,  this  instrument  is  a  very  amusing 
one,  and  never  fails  to  surprise  and  perplex  the  person 
who  sees  it  for  the  first  time. 


Sect.  IV. —  On  Pyramidal  Rejectors,  for  combining  the 
separated  Farts  of  Objects. 

Notwithstanding  the  agreeableness  of  the  effect  pro- 
duced by  the  preceding  instrument,  yet  the  refracting 
angle  of  the  prism  is  so  great,  as  lo  render  the  image 
extremely  indistinct  by  the  quantity  of  prismatic  co- 
lours with  which  its  parts  are  affected.  A  contrivance, 
indeed,  might  be  adopted  for  rendering  it  achromatic, 
but  this  would  render  it  too  complicated  an  instrument 
for  ordinary  use,  especially  as  the  same  effect  may  be 
produced  by  reflexion.  It  is  evident,  that  if  the  incident 
rays  from  M,  N,  O,  P,  Fig.  I.  and  the  refracted  rays 
which  enter  the  eye  above  A,  became  the  incident  rays 
and  the  rellecltd  rays  from  a  series  of  mirrors  or  re- 
flectors arranged  symmetrically  round  the  axis  AQ,  the 
very  same  effect  will  be  produced  as  by  the  pyr.uiiidal 
glasses.  For  this  purpose,  a  p)ramid  made  of  steel, 
or  speculum  metal,  should  have  a  series  of  plane  sur- 
faces, cut  and  polished  so  as  to  meet  at  the  summit  A, 
and  lorm  equal  angles  with  the  axis  AO  ;  and  the  py- 
ramid may  be  made  a  double  one,  by  uniting  another 
of  a  different  altitude,  and  of  a  different  number  of 
sides,  to  its  base  BC,  so  as  to  suit  a  different  set  of  pic- 
tures when  inverted.  When  tlie  parts  of  a  picture  are 
arr?nged  symmetrically  round  the  base  BC,  at  the  dis- 
tance of  distinct  vision,  and  so  that  rays  coming  from 
each  of  them  may  rise  in  the  planes  of  reflexion  from 
each  of  the  reflecting  iaces  passing  through   A,  they 


will  all  be  seen  to  an  eye  above  A,  inverted  in  the  same 
manner  as  witii  the  pyramidal  glass,  but  perfectly  free 
of  distortion  and  colour. 

The  same  effect  may  be  produced,  and  in  a  still  bet- 
ter manner,  by  a  pyramid  composed  of  a  series  of 
prisms,  the  separated  images  being  reflected  to  the  eye 
by  the  total  reflexion  from  the  posterior  surfaces  of  each 
prism.  A  section  of  two  of  the  prisms  is  shown  aia  b  c, 
a  d  e,  Fig.  2.  in  which  a  e,a  c,  are  the  reflecting  surfaces, 
and  the  angles  al  a  e  and  c  equal,  and  of  such  a  siite 
that  the  light  suffers  total  reflexion  from  a  e,  and  a  c. 


Sect.  V. — On  Cylindrical  Mirrors. 

If  the  surface  of  a  metallic  cylinder  is  highly  polish- 
ed, and  the  cylinder  is  set  upon  its  base,  near  a  pic- 
ture lying  horizontally,  the  image  of  the  picture  sceri 
by  reflexion  from  the  polished  surtace,  is  distorted  in 
the  most  irregular  manner,  in  consequence  of  the  sur- 
face of  the  mirror  being  plane  in  a  section  passing 
through  its  axis,  circular  in  a  section  perpendicular  to 
this,  and  of  a  different  curvature  in  all  intermediate 
sections.  On  the  contrary,  we  may  conceive  a  picture 
distorted  accordini*  to  given  laws,  which,  when  seun  by 
reflexion  in  the  cylindrical  mirror,  shall  appear  of  the 
most  just  and  harmonious  proportions.  This,  accord- 
ingly, is  the  purpose  for  which  cylindrical  mirrors  are 
used.  They  are  generally  accompanied  with  a  set  of 
distorted  figures,  which  have  neither  shape  nor  mean- 
ing when  seen  by  themselves  ;  but  when  they  are  plac- 
ed in  a  particular  position  before  a  cylindrical  mirror, 
their  image  is  at  once  reduced  into  form  and  expres- 
sion. The  effect  of  a  cylindrical  mirror  is  shown  in 
Fig.  3.  The  method  of  drawing  a  figure,  which  will  be 
restored  to  its  proper  form  by  reflexion  from  a  cylin- 
drical surface,  has  already  been  explained  under  our 
article  Anamouvhosis. 

Sect.  VI. — On  S/uclacles  and  Reading  Glasses, 

The  theory  of  spectacles  and  glasses  for  aiding  im- 
perfect vision,  has  already  lieen  given  in  a  preceding 
section.  (See  p.  749.)  When  a  glass  is  intended 
merely  lor  a  reading  glass,  or  for  obtaininc:  distinct 
vision  of  objects  placed  within  a  foot  or  two  of  the  eye, 
the  lens  must  be  convex  for  all  eyes,  and  the  focal 
length  must  depend  entirely  on  the  degree  of  mugni- 
fyini^  power  which  is  re()uired  ;  for  when  the  object 
is  placed  in  the  anterior  locus  of  a  convex  lens,  wiie- 
tlier  it  is  very  small,  like  that  of  a  single  microscope, 
or  large,  like  that  of  a  reading  glass,  both  a  short  and 
a  long-sighted  person  will  have  distinct  vision,  the  dif- 
ference in  the  condition  of  their  eyes  being  compensat- 
ed by  the  sligbttsl  difference  in  the  distance  of  the  ob- 
ject from  the  glass. 

When  it  is  required,  however,  to  enable  the  eye  of 
a  short-sighted  or  a  long  sighted  person  to  see  objects 
distinctly  at  a  greater  distance,  a  lens  must  be  selected 
by  the  following  rules. 

If  the  person  is  short-sighted,  multiply  the  dis- 
tance at  which  he  sees  minute  objects  most  distinctly, 
by  the  distance  at  which  he  wishes  to* see  most  dis- 
tinctly by  the  use  of  a  concave  glass,  and  divide  this 
product  by  the  difference  of  the  above  distance.  The 
quotient  will  be  the  focal  length  of  the  concave  lens  re- 
quired.    If  the  distance  at  which  it  is  required  to  see 
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distinclly  be  very  great,  Ihat  is,  beyond  200  or  300  yards, 
tiieii  the  local  Icn^ih  ol  the  concave  glass  will  be  nearly 
eqiuii  to  the  disiaiice  at  which  the  pcrbon  sees  dis- 
lincily. 

.  When  the  person  is  lons^-sighted,  and  cannot  see  near 
objects,  but  has  a  distinct  vision  of  remote  ones,  then 
tlie  local  distance  of  the  convex  lens  is  found  by  the  very 
same  rule  ;  but  if  the  distance  at  which  he  sees  most 
distinctly  is  very  great,  then  the  focal  length  ol  the  con- 
vex lens  will  be  equal  to  the  distance  at  which  he  w  ishes 
to  see  objects  most  distinctly 

The  proper  selection  of  glasses  for  imperfect  vision 
is  a  po;nt  of  much  deeper  inipurtance  than  is  generally 
believed.  An  oculist  who  is  acquainted  only  wilIi  the 
diseases  of  the  human  eye,  without  possessini^  any 
knowledge  of  it  as  an  optical  instrument,  is  often  led 
professionally  to  recommend  glasses  when  they  ought 
not  to  be  used,  and  to  fix  on  focal  lengths  entirely  unfit 
for  the  purpose  to  which  they  are  applied;  and  the 
mere  vender  of  lenses  and  spectacles  is  still  more  fre- 
quently in  the  habit  of  profering  his  deleterious  coun- 
sel. 

Independent  of  these  imperfections  of  sight,  which 
arise  from  some  original  defect  in  the  organ  of  vision, 
and  of  those  accidental  derangements  to  wnich  persons 
ci  all  ages  are  subjected,  there  is  a  change  which  takes 
place  in  the  human  crystalline  lens,  between  the  age  of 
thirty  and  fifty,  wh(  n  the  person  begins  tu  experience 
slight  difficulties  in  reading  small  type  or  ill  printed  books, 
particularly  with  candle  light.  This  imperfection  of  vi- 
sion, at  first  very  slight,  and  scarcely  appreciable,  arises 
from  a  mechanical  cliangt  in  the  condilian  of  the  lens,  by 
which  its  density  and  refractive  fiowcr,  as  well  as  its  form, 
are  altered.  This  change  is  analogous  to  that  which 
takes  place  in  every  other  part  of  the  human  frame  on 
the  approach  of  age.  It  commences,  in  general,  not 
uniformly  throughout  the  whole  lens,  but  in  particular 
parts  of  it,  most  frequently  at  the  marj^in  of  the  lens, 
and  is  often  accompanied  by  a  partial  separation  of  the 
fibres  and  laminae  of  which  it  is  composed. 

If  the  human  eye  is  not  managed  with  peculiar  care 
at  this  period,  the  change  in  the  condition  of  the  lens 
often  runs  into  a  cataract,  or  terminates  in  a  derange- 
ment of  fibres,  which,  though  not  indicated  by  white 
opacity,  occasions  imperfections  of  vision  that  are  often 
mistaken  for  amaurosis,  and  other  diseases.  A  skilful 
oculist,  who  thoroughly  understands  the  structure  of 
the  eye,  and  all  its  optical  functions,  would  have  no 
difficulty,  by  means  of  nice  experiments,  in  detecting 
the  very  portion  of  the  lens  where  this  change  has  taken 
place  ;  in  determining  the  nature  and  magnitude  of  the 
change  which  is  going  on  ; — in  applying  the  proper  re- 
medies for  stopping  its  progress,  and  in  ascertaining 
whether  it  has  advanced  to  such  a  state  that  aid  can  be 
obtained  from  convex  or  concave  lenses.  In  such  cases, 
knses  are  often  resorted  to  before  the  crystalline  lens 
has  suffered  an  uniform  change  of  figure  or  of  density  ; 
and  the  use  of  them  cannot  fail  to  aggravate  the  very 
evils  which  thty  are  intended  to  remedy.  In  diseases 
of  the  lens,  where  the  separation  of  fibres  is  confined 
to  a  small  spot,  but  is  yet  of  such  a  magnitude  as  to 
give  separate  coloured  images  of  a  luminous  object,  or 
irregnlrtr  halos  of  light,  it  is  often  necessary  to  limit  t!ie 
aperture  of  the  spectacles,  so  as  to  allow  vision  to  be 
peifdrmcd  by  the  pood  part  of  the  crystalline  lens. 

A  new  kind  of  spectacles,  called  /lerisco/nc,  were  in- 
troduced some  years  ago  by  Dr.  Wollaston,  who  se- 


cured the  privilege  of  the  invention  by  a  patent.  Their 
principal  object,  as  their  name  denotes,  is  to  give  a 
wider  field  of  vision  than  those  of  the  common  kind, 
and  they  derive  their  property  from  always  having  the 
surface  next  the  eye  cuncavc,  wiiether  the  glasses  are 
intended  tor  short  or  longsighti  d  persons',  the  con- 
vexity of  the  outer  surface  being  less  (Uep  than  the  con 
cavity  of  the  inner  one  lor  short-sighted  persons,  ana 
more  deep  lor  long-sighted  persons.  These  two  kinds 
of  lenses  are  shown  at  G,  II,  of  Fig.  20.  Plate 
CCCCXXVllI.  and  Figs.  25.  and  26.  of  the  same 
plate.  There  can  be  no  doubt  that  the  advantage  of  a 
wider  field  is  gained  in  proportion  as  the  second  surface 
of  the  lens  approaches  to  the  curvatuie  of  the  cornea  ; 
but  it  is  e(|ually  certain  that  this  advantage  is  gained  a: 
the  expense  of  distinctness  of  vision,  as  such  lenses  in- 
crease both  the  abcnation  of  colour  and  of  figure.  \Vhei. 
we  look  at  any  object,  so  as  to  see  it  distinctly,  we  have 
distinct  vision  only  over  the  small  portion  of  it  to  which 
the  axis  of  the  eye  is  directed,  all  the  rest  of  it  being 
seen  in  a  confused  manner  by  oblique  or  indirect  pen- 
cils. In  reading,  therefore,  or  in  the  examination  or 
minute  objects,  we  cannot  see  any  advantage  in  the  use 
of  periscopic  spectacles  ;  but,  on  the  other  hand,  when 
used  out  of  doors,  either  in  viewing  a  landscape,  where 
the  oblique  portion  of  the  image  forms  part  of  the  pic- 
ture, or  in  givin;;  us  warning  of  the  oblique  approach  of 
objects,  they  are  of  essential  use. 

When  the  refraction  at  the  interior  and  exterior  sur 
faces  of  the  cornea  are  equal,  which  happens  when  the 
eye  is  plunged  in  water,  as  in  the  case  of  divers,  the 
image  formed  upon  the  retina  is  veiy  confused,  and 
spectacles  are  therefore  necessary  for  the  purpose  of 
seeing  objects  distinctly.  In  order  to  have  distinct  vi- 
sion, Huygens  has  shown  that  a  convex  glass  must  be 
used  of  such  a  radius  as,  when  placed  in  water,  will  pro- 
duce the  same  convergency  of  the  rays  that  takes  place 
at  the  junction  of  the  cornea  and  the  aqueous  humours  ; 
and  it  is  easy  to  prove,  as  he  has  done,  that  if  the  cornea 
is  a  portion  of  a  sphere,  whose  diameter  is  3-5ths  of  an 
inch,  ijie  lenses  for  divers,  if  doubly  and  equally  convex, 
must  have  their  convexities  a  portion  of  a  spherical  sur- 
face, whose  diameter  is  3-5ths  of  an  inch  ;  or  if  they 
are  plano-convex,  the  convex  surface  must  have  a  ra- 
dius of  3-lOths  of  an  inch.  See  Huygens'  Dio/urica, 
p.  118;  Smith's  O/iiics,  vol.  ii.  Jietn.  p.  10;  Wollaston, 
F/iit.  Trann.  1813. 

Sect.  VII. — On  the  Camera  Odscura. 

The  Camera  Obscura,  or  the  darJi-  chamber,  is  a  name 
given  to  an  optical  instrument  invented  by  Baptisia 
Porta. 

If  a  room  is  made  entirely  dark,  and  a  convex  lens 
of  one  or  more  feet  focal  length,  is  placed  in  a  hole  in 
the  window-shutter,  it  will  form  behind  it,  on  a  sheet  of 
white  paper,  a  beautiful  picture  of  all  the  objects  before 
it,  in  which  will  be  seen  all  those  movements  and  changes 
of  colour  and  of  position,  which  characterize  the  living 
picture  without. 

In  order,  however,  to  have  this  picture  formed  upon 
a  horizontal  table  for  the  purpose  of  copying  it,  it  is  ne- 
cessary to  receive  the  rays  upon  a  mirror  inclined  45° 
to  the  horizon,  as  is  shown  in  Fig.  6.  v.  here  .\15  is  the 
objtTt  without  the  window,  CD  the  lens,  GH  the  image 
that  would  be  formed  upon  a  vertical  sheet  of  paper,  if 
the  plane  mirror  EF  were  not  interposed,  and  IK  the 
5X2 
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image  formed  upon  a  plaie  of  ground  glass,  whose 
rough  surface  is  placed  uppermost.  The  picture  may 
then  be  traced  with  great  accuracy  on  the  surface  of 
the  ground  glass.  But  if  it  is  required  to  throw  the 
image  upon  a  sheet  of  while  paper,  we  have  only  to 
conceive  the  whole  of  Fig.  4.  inverted,  and  EF  placed 
a  little  nearer  to  CD,  in  order  to  throw  IK  to  a  greater 
distance,  and  leave  room  for  the  introduction  of  the 
hand  of  the  artist  between  E  and  K.  Fig.  4.  represents 
the  construction  of  the  portable  camera  obscura,  the 
outside  of  which  is  shown  in  Fig.  5.  It  consists  of  two 
square  drawers,  D  and  EF,  the  drawer  D  containing  the 
lens  at  CD,  and  capable  of  being  moved  out  or  in  within 
the  tube  E  for  the  i)urpose  of  adjusting  the  focus  of  the 
lens  to  the  distance  of  the  object.  The  other  drawer  E 
contains  the  inclined  mirror  EF,  which  reflects  the  rays 
upon  the  ground  glass  G,  and  has  a  lid  which  turns  up 
in  order  to  keep  off  the  light  from  the  picture  on  the 
ground  glass. 

When  it  is  required  to  draw  upon  the  surface  of  pa- 
per, the  camera  obscura  must  have  the  form  shown  in 
Fig.  6.  where  AB  is  the  lens,  and  CD  a  mirror  on  the 
outside  of  it,  which  is  placed  in  such  a  manner  as  to  re- 
flect the  landscape  downwards,  on  the  ground  EF.  The 
observer  places  his  head  through  an  opening  on  one  side, 
and  introduces  his  hand  with  the  pencil  through  another 
opening,  so  that  no  light  whatever  may  be  admitted  at 
these  apertures  to  efface  the  distinctness  of  the  picture. 
In  camera  obscuras,  wliere  only  a  small  lens  is  neces- 
sary, the  reflecting  mirror  may  be  dispensed  with,  as 
shown  in  Fig.  7.  where  the  lens  and  the  reflector  are 
formed  out  of  one  piece  of  glass  like  a  diagonal  eye- 
piece. In  Fig.  7.  for  example,  A  is  a  rectangular  prism 
of  gUss  with  a  convex  surface,  a  b,  fixed  on  one  of  the 
faces  that  contain  the  right  angles.  At  B,  the  rays  are 
first  admitted  on  the  convex  surface  ;  but,  in  both  cases, 
the  rays  are  reflected  downwards  by  suffering  total  re- 
flexion, at  the  plane  surface  b  c,  inclined  45°  to  a  c  and 
a  b.  The  construction  of  these  prismatic  lenses,  both 
for  the  purposes  %i  diagonal  eye-pieces  and  the  camera 
obscura,  have  been  simplified  by  Dr.  Brewster,  who 
giTCS  them  the  form  shown  at  C,  which  is  nothing  more 
than  a  hemispherical  lens;  so  that  there  is  only  one  flat 
surface  to  grind,  and  no  trouble  in  adjusting  the  three 
angles  to  90°,  45°,  and  45°. 

A  camera  obscura  for  public  exhibition  requires  to  be 
on  a  large  scale,  so  that  several  persons  may  see  it  dis- 
tinctly at  the  same  time.  Instruments  of  this  kind  are 
generally  erected  in  public  observatories,  such  as  that 
of  Greenwich,  Edinburgh,  and  Glasgow,  where  three 
very  fine  camera  obscuras  have  been  fitted  up. 

Camera  obscuras  of  this  kind  are  placed  on  the  summit 
of  a  building,  as  shown  in  Fig.  8.  which  represents  the 
one  erected  in  the  observatory  at  Edinburgh.  The  lens 
and  the  mirror  without  it,  are  placed  in  a  wide  tube, 
which  is  capable  of  being  turned  round  its  axis  verti- 
cally, by  a  lever  CD,  which,  by  means  of  an  universal 
joint,  turns  a  pinion,  which  works  in  the  teeth  of  a  wheel 
placed  round  the  tube.  By  this  means,  the  mirror  EF, 
contained  in  the  tube  MN,  when  placed  at  an  angle  of 
45°  to  the  horizon,  may  be  turned  to  every  point  of  the 
compass,  and  thus  reflect  down  the  tube  and  through 
the  lens,  rays  from  all  objects  in  and  near  the  horizon. 
In  order,  however,  to  take  in  a  wide  range  of  objects, 
it  is  necessary  to  vary  the  inclination  of  the  mirror  to 
the  horizon,  which  is  done  by  means  of  a  toothed  seg- 
ment fixed  upon  i*,  and  driven  by  a  toothed  pinion  at 


the  end  of  the  lever  GH.  The  images  of  the  objects 
formed  by  the  lens  are  received  on  the  concave  suiiaje 
KL,  made  of  stucco,  and  having  a  raoius  equyi  to  me 
focal  length  of  the  lens  AB.  This  stucco  surl^icc  is  ca- 
pable of  being  moved  up  and  down  by  mean»  o!'  a  tube 
or  square  drawer  P,  moving  in  another  dr.iwei  Q,  so  as 
to  adjust  it  for  distinct  vision.  When  the  camera  is  to 
be  used,  it  is  pushed  above  the  summit  of  (he  roof  by 
means  of  the  levers  CD,  GH,  and  is  detained  by  a  catch 
in  that  position.  The  observer  then  lakes  CD  ni  one 
hand,  and  GH  in  the  other,  and  in  this  way  has  the  com- 
plete comnidnd  of  the  tube  MN,  so  that  he  can  speedily 
direct  the  mirror  to  any  external  object,  and  exhibit  its 
picture  on  the  stucco  surface,  or,  what  is  better,  he  can 
begin  at  one  point  of  the  horizon,  and  exhibit  in  succes- 
sion all  the  various  landscapes  which  it  contains,  till  he 
returns  to  the  point  from  which  he  set  out.  When  the 
instrument  is  not  in  use,  it  is  pulled  into  the  inside  by 
the  levers  CD,  GH.  These  levers  are  fixed  up  at  one 
side,  and  the  stucco  surface  is  preserved  from  dust  by 
having  a  cover  put  upon  it. 

In  the  construction  of  the  camera  obscura,  the  splen- 
dour of  the  picture  depends  on  various  circumstances 
which  have  not  hitherto  been  sufficiently  attended  to.  It 
has  been  found  from  experience,  that  a  common  lens  is 
preferable  to  the  best  achromatic  object  glass;  and  Dr. 
Wollaston  has  suggested  the  application  of  the  perisco- 
pic  principle  to  the  lens  of  the  camera.  M.  Cauchoix 
has  found,  that  the  most  advantageous  ratio  of  the  radii 
of  curvature  is  that  of  5  to  8,  the  shortest  of  the  two 
being  that  which  is  turned  towards  the  image. 

Next  to  the  optical  perfection  of  the  image  is  the  na- 
ture of  the  surface  upon  which  it  is  received.  When 
paper  is  employed,  it  should  be  made  as  smooth  as  pos- 
sible by  burnishing  its  surface  ;  and  when  a  stucco  sur- 
face is  used,  the  greatest  care  must  be  taken  to  remove 
all  asperities,  and  make  it  perfectly  uniform.  With  the 
view  of  obviating  the  imperfection  of  the  ordinary  opaque 
grounds.  Dr.  Brewster  made  a  great  variety  of  experi- 
ments. Though  he  did  not  find  any  while  surfaces  su- 
perior to  those  in  common  use,  he  was  surprised  to  ob- 
serve the  brilliancy  and  distinctness  with  which  the  pic- 
tures were  represented  when  received  upon  the  silvered 
back  of  a  looking-glass  ;  and  he  gave  additional  perfec- 
tion to  ihc  images,  by  removing  tlic  protul)erances  and 
roughness  of  the  tinfoil,  by  carefully  grinding  the  sur- 
face with  a  soft  kind  of  hone.  Notwithstanding  the  bluish 
colour  of  the  metallic  ground,  white  objects  are  repre- 
sented in  their  true  tints,  and  so  brilliant  is  the  colour- 
ing, and  so  lich  the  verdure  of  the  foliuge,  that  the 
image  seems  to  surpass  in  beauty  even  the  object  itself. 
Various  experiments  have  also  been  made  by  the  same 
author,  to  discover  a  good  transfiareni  .surface  as  a  sub- 
stitute for  ground  glass,  wliich  would  permit  the  appli- 
cation of  an  eye-glass.  The  loss  of  light,  when  the 
image  is  received  on  ground  glass,  is  enormous.  In 
order  to  jirevent  this,  and  give  brilliancy  to  the  colour- 
ing. Dr.  Brewster  places  another  plate  of  glass  above 
the  ground  one,  and  introduces  between  them  water,  or 
any  other  fluid  of  a  different  refractive  power  from  the 
ground  glass ; — the  dispersion  of  the  light  at  the  sepa- 
rating surface  of  the  ground  glass  and  the  fluid  being 
sufficient  to  detain  the  convergent  pencils  witliuut  great- 
ly weakening  their  intensity.  As  such  a  ground,  how- 
ever, cannot  be  used  for  copying,  he  put  a  slightly  opaque 
varnish  upon  the  surface  of  a  glass  plate,  and  also  upon 
thin  squares  of  mica,  and  he  found  that  these  varnishes 


OPTICS. 


765 


might  be  marked  with  the  finest  lines  of  a  pencil,  and 
that  an  impression  of  the  sketch  might  be  conveyed  by 
the  slightest  pressure  of  the  hand  to  a  piece  of  paper. 
One  of  the  simplest  and  best  of  all  the  varnishes  which 
he  used  was  that  of  milk  dried  upon  the  glass,  after  it 
had  been  freed  entirely  of  its  buiyraceous  particles. 
The  beauty  and  distinctness  is  such,  that  it  will  even 
admit  the  application  of  a  lens  to  magnify  the  image, 
and,  when  properly  made,  will  receive  the  mark  of  a 
black  lead  pencil. 

Sect.  IX.— On  the  Megasco/ie. 

The  name  of  megascope  has  been  given  to  the  camera 
obscura,  when  employed  to  represent,  or  to  take  copies 
of  objects  placed  in  front  of  the  window,  or  of  the  lens 
in  the  portable  camera  obscura,  ;ind  a  short  distance 
from  it.  In  this  case,  the  image  is  generally  received  at 
a  distance  from  the  lens  greater  than  that  ot  the  object ; 
and  is  consequently  ver)  much  magnified.  By  altering 
the  distance  of  the  object,  the  size  of  the  iinage  may 
be  increased  or  diminished  at  pleasure  ;  and  when  the 
object  does  not  reflect  much  light,  we  have  it  in  our 
power  to  illuminate  it  artificially.  The  megascope  may 
be  made  to  magnify  so  much  as  fifteen  times  with  much 
advantage,  and  is  an  instrument  of  very  great  use  in 
taking  correct  outlines  or  representations  of  natural  ob- 
jects, which,  from  their  smallness  or  other  causes,  are 
not  susi:eptible  of  being  submitted  to  exact  mensura- 
tion. The  megascope  may  even  be  employed  for  copy- 
ing any  plans  or  drawings  on  an  enlarged  or  a  reduced 
scale. 

Sect.  X.—On  the  Magic  Lantern. 

The  magic  lantern,  an  optical  instrument  invented  by 
Athanasius  Kircher,  differs  from  the  megascope  only 
in  the  way  in  which  it  is  fitted  up,  and  in  tlie  purposes 
to  which  it  is  applied.  It  consists  of  a  lens  AB,  Fig.  9. 
which  forms  on  the  wall  an  enlarged  image  of  any  ob- 
ject placed  before  it,  and  at  a  greater  distance  than  its 
anterior  principal  focus.  The  objects  used  in  the  magic 
lantern,  are  pictures  painted  with  transparent  varnishes 
in  the  form  of  sliders,  as  shown  in  Fig.  10.  which  move 
through  a  groove  in  front  of  the  lens  AB.  These  paint- 
ings are  strongly  illuminated  with  a  lamp  L  inclosed  in 
a  lantern,  which  admits  no  light  whatever  into  the  room, 
excepting  what  passes  through  the  lens  AB.  The  light 
of  the  lamp  L  is  thrown  in  a  condensed  state  upon  the 
pictures  by  means  of  the  illuminating  lens  CD,  which 
is  sometimes  nearly  hemispherical,  and  the  illumination 
is  still  farther  increased  by  a  concave  mirror  MN.  which 
throws  back  the  light  of  the  lamp  L,  that  radiates  in 
the  direction  I^M  and  LN.  The  painting  on  the  sliders 
beins  thus  strongly  illuminated,  a  very  distinct  and  en- 
larsed  image  of  it  is  represented  on  the  wall  according 
to  the  principles  already  described  ;  and  the  magnitude 
of  the  image  will  be  lo  the  magnitude  of  the  objicl  as 
their  respective  distances  ivom  the  lens  AB.  Hence 
the  magnifying  power  may  be  diminished  or  increased, 
by  bringing  the  white  screen  that  receives  the  image 
either  nearer  lo  the  lantern,  or  removing  it  lo  a  greater 
distance.  The  images  in  the  magic  lantein  are  much 
improved  hy  substituting  two  lenses  in  place  of  AB, 
having  greater  focal  lengths  than  the  single  lens. 

The  magic  lantern,  which  for  a  long  time  was  used 
only  as  an  instrument  for  amusing  children  and  aston- 


ishing the  ignorant,  has  recently  been  fitted  up  for  the 
better  purpose  of  conveying  scientific  instruction;  and 
it  is  now  universally  used  by  popular  lecturers  on  astro- 
nomy for  representing  the  phases  and  the  motions  of  the 
heavenly  bodies,  all  of  which  are  minutely  painted  on 
the  sliders. 

The  magic  lantern  may  be  employed  in  almost  every 
branch  of  scientific  instruction,  where  it  is  desirable  to 
give  a  distinct  and  enlarged  representation  of  phenomena 
to  a  public  class.  The  lecturer  is  thus  saved  the  trou- 
ble of  carrying  about  with  him  unwieldy  diagrams, 
which  are  soon  destroyed  by  use,  and  rendered  unfit  for 
their  intended  purpose.  The  Lucernai  Microacofie,  an 
instrument  analogous  to  the  magic  lantern,  has  been 
fully  described  under  the  article  Microscope. 


Sect.  XL— On  the  Phantasmagoria. 

The  term  phantasmagoria,  or  the  raising  of  spectres, 
has  been  given  to  the  exhibition  of  an  optical  appara- 
tus similar  to  the  magic  lantern,  which  was  some  years 
ago  publicly  shown  in  this  country.  No  description,  so 
far  as  we  know,  of  the  apparatus  actually  used,  has  ever 
been  published  ;  but  a  very  excellent  arrangement  for  a 
phantasmagoria  has  been  proposed  by  Dr.  Young,  which 
we  shall  describe  in  his  own  words. 

"  The  light  of  the  lamp  A,  Fig.  11.  is  thrown  by  the 
mirror  B,  and  the  lenses  C  and  D,  on  the  painted  slider 
at  E,  and  the  magnifier  F  forms  the  image  on  the  screen 
at  G,  This  lens  is  fixed  to  a  slider,  which  may  be 
drawn  out  of  the  general  support  or  box  H,  and  when 
the  box  is  drawn  back  on  its  wheels,  the  rod  IK  lowers 
the  point  K,  and  by  means  of  the  rod  KL  adjusts  the 
slider  in  such  a  manner,  that  the  image  is  always  dis- 
tinctly painted  on  the  screen  G.  When  the  boxadvances 
towards  the  screen,  in  order  that  the  images  may  be  di- 
minished and  appear  to  vanish,  the  support  of  the  lens 
F  suffers  the  screen  M  to  fall,  and  intercept  a  part  of 
the  light.  The  rod  KN  must  be  equal  to  IK,  and  the 
point  I  niust  be  twice  the  focal  length  of  the  lens  F  be- 
fore the  object,  L  being  immediately  under  the  focus  of 
the  lens :  the  screen  M  may  have  a  triangular  opening, 
so  as  to  uncover  the  middle  of  the  lens  only,  or  the  light 
may  be  intercepted  in  any  other  manner. 

In  order  to  favour  the  deception,  the  sliders  are  made 
perfectly  opaque,  except  where  the  figures  are  introduc- 
ed, the  glass  being  covered  in  the  light  parts  with  a 
more  or  less  transparent  lint,  according  to  the  effect  re- 
quired. Several  pieces  of  glass  may  also  be  occasion- 
ally placed  behind  each  other,  and  may  be  made  capable 
of  such  motions  as  will  nearly  imitate  the  natural  mo- 
tions of  the  objects  which  they  represent.  The  figures 
may  also  be  drawn  with  water  colours  on  thin  paper,  and 
afterwards  varnished.  By  removing  the  lantern  to  dif- 
ferent distances,  and  altering  at  the  same  time,  more  or 
less,  the  position  of  the  lens,  the  image  may  be  made 
t(5  increase  or  diminish,  and  to  become  more  or  less  dis- 
tinct at  pleasure,  so  that,  to  a  person  unaccustomed  to 
the  effects  of  optical  instruments,  the  figures  tnay  ap- 
pear actually  to  advance  and  retire.  In  reality,  however, 
these  fii'fures  become  much  brighter  as  they  are  render- 
ed srnailer.  while  in  nature  the  imperfect  transparency 
of  the  air  causes  them  to  appear  fainter  when  they  are 
remote  than  when  they  are  near.  This  imperfection 
might  be  easily  remedied  by  the  interposition  of  some 
semi-opaque  substance,  which  might  gradually  be  caus- 
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e<l  to  admit  more  light,  as  the  figure  became  larger,  or 
by  uncovering  a  larger  or  a  smaller  ponion  of  the  lamp, 
or  of  its  lens.  Sometimes,  by  throwin^j  a  strong  light 
upon  an  actual  opaque  object,  or  on  a  living  person,  its 
image  is  forioed  on  the  curtain,  retaining  its  nauiral  mo- 
tions ;  but  in  this  case  the  obj;'Ct  must  be  consider-ibly 
distant,  otberwise  tbe  images  of  its  nearer  and  remoter 
pans  will  never  be  sufficiently  diatinct  at  once,  the  re- 
fraction being  either  too  great  for  the  remoter,  or  too 
small  for  the  nearer  parts;  and  ihere  must  also  be  a  se- 
cond lens  placed  at  a  sufficient  distance  from  the  first, 
to  allow  an  inverted  image  to  be  formed  between  them, 
and  to  throw  a  second  picture  ol  this  image  on  the 
screen  in  its  natural  erect  position,  unless  the  object  be 
of  such  a  nature,  that  it  can  be  inverted  without  incon- 
veni'-nce.  This  efl'ect  was  very  well  exhibited  at  Puris 
by  Robertson  ;  he  also  combined  with  his  pictures  the 
shadows  of  living  objects,  which  imitate  tolerably  well 
the  appearance  of  sue  h  objects  in  a  dark  night,  or  by 
moonsnine  ;  and  while  thi.  room  was  in  complete  dark- 
ness, concealed  screens  were  probably  let  down  in  vari- 
ous parts  of  it,  on  which  some  of  the  images  were  pro- 
jected ;  for  ihcy  were  someiimes  actually  situatfd  over 
the  heads  of  the  audience."  Se<  Di.  Thomas  Young's 
Lectures  on  JVat.  Phil.  vol.  i.  p.  426.  785. 

Sect.  XII. — On  the  Microscofie. 

Having  already,  under  the  article  Microscope,  given  a 
full  account  of  all  the  various  forms  in  which  single  and 
compound  microscopes  are  made,  it  remains  only  to  ex- 
plain the  principles  of  their  construction,  and  to  add  any 
new  improvements  which  have  been  suggested  since 
that  article  was  written. 

Art.  I, — On  Refracting  and  Reflecting  Microscofies. 

The  theory  of  single  lenses,  in  so  far  as  the  formation 
of  images  is  concerned,  has  already  been  given  in  a  pre- 
vicius  cIiaptcT.  We  shall  therefore  pioct-ed  to  explain 
the  mode  in  which  the  single  microscope  gives  distinct 
and  enlarged  vi>,ion  of  minute  objects.  Let  AB.  Fig. 
12.  be  the  single  lens,  and  MN  -a  microscopic  object 
pl".ced  in  its  anterior  focus;  the  pencil  of  rays  MA,  ME, 
MB,  will,  by  Pi  op.  XV^I.  p.  639,  be  parallel  after  their 
enitri^cnre  from  the  lens,  and  likewise  the  pencil  N.A, 
NE,  NB.  and  therefore,  when  received  by  the  eye  CD 
immediately  behind  the  lens,  they  will  form  a  distinct 
picture  m  7i  of  the  object  M  N  upon  the  retina  of  a  per- 
son possessing  perfect  vision.  If  the  person  who  uses 
the  microscope  has  the  imperfect  vision  of  old  age,  so 
*s  to  be  unable  to  converge  parallel  rays,  then  the 
slightest  increase  in  the  distance  of  the  object  MN  from 
the  lens  AB,  will  give  the  rays  the  convergency  which 
they  require.  In  like  manner,  short-sighted  persons, 
whose  eyes  are  unable  to  converge  parallel  rays  to  a 
focus,  will  obtain  distinct  vision  through  the  microscope 
by  bringing  the  object  a  little  nearer  the  lens. 

The  magnifying  power  of  the  micioscope  arises  en- 
tirely from  its  enabling  us  to  view  the  object  so  much 
neater  the  eye,  than  we  can  do  by  unassisted  vision  ;  for 
the  object  MX  is  equally  magnifi.d,  if  we  actually  hold 
it  as  near  the  eye,  or  if  we  look  at  it  through  a  small  pin- 
hole in  a  card.  Hence  the  only  benefit  which  is  derived 
from  the  lens  is,  to  enable  the  eye  to  see  diaiinctly  an 
object  placed  near  it.  If  we  suppose  ihs^x  Jive  inches  is 
the  liistance  at  which  we  obtain  the  most  distinct  vision 


of  minute  objects  lliat  we  wish  to  examine,  then  a  len« 
of  one  inch  focal  length,  which  enables  us  to  see  the  same 
object  at  tbe  distance  of  one  inch  from  the  eye,  is  said  to 
magnify  Jive  timea,  because  the  apparent  maijniiude  of 
an  object  one  inch  from  the  eye,  \i  Jive  times  greater 
than  th.U  of  one  six  inches,  as  we  have  alrea.ly  explain- 
ed in  Sjct.  HI.  p.  749.  Ktnce  we  may  produce  any  ilt- 
grce  of  ma;;inlying  powtr,  merely  by  u^iiig  lenses  of 
very  small  local  length,  or  spheres,  or  globnUs  of  short 
radii.  A  T.iblc  of  the  magnifying  power  of  siMi»le  mi- 
croscopes calculated  on  the  above  principle,  together 
with  tbe  various  methods  of  making  tiieni,  will  be  found 
in  the  Article  Microscope. 

As  tbe  difficulty  of  grinding  lenses  of  an  accurate 
spherical  figure  increases  with  the  smallness  of  their 
size,  and  as  they  admit  only  a  small  pencil  ot  rays  when 
their  size  becomes  minute,  opticians  have  had  recourse 
to  a  conhinanonof  lenses,  which  is  called  the  Ccwfiound 
Microsco/ie. 

'1  lie  compound  microscope  of  two  lenses  is  shown  in 
Fig.  13.  where  AB  is  the  olject  glass,  having  the  micios« 
copic  ol-j.  ct  MN  placed  a  lutlc  withioui  its  anterior  fo- 
cus. An  imigc  of  this  object  will,  l;y  Prop.  XVII.  p. 
639,  be  formed  at  m  n,  a  considerbale  distance  behind 
the  lens,  and  larger  than  the  object  in  proportion  as  the 
distance  of  the  object  from  the  lens  exceeds  the  distance 
of  the  image.  II  an  eye-glass  is  now  placed  at  EF,  so 
that  the  image  m  n  is  in  its  anterior  focus,  the  rays  flow- 
ing from  eiiflVreiii  points  of  m  n  will  be  rendered  paial- 
lel,  and  will  be  converged  to  foci  on  the  retina,  in  the 
manner  already  noticed  in  our  account  of  the  single  mi- 
croscope; the  image  m  n  being  magnified  by  the  eye- 
glass EF  in  precisely  the  same  manner  as  if  EF  were  a 
single  microscope  ;  and  m  n  a  microscopic  object.  The 
object  MN  is  therefore  doubly  magnified,  Jirsl.  by  an 
enlarged  image  of  it  m  n  being  formed,  and,  secondly, 
by  this  enlarged  image  being  again  enlarged  by  the  eye- 
glass. If  we  find,  therefore,  the  size  of  the  image  m  n 
in  relation  to  the  object  MN,  we  have  only  to  determine 
how  much  the  image  m  n\%  magnified  by  EF  as  a  single 
microscope,  and  then  multiplying  these  numbers  toge- 
ther, the  product  will  be  the  mai;nifying  power  of  the 
double  niicroscope.  Thus  let  A  m~  6  AM,  then  mn 
will  be  —6  MN,  orthe  image  m  n  will  be  magnifieel  six 
times.  N'jw,  if  the  focal  length  of  the  eye-glass  EF  is 
half  an  inch,  its  magnifying  power  will  be  5  X  ^~  10, 
and  consequently  the  lineal  in.Ti;nifying  power,  by  the 
double  microscope,  will  be  6X  10—60  times  ;  that  is.  an 
object  of  a  given  length  will  appear,  when  seen  ihrough 
it,  sixty  times  longer  and  sixty  times  broader  than  it  re- 
al Iv  is. 

In  these  microscopes  the  lenses  may  have  any  rela- 
tive focal  length,  and  may  he  placed  at  any  distance;  for, 
whatever  be  the  distance,  it  is  easy  to  have  the  ii>:age 
m  n  formed  in  the  anterior  focus  of  the  eye-glass  I'^F,  by 
varyini^  the  distance  of  the  object  fro'n  the  object  glass. 
Tbe  proportions  and  focal  distances  of  the  lenses  com- 
monly used,  are  given  under  the  artirle  Microscope. 

As  the  field  of  view  in  the  double  microscope  is  very 
limited,  a  third  glass,  called  the  field  glass,  is  generally 
added,  as  in  Fii;.  14.  This  glass,  shown  at  GH,  re- 
ceives the  converging  pencils  of  rays  after  refiaction  by 
the  object  glass,  and  instead  of  an  image  being  formed 
at  m  7?,  as  it  would  have  been,  had  GH  not  been  intro- 
duced,  this  lens  hastens  the  convergency  of  these  |)en- 
cils,  and  forms  a  smaller  image  at  ft  »,  which,  being  in 
the  anterior  focus  of  the  eye-glass,  will  be  magnified  in 
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the  same  inauticr  as  m  n  was  in  the  double  microscope. 
In  order  to  increase  the  field,  and  diminish  the  spherical 
aberration,  it  is  found  advantai^eous  to  place  a  second 
eye-glass,  of  a  less  focal  length,  immediately  beliind 
El",  and  almost  in  contact  with  it.  The  rules  for  find- 
ing the  mas^nifying  power  of  compound  microsco|)es, 
and  the  methods  of  fitting  them  up  and  using  them, 
have  been  described  at  great  length  under  the  article 
Microscope, 

As  an  enlarged  image  AB,  Plate  CCCCXXXI.  Fig. 
22.  of  any  minute  object  a  b,  may  be  formed  by  a  con- 
cave mirror  MN',  this  mirror  becomes  in  reality  a  single 
reliecting  microscope,  merely  by  viewing  with  the  na- 
ked eye  the  enlarged  image  AB,  which  may  be  increas- 
ed to  any  size  by  causing  the  object  a  6  to  approach  to 
the  mirror.  The  term  single  rejieciing  microscope  is, 
however,  usually  applied  to  the  combination  of  tliis  mir- 
ror with  an  eye-glass,  as  shown  in  Fig.  13.  where  IVl'N' 
is  an  object  placed  a  little  without  the  principal  focus  of 
the  mirror  or  speculum  »  /3,  shown  in  dotted  lines,  and 
■m  n  the  enlarged  image  of  it  formed  by  refle.xioii,  and 
afterwards  magnified  by  the  eye  gljiss  EF.  It  is  obvious, 
from  this  figure,  that  the  reflecting  microscope  differs  in 
no  respect  from  the  common  compound  microscope,  ex- 
cepting that  the  image  m  n  ii  formed  in  the  one  by  a  con- 
cave s/iccu!um,  and  in  the  other  by  a  lena.  In  so  far  as 
the  image  formed  by  a  speculum  is  more  free  of  the 
aberration  of  colour  than  the  image  fjrmed  by  the  lens, 
the  reflecting  microscope  will  be  superior  to  the  re- 
fracting one  ;  but  it  is  manifest,  from  the  Figure,  that  the 
object  M'N'  is  not  so  easily  managed,  nor  so  easily  il- 
luminated in  the  reflecting  microscope,  as  in  the  re- 
fracting one.  To  remove  this  disadvantage.  Professor 
Amici,  of  Modena,  places  the  object  without  the  tube, 
where  it  can  be  strongly  illuminated,  and  reflects  it  to 
the  speculum  «  /3,  by  a  plane  mirror,  as  explained  un- 
der tlie  article  Microscope,  to  which  the  reader  is 
referred  for  a  description  of  other  reflecting  micros- 
copes. 

AliT.  II. — Account  of  Recent  Improvements  on  the  Mi- 
croacofie. 

It  has  been  remarked,  by  a  late  eminent  natural  phi- 
4o;Opher,  that  the  great  obstacle  to  the  improvement  of 
tlie  microscope,  "arises  from  the  different  refrangibility 
ot  me  rays  of  light,  which  fitquen'.ly  ciuses  such  a  de- 
viation from  truth  in  the  appearances  of  things,  that 
many  people  have  imagined  themselves  to  have  made 
surprising  discoveries,  and  have  even  published  them  to 
the  world  ;  when,  in  fact,  they  have  been  only  as  many 
optical  deceptions,  owing  to  the  unequ  il  refractions  of 
the  rays.  For  this  t/iere  seems  to  be  no  remedy,  except 
the  introduction  of  aclirornatic  glasses  i.ito  niicioscopes 
as  well  as  telescopes.  How  far  this  is  practicable,  hath 
not  yet  been  tried;  but  when  ih-se  glasses  shall  be  in- 
Iroduced,  (if  such  introduction  is  practicable,)  niicros- 
couib  will  tl'.en  undoubtedly  have  received  ihcir  ulti- 
mate degree  of  perfection." 

The  methods  which  have  lately  been  proposed  bv  Dr. 
Brewster  for  the  improvement  of  the  microscope,  may 
be  reduced  to  three. 

1.  The  construction  of  microscopes  on  a  large  scale. 

2.  The  diminution  of  the  errors  of  refrangibility  by 
using  lenses  made  of  coloured  glass. 

3.  The  entire  removal  of  the  errors  of  refrangibility, 


by  illuminating  the  n.icroscopic  objects  with  the  homo- 
geneous light  of  a  Monochromatic  Lamp. 

The  nature  and  result  of  these  improvements  we  shall 
state  in  his  own  words: 

1 .  "  I  had  occasion,  many  years  ago,  to  point  out  the 
advantages  of  constructing  microscopes  on  a  scale  of 
unusual  magnitude;  and  I  constructed  one  about  ^- 
eeen  feet  in  length,  with  an  achromatic  object  glass, 
which  produced  very  superior  effects.  Since  that  time, 
I  constructed  another,  with  a  metallic  reflector,  which 
was  48  feet  in  length. 

The  advantages  of  large  microscopes  over  small  ones, 
may  be  considered  in  reference, 

1.  To  the  imperfections  of  the  glass  employed. 

2.  To  the  spherical  form  into  which  it  is  ground. 

3.  To  (lie  adjustment  of  the  axes  of  the  lenses. 

4.  To  the  method  of  illuminating  the  object. 

5.  To  the  examination  of  objects  placed  in  cavities; 
and, 

6.  To  the   examination  of  objects  whose  parts  are 
placed  at  different  distances  from  the  instrument. 

In  making  this  comparison,  we  shall  suppose  that  the 
object-glass  of  both  microscopes  intercepts  the  same 
portion  of  the  sphere  of  light,  which  diverges  from  the 
object  under  examination. 

\st,  As  the  veins  and  irregularities  of  glass  have  a  de- 
finite magnitude,  a  lens  of  a  small  aperture  will  be  much 
more  liable  to  have  its  image  injured  by  any  accidental 
flaw,  than  one  of  a  large  size,  and  the  same  may  be  said 
of  the  small  pits  and  scratches  which  often  remain  even 
after  the  most  careful  polishing. 

2d,  In  the  operation  of  grinding  the  object-glasses  of 
small  microscopes,  the  optician  works  at  random,  and 
has  the  power  neither  of  giving  them  a  correct  spheri- 
cal figure,  nor  of  adjusting  the  axes  of  their  opposite 
surfaces  ;  whereas,  in  larger  lenses  these  operations  are 
completely  under  his  control. 

Zd,  One  of  the  principal  points  to  be  attended  to  in 
the  construction  of  compound  microscopes,  is  the  coin- 
cidence of  the  axes  of  the  lenses  of  which  it  is  compos- 
ed. This  adjustment  is  seldom  made,  and,  indeed,  is 
not  very  practicable  when  the  lenses  are  small.  In  the 
enlarged  form,  however,  the  axes  of  the  lenses  may  be 
made  to  coincide  with  the  greatest  accuracy,  and  conse- 
quently, the  performance  of  the  instrument  greatly  im- 
proved. 

ith.  In  small  microscopes,  the  power  of  illuminating 
the  obj.-;ct  is  very  limited,  from  its  proximity  to  the  in- 
strument. The  light  which  it  would  naturally  receive, 
is  obstructed  by  the  head  of  the  observer,  and  by  the 
body  of  the  microscope;  and  when  the  object  is  per- 
fectly opaque,  it  is  almost  impossible  to  throw  upon  it 
the  requisite  degree  of  light.  In  large  microscopes, 
on  the  contrary,  where  the  object  is  one,m  tivo,  or  even 
three  feet  from  the  object-lens,  we  may  project  upen  it 
any  quaniity  of  light  that  we  please. 

5th,  The  ordinary  microscopes,  both  single  and  com- 
pound, arc  incapable  of  being  applied  to  objects  placed 
in  a  cavity,  or  m  the  interior  of  a  transparent  crystal; 
but  in  large  microscopes,  the  depth  of  the  cavity,  and 
the  thickness  of  the  crystal,  bear  no  sensible  proportion 
to  the  distance  of  the  object  Irom  the  microscope;  and 
the  cavity,  or  any  object  which  it  includes,  may  be  seen 
to  the  greatest  advantage. 

6th,  In  viewing  an  object  of  perceptible  thickness, 
SUCH  as  a  fly,  through  the  compound  microscope,  it  is 
impossible  to  see  the  near  and  the  remote  parts  at  the 


768 


OPTICS. 


same  lime,  so  that  a  number  of  successive  adjustments 
are  necessary;  and  even  then  wc  are  imperfectly  ac- 
quaiiittd  with  its  general  form  and  outline.  In  large 
microscopes,  however,  the  tliickness  of  the  object  biars 
a  very  slight  proportion  to  the  conjugate  focal  distances 
of  tlie  object-lens,  so  that  the  instrument  may  at  once 
be  adjusted  to  all  the  parts  of  it  that  are  within  the  field 
of  view. 

When  the  object  to  be  examined  is  an  optical  struc- 
ture, such  as  that  exhibited  by  plates  of  amethyst,  the 
ordinary  microscope  is  entirely  useless,  as  the  figure  to 
be  observed  is  produced  by  the  action  of  every  point  of 
the  transparent  plate.  When  the  microscope  is  lavage, 
however,  the  figure  is  seen  with  as  much  disiiiicmcss  as 
if  it  had  been  formed  by  a  plate  of  no  other  dimensions 
but  length  and  breadth." — F.din.  Phil.  Journ.  vol.  vi. 
p.  104. 

2.  Having  had  occasion  to  examine  some  delicate  ve- 
getable structures  with  high  magnifying  powers,  Dr. 
Brewster  experienced  very  great  asbistance  in  using 
lenses  made  of  green  or  red  glass,  which  absorbed  al- 
most all  the  most  relrangible  rays  of  the  spectrum, and 
therefore  gave  a  distinctness  and  precision  of  outline 
which  could  not  be  obtained  from  colourless  lenses. 
He  found,  however,  from  many  experiments,  thai  the 
advantage  thus  gained,  though  of  very  considi  rable 
amount,  had  a  limit  in  green  glasses;  and  that  u  was 
only  with  lenses  made  of  red  glass,  wiiich  absorbed  all 
the  rays  excepting  the  extreme  red,  that  the  principle 
could  be  pushed  to  a  high  degree  of  perfection.  The 
great  quantity  of  light,  however,  which  vvhs  extinguished 
before  the  extreme  red  rays  were  completely  insulated, 
rendered  them  very  absorbent,  being  of  use  principjlly 
when  the  outline  of  an  object  was  to  be  observed.  Had 
it  been  practicable  to  insulate  the  yellow,  or  the  most 
luminous  rays  of  the  spectrum,  as  completely  as  the  red, 
the  advantages  would  have  been  very  great ;  but  no 
glass  could  be  found  with  such  a  property. 

3.  Not  content  with  the  advantage,  by  no  means  equi- 
vocal, which  was  obtained  from  the  use  of  coloured 
lenses,  he  endeavoured  to  obtain  from  the  combustion 
of  inflammable  substances  a  homogeneous  Jiame  for  illu- 
minating tnicrosco/iic  objects. 

"  It  had  long  been  known,"  says  he,  "  that  a  great 
quantity  of  homogeneous  light  was  created  by  placing 
salt  or  nitre  in  the  white  flame  of  a  candle,  or  in  the 
blue  and  white  flame  of  burning  alcohol.*  A  light, 
however,  generated  in  this  manner,  was  more  fitted  for 
a  casual  experiment,  than  for  a  permanent  source  of 
illumination;  and  as  insalubrious  vapours  are  disen- 
gaged during  the  combustion  of  these  salts,  I  did  not 
avail  myself  of  this  method  of  obtaining  yellow  light. 

After  numerous  experiments,  attended  with  much 
trouble  and  disappointment,  I  found  that  almo.it  all 
bodies  in  iv/iich  the  combustion  wag  imfierfect,  such  as 
fia/ier.  linen,  cotlori,  is'c.  gave  a  light  in  which  the  homo- 
geneous yellow  rays  firedominated  ;  that  the  quantity  of 
yellow  light  increased  with  the  humidity  of  these  bo- 
dies ;  and  that  a  great  proportion  of  the  same  light  was 
generated,  when  various  flames  were  urged  mechani- 
cally by  a  blowpipe  or  a  pair  of  bellows. 

As  the  yellow  rays  seemed  to  be  the  product  of  an 
imperfect  com.bustion,  I  conceived  that  alcohol  diluted 
with  water  would  produce  them  in  greater  abundance 


than  when  it  was  in  a  state  of  purity,  and  upoh  making 
the  experiment,  I  found  it  to  succeed  beyond  my  most 
sanguine  expectations.  The  whole  of  the  flame,  with 
the  exception  of  a  small  portion  of  blue  light,  was  «, 
fine  homogeneous  yellow,  which,  when  analysed  by  the 
prism,  exhibited  traces  of  green  and  blue,  but  not  » 
single  ray  of  red  or  orange  light.  The  green  and  blue 
rays  which  accompanied  the  yellow  flame  had  compa- 
ratively so  little  intensity,  that  they  disappeared  in  the 
processes  of  illuminating  and  magnifying  the  object 
under  examination  ;  and,  even  if  they  had  existcfl  in 
greater  abundance,  it  was  quite  easy  to  absorb  them  at 
once  by  the  intervention  of  a  plate  of  the  palest  yellow 
glass,  and  thus  render  the  lamp  perfectly  monochroma- 
tic. 

From  many  experiments  on  the  combustion  of  diluted 
alcohol,  I  found  that  the  discharge  of  yellow  light  de- 
pended greatly  on  the  nature  of  the  wick,  and  on  the 
rapidity  with  which  the  fluid  was  converted  into  vapour. 
A  piecv  of  sponge,  with  a  number  of  projecting  points, 
answered  the  purpose  of  a  wick  better  than  any  other 
substance,  and  the  extrication  of  the  yellow  light  be- 
cariie  more  copious,  by  placing  a  common  spirit-lainp 
below  the  burrier  of  the  other.  In  order  to  obtain  a 
very  strong  light  for  occasional  purposes,  I  connected 
with  the  top  of  the  burner  a  frame  of  wire-gaure, 
which,  by  moving  vertically  round  a  hinge,  or  by  a  mo- 
tion to  one  side,  could  be  placed  in  a  horizontal  position 
about  half  an  inch  above  the  wick.  As  soon  as  it  had 
become  red-hot,  it  was  made  to  descend  into  contact 
with  the  sponge,  when  it  converted  the  alcohol  rapidly 
into  vapour,  and  produced  an  abundant  discharge  of 
yellow  light. 

If  a  permanently  strong  light  is  required,  I  found  it 
preferable  to  dispense  entirely  with  the  use  of  the  wick, 
and  to  allow  the  dilu'ed  alcohol  to  descend  slowly  from 
the  rim  into  the  bottom  ot  a  concave  dish  of  platinum, 
kept  very  hi>t  by  a  spirit-lamp  placed  beneath  it.  The 
bcitom  of  tl-c  disli  is  made  with  a  number  of  projecting 
emiiitnces,  in  orier  that  the  film  of  fluid  which  rests 
upon  ii  may  be  exposed  at  many  points  to  the  action  of 
the  heatftd  Mirfacf.  After  the  lamp  has  burned  for  some 
time,  a  p'jrtion  ol  unevaporated  water,  mixed  with  a 
small  quantity  of  alcohol,  will  remain  at  the  bottom  of 
the  nish,  in  a  state  unfit  for  combustion.  This  water 
m.iy  iie  taken  up  by  a  sponge,  or  it  might  be  prevented 
from  accumulating,  by  having  a  fountain  of  pure  alco- 
hol, from  which  the  exhausted  strength  of  the  diluted 
fluid  could  be  renewed. 

The  Monochromatic  J^amfi  being  thus  completed,  I 
lost  no  lime  in  applying  it  to  the  illumination  of  micro- 
scopic objects.  The  effect  which  it  produced  fur  ex- 
ceeded my  expectations.  The  images  of  the  most  mi- 
nute vegetable  structures  were  precise  and  distinct,  and 
the  vision  in  every  respect  more  perfect  than  it  could 
have  been,  had  all  the  lenses  of  the  microscope  been 
made  completely  achromatic  by  the  most  skiHul  artist. 
The  errors  which  arise  from  the  different  refraiigibility 
of  light  being  removed  from  microscopical  observations, 
I  was  enabled  to  enlarge  considerably  the  aperture  of 
the  object-glass,  till  the  image  became  sensibly  affected 
by  the  errors  of  spherical  aberration.  In  order  to  di- 
minish these  as  much  as  possible,  the  object-glass 
should  consist  of  an  annular  portion  of   the  lens  that 


•  EiUnbiirgh  PhuHcal  and  Literary  Essays,  vol.  ii.  p.  34;  and  Dr.  Thomas  Young's  J\'at.  Phil.  vol.  ii.  p-  438. 
us.  that  .Sulphur  in  a  certain  stage  of  its  combustion  produces  a  homogeneous  yellow  light. 
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»»ives  a  minimum  spherical  aberration,  and  while  its 
surfaces  are  nicely  cenired,  their  common  axis  shoulj 
be  adjusted  so  as  to  coincide  accurately  with  that  oi  the 
other  lenses.  The  optician,  however,  will  probably  be 
induced  to  exert  his  ingenuity  in  the  formation  of  ellip- 
tical and  hyperbolical  lenses,  which,  since  the  days  of 
Descartes  and  Huygens,  have  existed  only  in  optical 
theories,  and  thus  remove  the  only  imperfection  which 
still  attaches  to  the  microscope."  See  Edinburgh  Trans- 
actions, vol.  ix. 

A  method  of  dim.inishing  the  spherical  aberration  has 
been  brought  forward  by  the  same  author ;  but  it  has 
not  yet  been  published. 

Sect.  XII.     On  the  Telescolie. 

The  word  telescope,  from  tdAs,  at  a  distance,  and  rxtviu, 
to  see,  is  an  instrument  for  seeing  objects  placed  at  a 
<listance,  and  is  perhaps  one  of  the  most  valuable  and 
remarkable  instrunienis  with  which  science  has  pre- 
sented us  for  gratifying  our  curiosity  and  extending 
our  knowledge.  There  are  three  kinds  of  telescopes, 
viz.  the  Common  Refraclinf;  Tekscofie,  the  Reflecting 
Telescope,  and  the  Achromatic  Telescope,  which  we  shall 
describe  in  their  order. 

Art.  I On  the  Common  Refracting  Teleacofie. 

1.  On  the  Astronomical  Telescope. — The  astronomical 
telescope,  which  was  invented  by  Kepler,  is  represented 
in  Fig.  15.  It  consists  of  a  convex  glass  AB,  called 
the  object-glass,  and  of  another  convex  lens  CD,  of 
much  shorter  focal  distance,  called  the  eye-glass.  The 
object-glass  AB  is  screwed  into  the  end  of  a  tube,  a  lit- 
tle longer  than  its  focal  distance,  and  the  eye-glass  CD 
is  fixed  into  a  small  tube,  which  can  be  moved  out  and 
in  at  the  other  extremity  of  the  longer  tube.  When 
such  an  instrument  is  directed  to  a  distant  object  MN, 
and  distinct  vision  obtained  by  adjusting  the  tube  con- 
taining the  eye-glass,  the  magnified  image  will  be  formed 
in  the  following  manner.  The  rays  MA,  RIB,  and  NA, 
NB,  will  converge  by  the  refraction  of  the  lens  AB,  to 
foci  at  n  and  m,  and  will  there  paint  an  inverted  image 
11  m  of  the  object  MN,  at  a  distance  from  the  object- 
glass  a  little  greater  than  its  principal  focal  length,  as 
the  object  is  not  infinitely  distant.  This  inverted  image 
being  in  the  anterior  focus  of  the  eye-glass  CD,  the 
pencils  of  rays  nC,  mTi,  rendered  parallel  at  their  emer- 
gence from  the  eye-glass  CD,  will  enter  the  eye,  and 
form  an  erect  image  ft»,  of  the  object  MN,  upon  the  re- 
tina. Hence  it  follows,  (see  p.  749,)  that  through  such 
a  telescope  all  objects  will  be  seen  inverted,  and  as  this 
is  not  considered  a  disadvantage  to  astronomers,  it  has, 
on  this  account,  received  the  name  of  the  astronomical 
telescope. 

In  order  to  find  the  magnifying  power  of  this  or  of 
any  other  telescope,  we  must  compare  the  apparent  mag- 
nitude of  the  object  as  seen  by  the  naked  eye,  with  its 
apparent  magnitude  as  seen  through  the  telescope.  As 
the  distance  of  the  object  is  always  very  great,  com- 
pared with  the  length  of  the  telescope,  the  angle  MEN 
which  the  object  MN  subtends  at  the  object-glass,  may 
be  considered  as  a  correct  measure  of  its  apparent  mag- 
nitude. Now,  the  real  angle  under  which  the  magnified 
image  is  seen  by  the  eye,  is  C  f  D,  or  G  e  H~7!  t  m, 
-.vhich  is  to  MEN  or  its  equal  n  EM,  as  EF :  £  F,  that 
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is,  as  the  focal  distance  of  the  object-glass  is  to  the  focal 
distance  of  the  eye-glass.  Hence  the  magniiying  power, 
or  the  number  of  times  that  the  apparent  magnitude  oi' 
the  object  MN  is  increased  by  the  telescope,  will  be  ob- 
tained by  dividing  the  focal  length  of  the  object-glass  by 
that  of  the  eye-glass.  If  the  former  is  five  feet,  and  the 
other  one  inch,  the  magnifying  power  will  be  sixty  timeS; 
or  an  object  of  sixty  miles  distance  will  appear  of  the 
same  magnitude  as  if  it  were  brought  within  one  mile 
of  the  eye. 

In  the  astronomical  telescope,  the  extent  of  the  field 
of  view,  or  the  part  of  an  object  which  can  be  seen  at 
once  through  the  telescope,  depends  on  the  diameter  of 
the  eye-glass  CD,  and  not  on  that  of  the  object-glass  ;  for 
if  the  eye-glass  CD  were  too  small  to  receive  the  rays 
C  n,  D  m,  the  extremities  MN  of  the  object  could  not  be 
seen  at  all.  The  only  effect  of  enlarging  the  object- 
glass  is,  to  produce  a  greater  degree  of  light,  by  re- 
ceiving a  larger  cone  of  the  rays  flowing  from  each 
point  of  the  object. 

2.  Terrestrial  Telescope. — Although  the  inversion  of 
the  image  is  of  no  consequence  in  astronomical  obser- 
vations, yet,  in  viewing  land  objects,  an  erect  view  of 
the  object  is  essentially  necessary.  In  order  to  produce 
this  effect,  we  must  use  three  eye-glasses,  viz.  CD, 
CD,  CD",  Fig.  16.  which  are  generally  made  of  the 
same  focal  lengths,  and  placed  at  distances  double  of 
their  focal  lengths.  The  progress  of  the  rays  is  exactly 
the  same  in  this  telescope  as  in  the  last,  as  far  as  L, 
where  the  two  pencils  CL,  DL,  consisting  of  parallel 
rays,  cross  one  another  at  L,  in  the  anterior  focus  of  CD'. 
These  parallel  rays  falling  on  the  second  eye-glass  CD', 
are  converged  to  foci  at  n'  r«',  so  as  to  form  an  erect 
image  at  n'  m',  and  the  pencils  m'  C",  n'  D",  flowing 
from  this  image,  will  emerge  parallel  from  the  third 
eye-glass  C"D",  and,  crossing  one  another  at  e,  will  form 
a  distinct  inverted  image  /^v  of  the  object  MN  on  the 
retina.  Hence  it  follows,  (see  p.  749,)  that  the  object 
ynW  be  seen  erect  through  the  telescope. 

As  the  lenses  CD',  C"D"  are  of  equal  focal  lengths, 
and  the  image  n'  m'  equidistant  from  them,  it  is  obvious 
that  the  angle  C"  e  D",  under  which  the  magnified 
image  m'  n'  of  the  object  is  seen,  is  equal  to  CLD,  the 
same  angle  under  which  it  would  have  been  seen  had 
there  been  only  one  eye-glass  CD.  Hence  the  magni- 
fying power  of  such  a  telescope  is  equal  to  the  focal 
length  of  the  object-glass,  divided  by  the  focal  length 
of  one  of  its  three  equal  eye-glasses. 

In  this  telescope  a  diaphragm,  or  limiting  circular 
aperture,  is  placed  at  L,  to  exclude  extraneous  light, 
and  of  such  a  diameter  as  just  to  admit  the  extreme 
rays.  Another,  but  larger  diaphragm,  ot  Jietd-bar,  as 
it  is  called,  is  placed  at  EF,  to  give  a  distinct  outline  to 
the  field  of  view. 

3.  Galilean  telescope — The  Galilean  telescope  re- 
ceived its  name  from  its  having  been  first  used  by  Ga- 
lileo, and  differs  in  no  respect  from  the  astronomical  te- 
lescope, excepting  in  the  substitution  of  a  concave  eye- 
glass CD,  Fig.  17.  in  place  of  a  convex  eye-glass.  This 
eye-glass  is  placed  between  the  object-glass  AB,  and  its 
principal  focus,  and  receives  the  converging  rays  be- 
fore they  form  the  image  m  n.  If  the  concave  eye-glass 
CD  is  placed  so  that  the  image  that  would  be  formed 
at  m  7!  is  in  its  principal  focus,  it  will  render  parallel  the 
rays  lending  to  m  and  n.  and  consequently  these  rays  will 
be  converged  to  points  on  the  retina,  and  there  form  a 
distinct  and  inverted  image  «  ».     Hence  it  follows,  (sec 
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p.  749,)  that  this  telescope  will  give  an  erect  vi«w  of 
the  object  MN. 

The  magnilying  power  of  this  telescope  will  be  equal 
to  the  focal  length  of  the  object-glass  ilivicled  by  that  of 
the  eye-glass ;  for  the  extreme  pencils  which  were  for- 
merly made  to  converge  to  e  in  the  astronomical  tele- 
scope, and  form  the  angle  C  e  D,  or  ft  e  »,  are  now  made 
to  diverge,  or  form  the  angle  a*  F  ». 

This  telescope  possesses  some  advantages  over  the 
astronomical  telescope.  1st,  It  has  the  same  magnify- 
ing power  under  a  shorter  length,  the  length  of  ihe  te- 
lescope being  equal  to  the  difference  of  the  focal  lengths 
of  the  object-glass  and  the  eye-glass,  whereas  in  the 
astronomical  telescope  it  is  equal  to  their  sum.  2d,  It 
gives  us  an  erect  view  of  the  object  without  using  three 
eye-glasses,  which  must  occasion  a  great  loss  of  light, 
even  if  the  lenses  are  ground  to  a  perfect  figure.  3d, 
There  is  less  absorption  of  light,  in  consequence  of  the 
rays  passing  through  a  less  thickness  of  eye-glass  ;  and 
4th,  the  vision  is  much  more  perfect;  a  circumstance 
which  no  doubt  arises  from  the  rays  never  coming  to  a 
positive  focus,  and  never  crossing  one  another  in  a  con- 
densed state  during  the  whole  of  their  progress  through 
the  instrument.  For  it  cannot  be  doubted  that  the  rays 
of  light,  notwithstanding  their  extreme  tenuity,  inter- 
fere with  one  another,  and  produce  an  indistinctness  of 
Tision. 

The  disadvantages  of  the  Galilean  telescope  arise 
solely  from  its  limited  field  of  view.  Since  the  lateral 
pencils  now  diverge  from  the  axis  of  the  lenses,  the 
field  of  view  depends  solely  on  the  diameter  of  the  pupil 
of  the  eye,  and  as  this  cannot  be  increased  at  pleasure, 
there  are  no  means  of  remedying  this  evil  in  the  Gali- 
lean telescope. 

The  imperfections  of  the  common  refracting  teles- 
cope, with  a  single  object-glass,  have  been  already 
pointed  out  in  Prop.  IX.  p.  6T0,  and  are  so  great,  that, 
in  order  to  obtain  a  high  magnifying  power,  it  is  neces- 
sary to  use  object-glasses  of  a  great  focal  length,  such 
as  those  of  Huygens  and  others,  which  are  mentioned  in 
the  History  of  Optics,  p.  601. 

It  follows  from  the  theory  of  aberration  already  given, 
and  it  has  also  been  demonstrated  by  Huygens,  that  the 
apparent  indistinctness  of  a  given  object  seen  through  a 
refracting  telescope,  is  directly  as  the  area  of  the  object- 
glass,  and  inversely  as  the  square  of  the  focal  distance 
of  the  eye-glass.  In  like  manner  it  may  be  shown,  that 
the  apparent  brightness  of  a  given  object  is  directly  as 
the  square  of  the  lineal  aperture  of  tlie  object-glass,  and 
inversely  as  the  square  of  its  magnifying  power  Hence 
it  follows,  that,  in  refracting  telescopes  of  different 
lengths,  a  given  object  will  appear  equally  bright,  and 
equally  distinct,  when  their  linear  apertures,  and  the  focal 
distances  of  the  eye-glasses,  are  as  the  square  roots  of  the 
focal  distances  of  their  object-glasses  ;  and  consequently 
their  magnifying  powers  will  be  as  the  square  roots  of 
the  focal  distances  of  the  object-glasses. 

Upon  these  principles  we  may  compute  the  focal  dis- 
tance of  the  eye-glasses  suited  to  object-glasses  of  dif- 
ferent focal  lengths,  provided  we  have  once  ascertained 
by  experiment  the  highest  magnifying  power  that  an 
object-glass  of  a  given  focal  length  will  bear  with  per- 
fect distinctness.    One  of  Huygens'  best  telescopes,  30 


feet  long,  had  an  aperture  of  three  inches,  with  an  eye- 
glass  three  inches  and  ^V  in  focal  length,  and  from  this 
telescope,  as  a  standard,  the  editors  of  his  Dioptrics 
computed  the  Table  given  in  p.  21 1  of  that  work,  and 
reprinted  by  Dr.  Smith  in  the  148ih  page  of  ilie  first 
volume  of  his  Optics.  It  appears,  however,  from  the 
jlstroacofiia  Comfiendiaria  ot  Huygens,  that  he  possessed 
a  telescope  superior  even  to  this,  whose  object-glass  was 
34  feet  in  fucal  length,  and  which  had  a  magnifying 
power  of  163  times,  with  an  eye-glass  of  21  inches  focal 
length.*  A  Table,  calculated  upon  the  supposition  that 
telescopes  may  be  made  like  this,  has  been  given  by 
some  writers  ;  (see  Ferguson's  Lectures,  App.  vol.  ii.) 
but  we  prefer  taking  the  standard  just  mentioned,  as 
Huygens,  in  the  same  paper,  mentions  a  telescope  of  30 
feet  and  3  inches  of  aperttire,  as  the  standard  one. 

As  the  following  table  is  calculated  in  Rliinland  mea- 
sure, we  have  not  thought  it  necessary  to  recompute  it 
in  English  feet  and  inches  ;  but  as  the  F.nglish  foot  is  to 
the  Rhinland  foot  as  139  to  135,  we  have  only  to  reduce 
the  two  middle  columns  in  the  ratio  of  V139  to  v"35, 
that  is  nearly  in  the  ratio  of  139  to  137,  or  about  •j'^lh  or 
Tjth  part  of  the  whole. 

Table  of  the  A/ierturea,  Focal  Lengths,  and  Magnifying 
Povjera  of  Common  Refracting  Tclescofica. 


Leneih  of 
the  Tele- 
scope, or 
Focal  Dii- 
tance  of  the 
Object- 
Uliii. 

Linear  Aperture, 
or  Diameter  of 
tlie  OlgectGlass. 

Focal  Length  of 
the  Eye-Glass. 

Linear 

Magnifjing 

Powers. 

Feet. 

1 

0      55 

0     61 

Numt^er 
of  Times. 
20 

2 

0     77 

0      85 

23 

3 

0     95 

1      05 

34 

4 

1      09 

1      20 

40 

5 

1     23 

1      35 

44 

6 

1      34 

1      47 

49 

7 

1      45 

1      60 

53 

8 

1      55 

I      71 

56 

9 

1      64 

1      80 

60 

10 

1      73 

1      90 

63 

13 

1      97 

2      17 

72 

\S 

2      12 

2      33 

77 

20 

2      45 

2      70 

89 

25 

2      74 

3     01 

100 

30 

3     00 

3      30 

109 

35 

3      24 

3      56 

lis 

40' 

3      45 

3      81 

126 

45 

3      67 

4      04 

133 

50 

3      87 

4      26 

141 

55 

4     06 

4     47 

148 

60 

4     24 

4     66 

154 

65 

4     42 

4     86 

161 

70 

4      58 

5      04 

166 

75 

4     74 

5      21 

172 

80 

4     90 

5      39 

178 

•  Hugenii  Opera  Varia,  torn.  i.  p.  262.    Huygens  does  not  mention  the  aperture. 
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length  of 

the  Tele- 

•cope,  or 

Focal  Dii. 

tancc  of  tile 

Object- 

Glaii. 

Linear  Aperture, 

or  Diameter  of 

the  Object-Wa«. 

Focal  Length  of 
the  Kye-Otais. 

Linear 

Ma  Jellifying 

Potvtri. 

Feet. 

^'i"-  d;^d,"h,. 

Inchei. 

Hun. 
(liX'dthi. 

Numl>er 
of 'limes. 

85 

5      05 

5 

55 

183 

90 

5      20 

5 

72 

189 

95 

5      34 

5 

87 

194 

100 

5      48 

6 

03 

199 

110 

5      74 

6 

31 

2o9 

120 

6     00 

6 

60 

218 

130 

6     25 

6 

88 

227 

140 

6     48 

7 

13 

235 

150 

6     71 

7 

38 

244 

160 

6     93 

7 

62 

252 

170 

7      14 

7 

85 

259 

180 

7     35 

8 

09 

267 

190 

7     55 

8 

31 

274 

200 

7     75 

8 

53 

281 

220 

8      13 

8 

93 

295 

240 

8     48 

8 

33 

308 

260 

8     83 

9 

71 

321 

280 

9      16 

10 

08 

333 

300 

9      49 

10 

44 

345 

320 

9     80 

10 

78 

356 

340 

10     10 

11 

11 

367 

360 

10     39 

11 

43 

378 

380 

10     68 

11 

75 

388 

400 

10     95 

12 

05 

398 

500 

12     25 

13 

47 

445 

600 

13      42 

14 

76 

488 

In  order  to  render  the  common  refracting  telescope  as 
perfect  as  possible,  without  makint;  it  achromatic,  the 
spherical  aberration  should  be  reduced  by  grinding  the 
ex'erior  surface  of  the  object-glass  to  a  radius  equal  to 
Jive-nintha  of  its  focal  length,  and  the  interior  surface  to 
a  radius  equal  lojtve  limes  its  focal  length.  In  the  eye- 
glasses, the  radius  of  the  surface  next  the  object,  should 
be  nine  times  its  focal  length,  and  that  of  the  surface 
next  the  eye,  three-fifths  of  the  same  distance. 

When  the  object  to  which  the  telescope  is  directed  is 
luminous,  such  as  the  Sun,  and  Jupiter,  and  Venus, 
when  they  are  near  the  earth,  considerable  advantage 
may  be  derived  from  the  use  of  red  or  green  eye-glasses, 
or,  if  the  telescope  is  large,  from  the  interposition  of 
plane  pieces  of'green  and  red  glass. 

Art.  II.-  On  Reflecting  Teleacofies. 

The  great  difficulty  of  managing  refracting  telescopes 
when  of  great  length,  notwithstanding  the  ingenious 
contrivance  of  Huygens  to  use  them  without  tubes,  and 
the  impossibility  of  procuring  a  higher  magnifying 
power  than  500  times,  even  by  making  them  600  feet 
long,  induced  philosophers  to  employ  the  principle  of 
reflexion  for  the  purpose  of  shortening  this  valuable  in- 
strument. 

1.   On  the  Sregorian  Teletco/ie. 

The  first  successful  attempt  to  effect  this  desirable 
purpose  was  made  by  our  countryman,  James  Gregory, 


previous  to  1653,  as  we  have  already  related  in  our 
History  of  Optics,  (p.  601.)  The  instrument  which  he 
invented  is  represented  in  Fig.  I.  where  AB  is  a  perfo- 
rated concave  metallic  speculum,  which  is  either  a  por- 
tion of  a  sphere  or  of  a  prolate  spheroid,  in  one  of  whose 
foci  is  situated  the  distant  object  MN,  while  the  image 
of  the  object  is  formed  in  its  other  focus  AB.  In  front 
of  this  large  speculum  is  placed  a  smaller  concave  spe- 
culum S,  which  isalso  part  of  a  prolate  spheroid,  and 
which,  by  means  of  the  arm  SQ,  which  carries  it,  and 
the  screwed  rod  WQ,  may  be  made  to  approach  to  the 
great  speculum  AH,  or  to  recede  from  it.  Into  the  end 
of  the  tube  TTTT,  in  which  these  specula  are  placed, 
is  screwed  an  eye  tube  t  q  r  t,  containing  an  eye-piece  of 
one  or  two  lenses,  placed  at  a  permanent  distance  from 
the  speculum  AB,  and  from  each  other.  If  we  now 
suppose  the  rays  RA,  RB,  to  issue  nearly  parsllel  from 
the  extremities  M  and  N  of  the  distant  object  MN,  viz. 
RA  from  N,  and  RB  from  M,  these  rays  will  be  reflect- 
ed in  a  converging  state  to  foci  at  n  and  m,  and  will  there 
form  an  inverted  image  m  n  of  the  object  MN,  (see  Prop, 
X.  p.  659,  and  Prop.  XIV.  p.  650  )  If/is  the  principal 
focus  of  the  small  speculum  S,  then  rays  flowing  frora 
any  point  of  the  image  m  n,  will  form  an  erect  image 
behind  the  large  speculum  AB,  and  somewhere  between 
C  and  D,  the  rays  which  form  the  image  passing  through 
the  aperture  VX  in  the  large  speculum  Tlie  rays 
which  tend  to  form  this  image  are  intercepted  by  the  first 
eye-glass  C,  and  made  to  converge  so  as  to  form  an  erect- 
age  fi »  of  the  object  in  the  focus  of  the  second  eye-glass 
D,  by  which  they  are  rendered  parallel,  and  in  that  slate 
enter  the  eye  at  e.  If  the  small  speculum  S  is  brought 
nearer  the  image  m  n,  the  image  formed  behind  C  and 
D,  independent  of  the  eye-glasses,  will  recede  from  the 
great  speculum  ;  and,  on  the  contrary,  if  the  speculum 
S  is  made  to  recede  from  the  image  m  n,  the  image  be- 
tween C  and  D  will  approach  to  the  great  speculum. 
Hence,  by  the  motion  of  the  small  speculum  S,  we  can 
easily  change  the  convergency  of  the  rays  till  the  first 
lens  C  forms  a  distinct  image  of  the  object  in  the  anterior 
focus  of  the  second  eye-glass  D. 

In  order  to  determine  the  magnifying  power  of  the 
Gregorian  telescope,  let  G  be  the  centre  uf  i's  reflecting 
surface  ;  and  let  us  suppose,  for  the  present,  that  the 
lens  C  is  removed,  and  that  n  •  is  the  image  formed  by 
the  small  speculum  S,  and  viewed  by  the  single  eye- 
glass D.  Since  G  n  is  a  ray  passing  through  the  centre 
of  the  speculum,  and  the  extremity  n  of  the  imagi,  it 
must  come  from  the  extremity  of  the  object,  and  form 
with  the  axis  PD  an  angle  UG  n.  equal  to  the  angle  sub- 
tended by  half  the  object  MP  at  the  point  G,  which  may 
be  considered  as  the  angle  which  the  object  MP  siib- 
tends  at  the  eye  of  the  observer.  The  angle  which  the 
corresponding  part  of  the  magnified  image  subtends  at 
the  eye,  or  at  e,  is  ce  D— |m,  D  «■,  Now.  when  the  angles 
are  small,  kD  »:  ^45- x  (  i  Fg)zZg''r:  t  D  ;  and  also 
Y  g  m  :  FG  m  ~  GF  :  ^^  F,  and  by  composition  f*  D  f  : 
FG  mz^g  ■r  X  GF  :  IT  D  X  g  F,  that  is,  the  apparent 
magnitude  of  the  object  MP  when  seen  through  the 
telescope,  is  to  its  apparent  magnitude  when  seen  by  the 
naked  eye,  as  g  v  x  GF  :  x  D  X  5'  F  ;  but  by  Prop  IV. 
p.  656,  F /:  / gzzCiF  :  ■r  g  ;  and,  Consequently,  by  in- 
version, /^-xFG:  F  f  X  V  F)  -ZZ-^  g  X  FG  :  »DxF 
g,  that  is,  the  apparent  magnitude  of  the  object  is  to  the 
apparent  magnitude  of  the  image  as/^  x  FG  :  F  fx  v 

D  =0^-|^  ;  but  S  X  :  S  f-fg  :  F /,  hence  IZ- 
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•'-^. ;  and,  conseqiieiv.ly,   \vc  have,  by  subslilution,  the 

—  ^'^X  FG 
mocrnifying    power zItt-;^ r;i  that  is 

Mulliphj  the  focal  clislance  of  the  gnat  s/ieculum  by  the 
distance  of  the  smalt  mirror  from  the  image  n.  xt  the  eye, 
{as  formed  in  the  anterior  focus  of  the  convx  eye-glass) 
and  multifdy  also  the  focal  distance  of  the  small  sfieculum 


by  the  focal  distance  of  the  eye-glass  ;  then  the  quotient 
arising  from  dividing  the  former  firoduct  by  the  latter  luill 
be  the  magnifying  fiotver  required. 

The  fullowinp;  Table  of  the  dimensions  and  map;nify- 
inij  powers  of  Gregorian  telescopes  has  been  computed 
by  Di.  Smith,  from  an  excellent  standard  telescope  of 
Short's,  wliich  is  the  second  in  the  Table,  with  a  focal 
length  of  9.6  inches,  and  a  magnifying  power  of  60. 


Table  of  the  Dimensions,  Focal  Lengths,  and  Afiertures  of  Gregorian  Telescofies,  as  constructed  by  Mr.  Short,  ac- 
cording to  the  commutations  of  Dr.  Smith. 


Focal  len^h 

of  \Y\v  preat 

bpecutum. 

Rreadtliof 
llic  preiit 
S[R-culum. 

Breadth  of  Ihe 

small 
Speciiliim.nnd 
or  the  Hdic  in 
tile  largf  one. 

Focal  lenph 
of  the  imall 
S{H;culum. 

Distance 
between  the 
two  Specula. 

Distance 
hetween  the 
large  Speeu. 
Inn)  and  tiie 
Plane  Surface 
of  the  nrsl 
Eye-glass. 

Focal 
distance  (jf 
the  first 
Eye-glass, 
or  that 
next  the 
Metals. 

Focal 

disUnce  of 

the  second 

Eyeglass, 

or  that 

next  the 

Eye. 

Distance 

betwei-u  the 

FIa»e  Sides 

of  the  two 

Lenses. 

Distance 

between  the 

second 

Eye-glass 

and  the 

small 

Eye  Hole. 

Diameter 

of  the 
Diaphragm 

placeil  in 
the  antei-iur 

Focus  of" 

tha  Lens. 

Marnirying 
Power. 

Inch.  Dec. 

Inch.  IX-c. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec- 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Tiroes. 

5.65 

9.60 

15  50 

36.00 

60  00 

1.55 
2.30 
3.30 
6.26 
9.21 

0.31 
0.40 
0.50 
0.65 
0.83 

l.tl 
1.50 

2.15 

3,43 
5.01 

6  78 
11.25 
17  84 
39.72 
65.39 

1  76 
3  36 
3.95 
1.44 
278 

2.45 
3.13 
5.97 
5.12 
6.43 

0.81 
1  04 
1.31 
1.71 

2.14 

1.63 
2.09 
2.63 
3.41 
429 

0.41 
0.52 
0.66 
0.85 
1.07 

0  27 

0  35 
0.44 
0.57 
0.72 

39  69 

60. 

86  46 
165.02 
242.94 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

The  following  Table,  calculated  by  Mr.  Short,  cm- 
braces  a  great  variety  of  focal  lengths,  and  contains  the 
different  powers  which  he  applied,  together  with  the 
prices  of  the  instruments. 


Diatneter 

Num. 

Focal 

of  Apper. 

ber. 

length  in 

ture  in 

MagnifyiDg  Powen. 

Inches. 

Inches. 

1 

3 

11 

1  Power  of      ...        18  times 

2 

4i 

1.3 

1      • 

.        25 

3 

7 

1.9 

1      . 

40 

4 

H 

2.5 

2 

40  and    60 

6^ 

12 

3.0 

2 

55  and     85 

12 

3.0 

4 

.      35,  55,  85,  and  110 

7 

18 

3.8 

4 

.     55,  95, 130,  and  200 

8 

24 

4,5 

4 

■    90,  150,  230,  and  3U0 

9 

36 

6.3 

4 

100,  200, 300,  and  400 

10 

48 

7.6 

4 

120,  260,  380,  and  500 

11 

72 

122 

4 

200.  400,  600,  and  800 

12 

144 

18,0 

4 

300, 600,  900,  and  12U0 

Gui- 
neas. 


4 

6 

8 

10 

14 

20 

35 

7S 

100 

300 

800 


As  the  extent  of  the  field  of  view  depends  on  the  di- 
ameter of  the  eye-glass,  and  as  an  eye-glass  of  sufficient 
breadth  would  require  to  be  very  thick  to  give  the  re- 
quisite magnifyiiig  power,  it  is  usual  to  substitute  what 
is  called  the  Huygenian  eye-piece,  consisting  of  two 
plano-convex  lenses  C,  D,  witk  their  plane  surfaces 
turned  towards  the  eye.  hy  this  means  the  visible 
area  or  field  of  view  is  increased  and  the  requisite 
power  is  obtained,  without  using  very  deep  curva- 
tures. 

In  the  following  Table,  Dr.  Smith*  has  given  the 
positions  and  focal  distances  of  these  two  lenses,  to- 
gether with  tiie  semi  diameter  of  the  field-bar  in  the 
anterior  focus  of  the  lens  next  the  eye,  and  the  dis- 
tance of  the  eye-hole,  from  the  second  lens,  as  cor- 
responding to  different  focal  lengths  of  the  great  spe- 
culum. 


Focal  length  of   the 
great  Speculum. 

Distance  of  the  Plane 
Surface  of  the  first 
Lens    behind    the 
Vertex  of  the  great 
Speculum. 

Di.tance  between  the 
Plane    surfaces   of 
the  two  Lenses. 

Focal  length  of  first 
Lens  reckoned  from 
the  Plane  Surface. 

Focal  length   of  se- 
euiiclLens  reckoned 
from  the  Plane  sui> 
face. 

Distance  of  the  Eye 
Hole  behind   Plane 
Surface  of  the  se- 
cond Lens. 

Semi-Diameter  of  the 
Field  Bar  or  Dia- 
phragm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

5  65 

9.60 

15.50 

36.00 

60.00 

1.764 
3.358 
5.975 
1.439 
2.783 

1.631 
2  087 
2631 
3.415 
4.289 

2.446 
3.130 
3.946 
5.122 
6.434 

0.815 
1.043 
1.315 
1.707 
2.144 

0.408 
0.522 
0,658 
0.854 
1.072 

0.136 
0.174 
0.220 
0.286 
0.359 

As  it  is  of  the  greatest  importance  to  the  performance 
of  Gregorian  telescopes,  to  give  a  proper  diameter  to 
the  eyehole,  and  to  place  it  at  its  proper  distance  from 
the  eye-glass,  we  shall  add  to  the  information  in  the  pre- 
ceding Table  Mr.  Edwards'  rules  for  this  purpose. 

If  there  is  only  one  eye-glass,  then  the   distance  of 


the  small  hole  behind  A  should  be  as  nearly  as  possible 
equal  to  its  focal  length  ;  but  in  the  compound  Huy- 
genian eye-piece  the  distance  of  the  eye-hole  may  be 
thus  found :  Multiply  the  difference  between  the  focal 
distances  of  the  glass  next  to  the  speculum,  and  the 
distance  of  the  two  eye-glasses,  by  the  focal  distance  of 
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the  glass  nearest  to  the  eye,  and  divide  this  product  by 
the  sum  ot  the  focal  distances  of  the  two  lenses  lessen- 
ed by  their  distance,  and  the  quotient  will  be  the  com- 
pound focal  dist  ince  required.  Thus,  if  the  focal  dis- 
tance of  the  lens  next  the  speculum  is  three  inches,  that 
of  the  lens  next  the  eye -one  inch,  and  their  distance 
ten  inches,  then  the  compound  focal  distance  from  the 
eye-glass  will  be 


i  — 2+  l._ 


3+2 


§  an  inch. 


The  diameter  of  the  eye  hole  is  always  equal  to  the 
quotient  olnained  by  dividing  the  diameter  of  the  great 
speculum  by  the  magnifying  power  of  the  telescope. 

Asthe  nitasures  of  the  focal  lengths  and  di»tances  of 
the  lenses  arc  not  easily  determined  with  requisite  ac- 
curacy, Ml-.  Edwards  considers  it  necessary  to  obtain, 
from  direct  experiment,  a  more  accurate  determination 
of  the  place  and  size  of  the  eye-hole  after  it  has  been 
found  by  the  preceding  rule.  With  a  small  convex  glass, 
says  he,  of  an  inch,  or  an  inch  and  a  half,  focal  dis- 
tance, view  the  picture  of  the  large  mirror  in  the  eye- 
hole ;  hold  the  convex  glass  as  steady  as  you  can  in 
one  hand,  and  move  your  eye  upwards  and  downwards 
towards  the  right  hand  or  towards  the  left ;  then  if  the 
picture  of  the  large  speculum  in  the  eye-hole  has  a 
motion  in  the  same  direction  with  the  eye,  the  focus  of 
the  eye-glass,  whether  single  or  compound,  is  between 
the  eye-hole  and  the  eye-glass  ;  but  if  the  picture  of 
the  great  speculum  in  the  eye-hole  appears  to  move 
contrary  to  the  motion  of  the  eye,  then  the  true  focus 
is  between  the  eye  and  the  eye-hole.  In  the  former  case 
the  eye-hole  must  be  brought  nearer  to  the  eye-glass,  in 
the  latter  case  it  must  be  removed  farther  from  it,  till 
you  perceive  the  picture  of  the  great  mirror  become 
fctalionary,  or  vi'ithout  any  motion,  in  whatever  direction 
the  eye  is  moved  ;  for  then  only  the  eye-hole  is  most 
accurately  in  the  focus  of  the  single  or  compound  eye- 
glass. 

The  diameter  of  the  eye-hole  may  also  be  determin- 
ed exactly,  by  viewing  with  a  small  conve.\  glass 
held  in  the  hand,  as  in  the  preceding  operation,  the 
exact  sire  of  the  pic'ure  of  the  great  speculum  in  the 
place  of  the  eye-hole,  determined  accurately  by  the 
foregoing  direction.  If  the  area  of  the  eye-hole  appears 
a  small  degree  larger  than  the  area  of  the  emergent 
pencil  of  rays,  or  the  picture  of  the  great  speculum, 
then  it  is  sufficiently  large  to  transmit  all  the  rays  of 
light  which  come  from  the  great  speculum.  But  if  the 
area  of  the  eye-hole  is  found  to  be  less  than  the  area 
of  the  picture  ot  the  great  speculum,  the  eye-hole  must 
be  enlarged  till  its  diameter  shall  be  found  equal  to,  or 
rather  a  little  larger  than  the  diameter  of  the  emergent 
pencil  of  rays. 

Mr.  Edwards,  who  had  much  practical  experience  in 
the  construction  of  Gregorian  telescopes,  found  that 
crown  glass,  such  as  is  used  for  the  convex  lenses  of 
achromatic  object-glasses,  was  preferable  to  flint-glass 
for  eye-glasses,  and  that  those  pieces  were  the  best, 
which,  when  laid  on  a  sheet  of  white  paper,  gave  a  blu- 
ish green,  and  not  a  yello-wish  green  tinge.  The  dingy 
or  yellowish  appearance  of  objects  in  reflecting  tele- 
scopes, which  arises  either' from  an  imperfect  polish,  or 
from  the  metal  not  being  sufficiently  white,  is  entirely 


destroyed  when  the  eye-glasses  are  made  of  the  crown 
glass  just  mentioned,  and  objects  appear  of  their  own 
natural  colour. 

In  order  to  try  the  figure  of  the  great  speculum,  Mr. 
Edwards  places  at  the  distance  of  SO  or  100  yards,  a 
white  circle  of  half  an  inch  or  an  inch  m  diameter, 
with  a  prctiy  broad  black  margin.  He  then  adjusts  the 
telescope,  so  as  to  show  it  as  distinctly  as  possible,  and 
by  turning  the  milled  head  W.  Fig.  1.  either  to  the  right 
or  to  the  left,  he  observes  a  regular  dark  haze  round  the 
circle,  becoming  broader  and  broader  as  the  milled  head 
is  turned.  If  the  haze  is  more  distinct  when  the  milled 
head  is  turned  lo  the  right  from  the  place  of  distinct 
vision  than  when  it  is  turned  to  the  left,  the  figure  of 
the  great  speculum  is  sfiherical,  and  if  the  contrary- 
takes  place,  it  is  hyfierbolical,  or  beyond  the  parabola. 
But  if  the  haze  and  the  edges  of  it  are  equally  distinct 
on  both  sides  of  the  true  focus,  or  point  of  distinct  vi- 
sion, then  the  great  speculum  has  a  true  parabolic  fi- 
gure. 

As  the  centering  of  the  specula,  and  the  lenses  of 
a  Gregorian  telescope,  are  essentially  necessary  to  its 
correct  performance,  Mr.  Edwards  has  given  the  fol- 
lowing minute  directions  for  accomplishing  this  object. 

1.  Extend  two  fine  threads  or  wires  across  the  aper- 
ture of  the  tube  at  right  angles,  so  as  to  intersect  each 
other  exactly  in  the  axis  of  the  telescope  ;  before  the 
arm  is  finally  fastened  to  the  slider,  place  it  in  the  tube, 
and  through  the  eye-piece  (without  glasses)  the  inter- 
section of  the  cross-wires  must  be  seen  exactly  in  the 
centre  of  the  hole  of  the  arm.  When  this  exactness  is 
obtained,  let  the  arm  be  firmly  rivetied  and  soldered  to 
the  slider. 

2.  Divide  the  circumference  of  the  mouth-piece  of 
the  tube  of  the  telescope  into  four  equal  parts.  Pro- 
vide a  circle  of  pasteboard,  about  one-half  or  two-thirds 
of  the  diameter  of  the  mouth  of  the  tubp.  Procure  also 
a  narrow  strip  of  wood,  whose  length  is  exactly  equal 
to  the  inside  diameter  of  the  mouth  of  the  tube;  divide 
it  into  two  equal  parts,  and  to  this  middle  point  fasten 
the  centre  of  the  pasteboard  circle  by  a  small  pin.  Ap- 
ply now  this  small  apparatus  to  the  two  opposite  marks 
made  on  the  mouth  of  the  tube;  by  this  means  the 
centre  of  the  pasteboard  circle  will  coincide  with  the 
centre  of  the  tube.  Care  also  must  be  taken  that  the 
pasteboard  circle  be  in  the  same  plane  with  the  mouth 
of  the  telescope,  or,  which  is  the  same  thing,  at  right 
angles  to  its  axis;  which  is  easily  effected  by  apply- 
ing the  edge  of  a  ruler  across  the  mouth  of  the  tele- 
scope, and  by  making  any  of  the  diameters  of  the 
pasteboard  circle  touch  the  edge  of  the  rule.  Take 
now  the  eye-glasses  from  the  eye-tube,  and  screw  that 
tube,  without  its  glasses,  in  its  proper  place ;  direct 
then  the  mouth  of  the  telescope  towards  a  window  or 
the  sky,  apply  your  eye  to  the  small  hole  in  the  eye- 
tube,  and  observe  whether  the  ring  of  light  in  the 
small  mirror  is  exactly  of  the  same  breadth  in  every 
part  of  it,  which  will  always  be  the  case  when  the 
small  metal  is  parallel  to  the  great  speculum,  in  all 
other  positions  of  the  small  speculum,  the  ring  of  light 
in  it  (which  is  only  the  reflected  image  of  that  part  of 
the  great  mirror  which  is  not  hid  by  the  pasteboard 
circle)  will  appear  of  different  breadths  in  different 
parts  of  its  circumference ;  adjust  now  the  small  mir- 
ror by  the  three  screws  at  its  back,  till  the  ring  of  light 
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appears,  in  every  part,  exactly  of  the  aame  uniform 
breadth  ;  and  thus,  by  a  few  trials,  the  face  of  the  small 
metal  may  easily  be  placed  parallel  to  the  face  of  the 
great  speculum. 

3.  Put  the  circular  pasteboard  on  the  mouth  of  the 
lube,  as  before  ;  then  apply  the  eye  to  the  eye-hole, 
the  eye  glasses  being  removed,  and  observe  whether 
the  outer  edge  of  the  ring  of  light  in  the  small  mirror, 
when  adjusted  by  the  preceding  rule,  is  equidistant  in 
every  part  of  its  circumference  from  the  edge  of  the 
small  metal.  In  such  case  the  centre  of  the  small 
mirror  is  coincident  with  the  uxis  of  the  telescope  ;  but 
if  the  outer  edge  of  the  ring  of  light  in  the  small 
speculum  is  nearer  to  the  edge  of  it  in  some  pans  of 
its  circumference  than  in  others,  or,  in  other  words,  if 
the  dark  part  surrounding  the  ring  of  light  in  the  small 
speculum  has  not  the  same  breadth  in  every  part  of  its 
circumference,  then  the  centre  of  the  small  metal  is 
not  coincident  with  the  axis  of  the  tube,  but  must  be 
rais<  il  higher  or  dtpiessed  lower,  must  be  put  towards 
the  right  hand  or  towards  the  left,  as  shall  appear 
necessary.  The  easiest  method  to  ptrlorm  this  is,  to 
make  the  screw,  which  s.oes  through  the  hole  in  the 
upright  stem  of  brass  which  carries  the  small  metal 
with  a  broad  shoulder  to  it,  and  to  make  the  hole  in 
the  centre  of  the  brass  stem  pretty  large,  but  not  so 
large  as  the  shoulder  of  the  screw,  by  which  means 
the  small  mirror  may  be  raised  or  depressed,  may  be 
placed  a  little  to  the  right  hand  or  towards  the  left,  as 
is  found  to  be  most  proper,  and  may  be  retained  in  any 
of  those  positions  by  the  three  small  screws  that  bear 
against  the  back  of  the  small  speculum.  This  and  the 
preceding  adjustment  must  be  repeated  by  trials,  till  the 
ling  of  light  in  the  small  mirror  is  of  one  uniform 
breadth  in  every  part  of  its  circumference,  and  at  the 
same  time,  the  outer  edge  of  the  ring  of  light  is  equi- 
distant from  the, edge  of  the  small  metal  ;  for  then,  and 
then  only,  the  face  of  the  small  mirror  is  parallel  to 
the  face  of  the  great  speculum,  and,  at  the  same  time, 
its  centre  is  coincident  with  the  axis  of  the  tube;  or 
the  centres  of  the  eye-glasses,  and  the  centres  of  the 
great  and  small  specula  are  in  one  right  line. 

When  the  small  mirror  has  been  adjusted,  by  the 
preceding  directions,  those  two  adjustments  may  be  ex- 
amined and  rectified  to  the  utmost  degree  of  precision 
by  the  following  method  : 

Put  up  a  circle  of  half  an  inch  or  an  inch  in  diameter, 
with  a  broad  black  margin  te  its  circumference,  at  the 
distance  of  fifty  or  a  hundred  yards  from  the  telescope. 
Turn  the  screw  which  carries  the  btass  stem  and  the 
small  mirror  nearer  to,  or  farther  from,  the  great  specu- 
lum, and  you  will  observe,  if  the  metals  are  centered 
very  well,  the  margin  of  the  circle  will  appear  to  be- 
come less  and  less,  so  as  to  form  continually  a  less  circle, 
till  at  last,  as  you  continue  turning  the  screw,  it  will 
terminate  in  a  black  spot  in  the  middle  of  the  true  cir- 
cle, (which  will  still  continue  visible,)  with  a  laige 
broad  and  black  haze  round  it,  equally  broad  in  every 
part  of  it.     If  the  black  spot  appears  on   the  margin  of 


the  true  circle,  and  consequently  the  black  haze  is  not 
equall_y  broad  round  the  true  circle,  then  the  mirrors 
are  not  exquisitely  centered,  but  the  small  metal  must 
be  adjusted  by  the  three  small  screws  at  the  back  of 
it,  by  screwing  up,  in  a  very  small  degree,  the  small 
screw  which  is  diametrically  o/:/iosi/c  to  the  black  spot, 
or  on  the  other  side  of  the  ceniie  of  the  circle  on  whose 
margin*  the  spot  appears.  When  the  metals  are  found 
to  be  exquisitely  centered,  fasten  the  three  small  screws 
at  the  buck  of  the  small  speculum  with  common  soft 
solder,  to  prevent  them  from  drawing,  or  giving  way. 
Put  up  now  a  watch  poper,  or  any  othei-  piintcd  paper, 
with  lelteis  or  figui ts  upon  it  of  different  dimensions, 
some  of  which  should  be  very  small,  at  the  distance  of  at 
least  sixty  times  the  local  length  of  the  great  speculum 
irum  the  telescope.  Turn  the  large  n.irror  in  its  cell, 
about  the  eighth  part  of  a  revolution  each  time,  and 
observe  in  which  of  those  positions  the  minute  figures 
or  letters  upon  the  pa|)Ci  are  most  distinct:  Mark, 
then,  with  a  black  stroke,  the  upper  part  of  the  back 
of  the  great  speculum,  and  a  corresponding  part  upon 
the  inside  of  the  brass  tube,  adjoining  to  the  black 
stroke  on  the  back  ot  the  miiror;  by  which  means,  if 
the  great  speculum  is  taken  out  of  its  cell  at  any  time, 
it  may  easily  be  replaced  exactly  in  the  same  position. 
The  mirrors  may  also  be  examined  by  means  of  any  of 
the  fixed  stars,  particularly  by  those  of  the  ^rsr  magni- 
tude; for  if  the  mirrors  are  truly  centered,  and  adjusted 
to  their  best  position,  a  fixed  star,  when  made  indistinct 
by  the  adjusting  screw  on  the  side  of  the  tube,  should 
always  appear  in  reflecting  telescopes,  as  a  truly  round 
circle  ot  fire  with  a  black  spot  exactly  in  its  centre; 
and  when  the  telescope  is  adjusted  to  distinct  vision, 
the  star  should  appear,  if  the  telescope  is  excellent,  and 
the  state  of  the  air  favourable,  exactly  round,  and  to» 
tally  free  from  all  irradiations,  or  false  rays  and  glare. 
Indeed,  I  can  assert  fiom  experience,  that  no  object  is 
so  pioper  to  determine  the  excellence  of  telescopes  as 
the  fixed  stars  ;  as  the  least  irregularity  in  the  figure  of 
the  metals  in  reflecting  telescopes,  or  of  the  object-glass 
in  achromatics,  is  rendered  by  them  exceedingly  con- 
spicuous by  a  false  glare,  and  by  their  not  appearing 
perfectly  round." 

2.   On  the   Caaaegrainian  Tekacofie. 

The  Caasegrainian  Telescope,  which  we  have  repre- 
sented in  I'ig.  2.  differs  in  no  respects  from  the  Grego- 
rian, and  had  it  been  brought  forward  as  an  improved 
refit  Cling  telescope,  and  not  as  an  entirely  original  in- 
vention, its  author  would  have  received  more  credit  than 
has  fallen  to  his  share.  Montucla,t  the  countryman  of 
the  inventor,  speaks,  we  think,  too  harshly  of  Cassegrain, 
unless  he  had  reasons  for  belie\ing  that  this  author  was 
acquainted  with  the  instruments  of  Gregory  and  Newton. 
Even  then,  however,  he  could  only  be  blamed  for  claim- 
ing the  priority,  while  he  merited  considerable  praise  for 
his  ingenious  substitution  of  a  convex  in  place  of  the 
concave  mirror  of  Gregory.     The  question  of  priority 


•  When  the  metals  are  centered  exceeding  near,  but  not  accurately  true,  the  true  margfin  of  the  circle  will  appear  too  broad  in 
someone  part  of  its  circumference  ;  that  is,  the  black  line,  forming  the  circumference  of  the  true  circle,  will  not  appear  equally  brnad 
in  ever)-  part  of  it.  In  such  a  case,  screw  up  the  small  screw  at  the  back  of  the  small  speculum,  which  is  opposite  the  part  of  the 
circumference  of  the  circle  which  appears  too  black,  or  too  broad. 

■f  "  Lorsque  Newton  eut  public  dans  les  Trans.  Plul  son  J^'ouveau  Telescope,  il  y  eut  en  France  un  homme  qui  pretendit  lui  en  dis- 
puter  I'invention.  .M.  Cassegrain,  c'est  le  nom  de  ce  rival  de  Newton,  insera  dans  le  Journal  des  Savans  de  la  mime  ann<-e,  lfi72,  di  - 
verses  pieces  tendanles  a  prouverqu'avantque  la  recit  de  I'invention  de  Newton  eut  passer  la  mer,  il  avoit  iraagini  un  telescope  n 
re&exion,  et  meme  superieus  a  celui  du  philosophe  Anglois." — Jlist.  des  Math,  torn.  ii.  p.  540. 
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is  easily  settled  ;  for  the  Gieifoiian  telescope,  which  it 
resembles  inucli  more  than  the  Newtonian  one,  was  in- 
vented before  1661  ;  but  the  improvement  suggested  by 
Cassegrain  was  truly  his  own  ;  and  though  he  did  not 
see  all  its  advantages,  yet  the  advantage  which  he  did 
see,  viz.  that  of  shortening  the  telescope  by  twice  the  fo- 
cal length  of  the  small  speculum,  was  one  of  no  mean 
import  ;  and  when  we  add  to  this  the  correction,  to  a 
considerable  extent,  of  the  spherical  aberration,*  by 
the  opposite  cuivatures  of  the  two  specula,  and  the 
advantages  of  this  instrument  first  pointed  out  by 
Captain  Kaler,  we  trust  that  we  shall  secure  the  name  of 
Cassegrain  from  being  spoken  of  with  tl)at  disdain  which 
was  unworthy  both  of  his  own  countrymen  and  of  ours. 
It  is  curious,  and  at  the  same  time  highly  instructive, 
to  read  the  strong  objections  which  Sir  Isaac  Newton 
rnakes  to  the  Gregorian  and  the  Cassagrainian  telescope, 
and  to  consider  how  completely  the  Gregorian  telescope 
■was  preferred  to  the  Newtonian  one  during  the  greater 
part  of  the  last  century.  The  failure  mentioned  by 
Newton,  of  Mr.  Reeves,  an  English  optician,  in  con- 
structing a  six  foot  Gregorian  telescope,  under  the  in- 
spection of  its  inventor,  so  early  as  1664,  arose  from  the 
great  delicacy  recjuired  in  the  adjustment  of  all  its  parts  ; 
and  it  appears  that  Gregory,  alter  a  rude  trial,  was  so 
impressed  with  the  belief  that  the  figure  of  the  mirror 
was  defective,  that  he  never  even  made  a  lube  to  hold 
the  mirrors.  Our  countryman,  therefore,  was  too  preci- 
pitate in  abandoning  his  attempts  to  construct  his  tele- 
scope ;  and  Newton  was  not  less  so,  when  he  remarked, 
"  that  he  could  wish  that  M.  Cassegrain  had  tried  his 
design  before  he  divulged  it ;  but  if,  for  farther  satisfac- 
tion, he  please  hereafter  to  try  it,  I  believe  the  success 
will  inform  him  that  such  projects  are  of  little  moment 
till  they  be  put  in  practice. "t 


In  the  CHSsegrainian  telescope,  shown  in  Fig.  2.  the 
rays  RA,  coming  from  the  lower  end  N,  of  the  object 
MX,  and  RB  coining  from  its  upper  extremity  M,  are 
reflected,  so  that  they  would  form  an  image  at  V,  the 
focus  of  the  speculum  ;  but  being  intercepted  by  the 
convex  speculum  S,  they  are  made  to  converge  to 
foci  at  f<.»,  and  there  form  an  inverted  image  of  the 
object  MN,  which  may  be  magnified  either  by  a 
single  eye-glass,  or  by  a  Huygenian  eye-piece,  as  al- 
ready described.  Hence  it  is  obvious  that  the  Cas- 
segrainian  telescope  is  shorter  than  the  Gregorian  by 
more  than  twice  the  principal  focal  length  of  the  small 
speculum  S. 

From  the  following  table  of  the  dimensions  of  Cassa- 
grainian telescopes,  founded  on  Dr.  Smith's  calculations, 
it  appears,  that  though  they  are  shorter  by  twice  the 
focal  distance  of  the  small  speculum  than  those  of  the- 
Gregorian  form  with  the  same  focal  length,  yet  they 
have  a  greater  magnifying  power.  A  Cassegrainian  te- 
lescope, 15|  inches  in  focal  length,  will  magnify,  ac- 
cording to  the  table,  93  times;  while  a  Gregorian  one, 
with  a  similar  speculum,  magnifies  only  85  times.  This 
great  difference  between  the  performance  of  these  in- 
struments does  not  exist  merely  in  theory  ;  for  Mr. 
Short  constructed  a  telescope  of  the  Cassegrainian  formj 
of  24  inches  focus,  which,  with  an  aperture  of  six  inches 
magnified  355  times.  With  this  power,  indeed,  it  was 
rather  indistinct;  but  it  bore  a  power  of  231  times  with 
sufficient  distinctness.  In  the  observatory  at  Greenwich, 
there  is  a  Gregorian  telescope  of  Short's  construction, 
which  magnifies  250  times  when  the  smallest  mirror  is 
employed,  which  is  considerably  less  than  the  power  of 
the  Cassegrainian  one  of  the  sanie  size. 


Table  of  the  Dimenmnt,  Focal  Lengths.,  and  ^fierturea,  of  Cassegrainian  Teleaeofiea. 


Focal  length 
■  of  Ihe  preat 
-Speculum. 

Hreadth  of 
the  great 
Speculum. 

Breadth  oflhe 

small 
Speculum.and 
of  the  Hole  in 
the  large  one. 

Focal  length 
of  the  small 
Speculum. 

Distance 
between  the 
two  Specula. 

Distance 
between  the 
large  Specu- 
lum and  the 
Plane  Surface 
ofthe  first 
Eyeglass. 

Focal 
distance  of 

the  first 
Eyegias., 
orthatnext 
the  Metals. 

Focal, 
distance  of 
the  second 
Kye  glass, 
or  that  nest 
the  Eye. 

Distance 
between  Ihe 
Plane  Sides 
ofthe  two 

Lensei. 

Distance 
between  the 

second 

Eye-glass 

and  tile 

small 

Eye-Hole 

Inch.  Dec. 

Diameter 

ofthe 

Diaphragm 

placed  in 
the  anterior 

Focui of 

iheLeni 

Magnifying 
Po»er. 

Xncfa.  Dec. 

loch.  Dec. 

Inch  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Inch.  Dec. 

Times. 

15.50 
36.00 
60.00 

3.52 
6.57 

9.61 

0.40 
0.59 
0.77 

1.97 
3.57 
3.17 

13  51 
32  75 
55.21 

].41 
1.65 
2  97 

3.17 
4.69 
6.06 

1.06 
1.56 

2.02 

2.1  1 
3.03 
4.04 

0.53 
0.78 
1.01 

0.18 
0.26 
0.34 

92.91 

173.28 
253.44 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

In  the  following  table.  Dr.  Smith  has  given  the  focal     the  eye-glasses  of  a  Huygenian  eye-piece,  as  suited  to 
lengths,  the  size  of  the  field-bar,  and  the  distances   of    Cassegrainian  telescopes. 


Jocal  length 
ofthe  great 
Speculum. 

Distance  of 
the  Plane 

Surface  of  ihe 
first  Lens 
behind  the 

Vertex  of  ihe 

great 

Speculun). 

Distance 

between  the 

Plane  surfaces 

of  (he  two 

Lenses. 

Focal  length 
of  tirst  Lens 

reckoned  IVorr. 
the  Plane 
Suiiace, 

Focal  length 
of  second  Lens 
reckoned   from 

the  Plane 

Surface. 

Distance  of  the 

Eye-Hole 
behind  Plane 
Surface  ofthe 
second  Lens. 

SemiMliaraeter 
ofthe  Field. bar 
01  Diaphragm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

].S.5 
15.5 
36.00 
60.00 

6.151 
1.415 
l.r.53 
2.972 

2.396 
2.113 
3.029 

4.037 

3.594 
3.170 
4.694 
6.056 

1.198 
1.057 
1.565 
2.019 

0.598 
0.528 
0.782 
1.010 

0.200 
0.177 
0.262 
0338 

See  Wood's  Optics,  p.  2U 


t  Pfnl  Trait}.  1672,  No.  83,  p.  4056. 
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In  adjusting  and  centering  the  mirrors  and  lenses,  all 
the  operations  described  by  Mr.  Edwards  must  be  re- 
versed when  applied  to  the  Casseijraiiiian  telescopes. 

Although  the  Cassegraiiiian  telescope  appeared,  from 
the  excelience  of  those  made  by  Mr.  Short,  to  be  prac- 
tically, as  well  as  theoretically  superior  to  those  of  the 
Greogorian  form,  yet,  IVotn  causes  which  are  not  very 
obvious,  the  Gregoiiun  form  was  almost  universally 
adopted.  During  some  astiononiical  observations,  how- 
ever, with  the  Cassegraiiiian  telescope.  Captain  Kaler 
was  surprised  to  find  it  much  superior  to  a  Gregorian 
of  the  same  magnifying  power,  and  immediately  luider- 
took  a  comparison  of  the  two  instruments,  bolh  of 
which  were  made  by  Mr.  CricUmore  of  Ipswich.  Both 
of  the  telescopes  had  nearly  the  same  power,  and  the 
specula  were  made  from  the  same  pattern  and  of  the 
same  metal.  He  then  varied  the  aperture  of  the  Cas- 
segrainian  telescope,  till  he  found  that  both  instruments 
exhibited  the  letters  of  a  primed  card  with  eijual  clear- 
ness and  distinctness.  Alter  deducting  from  the  ex- 
posed area  of  each  the  area  of  the  small  speculum  and 
its  arm,  he  found  that  the  rellecting  surface  of  the  Cas- 
segrainian  telescope  was  4.63,  while  that  of  the  Grego- 
rian was  10.871,  making  the  light  of  the  former  to  that 
of  the  laller  nearly  as  seven  to  three.  With  other  instru- 
ments he  obtained  the  following  results,  which  are  re- 
duced to  the  same  aperture  and  power. 


No.  1.  Gregorian 

100 

1.  Cassegrainian 

235 

2.         do. 

100 

2.          do. 

148 

3.         do. 

100 

3.           do. 

284 

In  the  second  of  these  comparisons  the  Cassegrainian 
speculum  was  tarnished,  which  accounts  for  its  inferi- 
ority to  the  rest. 

Perceiving  that  the  difference  between  the  perform- 
ance of  the  two  instruments  arose  from  the  rays  not 
having  crossed  one  another  at  the  focus*  in  the  Casse- 
grainian telescope,  Capt.  Kater  next  endeavoured  to  as- 
certain the  difference  of  the  intensity  of  the  rays  at 
equal  distances  without  and  within  the  focus  of  a  con- 
cave speculum,  and  he  obtained  the  following  results  : 

Intensity  of  light  within  \   .Am  Intensity  oflight  with-  ■?  ,__  . 

the  focus     .  .     .    .  5   *  out  the  focus  .    .     5  *"'' 

do.  1000  do.  431.2 

do.  1000  do.  451 

do.  1000  do.  448.5 

do.  1000  do.  46J.r 

do.  1000  do.  451.1 

The  medium  of  all  the  observations,  some  of  which 
were  repealed  several  times,  gives  the  relative  inten- 
sity of  the  light  within  and  tvit/iout  the  focus,  as  1000  to 
449.2,  which  is  considerably  more  than  double. 

In  another  class  of  expeiimenis,  which  were  made 
with  two  lamps  of  equal  sized  flames,  placed  at  dif- 
ferent distances  from  ihe  speculum,  so  that  their  images 
were  received  on  cards,  one  of  which  was  illuminated  by 
the  image  of  the  flame  within  the  focus,  and  the  other 
with  its  image  without  the  focus.  Captain  Kater  was  ena- 
bled to  make  a  simultaneous  comparison  of  both  images. 
The  mean  of  these  observations  gave  the  ratio  of  1000  to 


788,  and  when  the  experiment  was  repeated  with  picce$ 
of  ground  glass,  the  ratio  was  1000  lo  655.  These  re- 
sults are  so  very  different  from  the  preceding,  that 
some  new  experiments  made  with  homogeneous  light 
arc  essentially  necessary  to  establish  the  fact  of  a  great 
difference  in  the  intensity  of  the  rays  within  and  without 
the  focus.  For  farther  ii.foimation  on  tlie  Cassegrainian 
telescope,  see  the  Journal  des  Savans,  1672,  p.  80.  121  ; 
Fhil.  Trant.  No.  83,  p.  4056,  1672  ;  Montucia,  Hist,  dea 
Math,  tonv  ii.  p.  540  ;  Smith's  Ofitics,  tom.  ii  Rem.  p. 
105  ;  Ferguson's  Lectures,  vol.  ii.  ^/ipendix.  Phil. 
Trans.  1813,  pan.  ii. ;  1814,  part  i. ;  and  Dr.  Brewster's 
Treatise  on  Mew  Phil.  Inst.  p.  44.  193. 

3.  On  the  Newtonian  Telescojie. 

The  .Vewtonian  telescope,  which  derives  its  name 
from  its  illustrious  and  undoubted  inventor,  can  be  con- 
sidered in  no  other  light  than  as  an  improvement,  or  ra- 
ther a  change,  upon  the  Gregorian  telescope,  which  was 
distinctly  described  in  1663,  in  the  0/iCica  Promota.  Al- 
though Newton  himself  slates,  that  he  was  acquainted 
with  the  0/itica  Promota  before  he  had  invented  his  re- 
flecting telescope,  which  was  decidedly  not  till  alter 
1664,  and  probably  not  till  1666;  yet  it  strikes  us 
with  sui  prise,  that  he  did  not  mention  the  telescope  of 
Gregory  till  he  was  called  upon  to  make  some  remarks 
upon  the  analogous  contrivance  of  Cassegrain.t  Nay, 
he  does  not  even  mention  the  name  of  Gregory  in  his 
account  of  reflecting  telescopes,  in  the  Treatise  on  Op- 
tics, so  that  a  reader  cannot  fail  to  draw  the  conclusion, 
that  Newton  was  the  only  person  that  had  wrote  on 
that  subject. 

In  a  letter  to  a  friend,  dated  February  23,  1668-9,  Sir 
Isaac  gives  an  account  of  "  a  small  prospective,"  made 
to  try  the  truth  of  his  conjecture  respecting  reflecting 
telescopes.  It  was  6A  inches  long,  had  an  aperture 
about  an  inch  and  a  third,  a  plano-convex  eye-glass  T-6th 
or  l-7th  of  an  inch  deep,  and  magnified  about  thirty-five 
times,  which  he  considered  as  more  than  could  be  done 
by  a  six  feet  refracting  telescope.  With  this  instru- 
ment he  saw  the  horns  of  Venus,  and  the  Satellites  of 
Jupiter;  but,  not  content  with  such  an  experiment,  he 
completed  anotlier  speculum  2J  inches  broad,  and  satisfi- 
ed himself  completely  ol  the  superiority  of  these  in- 
struments, which  were  afterwards  brought  to  such  per- 
fection by  the  labours  of  Mr.  lladley  and  Sir  W.  Her- 
schel. 

The  Newtonian  telescojie  is  represented  in  Fig.  3. 
where  AB  is  a  parabolic  speculum,  placed  at  the  end  of 
a  tube  ABCD.  Rays  RA,  RB,  proceeding  from  a  dis- 
tant object  iMN,  will  be  made  to  converge  to  foci  at  F, 
and  will  there  form  a  distinct  and  inverted  image  of  the 
object,  as  already  explained.  But  if  we  interpose  a 
small  plane  speculum  EF,  whose  distance  from  the  fo- 
cus F  is  a  liitle  less  than  its  distance  from  the  side  of 
the  tube  E,  and  whose  inclination  to  the  axis  of  the  lube 
is  45°,  it  will  form  an  image  /m-h,  a  little  within  the  edge 
of  the  tube,  and  parallel  to  iis  axis.  An  eye-glass  E  is 
then  placed  so  as  to  have  this  image  in  its  anterior  locus, 
and,  consequently,  the  observer  will  perceive  a  magnified 
representation  of  the  object. 


•  Captain  Kater  quotes  a  remark  of  Dr.  Brewster,  who  observed  the  same  efTect  in  the  best  achromatic  telescopes,  and  who  men- 
tions it  "  as  a  curious  fact,  that  the  circular  images,  or  the  sections  of  the  cone  of  rays,  are  never  so  distinct  and  well  defined  after 
the  rays  have  cvosned  as  hefore."  See  Treatise  on  Me:!!  Phil.  Inst.  p.  44.  193;  Phil.  Trans,  lbl3  and  1814;  £din.  Jievievi,\ol.  i.xiv.p. 
35,  and  our  arlicie  GBKGunr. 

t  See  Phil.  Trans.  1672,  No.  83,  p.  4056. 


OPTICS. 


In  order  to  obtain  a  reflexion  with  less  loss  of  light, 
Sir  Isaac  Newton  proposed  to  substitute  a  rectangular 
prism  in  place  of  the  small  mirror,  having  its  sides  per- 
pendicular to  the  incident  and  the  emergent  rays,  so  that 
the  light  may  suffer  total  reflexion  from  its  posterior  sur- 
face. By  making  these  two  faces  of  the  prism  convex, 
«  that  the  rays  may  cress  as  well  before  they  come  at  it, 
as  afterwards,  between  it  and  the  eye-glass,"  the  object 
will  be  seen  erect  instead  of  inverted.' 

As  the  small  plane  speculum  has  an  oblique  position 
to  the  eye,  it  must  be  of  an  elliptical  form.  In  order  to 
find  its  conjugate  or  shortest  diameter,  say  as  the  focal 
length  of  the  great  speculum  is  to  its  aperture,  so  is 
the  distance  of  the  small  speculum  from  the  focus  of 
the  great  one  to  the  conjugate  diameter  of  the  small 
mirror;  that  is,  the   conjugate  diameter  of  the  small 

EF  X  AB 

mirror  is  ~ -— .  Its  transverse  or  longest  diame- 

EF  X  AB 

ter  will  be  ~ -= X  1.4142;  that  is,  equal  to  the 

Ar 

conjugate  diameter  multiplied  by  1.4142  ;  or,  which  is 
the  same  thing,  its  transverse  will  be  to  its  conjugate 
diameter  as  7  to  5,  which  is  nearly  the  ratio  of  the  dia- 
gonal of  a  square  to  one  of  its  sides.  As  there  is  no 
necessity  that  the  deviation  produced  by  the  small  spe- 
culum should  be  a  right  angle,  Dr.  Brewster  has  pro- 
posed to  incline  the  small  speculum  from  60°  to  80°  to 
the  axis  of  the  telescope,  and  thus  throw  the  image  to 
a  side,  as  in  Fig.  4.  By  this  means  the  quantity  of  re- 
flected light  will  be  increased,  and  the  imperfections  in 
the  surface  of  the  speculum  will  be  diminished.  The 
speculum  will  thus  require  to  be  longer  in  one  direc- 
tion, but  it  will  not  intercept  any  more  of  the  incident 
rays. 

The  only  table,  containing  the  apertures,  magnifying 
power,  &c.  of  Newtonian  telescopes,  which  has  hitherto 
been  published,  was  calculated  by  Dr.  Smith,*  from  the 
micilie  aperture  and  power  of  Hadley's  excellent  New- 
tonian telescope,  as  a  standard,  the  focal  length  of  the 
great  speculum  being  5  feet  2i  inches,  its  aperture  5 
inches,  and  power  208.  A  speculum,  however,  3  feet 
and  3  inches  in  focal  length,  was  wrought  by  Mr.  Hauks- 
bee  to  so  great  perfection,  as  to  magnify  226  times.t  It 
showed  the  minute  parts  of  the  new  moon  very  distinct- 
ly, as  well  as  the  belts  of  Jupiter,  and  the  black  list  or 
division  of  Saturn's  ring.  For  these  objects,  it  bore  an 
aperture  of  3^  or  4  inches;  but  in  cloudy  weather  it 
showed  land  objects  most  distinct,  when  the  whole  sur- 
face of  the  metal  was  exposed,  which  was  4j  inches  in 
diameter.  Since  the  method  of  grinding  specula,  and 
giving  them  a  true  parabolic  figure,  is  much  belter  un- 
derstood at  present  than  it  was  in  the  time  of  Mr. 
Hauksbee,  Newtonian  telescopes  may  be  made  as  per- 
fect as  this  instrument  of  his  construction.  Upon  it,  as 
a  standard,  therefore,  we  have  computed  tlie  following 
new  table,  on  the  supposition  that  rtfiecling  telescopes 
of  different  lengths  show  objects  equally  bright  and  dis- 
tinct, when  their  linear  apertures,  and  tlieir  linear  am- 
plifications, or  magnifying  i)owers,  are  as  the  square 
roots,  or  biquadratic  roots,  of  tne  cubes  of  their  focal 
lengths  ;  and  consequently,  when  the  focal  distances 
of  their  eye-glasses  are  as  the  square  roots  of  their 
lengths. 


The  first  column  contains  the  focal  length  of  the  great 
speculum  in  feet,  and  the  second  its  linear  aperture  in 
inches,  and  lOOths  of  an  inch.  The  third  and  fourth  co- 
lumns contain  Sir  Isaac  Newton's  numbers,  by  means  oi 
which  the  apertures  of  any  kind  of  reflecting  telescope 
may  be  readily  computed. |  The  fiftii  column  exhibits 
the  focal  length  of  the  eye-glasses  in  lOOOths  of  an  inch; 
and  the  sixth  contains  the  magnifying  power  of  the  in- 
strument. 

Table  o/  the  Afierturea  and  Magnifying  Powers  of 
JVewtonian  Telesco/ies. 
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93 

2 

3.79 
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3 

5.14 

383 

157 

0.168 

214 

4 

6.36 

476 

168 

0.181 

265 

5 

7.51 

562 

178 

0.192 

313 

6 

8.64 

645 

186 

0.200 

360 

7 

9.67 

0.209 

403 

S 

10.44 

800 

200 

0.218 

445 

9 

11.69 

0.222 

487 

10 

12.65 

946 

212 

0.228 

527 

n 

13.58 

0.233 

566 

12 

14.50 

1084 

221 

0.238 

604 

13 

15.41 

0.243 

642 

14 

16.25 

0.248 

677 

15 

17.11 

0.252 

713 

16 

17.98 

1345 

238 

0.256 

749 

17 

18.82 

0.260 

784 

18 

19.63 

0.264 

818 

19 

20.45 

0.268 

852 

20 

21.24 

1591 

251 

0.271 

885 

21 

22.06 

0.274 

919 

22 

23.85 

0.277 

952 

23 

23.62 

0.280 

984 

24 

24.41 

1824 

263 

0.283 

1017 

As  it  is  more  difficult  to  find  any  of  the  heavenly  bo- 
dies with  a  Newtonian  than  with  a  Gregorian  telescope, 
it  has  been  customary  to  fix  a  small  astronomical  tele- 
scope on  the  tube  of  the  former,  so  that  the  axis  of  the 
two  instruments  may  be  parallel.  The  aperture  of  the 
object-glass  is  large,  and  cross  hairs  are  fixed  in  the 
focus  of  the  eye-glass.  The  object  is  then  found  by  this 
small  telescope,  which  is  called  the /nrffr;  and  if  the 
axis  of  the  instruments  are  rightly  adjusted,  it  will  be 
seen  also  in  the  field  of  the  large  telescope.  ^V'hen  the 
Newtonian  telescope,  however,  is  large,  and  placed  up- 
on its  lower  end  to  view  bodies  in  great  altitudes,  the 
finder  can  be  of  no  use,  from  the  difficulty  of  getting 
the  eye  to  the  eye-piece.  On  this  account.  Dr.  Brew- 
ster proposed  to  bend  the  tube  of  the  finder  to  a  right 
angle,  and  place  a  plane  mirror  at  the  angular  point,  so 
as  to  throw  the  image  to  one  side,  or  rather  above  the 
upper  part  of  the  tube,  that  the  eye-piece  of  the  finder 


•  Optics,  vol.  1.  p.  148.     Dr.  Smith's  table  was  continued  from  17  to  24  feet,  by  Mr.  Edwards. 

t  Smith's  Oplia,  vol.  ii.     liemiirki:,  p.  79,  col.  2. 
■,.    *  ^f,^  H""*  Grtgory'g  Optics,  Appendix,  p.  229;  and  the  Philotophical  Transactions,  No.  81,  p.  4004. 
Vol.  XIV.  Part  II.  5  Z 
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may  be  as  near  as  poss-ible  lo  the  eye- piece  of  the  tele- 
scope. If  the  latter  of  these  plans  be  adopted,  the  an- 
gular point,  where  the  plane  mirror  is  fixed,  should  be 
placed  as  near  as  possible  to  the  focal  image,  in  order 
that  only  a  srriall  part  of  the  finder  may  stand  above  the 
tube ;  for  in  this  way  the  eye  can  be  transferred  with  the 
greatest  facility  fioin  the  one  eye-piece  to  the  other. 
The  advantages  of  this  construction  will  be  understood 
from  Fig.  3.  where  G  is  the  eye-piece,  and  a  b  c  the 
finder.  The  icnaye  formed  by  the  object-glass  a  is  re- 
flected upwards  by  the  plane  mirror  b,  placed  at  an  an- 
gle of  45  degrees  with  the  axis  of  the  tube,  and  the 
image  is  viewed  by  the  eye-glass  at  c.  Those  who  have 
been  in  the  habit  of  U'-inglhe  Newtonian  telescope  with 
the  common  finder,  will  be  sensible  of  the  convenience 
resulting  from  this  contrivance. 

4.  Account  of  Sir   JV.  Herschel's  Large   Telescojie. 

The  Newtonian  telescopes,  which  had  for  a  long  time 
been  thrown  into  the  shade  by  the  fine  Gregorian  ones 
constructed  by  Mr.  Short,  were  revived,  towards  the  cud 
of  the  last  century,  by  Sir  W.  Herschel,  as  we  have  al- 
ready stated  in  our  history  of  the  science.  His  tele- 
scope of  forty  feet  will  long  remain  a  splendid  example 
of  royal  munificence,  and  of  the  zeal  and  ingenuity  of 
its  inventor.  We  have  endeavoured  to  give  a  represen- 
tation of  this  noble  instrument  in  Plate  CCCCXLI.  and 
shall  now  attempt  to  convey  an  idea  of  its  construction. 
The  drawing  of  this  telescope  represents  it  in  a  meri- 
dian situation,  when  seen  at  a  convenient  distance  by  a 
person  placed  to  the  south-west  of  it.  It  rests  on  a  foun- 
dation of  two  concentric  circular  brick  walls,  the  outer- 
most of  which  is  forty-two  feet  in  diameter,  and  the  in- 
nermost twenty-one  feet.  These  walls  arc  two  feet  six 
inches  deep  under  ground;  two  feet  three  inches  broad 
at  the  bottom,  and  one  foot  two  inches  at  the  top,  and 
they  are  capped  with  paving  stones,  about  twelve  and 
three-fourth  inches  broad,  and  about  three  inches  thick. 
Upon  these  two  walls,  which  were  made  uniform  on  the 
surface,  and  horizontal,  with  the  greatest  care,  rests  the 
bottom  frame  of  the  whole  apparatus,  which  moves  up- 
on twenty  concentric  rollers,  and  is  always  moveable 
upon  a  pivot,  which  gives  a  horizontal  motion  to  the 
whole  apparatus.  The  length  of  the  ladders  is  forty- 
nine  feet  two  inches,  and  the  flats  and  rourids  are  all 
made  of  solid  English  split  oak.  The  two  outside  divi- 
sions of  the  ladders  serve  for  mounting  into  the  gallery. 
The  middle  top  cross  beam  rests  on  the  angle  made  by 
the  crossing  of  the  two  sets  of  ladders.  There  is  a 
small  staircase,  by  which  we  may  ascend  into  the  gal- 
lery without  being  obliged  to  go  up  the  ladders,  and  as 
the  gallery  is  strong  enough  to  hold  a  company  of  se- 
veral persons,  and  can  afterwards  be  drawn  up  to  any 
altitude,  observations  may  be  made  with  the  greatest  fa- 
cility and  conveniency. 

The  great  tube,  though  of  a  very  simple  form,  was 
constructed  with  much  difficulty.  It  is  thirty-nine  feet 
four  inches  long,  four  feet  ten  inches  in  diameter,  and 
everv  part  of  it  is  made  of  rolled  or  sheet  iron,  joined 
togetherwithout  rivets,  by  a  kind  of  sealing  used  in  the 
manufacture  of  iron  funnels  for  stoves.  The  whole  out- 
side was  thus  put  together  in  all  its  length  and  breadth, 
so  as  to  make  one  sheet  of  nearly  forty  feet  long,  and 
fifteen  feet  four  inches  broad.  Each  sheet  of  iron  was 
three  feet  ten  inches  long,  and  about  23J  inches  broad. 
Their  thickness  was  less  than  the  36th  part  of  an  inch, 
and  a  square  toot  weigned  about  fourteen  ounces.     Had 


the  tube  been  made  of  wood,  its  weight  would  have  ex- 
ceeded that  of  the  iron  one  at  least  3000  lbs. 

The  metal  of  the  great  mirror  is  49^  inches  in  dia- 
meter, but.  on  the  rim  there  is  an  ofTsct  of  three-fourths 
of  an  inch  broad,  and  one  inch  deep,  which  reduces  the 
concave  face  of  it  to  a  diameter  of  48  inches  of  polish- 
ed surface.  The  tliickness,  which  is  uniform  throughout, 
is  about  3^  inches,  and  its  weight,  when  newly  cast, 
was  2118  lbs.  of  which  it  must  have  lost  a  small  quan- 
tity in  polishing.  In  order  to  preserve  the  speculum 
from  damp,  a  flat  cover  of  tin  was  soldered  on  a  rim  of 
iron,  about  l|th  inches  broad  and  Jih  thick,  the  diame- 
ter of  which  is  equal  to  that  of  the  iron  ring  which  holds 
the  speculum.  On  the  flat  part  of  the  rim,  some  close- 
grained  cloth,  of  an  equal  breath  with  the  rim,  is  ce- 
mented all  round,  so  that  the  rim  of  the  cover,  when  put 
over  the  speculum,  fits  closely  to  the  edge  of  the  iron 
ring. 

The  method  of  observing  with  this  telescope,  is  what 
Sir  William  Herschel  calls  the  front  view,  and  for  this 
purpose  there  is  a  convenient  seat  S  fixed  to  the  end 
of  the  tube,  in  which  the  observer  sits  with  his  back 
towards  the  object  he  views.  The  seat  is  moveable 
from  the  height  of  one  foot  seven  inches  to  two  feet 
seven  inches,  partly  for  the  accommodation  of  different 
observers,  but  chiefly  for  the  alteration  required  at 
different  altitudes.  This  seat  is  brought  to  a  horizontal 
position  by  turning  a  handle  attached  to  a  bar,  carry- 
ing two  pinions,  which  work  in  two  strong  toothed 
quadrants  of  iron  Q  at  the  sides  of  the  seat.  The  focus 
of  the  great  speculum  is  brought  down  by  its  proper 
adjustment  to  within  four  inches  of  the  lower  side  of 
the  mouth  of  the  tube,  and  comes  forward  into  the  air, 
and  by  this  arrangement  there  is  room  for  that  part  of 
the  head  which  is  above  the  eye,  not  to  interfere  great- 
ly with  the  rays  that  pass  from  the  object  to  the  mirror  ; 
the  aperture  of  the  speculum  b«ing  four  feet,  while 
the  diameter  of  the  tube  is  four  feet  ten  inches. 

A  slider  on  an  adjustable  foundation  is  fixed  at  the 
mouth  of  the  telescope,  so  as  to  be  directed  to  the  cen- 
tre of  the  speculum.  It  carries  a  brass  tube,  into  which 
all  the  single  eye-glasses  are  made  to  slide.  When  they 
are  nearly  brought  to  the  focus,  a  milled  head  under 
the  end  of  the  tube,  turns  a  bar,  the  motion  of  which 
adjusts  them  completely,  so  that  as  there  is  no  small 
speculum,  the  eye-glasses  are  applied  immediately  to 
magnify  the  inverted  image  in  the  focus  of  the  great 
speculum. 

From  the  mouth  of  the  telescope  a  speaking  pipe  de- 
scends to  the  bottom  of  the  tube,  when  it  divides  into 
two  branches,  one  of  which  enables  the  observer  to 
communicate  with  his  assistant  in  the  observatory  D, 
and  the  other  with  the  workman  in  the  room  E,  who 
gives  the  instrument  all  its  movements. 

A  ;6idereal  time-piece  is  placed  in  the  observatory, 
and  close  to  it  a  polar  distance-piece,  which  may  be 
made  to  show  polar  distances,  declination,  or  altitude, 
by  setting  it  differently.  The  time  and  polar  distance- 
pieces  are  placed  in  such  a  manner,  that  the  assistants 
sit  before  them  at  a  table,  the  speaking  pipe  rising  be- 
tween them,  and  in  this  manner  observations  may  be 
very  conveniently  made. 

This  splendid  instrument  magnifies  above  6000  times, 
and  Sir  William  has  sometimes  employed  a  power  of 
6450  for  the  fixed  stars.  These  high  powers  are  ob- 
tained merely  by  using  small  double  convex  lenses  for 
eye-glasses.     Some  of  these,  ground  and  polished  with 
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the  utmost  care,  arc  so  small  as  one-fiftieth  of  an  inch  in 
focal  length.  The  existance  of  such  minute  lenses  we 
should  have  thought  incredible,  had  we  not  possessed 
them  as  made  by  the  same  ingenious  artist,  (the  late 
Mr.  Shutileworth,)  who  ground  them  for  Sir  William 
Herschel. 

5.  AVw  TeUscojie  liro[toaed  by  Burckhardt. 

In  the  Connaiasance  des  Terns  for  1809,  M.  Burck- 
hardt has  described  a  new  telescope  of  a  nature  inter- 
mediate between  the  Newtonian  and  Gregorian  form, 
and  requiring  a  tube  only  half  as  long  as  other  instru- 
ments of  the  same  local  length.  In  this  instrument, 
a  plane  speculum  fi  q,  supported  by  a  bar  «  f,  is  placed 
ha/fiuay  between  the  mirror  AB  and  its  principal  focus, 
60  as  to  intercept  the  cone  of  rays,  and  reflect  them  to  a 
focus  at  H,  within  the  perforation  of  the  speculum, 
where  they  are  viewed  by  the  lens  C.  M.  Burckhardt 
proposes  another  form  also,  if  we  rightly  recolleci,  to 
use  a  mirror  without  an  aperture,  like  the  Newtonian 
one,  and  to  incline  the  small  speculum  fi  j,  so  as  to 
throw  the  image  immediately  above  A,  where  it  is  view- 
ed by  the  eye-lens  "  The  only  advantage  of  the  first 
of  these  constructions  is,  to  diminish  the  length  of  the 
telescope  nearly  one-half;  while  it  has  the  very  great 
disadvantage  of  requiring  a  large  plane  mirror  fi  y, 
which  it  is  not  only  very  difficult  to  grind  truly  flat, 
but  which  obstructs  a  larger  portion  of  light  that  would 
have  fallen  on  the  central  parts  of  the  speculum.  In 
the  Newtonian  telescope,  too,  the  rays  are  reflected  by 
the  small  speculum  at  an  angle  of  45°,  and  therefore 
more  copiously  than  at  a  perpendicular  incidence,  as  in 
the  preceding  combination. 

The  Board  of  Longitude  of  France  seem  not  only  to 
have  had  a  favourable  opinion  of  the  preceding  instru- 
ment, but  also  to  have  thought  the  contrivance  an  ori- 
ginal one ;  for  they  ordered,  at  their  own  expense,  a 
telescope  to  be  constructed  on  the  principle  recommend- 
ed by  M.  Burckhardt.  The  idea,  however,  is  nearly 
as  old  as  the  Gregorian  telescope  ;  and  it  is  singular 
that  such  a  learned  body  should  not  have  known,  that 
it  is  described  by  James  Gregory  himself,  in  a  letter  to 
Mr.  John  Collins,  dated  Sept.  26th.  1672,  which  is 
published  in  David  Gregory's  Elements  of  Catofitrics 
and  Diofitiics-  (2d  edit-  p.  261,  262.)  Sir  Isaac  Newton 
having,  as  we  have  previously  remarked,  pointed  out 
the  disadvantages  of  tlie  Casses^ranian  telescope,  Mr. 
James  Gregory,  considering  the  Cassegranian  telescope 
as  the  same  with  his  own,  "  thought  himself  obliged  to 
answer  to  the  disadvantages  Mr.  Newton  finds  in  it," 
and  he  then  observes,  "  1  mak,  therfor,  fi  g  ■an  plane 
speculum,  and  then  almost  the  whol  disadvantages 
evanishe,  except  onlie  the  third  ;  and  for  that  ther 
is  an  advantage  as  considerable,  if  not  more,  viz.  that 
the  distance  HF  (Fig.  1.)  groweth  almost  the  one-half 
lesse  ;  and  therfor  the  errors  of  the  concave  AB  ar  also 
diminished  upon  the  plane /;  7  by  one-halfe.  Ther  is 
yet  another  advantage  of  this  telescope,  that  it  will 
be  little  more  than   halfe  the  length   of  Mr.  JVeivton's, 


and  doe  the  same  effect.  •  «  •  ♦.  This  telescope 
with  the  filane  sfieculum  will  indeed  lose  maire  of  the 
best  raies  ;  but  these  nevertheless  are  always  less  than 
one-fourth  of  the  whole,  the  eye-glass  being  advantage- 
ously situate  ;  which  defect  some  perchance  may  think 
recompensed  by  the  shortness  of  the  telescope."  See 
the  Connaiasance  des  Terns  for  1809.  Philosofihical 
Magazine,  1809,  vol.  xxxiii.  p.  290  ;  and  David  Grego- 
ry's Elements  of  Calofitica  and  Diofitrics,  2d  edit.  p. 
261—264. 

6.  JVew  Reflecting  Teleacofie  firofiosed  by  Dr.  Brevjster. 

We  believe  it  will  be  universally  admitted  by  every 
person  who  has  had  much  experience  in  the  construc- 
tion and  use  of  reflecting  telescopes,  that  the  Newtonian 
form  is  decidedly  the  best.  Its  construction  is  so  sim- 
ple, and  ii  is  so  little  liable  to  derangement  from  acci- 
dental causes,  that  for  popular  use,  on  a  small  scale,  it  is 
superior  to  the  Gregorian  one,  while,  for  instruments  of 
great  size,  it  is  the  only  form  that  is  practicable.  But 
even  when  we  consider  it  in  a  scientific  point  of  view, 
it  has  the  advantatje  of  the  Gregorian  form.  It  is  more 
easy  to  give  a  perfect  figure  to  an  uniform  circular  piece 
of  metal  than  to  a  perforated  disc  ; — the  spherical  aber- 
ration is  less,  in  so  far  as  it  is  not  increased  by  a  second 
spherical  mirror; — and  the  .quantity  of  light  reflected 
from  the  oblique  small  speculum  is  decidedly  greater 
than  when  it  is  reflected  at  a  vertical  incidence. 

If  we  could  dispense  with  the  use  of  the  small  specu- 
la in  telescopes  of  moderate  length,  by  inclining  the 
great  speculum,  and  using  an  oblique,  and  consequent- 
ly a  distorted  reflexion,  as  proposed  first  by  Le  Maire, 
we  should  consider  the  Newtonian  telescope  as  perfect ; 
and  on  a  large  scale,  or  when  the  instrument  exceeds 
twenty  feet,  it  has  undoubtedly  this  character,  as  no- 
thing can  be  more  simple  than  to  magnify  by  a  single 
eye-glass  the  image  formed  by  a  single  speculum. 

As  the  frotit  view  is  quite  impracticable,  and  indeed 
has  never  been  attempted  in  instruments  of  a  small  size, 
it  becomes  of  great  practical  consequence  to  remove  as 
much  as  possible  the  evils  which  arise  from  the  use  of  a 
small  speculum.  These  evils  may  be  thus  enumerated  : 

1.  If  we  suppose  the  light  reflected  by  the  large  spe- 
culum to  amount  to  10,000  rays,  then  the  light  reflect- 
ed by  a  wt-U  polished  plane  speculum  will  not  exceed 
one-third,  or  6666  at  a  vertical  incidence,  and  proba- 
bly not  above  681O  at  an  incidence  of  45°;!  conse- 
quently 3100  rays  out  of  10,000  are  lost  by  the  use  of 
the  plane  speculum. 

2.  Besides  this  great  loss  of  light,  we  have  to  encoun- 
ter all  the  errors  of  a  second  reflexion,  arising  from  im- 
perfection of  figure,  and  also  from  imperfections  of  sur- 
face, as  it  is  universally  admitted  that  a  surface  of  glass 
is  much  superior  to  a  metallic  suiface;  and  Newton  has 
himself  remarked,  "  that  every  irregularity  in  a  reflect- 
ing superficies  makes  the  rays  stray  fii'e  or  six  times 
more  out  of  their  due  course  than  the  like  irregulari- 
ties in  a  refracting  one."t 

The  construction  by  which  Dr.   Brewster  proposes 


•  Telescopes  upon  th;.s  principle  were  not  only  made,  but  advertised  for  s«le,  more  than  six  years  before  the  date  of  M.  Burck- 
hardt's  paper,  by  Mr.  Paterson.  who  had  then  the  charge  of  the  observatory  of  Edinburgh.  We  fitted  up  a  telescope  in  this  man- 
ner, in  imitation  of  Mr.  Paterson ;  but  the  result  of  the  experiment  was  by  no  means  favourable. 

f  The  law  of  variaiion  is  yet  undetermined. 

i  The  deviation  of  a  ray  arising  from  the  imperfections  of  a  reflecting  surface,  is  to  the  deviation  arising  from  the  imperfections  of 
1  refracting  surface,  as  four  to  one,  when  Jhe  refraction  is  made  from  glass  into  air,  and  as  six  to  otie,  when  the  refraction  is  made 
from  air  to  glass. 
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the  cone  of  rays  to  be  refracted  through  another  prism 
to  an  eye-glass  at  the  opposite  side  of  ihe  tube,  or  even 
by  having  four  prisms  retracting  a  fourth  part  ol  the 
cone  to  each  of  the  four  sides  ot  the  tube.  Tiie  same 
effect  might  be  produced  in  the  common  Newtonian 
telescope,  by  using  a  pyramidal  small  speculum  with 
the  planes  meeting  at  a  vertex  placed  in  the  centre  of 
the  cone  of  rays,  and  inclined  to  one  another  at  angles 
of  90°,  and  to  the  axis  of  the  telescope  at  angles  of  45°. 


to  remedy  these  disadvantages  is  siiown  in  Fig.  4.  where 
AB  is  the  speculum,  reflecting  the  parallel  rays  RA, 
RB,  to  a  focus  at  F.  The  cone  of  rays  AFB  is  inter- 
cepted by  an  achromatic  prism  GH,  which  refracts  them 
to  foci  at/,  where  a  distinct  image  is  formed  in  the  an- 
terior focus  of  the  tye-glass  E,  by  which  it  is  magnified. 
The  compound  prism  Gil  being  composed  of  a  prism 
of  crown  glass,  and  a  prism  of  flint  glass  H,  united  by 
a  cement  of  a  mean  refractive  power,  the  loss  of  light 
sustained  by  the  pencil,  in  its  transmission  through  the 
two,  will  not  exceed  600  rays  out  of  tlie  10,000,  as  the 
light  transmitted  through  a  lens  ol  glass  is  9485  out 
of  the  10,000  incident  rays.  Hence  the  light  lost  by 
transmission  through  the  prism  is  not  one  fifth  part  of 
the  light  lost  by  reflexion  ;  and  the  errors  of  reflexion 
arising  from  defect  of  surface  and  of  figure  are  also  in- 
comparably less.  As  the  refracting  angle  of  the  prism 
G  will  require  to  be  larger,  in  order  to  produce  a 
given  deviation  FH/,  when  it  is  opposed  by  the  re- 
fraction of  the  flint  glass  prism  H,  we  may  place  the 
correcting  prism  H  nearer  the  focus/,  as  shown  in  Fig. 
5,  and  make  it  of  crown  glass;  or  it  might  even  be 
placed  at  A,  beyond  the  focus,  and  in  contact  with  the 
lens  E.  If  this  should  be  found  advantageous,  the 
prism  and  the  lens  might  be  formed  out  of  one  piece  of 
glass,  or  a  single  hemisphere  of  glass  might  be  used, 
the  eye-hole  being  placed  at  such  a  point  of  the  hemis- 
pherical surface,  as  to  obtain  a  variable  prism  of  the  re- 
quired angle  united  with  a  plano-convex  lens.* 

As  Dr.  Maskelyne  found  that  the  Greenwich  New- 
tonian telescope  was  greatly  improved  by  inclining  the 
speculum,  or  its  axis,  about  2i°  to  the  axis  of  the  tube, 
it  follows,  that  it  performed  best  with  oblique  pencils 
in  a  certain  direction.  Before  fitting  up  this  telescope, 
therefore,  or  indeed  any  Newtonian  telescope,  it  should 
be  ascertained,  by  turning  the  speculum  in  its  cell,  and 
giving  its  axis  various  degrees  of  obliquity,  whether  or 
not  its  performance  is  improved.  If  this  is  found  to  be 
the  case,  and  that  the  angle  of  inclination  is  2J°,  we 
shall  then  require  a  less  angle  in  the  prism  G,  as  part 
of  the  deviation  of  the  pencil  to  the  side  of  the  tube 
is  already  produced  by  the  new  position  of  the  axis  of 
the  speculum. 

It  is  obvious  that  any  rays  incident  on  the  prism 
GH,  parallel  to  the  tube,  will  be  refracted  upon  the 
side  of  the  tube,  and  will  have  no  effect  upon  the  image  ; 
but  if  they  should  be  thought  injurious,  we  have  only 
to  place  an  opaque  screen,  of  the  same  size  as  GH  and 
its  arm,  somewhere  between  GH  and  the  mouth  of  the 
tube,  so  as  not  to  interfere  with  the  cone  of  refracted 
raysGH/. 

This  form  of  the  reflecting  telescope  enables  us  to 
construct  a  very  simple  double  image  micrometer,  the 
prism  H,  either  when  united  with  G,  as  in  Fig.  3.  or 
when  separated,  as  in  Fig.  5.  being  made  of  a  doubly 
refracting  crystal,  cut  in  such  a  manner  as  both  to  cor- 
rect the  colour  of  G,  and  produce  the  two  images. 

In  viewing  eclipses  of  the  sun,  or  the  lunar  disc,  or 
any  other  celestial  phenomenon,  where  there  is  either 
too  much  light,  or  more  than  is  necessary,  a  telescope 
may  be  fitted  up  to  permit  more  than  one  person  to  see 
through  it  at  the  same  time,  by  allowing  a  portion  of 

•  Every  plano-convex  lens,  or  plano-concave  lens,  may  be  converted  into  a  lens  and  a  prism  combined,  by  shifting  the  eye-hole 
from  the  vertex  of  the  lens  to  one  side. 

f  Dr.  Maskelyne  found  that  good  reflecting  telescopes,  such  as  those  made  by  Mr.  Edwards,  "show  objects  as  bright  as  a  tre- 
ble object-glass  achromatic  telescope,  both  being  put  under  equal  circumstances  of  areas,  and  the  aperture  of  the  object-metal  and 
object-glass,  and  equal  magnifying  powers,  whereas  the  diameter  of  the  aperture  of  a  CQinmon  reflecting  telescope  must  be  to  that 
.if  the  achromatic  telescope  as  8  to  5  to  produce  an  equal  effect."  , 


AuT.  III. — On  the  Cause   of  the  Tremors  of  Reflecting 
Telesco/tes,  and  the  Method  of  Removing  them. 

In  using  reflecting  telescopes  of  high  magnifying 
powftrs,  every  person  must  have  been  struck  with  the 
imperfection  of  vision  arising  from  the  tremors  with 
which  they  are  afi'ecied.  During  Dr.  Maskelyne's 
long  experience,  he  always  found  that  the  reflecting 
telescopes  at  Greenwich,  viz.  a  Gregorian  of  two  feet 
and  a  Newtonian  of  six  feet,  showed  the  celestial  ob- 
jects indistinct,  and  affected  with  tremors,  when  the 
46  inch  triple  achromatic  telescope  showed  them  almost 
entirely  free  of  them,  and  generally  more  distinct  and 
better  than  even  the  six  feet  reflector.  He  observed 
the  same  eflfect  in  viewing  land  objects.  The  effect  of 
tremors,  indeed,  in  producing  indistinct  vision,  was  so 
great,  that  Dr.  Maskelyne  had  been  long  of  opinion, 
"  that  reflecting  telescopes  ought  to  be  banished  from 
astronomical  uses."  Upon  requesting  the  Rev.  Mr.  Ed- 
wards, however,  to  investigate  the  cause  of  this  great 
defect,  that  ingenious  individual  undertook  the  task, 
and  completely  succeeded,  not  only  in  detecting  the 
cause  of  these  tremors,  but  in  discovering  a  remedy 
for  them.  These  causes  were  the  springs  which  were 
employed  to  press  the  telescope  into  its  cell,  and  the 
small  eye-hole  which  was  always  used  in  reflectors.  By 
removing,  therefore,  the  springs  at  the  back  of  the 
great  speculum,  and  supporting  the  speculum  on  two 
pieces  of  card,  wedged  into  its  cell,  about  45°  on  each 
side  of  its  lowest  point,  and  by  taking  away  entirely  the 
eye-hole  in  the  Greenwich  Newtonian  reflector.  Dr. 
Maskelyne  found  it  so  much  improved,  as  to  show  a 
printed  paper  sensibly  better  and  more  distinct  than  the 
46  inch  achromatic  telescope,  which  was  formerly  so  su- 
perior to  it-t 

When  the  specula  of  reflectors  are  made  to  rest  on 
their  lowest  point,  the  weight  of  the  metal  bends  the  spe- 
culum in  a  small  degree,  and  injures  its  figure.  "  This," 
says  Mr.  Edwards,  "  may  appear  strange  ;  but  I  can  at 
any  time  totally  spoil  the  figure  of  a  metal  by  wedging 
it  in  only  with  the  thickness  of  a  bit  of  common  writing 
paper.  Dr.  STnilh  says,  one  thousandth  of  an  inch  will 
spoil  its  figure.  I  am  sure,  also,  that  that  quiintity,  if 
not  less,  will  injure  it." 

From  this  observation,  we  think  it  quite  evident,  that 
if  the  speculum  of  a  moderate  size  was  bent  by  resting 
on  its  lower  point,  a  speculum  of  a  larger  size  must 
also  be  bent  when  supported  at  the  two  points  above 
mentioned.  We  would  therefore  strongly  recommend 
to  the  artist  not  to  allow  the  edge  of  his  specula  to 
rest  on  any  point  at  all,  but  to  fix  them  by  their  back 
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either  to  a  plate  of  brass,  or  a  frame,  so  as  to  be  sus- 
pended, as  it  were,  by  every  pan  of  their  pos;erior 
surface.  Sec  Edwards's  Directions  for  Making  the  best 
Cumfiosition  for  Refecting  Teleacofics,  in  the  A'autical 
Almanack  for  1787. 

Art.  IV, — On  the  Achromatic  Telesco/ie. 

Having  already,  in  our  article  on  Achromatic  Te- 
lescopes, and  in  our  chapter  on  Chromatics  in  this 
article,  given  a  full  account  of  the  principle  of  the 
achromatic  telescope,  and  very  full  details  respecting 
the  ridii  of  curvature  foi'  the  different  lenses,  we  shall 
not  enter  into  any  farther  theoretical  details  on  the  sub- 
ject. 

The  principle  of  achromatic  combinations  is  demon- 
strated in  Prop.  XI.  p.  675,  and  all  that  is  at  present 
known  respecting  the  seconuary  spectra,  and  the  dis- 
persive actions  of  various  bodies,  has  been  fully  detail- 
ed in  the  subsequent  propositions.  We  shall  therefore 
content  ourbclves  with  laying  before  our  readers  an  ac- 
count of  the  recent  valuable  investigations  of  Mr.  Her- 
schel,  of  which  we  are  enabled  to  give  a  practical  and 
popular  abstract,  as  contained  in  a  letter  from  that  dis- 
tinguished philosopher,  addressed  to  Dr.  Brewster,  and 
printed  in  the  Edin.  Phil.  Journal,  vol.  vi.  p.  361. 

1.  Practical  Directions  for  constructing  Double  Achro- 
matic Object-Glasses  of  Crown  and  Flint  Glass. 

The  first  thing  essentially  requisite  for  an  artist  who 
vfould  construct  a  refracting  telescope  by  regular  rules, 
by  any  certain  process,  independent  of  trials,  is  to  know 
the  materials  he  has  to  work  upon.  The  refractive  and 
dispersive  powers  of  the  glass  employed,  or  at  least  the 
proportion  of  the  latter,  are  indispensable  data,  and 
must  be  obtained  before  any  calculation  from  theory 
can  be  made.  The  former  is  easily  obtained,  by  grind- 
ing a  small  portion  of  the  glass  into  a  prism  or  lens, 
and  observing  the  deviation  of  the  most  luminous  rays, 
or  the  best  focus  of  the  lens  ;  but  the  latter,  I  am  sorry 
to  say,  is  an  element  whose  determination  presents  great 
difficulties,  at  least  when  required  to  a  degree  of  exact- 
ness such  as  the  purposes  of  the  achromatic  telescope 
demand.  In  fact,  the  achromaticity  of  a  double  object- 
glass  is  itself  so  delicate  a  test  of  the  adjustment  of  the 
dispersive  powers  of  the  lenses,  that  we  cannot  expect 
to  succeed  to  the  required  degree  of  nicety  in  ascer- 
taining their  ratio  in  any  instance,  without  employing 
a  mode  of  observation  at  least  as  delicate.  However, 
as  this  difficulty  bears  equally  upon  every  construction 
of  the  telescope  ever  yet  proposed,  and  as  the  best  art- 
ists do  actually,  previous  to  working  their  glasses,  make 
some  estimate  of  the  ratio  of  the  dispersive  powers, 
on  which  to  ground  a  calculation  of  the  radii,  sufficient 
for  their  own  satisfaction,  I  may  assume,  for  the  present, 
that  a  knowledge  of  the  dispersive,  as  well  as  the  re- 
fractive powers  of  the  media,  may  be  obtained,  remark- 
ing only,  that  whtn  an  optician  has  the  good  fortune  to 
meet  with  a  parcel  of  glass  from  one  melting-pot,  suffi- 
ciently pure  for  his  purposes,  it  is  well  worth  his  while 
to  bestow  the  utmost  pains  on  the  accurate  determina- 
tion of  this  most  important  point.  This  will  require  the 
sacrifice  of  no  portion  of  his  glass  capable  of  being 
used  for  large  lenses,  as  neither  the  refractive  nor  dis- 
persive powers  of  specimens  made  at  one  casting,  can 


be  supposed  liable  to  such  variations  as  materially  to  af- 
fect his  results.  A  fragment  cut  from  the  corner  of  one 
of  hib  plates  will  suffice,  if  properly  used,  for  all  his  wants. 
The  imperfections  to  which  refracting  telescopes  are 
chiefly  liable,  are  well  known  to  originate  in  two  sources, 
— the  want  of  proportionality  in  the  dispersive  actions 
of  glasses  of  diflferent  kinds  on  the  differently  coloured 
rays,  and  the  spherical  figure  of  the  lenses.  The  former 
of  these  imperfections  is  demonstrably  insuperable  in 
the  ordinary  case  of  a  double  object-glass,  where  only 
flint  and  crown  glass  are  used.  The  best  we  can  do  is, 
to  work  the  lenses  so  as  to  produce  the  same  compound 
focus,  not  for  all  the  rays,  for  that  is  impossible,  but  for 
the  two  brightest  and  strongest  colours  in  decided  con- 
trast with  each  other. 

From  some  experiments  on  the  colours  developed  by 
crystals  in  polarised  light,*  I  am  induced  to  conclude, 
that  the  colours  we  ought  to  take  pains  to  unite,  in  or- 
der  to    produce   the   whitest  possible   pencil,  are  the 
brighter  red,  bordering  on  orange,  and  that  part  of  the 
spectrum  where  the  blue  is  most  vivid,  and  begins  to 
pass  into  green.    Supposing  these  rays  perfectly  united, 
all  the  rest  will  be  nearly  so,  and  the  two  extremities  of 
the  spectrum  will  both  deviate  one  way  from  the  exact 
focus,  while  the  intermediate   portion  will  deviate  the 
other,  thus  producing  the  phenomenon  always  observed 
in  well  adjusted    achromatic   telescopes   when   thrown 
out  of  focus,  viz.  a  purple  or  lilac  fringe  surrounding 
the  image  of  a  white  object  on  one  side  of  the  focus, 
and  a  green  on  the  other.     This  is  the  criterion  of  a 
good   adjustment  of   the  foci ;    and  to  go  beyond  this 
point,  with  the  ordinary  materials,  seems  hopeless.     I 
would  recommend,  then,  to  the  optician  who  has  been 
fortunate  enough  to  procure  fine  specimens  of  glass,  on 
the  working  of  which  he  thinks  it  worth  while  to  be- 
stow much  pains,  (especially  if  he  should  have  enough 
for  several  object-glasses,)  to  determine  the  ratio  of  the 
dispersive  powers  of  his  flint  and  crown  glasses,  by  a 
direct  experiment  on  small  portions  of  his 'materials, 
working  them  into  a  small  object-glass,  having  the  ra- 
tio of  the  focal  lengths  of  its  component  lenses,  as  nearly 
as  he  can  guess,  in  the  proportion  of  their  dispersions, 
but  leaving  rather  a  preponderance  on  the  side  of  the 
crown  or  convex  lens,  and  then  by  degrees  reducing 
the  curvature  of  one  of  the  surfaces  of  this,  till  he  ob- 
tains the  nearest  possible  approach  to  perfect  achroma- 
ticity, i.  e.  till  the  purple  and  green  fringes  surround- 
ing a  white  object  on  a  black   ground,  appear  in  it  as 
above  described,  when  thrown  one  way  or  the  other  out 
of  focus,  (using  a  pretty  strong  magnifier.)     Let  him 
then    determine    accurately,    by   exfierimenl,    the    focal 
lenglh  of  each  of  his  two  lenses,  and  dividing  the  one 
by  the  other,  he   will  obtain  a  disfiersive  ratio  (ratio  of 
the  dispersive  powers)  on  which  he  may  calculate  taith 
fierfect  security  in  his  future   operations.     If  he   know 
the  exact  radii  of  his  tools,  he  may  at  the  same  time  de- 
termine the  refracting  powers  of  the  media. 

These  data  once  obtained,  we  are  prepared  to  deter- 
mine from  theory  the  radii  of  the  several  surfaces 
which,  in  a  t.lescope  of  given  focal  length,  shall  de- 
stroy that  imperfection  which  arises  from  the  spherical 
figure.  This  problem  is  well  known  to  be  of  the  kind 
called  indeterminate,  or  admitting  an  infinite  variety  of 
solutions.  In  consequence,  an  unlimited  variety  of 
combinations  of  lenses,  free  from  spherical  aberration, 
may  be  discovered  ;  and  to  fix  our  choice  among  them 


•  Phil.  Trans.  1820,  i.  p.  98. 
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is  a  matter  of  considerable  delicacy,  as  well  as  import- 
ance. Various  constructions  have  been  proposed  by  dif- 
ferent writers.  Ttius  D'Alembert  has  given  one,  in 
which  he  destroys  the  spherical  aberration,  not  merely 
for  rays  of  mean  refrangibility,  but  for  those  of  all  co- 
lours ;  but  this,  however  refined  in  theory,  is  quite  use- 
less in  practice,  as  is  also  another  construction  investi- 


cxterior  surfaces  of  the  compound  lens,  of  jjiven  focal 
length,  vary  within  extremely  narrow  limiis,  by  any 
variation  in  either  the  refractive  or  dispersive  powers, 
at  all  likely  to  occur  in  practice.  This  reniurkabic  cir- 
cumstance affords  a  simple  practical  rule,  applicable  in 
all  ordinary  cases,  lor  calculating  the  curvatures  in  any 
proposed  state  of  the  data,  and  requiring  only  the  use 


gated  by  the  same  author,  in  which  the  aberration  of  of  theorems  with  which  every  artist  must  be  familiar, 

rays  diverging  from  a  point  of  the  axis  is  annihilated,  and,  at  all  events,  rendering   it  extremely  easy  to  in- 

and  the  field  (so  far  as  the  object-glass  is  concerned)  terpolate  between  calculated  values.     I  have  shown  in 

rendered  equally  perfect  in  every  point.     Such  refine-  my  paper,  that  a  double  object-glass  wiU  be  nearly  free 

ments  must  be  regarded  as  merely  visionary,  correcting  from  aberration^  provided  the  radius  of  the  exterior  sur- 

inconveniences  which  have  never  been  felt  in  practice,  face  of  the  crown  lent  be  6.72,  and  of  the  flint  14.2;  the 

and  leaving  unsatisfied  other  more  essential  conditions,  focal  length  of  the  combination  being  10.00,  and  the  ra- 

A  much  better  construction  was  devised  by  Claira^it,  dii  of  the  interior  surfaces  being  com/iuted  from  these 

in  which  the  two  internal  surfaces  are  worked  to  equal  data,  by  the  formultr  given  in  all  elementary  works  on 

radii,  the  one  convex,  the  other  concave,  so  as  to  admit  ofitics,  so  as  to  make  the  focal  lengths  of  the  two  glasses 

of  the  two  glasses  being  cemented  together,  and  thus  in  the  direct  ratio  of  their  dis/iersive  /lowers. 

avoid  the  loss  of  light,  by{  reflexion   at  two  surfaces.  In  this  construction,  the  anterior  glass,  or  that  which 


Clairaut,  however,  has  employed  in  his  computations 
indices  of  refraction  (1.600  and  1.55)  higher,  especially 
the  latter,  than  what  are  now  easily  met  with  ;  and 
when  the  average  values,  those  likely  to  occur  most 
frequently,   are    employed,   the   construction    becomes 


first  receives  the  incident  rays,  is  crown,  and  is  double 
convex,  of  unequal  convexities ;  the  flatter  surface  be« 
ing  placed  outwards,  while  the  posterior  lens,  formed 
of  flint-glass,  is  concavo-convex,  having  its  concave  sur- 
face applied  against  the  posterior  or  most  convex  sur- 


imaginary  for  the  more  dispersive  kinds  of  glass  ;  and     f;ice  of  tiie  crown  lens.     This  combination  is  represent 


witliin  the  limits  for  which  it  is  real,  the  radii  change 
so  rapidly,  as  to  render  it  difficult  to  interpolate  between 
their  calculated  values  ;  so  that  this  construction  loses 
much  of  its  real  advantage  to  the  artist  who  is  no  alge- 
braist. 

In  the  construction  proposed  in  my  paper,  the  de- 
struction of  the  spherical  aberration  is  insured,  not  only 
for  parallel  rays,  but  also  for  those  which  diverge  from 


ed  in  Fig.  6.  where  the  four  surfaces  are  numbered  in 
the  order  in  which  the  light  traverses  them,  O  being 
the  object,  and  F  the  image  formed  in  the  focus. 

The  rule  here  stated  is  given  only  as  approximative, 
but  will  no  doubt  be  sufficiently  exact  for  ordinary  use; 
but  when  object-glasses  of  great  size  and  value  are  to 
be  constructed,  their  radii  must  be  computed  more 
strictly ;  and  for  this  purpose  I  have  subjoined  a  table, 


objects  placed  at  any  moderate  finite  distance,  so  as  to     calculated  upon  the  rigorous  formulae,  the  construction 


produce  a  telescope  equally  perfect  for  terrestrial  and 
astronomical  purposes.  This  is  the  condition  intro- 
duced to  render  the  problem  determinate ;  but  the  ad- 
vantage afforded  by  it  would  not  alone  be  such  as  to 
induce  us'  to  adopt  it,  in  preference  to  many  others 
which  might  be  devised,  were  it  not  that  the  radii  re- 
sulting from  it  are  such  as  to  satisfy  other  and  much 
more  important  practical  conditions,  which  may  be 
shortly  slated  as  follows  : 

\st,  The  curvatures  assigned  in  this  construction  to 
all  the  surfaces  arc  moderate  ;  more  so,  indeed,  than  in 
any  other  hitherto  pioposed  on  true  theoretical  grounds, 
for  an  aplanatic  uhjcci-glass. 

2dty,  In  this   ousiruction,  the  curvatures  of  the  two 


and  employment  of  which  will  be  explained  presently. 

3dly,  Another  practical  advantage  afforded  by  this 
construction  is,  that  the  two  interior  surfaces  approach 
in  all  cases  so  near  to  coincidence,  that  no  sensible  er- 
ror can  arise  from  neglecting  their  difference,  and  figur- 
ing them  on  tools  of  equal  radii.  Indeed,  for  a  disper- 
sive ratio  a  little  above  the  average,  they  would  coin- 
cide rigorously,  and  this  construction  would  be  iden- 
tical with  that  of  Clairaut  above  mentioned ;  and  so 
nearly  is  this  approach  to  equality  sustained  throughout 
the  whole  extent  of  the  variations  in  the  data,  that 
even  whc-n  the  ilispersive  ratio  is  so  low  as  0.75  :  I,  (a 
case  almost  useless  to  consider,)  the  difl'erence  amounts 
to  less  than  one-l'onieih  part  of  the  curvature  of  each. 


Tablcj  containing  the  Dimension*  of 

in  jlfilanatic  Double  Object-Glass. 

Refractive  Index  of  Crown  Lens,         -         1.524  ?  Compound  Focal  Len^nh,  10.000. 
Refractive  Index  of  Flint  Lens,            -         1.585  ^           "^ 

S 

6-2 

1st  Surface,  Convex. 

A 

2d  Sur- 
face, 
Convex. 

Radius. 

3d  Sur- 
face. 
Concave. 

Radius. 

4Ui  Surface,  Convex. 

A                                               1 

Focal 

f 

Radiiia  for  thci 

above  Rtfrac- 

tive  Indices. 

Variation  of  Ra- 
dius for  a  ctmnge 
of  +  0.010  in 
Rel",  index  of 
Ci'own  Glass* 

VariaUon  of  Ra- 
dius for  a  change 
of  +  O.OIO  in 
Ref.  index  of 
Flint  Qlass. 

1 

Radius  for  the 
above  Refrac- 
tive Indices. 

Variation  of  Ra- 
dius for  a  cliange 
oft  0.010  in 
Ref.  index  of 
Crown  Glass. 

1 
Variation  of  Ra- 
dius for  a  change 
of +0.010  in 
Ref.  index  of 
Flint  Glass. 

Lenetb  of 

Cvowu 
Lens. 

Focal  Length 

of  the  Flint 

Lens. 

0.50 
0.55 
0.60 

6  7485 
6.7184 
6.7069 

+  0.0500 
-i-0  0740 
-J-0.0676 

— 0.003 
— 0  00 1 1 

+  0.')037 

4.2827 
3  6332 
3.0488 

4,1575 
36i:06 
3.0640 

14.3697 
14.5353 
14.2937 

+  0.9921 
+  1.0080 
+  1.1049 

—0.3962 
—0.5033 
— 0.5659 

4.0 

4.5 

.0 

10.0000 
8.1818 
6.6667 

0.6S 
D.70 

67316 
6.8279 

-f0.0363 
-f-0  0335 

+  0.0125 
.fO.0312 

2  5208 
2.0422 

2.5566 
2.0831 

:3.5709 
12.3154 

+  1.1614 
+  1.1613 

— 0.6323 
—0.7570 

35 
3.0 

5  3846 
4.2858 

0  75 

7.0816 

—0.0174 

+  00568 

1.6073 

1.6450 

10.5186 

+  1.0847 

—0.7207 

2.5 

3.3333 
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The  dimensions  in  the  above  Table  arc  computed  on 
the  supposition  of  the  focal  length  of  the  object-glass 
being  10;  and  to  adjust  them  to  any  other  assigned  focal 
length,  all  that  is  required  is,  to  increase  or  diminish  the 
radii  here  set  down,  in  the  proportion  of  the  assigned 
focal  length  (in  inches,  feet,  or  parts  of  any  given  scale) 
to  10  parts  of  the  same  scale. 

When  the  refractive  powers  of  the  two  media  are  ex» 
actly  1  524  and  1.585  (which  are  nearly  their  average 
values)  respectively,  and  the  dispersive  ratio  is  any  one 
of  the  numbers  in  the  first  column,  this  table  gives  at 
once  the  exact  values  of  the  radii  required  ;  but  whetf 
this  is  not  the  case,  we  must  proceed  as  follows  : 

Suppose,  for  example's  sake,  we  would  find  the  proper 
radii  for  the  surface  of  an  object-glass  of  30  inches  focjl 
length,  the  refractive  index  of  the  crown  lens  being 
1.519,  and  that  of  the  flint  1.589,  the  dispersive  power  of 
the  lornier  being  to  that  of  the  latter  as  0.567:  1,  or 
.0567,  being  the  dispersive  ratio. 

The  computation  must  first  be  made  as  for  an  object- 
glass  of  10  inches  focus;  and  first  we  must  determine 
the  focal  lengths  of  the  separate  lenses.     To  this  end, 

1.  Subtract  tlie  decimal  (0.567)  representing  the  dis- 
persive ratio  from  1.000;  and  the  remainder,  multiplied 
by  10,  is  the  focal  length  of  the  crown  lens,  (in  this  case 
10  X  0.433,  or  4.330.) 

2.  Divide  unity  by  the  decimal  above  mentioned, 
(O.S67,)  subtract  1.000  from  the  quotient,  and  multi- 
ply the  remainder  by  10,  and  we  get  the  focal  length 

of  the  flint  lens.     In  the  case  before  us. — —  —  1.7635, 

0.567 

and  0.7635  X  10  =  7.635  is  the  focal  length  required. 

We  must  next  determine,  by  the  Tables,  the  radii  of 

the  1st  and  4th  surfaces  for  the  dispersive  ratios  there 

set  down  (0.55  and  0.60,)  next  less,  and  next  greater 

than  the  given  one.     For  this  purpose  we  have 


Refractive  powers  given,       .     .     .     1.519 
Refractive  powers  in  the  Table,      .     1.524 

Differences,    — 0.005 


and 


1.589 
1.585 

+0.004 


the  given  refraction  of  the  crown  being  less,  and  the  flint 
greater,  than  their  average  values  on  which  the  Table  is 
founded.  Looking  out  now  opposite  to  0.55  in  the  first 
column  for  the  variations  in  the  two  radii  corresponding 
to  a  change  of  -J-  0.010  in  each  of  the  two  refractions,  we 
find  as  follows  : 

1st  Surfate.  4th  Surface. 
For  a  change  =  -f  0.010  in  the  Crown,   +0.0740    + 1.0080 
For  a  change  =  4-0.010  in  the  Flint,      —0.0011     —0.5033 


But  the  actual  variation  in  the  crown,  instead  of-f-0.010, 
being  — 0.005,  and  in  the  flint,  instead  of  +  0.010  being 
+  0.004,  we  must  take  the  proportional  parts  of  these, 
changing  the  sign  in  the  case  of  the  crown.  Thus,  we 
find  the  variations  of  the  first  and  last  radii  to  be, 

1st  Surface.  4th  Surface. 
For  — 0.005  variation  in  the  Crown,        —  0.0370    —  0  5040 
For+0.004  variation  in  the  Flint,  —0.0004    —0.2013 

Total  variation  from  both  causes,         — 0.0374    — 0.7053 
But  the  radii  given  in  the  Table  are,       +  671 84  +  14.5353 


If  we  interpolate  (by  a  process  exactly  similar)  the 
same  two  radii  for  a  dispersive  ratio  0.60,  we  shall  find 
respectively, 

1st  Surface.  4th  Surface. 
For  —  0.005  variation  in  Crown,  —  0.0338    —  0.5524 

For  +  0.004  variation  in  Flint,  +  0.0015    — 02264 


Total  variation,  —  0.0323    —  0.7788 

Radii  in  the  Table,  -        -        -  6.7069       14  2937 


Interpolated  radii. 


6.6746        13.5149 


Having  thus  got  the  radii  corresponding  to  the  actual 
refraction,  for  the  two  dispersive  ratios  0.55  and  0.60,  it 
only  remains  to  determine  their  values  for  the  interme- 
diate ratio  0.567,  by  proportional  parts.     Thus, 


For 
For 


0.600 
O.SSO 


Differences,  +0.050 


lit  Jiadiui. 
6.6746 
6.6810 

—  0.0064 


ith  Radius. 
13  5149 
13.8300 

—  0.3151 


We  then  say  0.050:  0.567—0.550=0.017:  :  — 0.0064 : —0.0022 
and  50:  17:  : —0J151 :— 0.1071 

So  that  6.6816  —  0.0022  and  13.8300 — 0.1071;  or 
6.6788  and  13.7229,  are  the  true  radii  corresponding  to 
the  given  data. 

Thus,  we  have  in  the  Crown  Lens, 


Focal  length, 

Radius  of  one  surface, 

Index  of  Refraction, 


From  which  data  it  is  easy  to  compute,  by  rules  familiar 
to  every  optician,  the  radius  of  the  other  surface,  which 
will  come  out  3.3868. 

Again,  in  the  Flint  Lens,  we  have. 

Focal  length,  =:    7.635   ") 

Radius  of  one  surfase,    n  13.7229  I 
Index  of  Refraction,        —    1.589   J 

whence  we  find  3.3871  for  the  radius  of  the  other  sur- 
face. 

The  four  radii  are  thus  obtained  for  a  local  length  of 
10  inches  ;  and  to  obtain  them  for  30  inches,  we  have 
only  to  multiply  them  by  3,  and  we  obiainjinally,  in  the 
case  proposed, 

Sadius  of  1st  Surface,        of  2d,  of  2d,  of  4th, 

20.0364  Inch.        10.1604  Inch.    10.1613  Inch.    41.1687  Inch. 


Hence  radii  interpolated,       6.6810     J3.8300 


So  that  here  the  radii  of  the  two  adjacent  surfaces 
scarcely  differ  more  than  -j-^^oth  of  an  inch,  and  they 
may  of  course  be  cemented  together,  should  it  be 
thought  desirable. 

2.  On  Achromatic  Giaates  made  of  Fluids. 

We  have  already  had  occasion  to  mention,  with  great 
approbation,  the  ingenious  labours  of  Dr.  Blair  in  the 
construction  of  fluid  achromatic  object-glsses,  and  the 
high  degree  of  perfection  which  he  gave  to  the  teles- 
copes that  he  conbiructed.  As  we  still  ii.duige  the  hope 
that  some  ardent  mind  will  direct  itself  to  this  important 


784 


OPTICS. 


object',  and  take  up  the  subject  where  Dr.  Blair  has  left 
it,  we  shall  endeavour  to  explain  the  principle  on  which 
he  proceeded  in  the  construction  of  bis  compound  ob- 
ject-glasses. 

Having  failed  in  discovering  some  highly  dispersive 
medium  which  should  refract  the  different  rays  of  the 
spectrum  in  the  same  proportion  as  crown  glass,  he 
conceived  the  idea  of  employing  this  very  imperfection 
to  produce  a  perfect  correction  of  colour.  Since,  the 
green  rays  were  generally  left  out,  (or  were  the  out- 
itanding  rays,  as  Dr.  Robinson  expresses  it)  while  the 
red  and  violet  ones  were  perfectly  united,  it  was  obvious 
that,  if  an  achromatic  concave  lens  should  refract  the 
outstanding  green  more  strongly  than  the  united  red  and 
violet,  while  an  achromatic  convex  lens  should  also  re- 
fract the  outstanding  green  more  than  the  united  red  and 
violet,  then  two  such  achromatic  lenses  combined  might 
unite  the  outstanding  green  with  the  red  and  violet,  and 
produce  a  perfect  union  of  all  the  colours.  He  therefore 
constructed  an  achromatic  cowcai/e  lens,  as  shown  in  Fig. 
r.  consisting  of  a  concave  crown  glass  lens  a  b,  united 
with  a  convex  lens  c  6  d,  of  a  dispersive  fluid,  which  had 
the  effect  of  uniting  the  red  and  violet  rays,  as  shown  in 
the  figure,  and  leaving  the  green  outstanding,  and  most 
refracted.  He  also  constructed  an  achromatic  convex 
lens,  as  shown  in  Fig.  8.  consisting  of  a  convex  lens  g  A, 
of  an  essential  oil,  which  disperses  the  rays  in  a  lesser 
degree,  combined  with  a  concave  lens/e  A  g,  of  an  es- 
sential oil,  which  disperses  the  rays  in  a  much  greater 
degree.  The  convexity  of  this  double  lens  is  such  as  to 
unite,  at  a  suitable  distance,  rays  which  diverged  from 
the  virtual  focus  of  the  double  concave  shown  in  Fig.  7. 
and  consequently  had  a  much  shorter  focal  length  than 
the  other.  Notwithstanding  this,  the  deviation  of  the 
green  ray  from  the  united  green  and  violet  is  equal  in 
both  lenses.  For  since  the  media  of  which  the  com- 
pound concave  consists  have  the  power  of  making  the 
green  rays  deviate  from  the  rest  more  than  the  media 
■which  compose  the  compound  convex,  when  they  refract 
it  equally,  it  is  necessary,  when  the  refraction  is  unequal, 
(or  when  the  refraction  of  the  convex  glass  must  pre- 
dominate, so  as  to  give  a  positive  focus,  as  in  a  telescope) 
that  the  deviation  of  the  green  rays  from  the  united  red 
and  violet  must  be  equal  in  both,  as  shown  in  Figs.  7 
and  8. 

When  two  such  compound  lenses  are  placed  in  con- 
tact, as  in  Fig.  9.  it  is  quite  manifest  that  the  equal  and 
opposite  deviations  of  the  green  ray  produced  by  each 
separately,  will  correct  one  another,  so  that  that  ray  will 
be  precisely  united  with  the  red  and  violet,  and  thus 
form  a  pencil  free  of  all  secondary  colour.  The  two 
plates  of  glass  shown  in  Fig.  9.  by  the  dotted  lines  f,/, 
c,  rf,  and  corresponding  to  the  plates  marked  by  similar 
letters  in  Figs.  7  and  8.  are  of  course  unnecessary,  as 
the  two  fluids  which  these  glasses  confine  are  the  same. 
Hence,  such  an  object-glass  requires  only  two  fluid 
media  and  three  glass  lenses,  which  were  necessary 
merely  to  correct  the  spherical  figure. 

Dr."  Blair  found  that  the  best  method  of  constructing 
an  object-glass  of  this  kind,  was  to  divide  the  concave 
glass  a  b,  Fig-  9.  which  is  necessary  for  removing  the 
secondary  colour,  by  making  two  of  the  lenses,  or  all 
the  three  of  them,  concave  meniscuses  ;  that  which  is 
employed  in  Figs.  7,  8,  9.  being  intended  only  for  illtis- 
tration,  although  it  will  produce  completely  the  required 


effect.  This  object  was  gained  so  completely  in  Dr. 
Blair's  telescope,  Ihat  he  could  not  discover  any  colour  by 
tlie  most  rigid  test. 

Dr.  Blair  had  thus  completely  succeeded  in  his  at- 
tempt to  construct  object-glasses  perfectly  free  of  the 
tints  both  of  the  primary  and  the  secondary  spectrum  ; 
but  he  still  cherished  the  hope  of  discovering  among  the 
various  dispersive  fluids  which  nature  presents  to  us, 
one  which  should  separate  the  rays  in  the  same  propor- 
tion as  glass. 

Happening  to  try  the  muriatic  acid  mixed  with  a  me- 
tallic solution,  he  found  it  better  to  form  his  compound 
convex,  as  shown  in  Fiij.  8.  of  a  combination  of  that  fluid 
with  glass,  as  he  could  thus  correct  the  colour  of  the 
comp<iund  concave,  and  also  the  spherical  aberration  by 
a  concave,  which  lessens  the  focal  length  of  the  convex 
only  one-third. 

\Vhilc  trying  a  compound  concave  formed  with  glass 
and  muriatic  acid  alone,  he  found  that  this  fluid  possess- 
ed the  pioperty  of  producing  an  inverted  secondary 
spectrum,  or  of  giving  a  primary  spectrum,  in  which 
the  green  rays  were  among  the  most  refrangible  ;  and 
hence  he  was  led  to  the  construction  of  a  compound 
lens,  as  shown  in  Fig.  10,  consisting  of  a  concave  fluid 
lens  of  muriatic  acid  placed  between  two  lenses  of  glass. 
In  tills  lens,  which  he  actually  constructed  and  used, 
the  rays  of  different  colours  were  bent  from  their  rectili- 
neal course  with  the  tame  equality  and  regularity  at  in 
reflexion.* 

We  cannot  conclude  this  short  account  of  the  inge- 
nious experiments  of  Dr.  Blair, — experiments  which 
have  never  yet  received  their  due  sliare  of  praise,  with- 
out endeavouring  to  impress  upon  those  individuals  who 
have  the  power,  the  propriety  of  holding  out  some 
liberal  encouragement  to  Dr.  Blair,  who  has  spent  much 
money  and  time  in  thosf  important  inquiries,  in  order 
to  induce  him  to  convey  to  others  the  practical  know- 
ledge which  he  alone  possesses  of  this  important  subject. 
The  possession  of  telescopes  of  such  a  high  character, 
(which  is  completely  established  by  the  unbiassed  tes- 
timony of  the  late  Dr.  Robinson,)  would  be  of  immense 
consequence  in  our  public  observatories,  and,  when  used 
at  sea,  might  save  to  the  country  many  a  vessel,  and 
to  society  many  a  valuable  life.  Even  if  these  telescopes 
last  only  two  or  three  years,  their  acquisition  is  still  in- 
valuable, and  the  liberality  of  the  British  government 
could  not  be  more  worthily  displayed  than  in  the  patron- 
age of  a  philosopher,  who  has  done  so  much  for  this 
department  of  science,  and  has  done  it  all  at  the  expense 
of  his  time  and  his  private  fortune. 

Art.  V. — On  Dynameters  for  determining  the  magnifying 
Power  of  Telescopes. 

The  exact  determination  of  the  magnifying  power  of 
telescopes  is  of  the  greatest  importance  for  many  optical 
and  astronomical  purposes.  We  have  already  seen,  that 
in  every  refracting  and  Newtonian  telescope,  it  is  equal 
to  the  focal  length  of  the  object-glass,  or  speculum,  di- 
vided by  the  focal  length  of  the  eye-glass  ;  or  of  the 
equivalent  single  eye-glass,  if  the  instrument  has  a  com- 
pound eye-piece.  As  it  is  always  difficult  to  measure 
the  focal  lengths  of  lenses  with  accuracy,  and  as,  in  the 
case  of  telescopes  with  compound  eye-pieces,  and  in 
Gregorian  and  Cassegrainian  telescopes,  the  difficulty 


•  Dr.  Blair  was  able  to  give  an  aperture  of  three  inches  to  an  object-glass  of  about  nine  inches  focal  length. 
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of  finding  the  magnifying  power  is  considerable,  it  be- 
comes a  matter  of  consequence  to  have  an  easy  practical 
ineihod,  or  some  simple  instrument  for  determining  the 
magnifying  power  of  a  telescope.  The  following  me- 
ihod  has  been  long  in  use  for  this  purpose. 

At  the  distance  of  100  or  200  yards  from  the  tele- 
scope, place  a  circular  opening  about  an  inch  in  diame- 
ter, cut  out  of  a  strong  black  card,  or  in  a  thin  plate  of 
brass,  so  that  the  light  of  the  sky  passes  freely  through 
it  to  the  telescope.  Cut  a  rectangular  opening  in  a  card, 
or  in  a  plate  of  brass,  so  that  the  distance  of  its  parallel 
sides  is  exactly  equal  to  the  diameter  of  the  preceding 
circle.  Having  adjusted  the  telescope  to  distinct  vi- 
sion, direct  it  to  the  circular  opening  placed  at  the  dis- 
«  lance  already  mentioned,  and  with  one  eye  view  the  mag- 
nified image  of  this  circle,  while  with  the  other  you  look 
at  the  rectangular  opening.  Place  the  rectangular  open- 
ing nearer  to,  or  farther  from  the  eye,  till  tlie  magnified 
image  of  the  circle  exactly  lills  the  rectangular  opening 
seen  with  the  naked  eye,  and  wlien  this  is  done  with 
great  nicety,  measure  the  distances  of  the  small  circle 
and  of  the  rectangular  opening  from  the  eye,  and  the 
quotient  arising  froin  dividing  the  first  distance  by 
the  second  will  be  the  magnifying  power  of  the  tele- 
scope. 

More  than  forty  years  ago,  that  ingenious  and  excel- 
lent artist,  Mr.  Ramsden,  contrived  a  very  simple  instru- 
ment, called  &  DynameUr,  {or  determining  the  magnify- 
ing power  of  telescopes.  It  was  nothing  more  than  a 
small  double  image  micrometer,  by  which  he  measured 
the  diameter  of  the  emergent  pencil  of  rays  at  the  eye- 
hole. By  dividing  the  exposed  diameter  of  the  great 
speculum,  or  of  the  object-glass  of  a  telescope,  by  the 
diameter  of  the  emergent  pencil  at  the  eye-hole,  as  de- 
termined by  the  instrument,  the  quotient  will  be  the 
magnifying  power  of  the  telescope;  for  the  diameter  of 
the  emergent  pencil  of  rays  is  to  the  diameter  of  the 
speculum,  or  object-glass,  as  their  respective  focal 
lengths;  and  since  the  ratio  of  the  two  latter  constitute 
the  -magnifying  power,  so  must  the  equal  ratio  of  the 
two  former.  Mr.  Ramsden's  dynameter  is  represented 
in  Figs.  11.  and  12.  of  Plate  CCCCXL  In  Fig.  11.  is 
shown  the  external  appearance  of  the  instrument,  and 
its  plan  is  given  in  Fig.  11.  A  screw  D,  Fig.  12.  at- 
tached to  a  graduated  circumference  E,  works  in  a  frame 
AA  of  brass,  to  which  are  fixed  the  lubes  B,  C,  in  Fig. 
11.  One  of  the  semilenses  B,  B',  is  fixed  in  the  piece 
of  brass  H,  through  part  of  which  at  o  works  the  screw 
71,  while  the  other  lens  is  fixed  in  the  small  plate  BG,  to 
the  end  of  which  at  G  is  fixed  the  end  of  the  screw  ;«. 
This  screw  m  works  within  n,  and  is  left-handed,  while 
71  is  right-handed.  A  spring  IH  leans  against  both  the 
plates  BG  and  B'H,  to  keep  the  screws  connected  with 
them  free  of  any  shake.  These  semi-lenses  are  near  the 
point  A  in  Fig.  11.  at  the  bottom  of  the  small  tube  B, 
upon  which  moves  another  tube  C,  the  outer  end  of 
which  is  placed  in  contact  with  the  outermost  eye-glass 
of  the  telescope,  when  the  diameter  of  the  emergent 
psncil,  or  of  the  luminous  disc  which  it  forms,  is  to  be 
measured.  When  the  dynameter  is  in  its  place,  the 
n.ilied  head  D  is  turned  in  one  direction,  so  as  to  draw 
the  plate  HB  o  to  the  rig/ic  hand  ;  but  in  consequence  of 
the  other  screw  m  being  left-handed,  and  fixed  at  G,  it 
will  screw  out  of  the  female  screw  within  n,  and  as  n  is 
fixed,  the  screw  m,  and  its  attached  plate  BG,  will  move 
to  the  left  hand,  so  that  the  two   seinilcnses  will  scpa- 
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rate  by  moving  in  contrary  dir-cclions  from  the  axis  of 
the  tube,  and  their  separation  is  measured  by  the  di- 
vided scale  and  index  shown  at  S.  Upon  the  principle, 
thei'efore,  which  we  have  described  so  fully  in  our  arti- 
cle on  Astronomy,  and  in  our  article  MicuoMKTEn,this 
instrument  measures  the  diameter  of  il.e  emergent  pen- 
cil of  rays,  or  of  the  luminous  disc  which  that  pencil 
forms.  ' 

The  dynameter  of  Ramsden  has  been  greatly  im- 
proved by  his  pupil,  Mr.  T.  Jones  of  Chaiing  Cross, 
in  place  of  moving  the  semilenses  in  planes  pai-allel  to 
the  axis  of  vision,  Mr.  Jones  places  each  of  them  in  a 
s~:mitube,  one  of  which  is  shown  at  m,  and  the  other  to 
the  left  hand  of  it,  and  these  separate  tubes,  when  acted 
upon  by  the  micrometer  screw  D,  turn  round  separate 
pivots,  (one  of  which  is  shown  at  o)  in  a  gimbal,  or 
moveable  ring,  placed  within  the  upper  end  of  the  tube 
BB,  the  extreme  ends  of  the  tube  turning  within  this 
tube.  The  axis  of  the  screw  is  solid,  and  is  of  beil 
metal,  and  the  end  C,  next  the  graduated  head,  has 
threads  of  double  fineness  compared  to  the  end  within 
the  tube,  and  it  is  constructed  in  such  a  manner  that 
the  semilenses  move  in  contrai'y  directions.  A  section 
across  the  semitubes  carrying  the  semilenses  is  shown 
in  Fig.  14.     See  Rees's  Cyclo/t<edia. 

Without  mentioning  any  of  the  preceding  dyname- 
ters,  the  first  of  which  was  briefly  described  by  the  Rev 
Mr.  Edwards  in  the  A'anticat  Almanack  for  I "87,  M. 
Biot  has  given  an  account  of  a  method  proposed  by  M. 
Arago,  for  finding  the  magnilying  power  of  telescopes. 
He  takes  a  doubly  refracting  prism  of  rock  crystal, 
such  as  those  described  in  our  article  Michrometer. 
and  placing  it  between  l;is  eye  and  the  tye-glass, 
he  views  a  ciixular  white  object  through  the  tele- 
scope, and  varies  his  distance  Irom  this  object  till  the 
two  images  of  it  appear  in  contact.  Hence  he  knows 
that  this  object  subtends  at  the  eye  the  same  angle  as 
that  which  is  formed  by  the  two  pencils  in  the  doubling 
prism,  pi-eviously  ascertained  by  looking  at  a  disc  of  a 
given  size,  and  at  such  a  distance  that  the  two  images  of 
it  are  in  contact.  But  the  diameter  of  the  white  disc 
and  its  distance  being  known,  we  have  the  angle  which 
it  subtends  at  the  unassisted  eye.  Hence  we  have  only 
to  divide  the  first  of  these  angles  by  the  second,  and 
the  quotient  is  the  magnifying  power. 

From  the  preceding  observations,  it  is  manifest  that 
there  are  two  methods  of  measuring  the  magnifying 
power  of  telescopes;  the  one  by  the  observer  sitting  in 
his  oivn  afiartment,  and  using  the  dynameter  of  Rams- 
den or  Jones,  and  the  second  by  n:ukir.g  an  car/ieriniem 
out  of  doors,  as  in  the  methods  which  have  been  long  in 
use, and  in  that  of  M.  Arago,  which  has  no-hing  new  in 
it  excepting  that  of  measuring  an  angle  subtended  by  an 
object  with  the  doubly  refracting  micrometer,  in  place 
of  any  other  micrometer".  If  it  is  requisite,  for  want  of 
a  dynameter,  to  use  a  circular  disc,  and  measure  its  dis- 
tance and  diameter,  lhen[the  simplest  possible  method  of 
finding  the  magnifying  power  is  to  observe,  upon  a  distinct 
object,  such  as  the  face  of  a  street,  or  a  flat  field,  the 
exact  space  taken  in  by  a  diameter  of  the  field  of  view 
of  the  telescope,  when  the  object  is  magnified  by  it ;  and 
then  to  project  by  the  eye  ti.e  same  field  upon  the  same 
line,  and  determine  the  space  which  it  occupies.  These 
two  distances  will  give  the  ratio  of  the  tangents  of  the 
two  angles,  whose  quotients  represent  the  magnifying 
power  of  the  instrument. 
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\kt.  VI. — On  the  Sjtace  Penetraiing  Power  of  Tele- 
sco/tes. 

It  has  been  generally  believed  that  when  a  telescope 
is  tlirectetl  to  any  object,  ii  produces  no  other  elVect  than 
tliat  of  presenting  a  ma^jnitied  picture  to  die  eye;  Sir 
W.  Ilerschel,  however,  was  led  lo  question  this  opinion 
in  the  year  1776,  when  he  had  erected  a  Newtonian  te- 
lescope of  20  feet  focal  length.  Having  directed  ii  in 
the  dusk  of  the  evening  to  the  dial  of  a  distant  church 
steeple,  he  found  that  he  could  see  what  o'clock  it  was, 
though  with  his  naked  eye  he  could  not  see  the  steeple 
itself  Dr.  Herschel,  therefore,  considered,  that  though 
magnifying  power  v  as  necessary  to  see  the  figures  on  the 
dial,  it  could  require  none  to  see  the  steeple,  and  he  con- 
cluded that  his  telescope  had  a  fiower  of  fienetraiing  into 
s/iace.-  "  The  distinction,"  says  Dr.  Herschel,  "  between 
magnifying  power  and  a  power  of  penetrating  into  space, 
could  not  but  be  felt  lung  ago,  though  its  theory  has  not 
been  en(iuired  into.  This  undoubtedly  gave  rise  to  those 
very  useful  short  telescopes  called  night  glasses.  When 
the  darkness  of  the  evening  curtails  the  natural  pene- 
trating power,  they  come  in  very  seasonably  to  the  relief 
of  mariners  that  are  on  the  look  out  for  objects  which  it 
is  their  interest  to  discover.  Night  glasses,  such  as  they 
are  now  generally  made,  will  have  a  power  of  penetrating 
six  or  seven  times  farther  into  space  than  the  natural 
eye."  In  order  to  illustrate  the  dilVertnce  between 
magnifying  and  penetrating  power.  Sir  William  Hcr- 
ichel  also  states,  that  on  the  lOlh  of  October,  1791,  /le 
taiv  the  fourth  satcUUe  and  the  ring  of  Saturn  in  his  forty 
feet  speculum  without  an  eye-glaas.  The  magnifying 
power,  as  he  remarks,  could  not  exceed  60  or  70,  but 
the  great  penetrating  power  made  up  for  the  lowness 
cf  the  former,  although  the  greatest  part  of  the  pene- 
trating power  must  have  been  lost  for  want  of  a  greater 
opening  of  the  pupil,  which  could  not  take  in  the  whole 
pencil  of  rays,  which  was  about  seven  or  eight  tenths  of 
an  inch  in  diameter. 

The  following  is  a  brief  account  of  the  principles  on 
which  Dr.  Herschel  composed  his  formula  for  deter- 
mining the  penetrating  power  of  telescopes.  He  repre- 
sents by  /  that  portion  of  the  light  thrown  out  by  lumi- 
nous objects,  which  is  actually  used  in  vision  either  with 
the  naked  eye  or  with  a  telescope  ;  but  as  the  intensity 
of  light  decreases  as  the  square  of  the  distance  of  the 
luminous  object,  the  expression  for  its  intensity  at  any 

distance  D,  will  be  j^-     This  quantity,  however,  will 

vary  with  the  area  of  the  pupil,  or  as  the  square  of  its 
diameter  in  natural  vision,  and  in  telescopic  vision  as  the 
area,  or  the  square  of  the  diameter  of  the  object-glass 
or  mirror  of  the  telescope.  Hence  calling  a  the  diame- 
ter of  the  pupil,  and  A  the  diameter  of  the  object-glass 
or  speculum,  the  quantity  of  light  admitted  to  the  eye 

will  be  expressed  by  -j— •,  and  the    quantity  admitted 

through  a  telescope —J.     When    the    pencil    of  light 

transmitted  by  the  telescope  to  the  eye,  exceeds  the 
aperture  of  the  pupil,  the  expression  A'l  will  fail;  and 

hence  if  m  is  the  magnifying  power,  —should  never  ex- 
ceed a  the  diameter  of  the  pupil.  If  no  light  therefore 
vas  lost  by  reflexion  or  refraction  through  the  mirrors 


and  lenses  of  telescopes,  the  artificial  power  of  pene- 
trating into  space  with  telescopes  would  be  to  the  na- 

AU      a'l 
tural  one  as  -=-»-  to  —5,  or  as  A  to  a;  but  as  a  considera- 
ble proportion  of  light  is  lost  (see  Chap.  vii.  p.  758,  760.) 
in  reflexion  and  refraction,  we  must  find  a  correction  x 
to  be  applied  in  consequence  of  this  loss. 

As  the  brightness  of  luminous  objects  is  inversely  as 
the  squares  of  the  distances,  the  penetrating  power  must 
be  as  the  square  roots  of  the  light  received  by  the  eye; 
and  in  natural  vision  will  therefore  be  expressed  by 
\/a''L  In  reflecting  telescopes  where  two  specula  are 
used,  there  will  be  an  obstruction  of  light  corresponding 
to  ihe  diameter  of  the  smaller  speculum,  and  calling  t> 
the  diameter  of  that  speculum,  A^ — 6*  will  express  the 
real  quantity  of  incident  light.  But  as  this  light  is  di- 
mini-.lied  in  the  ratio  of  1  to  x,  a  fractional  co-efiicienlto 
be  determined  by  experiment,  we  have, 
^{x  IxA^ — 6');  and  calling  /—I,  and  dividing  by  a, 

we    shall  have   'Z  (^XA-^      b  )  .    ^^^.    ^j^^    penetrating 

a 
power  of  reflecting  telescopes  with  small  mirrors,  or 

in  refracting  telescopes,  and    reflectors   used 

with  the  front  view. 

The   20   feet  jVci'tonian    telesco/ie  above   mentioned, 

had  an  aperture  of  12   inches,  or  120  tenths,  and   the 

small  minor  an   aperture  of  1.5  inches,  or    15   tenths. 

Now,  Sir  W.  Herschel  found,  from  experiment,  that  only 

45242,  out  of    100,000  rays,   reached  the  eye  after  two 

reflexions  ;  and  that  with  a  single  eye  glass,  94825  rays 

out  of  the  100,000  were  transmitted,  consequently  with 

two  reflectors  and  one  eye-glass,  the  rays  that  reach  the 

eye  will  be  -4290,  the  incident  light  being  1,  and  with 

two  reflectors  and  two  eye-glasses,  -40681.     The  value 

of  JT,  therefore,  in  the  20  feet  Newtonian  telescope,  is 

•429.  consequently,  calling  the  aperture  of  the  pupil  ~2 

.     .s/(-429  X(1202_!S^)) 
tenths,  the  penetrating  power  is — ^^ 

zrS.i,  so  that  the  telescope  rendered  the  steeple  visible 
in  consequence  of  its  having  a  penetrating  power  39 
times  greater  than  that  of  the  naked  eye. 

In  the  case  of  llic  night  glaas  already  mentioned, 
where  A  is  2^  inches,  or  25  tenths,  and  a.-~.  853,  for 
3    refractions,   (S„f    p.   760,)    we     have  its    penetrating 

A 


power : 


v/-853  X  25^ 


6  46  or  7-33,  calling  a  ZZ 


a  m 

and  m  being  7  or  8  times  ;  for  the  usual  size  of  a,  viz.  2 
tenths,  does  not  admit  the  breadth  of  the  optic  pencil, 
which  in  that  case  is  3|.  or  3^  of  an  inch.  For  farther 
infoimalion  on  this  subject,  see  the  Phil.  Trans.  1800, 
vol.  xc.  p   49. 

AuT.  ^'II, —  On  the  Eye-Pieces  of  Telescofies. 

We  have  already  had  occasion  to  describe  several  of 
the  eye-pieces  of  telescopes,  both  single  and  compound. 
Single  eye-pieces  consist  of  single  lenses,  either  convex 
or  concave;  and  their  fjrm  should  be  either  plano-con- 
vex, or  plano-concave,  or  exactly  such  as  we  have  shown 
in  a  former  chapter  will  give  a  minimum  error  of 
sphericity. 

The  great  importance  of  doing  this,  will  appear  from 
the  following  results  obtained  by  Mr.   Herschel,     The 
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niii)iriiuiTi  aberration  produced  by   the    eye-lens  of  the 
best  form  bcini;  1,  that  of  the  other  lenses  will  be, 

AbemtioRi 

Plano-convex,  plane  side  first     -     -     -  4.2 
Plano-concave,  plane  side  first      -     -      4  2 
Do.  convex  or  concave  surface  first     -  1.081 
Double  convex  or  double  concave      -     1  567 
Best  form 1.000 

As  it  is  desiuble,  however,  to  reduce  the  spherical 
aberration  below  ihe  amount  of  its  minimum  in  single 
lenses,  we  must  have  recourse  to  two  lenses  placed  to- 
gether. Mr,  Herschel  has  shown,  that  the  minimum 
aberration  which  can  be  produced  by  two  convex  lenses 
placed  together  will  be  0  2481,  or  one  fourth  of  that  of  a 
a  single  lens  in  its  best  form  ;  and  that  this  diminution 
will  be  effected  by  two  plano-convex  lenses,  as  in  Fig. 
IS.  the  focal  length  of  the  first  being  to  that  of  the 
second  as  1  to  2.3.  If  the  lenses  are  of  equal  foci,  the 
aberration  will  still  be  so  low  as  0.6028,  or  reduced 
nearly  one-half. 

In  order,  however,  to  destroy  the  spherical  aberration 
altogether  by  two  lenses  put  together,  Mr.  Herschel  has 
shown  that  ihey  must  have  the  form  represented  in  Figs. 
15  and  17.  the  convex  sides  being  turned  to  the  eye 
when  used  as  lenses,  and  to  the  parallel  rays  when  used 
as  burning-glasses.  The  following  are  the  focal  lengths 
and  radii  of  these  lenses. 

Fig.  16.  Fig.  17. 

Focal  length  of  the  first  lens  -f-  10.000         +  10.000 

Radius  of  its  first  surface  -i-    5.833         -j-    5  833 

Radius  of  its  second  surface         —  35  000         —  35  000 
/"oca/ /e7;^;A  of  the  second  lens     4-17.829  -f    5.497 

Radius  of  its  first  surface  -f    3  688  -)-    2  054 

Radius  of  its  second  surface  -f-    6.291  -f    8  128 

/"oca/ /fH^'.'A  of  the  combination    -j-    6  407  -J-    3.474 

Mr..  Herschel  has  remarked,  that  in  a  burning-glass, 
the  destruction  of  the  aberration  of  rays  parallel  to  the 
axis,  is  of  the  greatest  importance.  In  order  to  try 
this,  lie  had  two  lenses  ground  to  the  radii  in  the  first 
column  of  the  above  table.  They  were  about  three  inches 
in  aperture,  and  when  combired  as  directed  above, 
the  aberration  was  almost  totcdiy  destroyed.  Their 
combined  effect  as  a  buining-glass  was  decidedly  su- 
perior to  the  first  lens  used  alone. 

In  eye  gh.sses  and  magnifiers,  when  we  wish  to  ex- 
amine a  minute  object,  Mr.  Herschel  is  of  opinion,  that 
perfect  distinctness  in  the  central  point  is  of  more  conse- 
:]uence  than  extent  of  field,  and  that  too  much  pains  can- 
not be  taken  to  destroy  the  central  aberration. 

In  those  cases,  on  the  contrary,  where  periscopic  ef- 
fects are  required,  such  as  in  specticles,  reading-glasses, 
magnifiers  of  moderate  power,  and  eye-glasses  for  cer- 
tain astronomical  purposes,  the  correction  of  the  central 
abberration  may  be  sacrificed  without  inconvenience. 
The  best  periscopic  combination  which  Mr.  Herschel 
found,  was  a  double  convex  lens  of  the  best  form,  but 
placed  in  its  worst  position  for  the  lens  next  the  eye ; 
and  a  plano-concave,  whose  focal  length  is  to  that  of  the 
other  as  2.6  to  one,  or  as  13  to  5,  placed  in  contact  with 
its  flatter  surface,  and  having  its  concavity  towards  the 
object,  as  in  Fig.  18.  The  aberration  of  such  a  lens  for 
rays  parallel  to  the  axis,  is  no  less  than  twenty-two 
limes  that  of  a  single  lens  in  its  best  position  ;  yet  upon 
terming  sucb  a  combination  accidentally,  ]Mr.  Herschel 


was  surprised  at  the  remarkable  ixtcnt  of  oblique  vision, 
— the  absence  of  faiigue  in  reading  with  it, — and  the 
great  destruction  of  colour  arising  from  the  opposition  of 
the  prismatic  refractions  of  the  two  lenses.  The  focal 
length  of  the  compound  lens  was  1  84  inch.  The  field 
of  tolerably  distinct  vision  was  40"  from  the  axis,  and 
the  letters  of  a  book  might  be  read  with  management  as 
far  as  the  75th  degree.  In  making  such  combinations, 
the  lenses  should  be  very  thin,  and  the  eye  applied  as 
close  as  possible. 

The  construction  of  compound  achromatic  eye-pieces, 
has  not  yet  been  investigated  with  that  attention  which 
it  deserves.  In  our  article  on  achromatic  telescopes,  we 
have  given  an  account  of  the  construction  of  such  eye- 
pieces with  two  or  three  lenses  ;  but  little  has  been  writ- 
ten on  the  subject  of  tliose  with  four  lenses,  and  though 
Boscovich  has  begun  the  inquiry  in  his  dissertations,  he 
acknowledges  that  much  yet  remains  to  be  done. 

The  achromatic  eye-piece  of  two  lenses  is  shown  in 
Fig.  1.  where  AB  is  the  achromatic  object  glass,  and 
CD,  l^F,  two  eye-glasses.  The  rays  AC,  which  pass 
through  the  centre  of  the  object-glass,  arc  dispersed  at 
C;  C  r  being  the  red,  and  Cvthe  violet  ray.  As  the 
red  ray  C  r  falls  upon  the  lens  EF  at  a  greater  distance 
from  its  centre  than  the  violet  ray  C  v,  and  where  the  in- 
clination of  the  refracting  surfaces  is  greater,  it  will  suf- 
fer a  greater  refraction  from  the  lens  FF,  and  this  excess 
of  refraction  may  be  made  to  balance  or  compensate  its 
inferior  refrangibility,  so  that  the  rays  may  emerge 
from  the  lens  E  in  the  parallel  directions  E  r',  E  ■»'. 
Boscovich  has  shown,  (and  the  accuracy  of  his  result 
may  be  easily  determined  by  tracing  the  rays  trigono- 
metrically  through  the  lenses)  that  this  parallelism  of 
the  red  or  violet  rays  may  be  produced  by  making 
CD,  EF,  two  convex  lenses  of  the  same  kind  of  glass, 
the  first  of  which,  CD,  has  its  focal  distance  and  aper- 
ture triple  that  of  the  second  ;  and  if  the  distance  be- 
tween the  two  is  equal  to  double  the  focal  distance  of 
the  second,  the  first  lens  must  be  placed  within  the 
focus  of  the  object-glass,  and  at  a  distance  from  it 
equal  to  the  half  of  its  own  focal  length.  The  magni- 
fying power  will  be  double  of  that  of  the  first  fens 
alone,  and  the  field  also  the  same  as  that  of  the  first 
lens. 

Through  this  eye  piece,  the  object  will  obviously  be 
invcited.  It  might  be  made  erect  by  two  eye-glasses, 
placed  at  a  greater  distance,  so  that  the  rays,  C  r,  C  u, 
may  cross  the  axis,  and  fall  upon  the  lower  half  of  the 
lens  EF;  but  the  colours  cannot  be  corrected  by  such  a 
combination. 

In  examining  the  problem  of  two  eye-lenses  of  the 
same  glass  more  generally,  Boscovich  has  proved  that 
they  may  be  rendered  perfectly  achromatic,  whatever  be 
their  focal  length,  provided  their  distance  he  equal  to 
half  the  sum  of  their  focal  lengths,  or,  what  is  more  ac- 
curate still,  when  their  distance  is  equal  to  half  the  sum 
of  the  focal  distance  of  the  eye-glass,  and  the  distance  at 
which  the  field-glass  would  form  an  image  of  the  object- 
glass. 

The  method  of  correcting  the  colour  with  three  lenses 
will  be  understood  from  Fig.  2.  where  AC  is  a  ray  pass- 
ing through  the  centre  of  the  object-glass,  and  inci- 
dent upon  the  first  eye-glass  CD  at  C.  It  is  there  re- 
fracted  in  the  direction  CR,  CV,  the  former  being  the 
red,  and  the  latter  the  violet  ray  ;  and  these  rays  are 
again  refracted  by  the  lens  EF,  in  the  directions  R  r 
V  ;-,  If  5  is  the  anterior  principal  focus  of  EF,  the  ravs 
r.  A  2 
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(iivei-Ring  from  C  will  be  collected  at  »■ ;  but  as  the  violet 
ray  CV  will  be  more  refracled  al  V  lliaii  ihc  red  ray,  it 
will  cross  the  red  ray  K  r  somewhere  at  m,  between  R 
:iiid  r.  If  the  image,  tlitreforc,  formed  by  the  ohjccl- 
glass,  were  formed  exactly  at  CD,  there  would  be  an 
image  at  m  n  free  of  all  colour.  But  the  third  eye-glass 
GH  will  not  enable  us  to  see  the  image  m  n  free  of  co- 
lour; for  the  violet  ray  tnv  will  be  more  refracted  than 
mr.  It  may  be  rendered  parallel  to  m  v,  however,  by 
making  the  refraction  at  r  such  as  to  have  its  accompa- 
nying dispersioi)  of  a  p(oper  magnitude.  This  effect 
will  be  produced,  as  Boscovich  sliovvs,  if  three  simple 
and  equal  lenses  of  the  same  glass  are  arranged  in  such 
a  manner,  that  the  distance  of  the  two  first  is  equal  to 
double  ihe  focal  distanre  of  either,  and  ihe  distance  be- 
tween the  second  and  lliird  equal  to2|  of  iheir  focal  dis- 
tances. In  tills  case  the  magnifying  power  is  the  same 
as  if  the  third  lens  alone  had  been  used.  Another  system 
of  liiree  eyej^'lasses  is  given  by  Bi'scovich,  in  which  the 
two  first  have  theii'  local  distances  equal,  and  the  third 
its  focal  distance  one  half  oi  each  of  the  olher  two  ;  but 
it  may  be  greatly  iinpioved,  by  making  the  third  lens 
consist  of  two  lenses  in  contact,  each  of  which  has  the 
same  focal  distance  as  the  first  and  second. 

In  examining  tlic  question  more  generally,  Boscovich 
found  (hat  an  achromatic  eye-piece  may  be  formed  out 
of  three  lenses,  whatever  be  their  focal  distances,  pro- 
vided the  distance  of  the  first  and  second  is  equal  to  the 
sum  of  their  focal  distances,  and  the  third  placed  at  a 
distance  from  the  second  greater  than  the  sum  of  their 
focal  distances.  This  excess  of  distance  is  equal  to  the 
square  of  the  focal  distances  of  the  second,  divided  by 
the  sum  of  the  focal  distances  of  the  first  and  second  lenses. 
(See  the  formulae  under  Achromatic  Telescope.) 
Boscovich  is  of  opinion,  that  the  simplest  construction 
of  these  glasses  is  that  in  which  the  focal  lengths  of  the 
first  and  second  lenses  are  equal,  and  that  of  the  third 
shorter.  In  this  case,  the  distance  of  the  third  lens 
from  the  second  should  be  equal  to  its  own  focal  length, 
Together  with  IJ  the  focal  length  of  the  first  or  second 
lenses.  The  magnifying  power  of  the  eye-piece  will  in- 
crease as  the  focal  length  of  the  third  lens  is  diminished, 
and  the  field  of  view  will  diminish.  The  longer  we 
make  the  focal  lengths  (jf  the  two  first  lenses,  the  less 
will  dust  be  seen  on  the  lenses,  as  the  first  lens  becomes 
more  distant  from  the  focus  of  the  object-glass.  A 
greater  aperture,  and  consequently  a  greater  field,  will 
be  obtained,  by  making  the  third  lens  consist  of  two  of 
the  same  focal  length. 

The  progress  of  a  heterogeneous  ray  of  light  through 
an  achromatic  eye  piece  of  four  lenses,  is  shown  in  Fig. 
-3.  where  7j  m  is  the  image  formed  in  the  focus  of  the 
achromatic  object-glass,  and  n  C  a  ray  proceeding  from 
the  extremity  n.  The  ray  n  C  is  dispersed,  so  that  CR 
is  the  red  ray,  and  CV  the  violet.  After  refraction 
through  the  second  lens  ED,  they  proceed  in  the  di- 
rections R  r,  V  •».  The  action  of  the  third  lens  GH 
causes  them  to  cross  at  »,  and  by  the  fourth  lens  KL 
they  arc  rendered  parallel  in  the  directions  r'r",  ij'p". 
One  of  the  best  combinations  of  four  glasses  is  composed, 
according  to  Boscovich,  in  the  following  manner: 


Focal  length  ;[  1st,  orCD  ;  2d,  or  EF  ;  3d,  or  GH  ;  4th,  or  KL 
of  ilie  lenses  i    14  lines.        21  lines        27  lines.        32  lines. 
Distances  23  44  40 

Apertures  9  13  11  12 

I'ocal  length  of  the  equivalent  eye-glass  15  2-3  lines. 


In  this  combination  there  is  still  a  separation  of  colours 
amounting  to  7".  16  ;  but  this  may  be  removed  by  a  slight 
change  in  the  distance  of  the  lenses,  or  in  the  focal 
length  of  the  one  next  the  eye. 

In  Fig.  4.  wc  have  represented  an  eyepiece  of  four 
glasses,  as  made  by  Rainsden  for  a  small  telescope  of 
8^-  inches  focal  length,  I  Jy  of  aperture,  2°  5'  of  field, 
and  15.4  of  magiiifying  power.  The  following  arc  the 
focal  lengths  and  distances  of  the  glasses  : 

Focal  length  A  o  =  0.0  7"5  ;  B  A  =  1.025 ;  C  c  =  1.01 ;  D  J  =  07« 
Distances     AU  =  1.18i  BC  =  1.83i  CD=  1.105 

The  apertures  in  the  figure  are  one-half  larger  than 
they  are  in  reality.  This  ey^^-piece,  which  was  first  de- 
scribed by  Dr.  Rohison,  was,  as  he  observed,  perfectly 
achromatic,  and  the  colours  were  united,  not  precisely 
at  the  lens  C,  but  jV'h  of  ai,  inch  nearer  the  eyeglass. 

In  the  construction  of  achromatic  eyepieces,  the  pro- 
per distance  of  the  lenses  should  be  ascertained  by 
jjlacing  them  in  separate  tubes,  and  discovering  from  ac- 
tual experiment  the  exact  positions  at  which  the  colours 
are  corrected.  Dr.  Robison  recommends  that  eye  pieces 
should  be  made  with  extruvjgant  apertures  to  increase 
the  aberration,  and  that  the  artist  should  huvc  a  rium- 
bcr  of  sets  of  lenses  of  the  same  focal  length,  but  of 
diHerent  forms;  and  he  proposes  tiiat  they  should  be 
tried  by  employing  them  as  the  magnifying  glass  of  a 
solar  microscope.  Two  pictures  beini;  funned  on  the 
same  screen,  could  then  be  accurately  compared,  and  the 
eye  could  form  a  decided  judgment  of  their  respective 
qualities. 

With  regard  to  the  form  of  the  lenses  which  is  best 
fitted  to  correct  the  spherical  aberration,  Boscovich  re- 
marks that  they  should  be  made  of  common  glass,  and 
plano-convex,  or  nearly  so,  and  that  the  plane  side  sliould 
be  always  turned  to  the  eye,  excepting  in  the  case  of  the 
second  lens,  whose  plane  side  ought  to  be  turned  towards 
the  object. 

In  the  construction  of  eye-pieces,  it  is  a  matter  of 
the  greatest  importance  to  have  each  lens  nicely  cen- 
tered, and  to  have  the  axes  of  all  the  lenses  accurately 
coincident  v/ith  one  another.  Much  less  attention  has 
been  paid  to  this  point  than  it  deserves,  and  wc  are 
strongly  persuaded  that  there  is  scarcely  a  compound 
microscope,  or  an  eye-piece,  that  might  not  be  con- 
siderably improved  by  a  rigid  attention  to  this  kind  of 
adjustment.  We  have  already  had  occasion,  under  our 
article  Microscope,  to  direct  the  readei's  attention  to 
this  subject,  and  there  will  be  no  difiiculty  in  effecting  it, 
by  means  of  the  image  of  a  blight  point,  formed  by  re- 
flexion from  the  surfaces  of  the  lenses,  as  desciibed  in 
tlie  following  article. 

Art.  VIII. — On  the  adjustment  of  the  Lenses  of  a  Trifile 
Achromatic  Object-Glass. 

The  accurate  adjustment  of  the  lenses  of  an  achro- 
matic object-glass  is  not  less  important  than  that  of 
the  lenses  which  compose  the  eye-glasses.  A  very  ex- 
cellent method  of  doing  this  has  just  been  published 
by  Dr.  Wollaston,  which  merits  the  particular  notice 
both  of  the  optician  and  the  practical  astronomer.  If 
we  take  out  the  eye-glasses  of  an  achromatic  telescope, 
and  placing  the  eye  immedi-ately  behind  the  object- 
glass,  look  at  a  candle  set  close  to  the  eye-hole,  we 
sihall  observe,  if  the  object-glass  is  triple,  ffn  images, ae 
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chown  in  Fig.  5.  fivo  beyond  thecanclle,/ci«r  in  regular 
succesbion  nearer  ilie  eye,  and /our  very  small  onus, 
closu  together,  in  front  of  tlie  object-glass,  and  within 
the  tube.  Oiher^-ve  images  may  be  seen,  without  the 
tube,  as  in  Fig.  6.  by  withdrawing  tlie  eye,  and  using  a 
lens  L,  as  in  Fig.  6.  These  different  images  obvious- 
ly arise  from  reflexion  from  ihe  curved  surfaces  of  the 
three  lenses;  and  if  the  lenses  are  perfectly  adjusted, 
all  the  imagts  will  be  arranged  exactly  in  the  same 
straight  line,  while  any  error  of  adjustment  will  be  in- 


dicated by   a  deviation  from  that   rectilineal  arrange-     see. 


stars,  as  those  of  44  Bootis,  and  a-  Coronae,  or  of  exhi- 
biting the  minute  Secondaries  of  /3  Orionis  and  24 
Aquilse,  wiih  as  much  distinctness  us  the  state  of  the 
air  will  admit.     See  Phil.  Trans.  1822,  p.  32. 

Sect.  XIII. — Descrifition  of  the  Dichrosco/ie. 

We  have  given  the  name  Dichroscofie  to  those  instru- 
ments which  exhibit  the  two  complimentary  colours  of 
polarised  light,  from  S've,  fiuo,x?<>»,  colour,  and  ckoviu,  to 


ment. 

In  order  to  explain  distinctly  the  origin  of  each  of 
the  above  imagtb,Dr.  Wollaston  has  marked,  as  in  Fig. 
7.  those  surfaces  which  have  their  concavities  toiuards 
the  tube,  with  large  letters,  A,  B,  C,  and  those  curved 
in  the  opposite  direction,  with  the  small  letters  d,  e,f, 
so  that  in  Fig.  8.  which  points  out  the  origin  of  each 
image,  a  similarity  of  source  in  the  several  groups  will 
be  found  from  a  similarity  of  notation.  Thus  BC,  or  d  e 
shows  that  the  image  is  produced  from  a  combination 
of  curvatures  in  the  same  direction;  unequal  letters, 
with  the  smallest  first,  as  d  C,  show  that  the  image  is 
produced  by  opposite  curvatures,  giving  a  negative  fo- 
cus; while  the  unequal  letters,  with  the  largest  first,  as 
Byj  show  that  the  image  is  produced  by  opposite  conca- 
vities, forminp  a  positive  focus  behind  the  glasses.  The 
origin  of  these  images  was  determined  by  giving  a 
small  motion  to  one  or  other  of  the  convex  lenses,  in 
which  case  all  the  images  dependent  upon  that  leuB 
are  displaced  or  inclined  in  the  same  line. 


The  dichroscope,  in  its  original  state,  is  nothing  more 
than  a  portable  apparatus  for  exhibiting  the  experiments 
of  M  Arago  and  Dr.  Brewster  on  the  colours  of  crys- 
tallized plates,  as  will  be  seen  by  comparing  Fig.  9. 
Plate  CCCCXLII.  with  Fig.  3.  of  Plate  CCCCXXXVI. 
(See  Prop.  XXVI.  p.  720.)  The  apparatus,  as  brought 
from  Paris  in  1814,  consisted  of  a  piece  of  black  glass, 
or  black  japan,  MN,  which  was  carried  in  the  pocket, 
and  of  a  separate  tube  ABE,  containing  a  plate,  AB,  of 
rock  crystal,  cut  perpendicular  to  the  axis,  and  one  of 
Rochon's  doubly  refracting  prisms,  c  d,  made  of  rock 
crystal,  so  as  to  give  only  two  images  polarised  in  op- 
posite planes.  When  the  tube  ABE  was  directed  to  the 
black  plate,  MN,  at  an  angle  of  about  57°,  as  nearly  as 
could  be  guessed,  the  complementary  colours  of  the 
crystallized  plate  AB,  were  seen,  which  varied  upon 
turning  round  the  tube.  If  the  aperture  AB  was  small 
and  lound,  the  two  images  of  it  coloured  with  the  op- 
posite complementary  colours  were  completely  separat- 
ed ;  but  if  the  aperture  was  large,  and  either  round,  or 


I"or  the  purpose  ol  having  a  cnnipkte  command  of     in  tlic  form  of  a  star,  or  any  other  shape,  the  two  images 


each  lens,  Dr  Wollas'on  had  a  large  cell  constructed 
for  his  lenses,  with  two  pair  of  adjusting  screws,  placed 
ct  right  angles  to  each  other,'and  applied  to  the  edges 
of  each  glass;  so  that  when  the  images  had  been  first 
brought  into  the  same  vertical  plane,  by  means  of  one 
«et  of  screws  opposed  to  each  other  in  the  horizonial 
position,  the  series  might  next  be  adjusted  to  the  same 
iiorizontal  line  by  the  screws  placed  above  and  below, 
St  right  angles  to  the  former. 

By  tlie  means  which  have  now  been  explained,  Ur. 
Wollaston  repeatedly  restored  his  object-glass  to  cor- 
rect performance,  after  having  removed  it  from  its  cell. 

In  order  merely  to  see  the  scries  of  imatjes  above 
described,  the  tiame  of  a  candle,  not  coiifined  by  an  eye 
<ube.  gives  a  series  of  sufficiently  conspicuous  images  ; 
and  in  order  to  see  that  these  images  are  not  very  irre- 
gular, an  eye-hole,  one-fourth,  or  one-fifth  of  an  inch 
may  be  used.  When  the  adjustment  is  to  be  made  by 
candle  light,  a  single  eye-glass  -y'^th  or  ^'^th  ol  an  inch 
focus,  was  found  to  give  a  series  of  sufficiently  dis- 
tinct images  ;  but  in  order  to  complete  a  very  nice  ad- 
justment. Dr.  Wollaston  employed  the  light  of  the  sun 
with  an  eye  glass  of  s'-„th  or  -j^th  of  an  inch  focus. 
Even  if  the  sun's  light  falls  very  ol)liquely  on  a  small 
eye-glass,  the  external  images  A  d-  A/,  are  mere  lu- 
minous points,  so  that  any  eiTor  in  their  relative  posi- 
tion is  immediately  detected. 

With  this  test  as  a  guide  for  final  adjustment,  and 
without  farther  revision,  Dr  Wollaston's  telescope,  of 
45  inches  focus,  and  made  by  DoUond  in  i771,  was 
capable  of  either  separating  very  small  and  nearly  equal 


overlapped  each  other,  and  the  overlapping  parts  were 
always  white,  in  consequence  of  the  mixture  of  the  two 
complementary  tints. 

The  form  in  which  Dr.  Brewster  constructed  the 
dichroscope,  is  shown  in  Fig  10.  where  the  plate  MN", 
composed  of  six  or  more  of  the  thinnest  and  most 
transparent  plates  of  glass,  is  made  to  move  round  a 
hinge  at  the  end  AC  of  the  tube  ABDC,  so  as  to  reflect 
or  transmit  a  strong  beam  of  polarised  light,  RS,  along 
the  axis  of  the  tube  ;  n  is  a  convex  eye-glass  placed 
next  the  eye,  o  an  aperture  of  a  circular  or  any  other 
form,  in  the  focus  of  the  lens  o  ;  m  a  flat  piece  of  topaz 
or  roek  crystal,*  not  much  larger  in  diameter  than  the 
pupil  of  the  eye,  and  cut  in  the  proper  direction  from 
the  crystal ;  and  BD  a  prism  of  nearly  the  same  diame- 
ter formed  out  of  rock  crystal  in  the  manner  long  ago 
described  by  M.  Rochon,t  so  as  to  produce  the  great- 
est separation  of  the  images,  or,  what  is  still  simpler,  a 
prism  of  calcareous  spar  having  the  refraction  and  dis- 
persion as  much  as  possible  corrected  by  an  opposite 
prism  of  balsam  of  Tolu,  or  indurated  Canada  balsam. 
When  th.-  instrument  is  thus  fitted  up,  the  rays  RS, 
polarised  by  reflexion  from  the  plates  MN,  or  by  trans- 
mission through  them,  are  arranged  into  their  comple- 
mentary colours  by  the  crystallized  plate  m,  and  are 
afterwards  separated  into  two  distinct  pencils  by  the 
double  refraction  of  the  prism  BD.  An  eye,  therefore, 
placed  at  v,  will  see  two  distinct  images  of  the  aper- 
ture 0,  and  the  colour  of  the  one  image  will  be  com- 
plementary to  that  of  the  other.  These  images  will 
exhibit  alternate    variations   of  tint  by  turning  round 


•  A  thin  film  of  sulphate  of  lime  is  much  better  th.in  any  other  mineral,  .is  it  requires  no  trouble  to  prepare  it.     Topaz  is  preferaMe 
•to  rock  cr)'stal,  as  tlie  latter  very  often  gives  false  tints,  from  a  want  of  uniformity  of  structure. 
i  Journal  de  Phi'siriueslWi .    Me'nmre  iiir  le Micrometre  dc  Crystal de  Roche.  Paris,  1807. 
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either  the  tube,  or  the  polarising  plates  MN.  If  the 
two  images  overlap,  the  pans  that  overlap  will  be  white, 
in  consequence  of  the  combination  of  the  two  opposite 
colours.  The  object  of  using  the  lens  n,  is  to  shorten 
the  tube  ;  but  if  we  remove  the  eye-glass,  the  aperture 
♦,  may  be  made  of  any  size,  and  placed  at  any  distance 
from  the  eye 

In  Fig.  1 1.  wc  have  represented  another  dichroscope, 
constructed  by  Dr  Brewsier,  and  so  vtry  simple,  that 
any  person  can  make  ii  lor  himself;  MNOP  is  a  tube 
about  two  inches  long  attached  to  a  ball  and  socket. 
The  end  MO  of  the  lube  carries  an  aperture  of  any 
form,  and  the  ball  CD  coniains  two  prisms  of  calcareous 
spar,  separated  by  a  film  of  sulphate  of  lime,  so  placed 
that  each  pair  of  the  four  images  is  tinged  with  the 
complementary  colours,  as  described  in  Sect.  IV.  p.  721. 
A  lens  L  is  cemenied  either  upon  the  anterior  or  poste- 
rior surface  of  the  compound  prism,  or  may  be  kept 
separate  from  the  prism  at  L;  but,  whatever  be  its  po- 
sition, it  must  always  enable  the  eye  at  E  to  see  the 
aperture  with  perfect  distinctness,  and  the  focal  length 
of  the  lens  must  be  so  adapted  to  the  magnitude  of  the 
apertuie,  that  the  images  of  it  can  be  sufficiently  se- 
parated by  the  universal  motion  of  the  ball  CD.  The 
interior  of  the  tube  being  covered  with  a  black  pig- 
ment, the  instrument  is  ready  for  use.  If  we  direct  it 
to  the  sky,  or  to  any  luminous  object,  four  brilliantly 
coloured  images  of  the  aperture  will  be  distinctly  seen, 
the  colour  of  the  two  middle  images  being  complemen- 
tary to  that  of  the  two  extreme  images.  By  moving 
the  ball  in  the  socket,  the  colours  will  constantly 
change,  and  the  images  will  sometimes  overlap,  and 
sometimes  separate,  exhibiting  the  finest  variety  of 
hues,  and  pleasing  the  eye  by  their  combinations,  and 
by  the  soft  harmony  of  their  contrasts.* 

If  we  use  a  perfect  crystal  of  calcareous  spar,  with 
an  interrupting  vein,  as  described  in  Sect.  XVII.  p. 
746.  and  substitute  it  in  place  of  CD,  we  have  a  jiaiural 
dichroscofie  of  the  most  perfect  kind. 

In  the  instrument  where  it  is  necessary  to  polarise 
the  light  by  blade  glass,  or  japanned  metal,  there  is  no 
less  than  j-fths  of  the  incident  jjencil  lost  by  reflexion, 
while  in  the  preceding  instrument  the  light  lost  by 
transmission  is  very  small.  From  this  cause,  the 
brightness  of  the  colours  is  incomparably  greater,  and 
they  may  even  be  distinctly  seen  in  candle  light,  by 
directing  the  aperture  to  a  piece  of  white  paper  held 
near  the  candle. 

In  Fig.  12.  is  represented  another  instrument  of 
great  advantage  in  carrying  on  very  delicate  experi- 
ments on  the  polarisation  of  light.  In  comparing  the 
quantities  of  light  polarised  in  the  plane  of  reflexion 
by  different  metals,  we  derive  very  little  aid  from  ex- 
amining the  partial  evanescence  of  one  of  the  images. 
The  intensity  of  the  complementary  colours  is  a  much 
iTiore  delicate  measure  of  the  portion  that  has  receiv- 
ed this  character.  The  method  of  doing  this  is  shown 
in  the  figure,  where  ABD  is  a  tube  about  eight  or  nine 
inches  long,  supported  upon  a  stand.  An  equal  and 
unbroken  plate  of  sulphate  of  lime,  which  gives  an  uni- 
form tint  in  every  p-irt  of  its  surface,  is  cemented  with 
Canada  balsam  between  two  plates  of  parallel  glass, 
and  is  placed  at  the  end  AB  of  the  tube,  exposing  two 
■zircular  apertures  m,  rt,  to  the  incident  rays.     At  the 


other  end  of  the  lube  is  a  piece  of  black  glass  o  /:, 
inclined  at  an  angle  of  33°  to  the  axis  of  the  tube,  and 
having  a  motion  of  rotation  round  that  axis.  When 
polarised  light  is  transmitted  through  the  apertures 
m,  n,  and  reflected  from  the  surface  o  fi  \.o  the  eye, 
these  apertures  will  appear  equally  coloured  in  every 
position  of  o  fi,  the  colour  in  one  quadrant  of  its  circu- 
lar motion  being  complementary  to  tliat  in  the  adja- 
cent quadrants.  If  we  now  wish  to  compare  the  quan- 
tity of  polarised  light  in  a  pencil  reflected  at  an  angle 
of  80°  Irom  silver,  with  the  quantity  polarised  at  the 
same  angle  by  aieel,  we  have  only  to  transmit  the  one 
pencil  through  w,  and  the  other  through  n,  and  the 
intensity  of  the  colours  will  show  which  of  the  two 
contains  the  greatest  quantity  of  polarised  light.  Or 
if  we  diminish  the  inclination  of  the  stetl  surface  till 
the  colours  of  the  two  apertures  are  equally  intense, 
we  obtain  the  angles  of  incidence  at  which  steel  and 
s:lver  polarise  equal  quantities  of  light  in  the  plane  of 
reflexion.  By  using  two  plates  of  black  glass  having  a 
variable  inclination  to  the  axis  of  the  tube,  we  may  al- 
low the  light  to  fall  at  equal  angles  upon  the  two  me- 
tals, and  thus  ascertain  the  difi'erent  inclinations  of  the 
plates  of  glass  at  which  the  two  apertures  exhibit  the 
same  intensity  of  colour. 

If  we  wish  to  see  the  whole  progression  of  the  colours 
of  crystallized  plates,  from  the  blue  of  the  first  order 
up  to  the  white,  or  mixture  of  all  the  colours,  we  have 
only  to  use  a  thin  plate  of  calcareous  spar  cut  perpen- 
dicular to  the  axis;  or,  wiiat  is  still  better,  a  perfect 
natural  crystal  of  calcareous  spar,  or  the  ckaux  car- 
bonate ba.\ee  of  Hauy,  in  which  the  faces  are  not  only 
perfectly  polished,  but  art  truly  parallel  to  one  another, 
and  truly  perpendicular  to  tlie  axis  of  the  rhomb.  This 
plate  may  be  put  into  a  tube  like  that  in  Fig.  10.  and 
used  with  a  singly  polarising  crystal,  or  with  a  double 
prism,  and  by  varying  the  inclination  of  the  plate  to  the 
axes  of  the  tube,  it  is  easy  to  observe  the  primitive  and 
the  complementary  tints  of  any  of  the  orders  of  rings. 
Quartz,  mica,  topaz,  and  other  crystals,  are  quite  unfit 
for  this  purpose,  as  the  tints  of  the  first  are  disturbed 
by  the  secondary  tints  of  circular  polarisation,  while 
those  of  the  other  two  deviate  from  the  tints  of  New- 
ton's scale. 

Since  the  complementary  colours  are  those  which  al- 
ways harmonise  best  with  one  another,  as  explained  at 
great  length  in  our  article  on  Accidental  Colours, 
the  dichroscope  becomes  an  instrument  of  great  use  in 
selecting  the  different  colours  which  are  best  adapted 
to  each  other,  either  in  articles  of  dress  or  household 
furniture.  If,  for  example,  we  wish  to  find  the  colour 
which  harmonises  best  with  a  golden  orange,  we  have 
only  to  turn  the  instrument  till  the  orange  colour  ap- 
pears in  the  one  image,  and  we  shall  find  the  other  im- 
age tinged  with  a  sky  blue,  which  is  the  colour  required. 

Sect.  XIV. — On  Photometers. 

Although  the  term  Photometer,  from  ^aj,  light,  and 
ftsTfoy,  a  measure,  has  been  introduced  by  Lambert  js  the 
name  of  an  instrument,  yet  we  can  scarcely  say  that  any 
such  instrument  exists. 

Bouguer  and  Lambert  had  no  instrument  by  which 
they    measured   the   intensity    of    light,    but   employed 


•  The  phenomena  will  admit  of  many  beautiful  variations,  by  using  several  films  of  sulphate  of  lime,  having  their  axes  variously  iru 
c'.inedto  one  another. 


OPTICS, 


■yi 


merely  llie  mtthods  anil  llie  apparatus  which  we  have 
already  described  in  Chap.  VII,  p.  7SS. 

An  ingenious  method  of  measuring  the  comparative 
intensities  of  the  light  emitted  by  luminous  budies,  was 
])roposcd  in  the  year  1794  by  Count  Rumford.  The  two 
burning  candles,  or  lamps,  or  any  other  two  lights  which 
were  to  be  compared,  are  placed  at  equal  heights,  on 
two  moveable  stands,  in  a  darkened  room.  A  sheet  of 
clean  while  paper,  equally  spread  out,  is  fastened  on  the 
wainscot  on  one  side  of  the  room,  at  the  same  height 
from  tiie  floor  as  the  lights  ;  and  the  lights  are  placed 
over  against  this  sheet  of  paper,  at  the  distance  of  six 
pr  eight  feet  from  it,  and  six  or  eight  from  each  other, 
in  such  a  manner  that  a  line  drawn  fiom  the  centre  of 
the  peper,  perpendicular  to  its  surface,  shall  bisect  the 
angle  formed  by  lines  drawn  from  the  lights  to  that  cen- 
tre. In  this  case,  the  one  light  will  be  in  the  line  of  re- 
flexion of  the  other,  the  sheet  of  paper  being  considered 
as  a  plane  reflecting  mirror. 

When  this  adjustment  is  made,  a  cylinder  of  wood, 
about  six  inches  long,  and  one-fourth  of  an  inch  in  dia- 
iTieler,  is  held  vertically  about  two  or  three  inches  be- 
fore the  centre  of  the  sheet  of  paper,  so  that  the  two 
shadows  of  the  cylinder  produced  by  the  two  lights  may 
be  distinctly  seen.  If  these  shadows  have  unequal  den- 
sities, the  light  whose  corresponding  shadow  is  the 
densest  must  be  removed  fartiier  off,  or  the  other  must 
be  brought  nearer  to  the  paper,  till  the  densities  ol  the 
shadows  appear  exactly  equal;  or,  what  is  the  same 
thing,  till  the  densities  of  the  rays  diverging  from  the 
two  lights  are  equal  at  the  surface  of  the  paper.  When 
this  happens,  the  squares  of  the  distances  of  the  lights 
will  be  lo  each  other  as  the  veal  intensities  of  the  lights. 

In  Older  to  convert  this  instiument  into  a  photometer, 
Count  Rumford  received  the  shadows  of  the  cylinder  on 
he  back  part  of  a  wooden  box,  open  in  front  to  receive 
the  light.  Having  found  it  inconvenient,  however,  to 
compare  two  shadows  projected  by  the  same  cylinder, 
he  made  use  of  two  cylinders  fixed  perpendicularly  to 
the  bottom  of  the  box,  and  distant  from  the  back  of  it 
S-fV'hs  inches,  whili  their  axes  were  placed  at  the  dis- 
tance of  three  inches.  These  two  cylinders  projicted 
four  shadows  on  the  back  of  the  box,  (called  the  field 
of  the  instrument,)  two  of  which  are  in  contact  exactly 
in  the  middle  of  the  field,  and  are  the  two  whose  den- 
sities are  to  be  compared  ;  the  two  outer  ones  being 
made  to  disappear,  by  falling  witliou'  the  field  on  a 
blackened  surface.  In  one  of  Coimt  Rtimford's  instru- 
ments the  cylinders  are  T%ihs  of  an  inch  in  diameter, 
and  2-j\ths  inches  high,  and  the  field  isS^'y  ths  inches 
■wide.  In  this  instrument,  the  paper  which  forms  the 
field  is  pasted  on  a  small  frame  of  very  fi.ie  ground  glass, 
and  the  glass  thus  covered  is  let  down  into  a  groove 
made  to  receive  it  in  the  back  of  the  box. 

For  the  purpose  of  making  the  shadows  always  of  the 
same  diameter,  which  is  not  the  case  unless  the  lights 


have  the  same  dlainctcr,  the  cylinders  are  moveabJe 
about  their  axes,  and  lo  each  is  added  a  vertical  wing 
IJths  of  an  inch  wide,  -j'gth  of  an  inch  thick,  of  the  same 
height  with  the  part  of  the  cylinder  within  the  box,  and 
firmly  fixed  to  it  from  the  lop  to  the  bottom.  By  means 
of  these  wings  the  widths  of  the  shadows  are  augmented 
so  as  to  fill  the  whole  field  of  the  photometer.  The  cy- 
linders, which  are  made  of  brass,  are  turned  round  by 
taking  hold  of  the  ends  which  projfict  below  the  bottom 
of  the  box. 

For  a  full  account  of  this  instrument  we  must  refer 
t!ie  reader  to  the  Philoiofihical  Transactions  for  1794, 
p.  67. 

The  celebrated  M.  Larflbert  first  suggested  the  ther- 
mometrical  photometer,  an  instrument  which  measures 
the  intensity  of  light,  on  the  supposition  that  the  quantity 
of  light  and  heat  in  any  beam  of  the  solar  or  other  rays, 
are  invariably  proportional  to  each  other.  He  saw,  how- 
ever, the  imperfections  ol  the  instrument,  and  remarked 
that  its  use  was  too  circumscribed,  as  it  was  impossible  to 
measure  with  a  tiiermometer  the  brightness  of  the  lunat 
rays* 

The  same  principle  was  afterwards  applied  by  M\: 
Leslie  to  an  air  thermometer,  but  for  the  reason  assign- 
ed by  Lambert,  it  can  never  be  considered  as  afTording 
a  measure  of  light  See  Lambert's  PItotometria,  p.  5,  6  ; 
and  Leslie  On  Heat,  p.  103. 

Sect.  XV^. — Description  of  the  Olitigrafih. 

The  optigraph,  which  is  a  telescope  made  for  tlie 
purpose  of  copying  landscapes,  was,  we  believe,  origi- 
nally suggested  by  Dr.  Darwin,  and  improved  by  Mr. 
Watt,  who  informed  the  writer  of  this  article  that  he  put 
it  into  the  hands  of  the  celebrated  Mr.  Ramsden,  for  the 
purpose  of  being  constructed. 

The  optigraph,  as  constructed  by  Mr.  Ramsden,  was 
afterwards  improved  by  Mr.  Thomas  Jones,  who  has 
given  the  following  description  of  it. 

'•  Fig.  13.  is  a  perspective  view  of  the  optigraph.  K 
represents  the  drawing-board,  on  the  outside  frame  of 
which  is  fixed  the  pillar  of  the  instrument  15.  by  a  clamp 
<7  ;  C  is  a  tube  (sliding  in  the  pillar,)  on  the  top  of  which 
is  fixed,  by  means  of  a  screw  c,  the  frame  D  ;  at  the 
end  of  this  frame  is  a  plane  mirror  E,  beneath  which  ii 
suspended,  by  a  universal  joint,  the  telescope  F,  of 
which  G  is  the  eye-tube.  H  are  slichng  tubes,  capable 
of  being  shortened  or  lengthened  in  the  same  propor- 
tion as  the  inside  speculum  c.  (I"ig.  14.)  which  is  fixed 
to  any  place  by  the  clamp  screw  E.  The  pencil  L,  of 
which  h  is  the  h.;ndle,  slides  perfectly  easy,  without 
shake,  in  the  tubes  H,  and  is  so  contrived  as  to  have 
all  the  freedom  of  a  pen  when  held  in  the  hand  for  use. 

Fig.  14.  represents  a  section  of  tlie  telescope,  being 
the  principal  part  of  the  invention.  The  rays  from  an 
object  entering   the  plane   mirror  a,  are  refi^cted  into 


•  The  following  is  the  pass.ig-e  in  the  PlMomctria,  where  this  instrument  is  described  : — "  Optanchim  certe  esset,  ut'exco^itaretiir 
photometrum  ihermometro  aiialogiim,  qiiodliiiiiini  exposilum  ejus  intensitatem  atque  claritatetn  indicaret.  Enimvero  ipse  ociilus  no- 
bis ejus  sistit  exemplar,  quippe  ptipillae  ape:tura  luminis  sequitur  m.%gnitudinem  ac  claritutem,  et  utrique  sese  accommodat.  At 
magnoperc  dubitaiid.im  artem  in  hoc  iiegobc  naturam  posse  imltari.  Vix  enlm  parabitur  materia  sensibilltate  fibrillarum  oculi  gaudens 
motuiqiie  luminis  cedens,  ctiamsi  liuj^s  claii.as  sit  perexigiia.  Non  me  latct,  hunc  in  fincm  sumlafiiisse  a  pluribiisexperimenta.qtiibus 
demoiistrare  conati  sunt,  motiim  luminis  Cise  scnsibilem,  cum  arena  vel  lamina  chah  bea  foco  lentis  causticx  vel  speculi  ustorli  expo- 
sita  avi  radionim  solarium  agitareiur.  Merito  enlm  dubilare  licet,  Uimini  an  calori  effectus  iste  adscrihi  debeat,  atque  eiiamsicum  a 
sololumine  proficisci  concedamus,  cum  tinta  requiratur  radiorum  densitas,  parva  certe  remanet  spes,  idem  obtineri  posse,  ubi  men. 
surandum  vcnit  lumen  longe  debllius.  Qtiodii  vei-o  Itttnen  sumatur  solare,  atque  (jciiere  Uceat,  Inijiis  calorem  in  eailem  ratime  mimii  vel  in- 
:en<U,  qua  mintii  rt  intenji  pote-t  ijnn  tlfiisilus  thermomelnim  utiqiie photometri  -vices  suslincre  poleril.  .tl  vimis  arclis  ejusiisiis  clrcH"t?f:/.'''>!r 
fiit  limitibtu.     Qiiis  enim  ope th^rtv.'.metri luminis  liutoiis  deteji:  claritutem  ?" — Ljmbcrt's  I'ltotonte-.ria,  p.  5,  6. 


792 


OPTICS. 


the  telescope,  passing  llirough  the  object-glass  b,  and 
entering  the  speculum  c,  are  reflected  through  the  eye- 
glass d,  to  the  eye  at  c  :  /  is  a  piece  of  parallel  glass, 
•with  a  small  dot  on  its  centre,  exactly  in  the  focus  of  the 
eye-glass  d. 

Fix  the  drawing  board  to  the  table,  (by  a  clamp  which 
is  packed  in  the  box,)  so  that  the  surface  of  the  mirror 
E  is  nearly  parallel  to  the  object ;  then  take  hold  of  the 
handle//,  and  hold  the  pencil  on  that  part  of  the  paper 
■where  you  would  wish  the  centre  of  your  drawing,  or  any 
part  of  it,  to  be.  Then  place  your  eye  at  the  eye-tube 
G,  and  with  your  left  hand  alter  the  inclination  of  the 
mirror  E,  until  the  small  dot,  described  at/,  in  Fig.  14. 
is  on  some  particular  part  of  the  object  that  you  wish 
to  begin  with,  adjusting  the  telescope  to  distinct  vision 
by  the  milled  head  P.  Then,  by  moving  your  hand 
(having  the  pencil)  you  pass  the  dot  seen  in  the  field 
of  the  telescope  over  the  object,  the  pencil  marking  it  at 
the  same  time  on  the  paper. 

To  make  your  drawing  larger,  pull  out  the  tube  of  the 
pillar  C,  Fig.  13.  and  fix  it  with  the  screw  e  ;  then  pull 
out  the  sliding  tubes  H,  till  the  pencil  is  within  half  an 
inch  of  the  paper,  (in  the  middle  of  the  beard,)  and  pro- 
ceed as  formerly. 

To  make  the  drawing  smaller,  shorten  the  tubes  C 
and  H,  by  sliding  them  in,  and  proceed  as  before."  See 
Phil.  Mag.  vol.  xxviii.  p.  66. 

Sect.  XVI. — Descrifition  of  the  Teinoscofie. 

The  word  teinoscofie  from  reim,  to  extend,  and  ir/.oTiu, 
to  see,  is  an  instrument  constructed  by  Dr.  Brewster, 
for  examining  an  object  in  a  state  of  extension,  or  for 
altering  the  lineal  proportions  of  objects.  When  two 
prisms  of  crown-glass  are  put  together  so  as  to  produce 
refraction  without  colour,  as  described  in  Prop.  XIII.  p. 
677.  it  is  obvious  that  the  lineal  dimensions  of  objects 
are  extended  or  magnified  in  the  plane  of  refraction,  so 
that  the  elevation  of  a  building  or  any  other  object  is 
magnified  in  length,  while  its  breadth  remains  the  same. 

By  moving  one  of  the  prisms  in  the  plane  of  refrac- 
tion, so  as  to  go  on  each  side  of  the  achromatic  position, 
the  proportion  of  the  length  to  the  breadth  of  the  object 
was  altered,  though  the  colour  was,  of  course,  not  en- 
tirely corrected. 

In  order  to  obviate  this  inconvenience.  Dr.  Brewster 
contrived  a  compound  instrument  of  font  prisms,  as  re- 
presented in  Fig.  15.  where  AB  is  a  prism  with  a  va- 
riable refracting  angle,  as  used  by  Clairaut  for  measur- 
ing dispersive  powers.  It  consists  of  two  prisms  A,  B, 
of  the  same  material,  united  by  two  cylindrical  surfaces 
c,  rf,  e,f,  so  that  by  the  motion  of  the  concave  cylindri- 
cal surface  of  B  upon  the  convex  one  of  A,  the  two 
plane  surfaces  MN  form  different  angles  with  one  an- 
other. Another  prism  C,  of  the  same  glass,  is  placed 
as  in  the  figure,  so  as  to  correct  the  colour  of  AB,  when 
the  inclination  of  M  and  N  has  its  mean  value. 

If  we  now  look  at  any  object  through  the  faces  m,  n, 
M,  N,  it  will  be  quite  free  of  colour,  and  its  length  (if 
in  the  plane  of  refraction,)  will  be  magnified  or  extend- 
ed, so  that  we  can  judge  whether  its  form  would  be 
improved  by  varying  its  longitudinal  dimensions.  If 
we  wish  to  exainine  its  appearance  when  its  length  is 
made  greater  or  less  in  proportion  to  its  breadth,  we 
have  only  to  enlarge  or  diminish  the  inclination  of  the 


faces  MN,  and  then  correct  the  colour,  by  placing  the 
prism  C  at  a  greater  or  less  distance  from  M.  In  this 
way  we  may  ascertain  the  exact  relation  between  the 
length  and  breadth  of  an  object,  wiiich  is  most  agieeable 
to  the  eye,  in  place  of  discovering  it  by  a  succession  of 
designs. 

As  the  effect  of  the  different  designs,  however,  pos- 
sessing different  ratios  of  length  and  breadth,  could  not 
be  recollected  so  as  to  be  brought  into  direct  compari- 
son, It  became  advisable  to  have  two  instruments  ad- 
justed to  give  the  proportions  which  it  was  requiied  to 
compare ;  and  by  combining  the  two  instruments  toge- 
ther, we  obtained  the  additional  advantage  of  enlarging^ 
the  extending  power  of  each  instrument,  when  they 
were  placed  similarly,  or  in  the  same  plane  ;  and  of  ob- 
taining a  variation  in  the  breadth  of  the  object  when  they 
were  placed  transversely,  or  in  rectangular  planes.  By 
such  means  Dr.  Brewster  had  it  in  his  power  to  vary 
eitlier  the  length  or  breadth  of  the  object,  and  to  produce, 
within  moderate  limits,  any  change  that  was  required  in 
the  ratio  of  its  lineal  dimensions. 

In  constructing  these  instruments  for  actual  use,  it  is 
not  necessary  that  the  prism  C  should  be  made  of  the 
same  kind  of  glass  as  AB.  The  power  of  the  instru- 
ment would  be  greatly  increased  by  making  C  of  fl  '."•r- 
spar  or  rock-crystal,  or  the  colourless  topa:i  of  New 
Holland,*  on  account  of  their  low  dispersive  power. 
The  reflexion  of  light  at  the  cylindrical  surfaces  of  AB 
may  be  removed  by  introducing  a  film  of  oil  of  the  same 
refractive  power  as  the  glass,  and  the  motions  of  the 
prisms  N  and  C  may  be  so  connected,  that  the  achror 
matic  position  for  different  angles  of  the  variable  prism 
may  be  obtained  by  turning  a  single  screw  nut. 

By  combining  prisms  in  this  way.  Professor  Amici  of 
Modena  has  obtained  a  magnifying  power  sufficient  for 
an  opera  glass.  See  Memorie  detla  Societe  Icaliana,  torn, 
xix.  ;  and  the  Edinburgh  Philosophical  Journal,  vol.  vi. 
p.  334. 

Sect.  XVII. — Dr.    Wollaston's  Instrument  for  Measur- 
ing the  Refractive  Powers  of  Bodies. 

This  ingenious  instrument  was  suggested  to  Dr.  Wol- 
laston  by  the  prismatic  eye-glass  of  Sir  Isaac  Newton, 
which  depends  on  the  total  rellexion  of  light  at  the  inner 
surface  of  a  refracting  medium. 

"  Since  the  range  of  inclination,"  says  he,  "  within 
which  total  reflexion  lakes  place,  depends  not  only  on 
the  density  of  the  reflecting  prism,  but  also  on  the  rari- 
ty of  the  medium  adjacent  to  it,  ti-.e  extent  of  that  range 
varies  with  the  difference  of  the  densities  of  the  two 
media.  When,  therefore,  the  refractive  power  of  one 
medium  is  known,  that  of  any  rarer  medium  may  be 
learned,  by  examining  at  what  angle  a  ray  of  light  will 
be  reflected  from  it. 

For  instance,  when  any  object  is  laid  under  a  prism 
of  flint-glass,  with  air  alone  interposed,  the  internal  an- 
gle of  incidence  at  which  the  visual  ray  begins  to  be 
totally  reflected,  and  at  which  the  object  ceases  to  be 
seen  by  refraction,  is  about  39°  10';  but  when  the  ob- 
ject has  been  dipped  in  ivater,  and  brought  into  contact 
with  the  glass,  it  contu.ues  visible,  by  means  of  the 
higher  refractive  power  of  the  water,  as  far  as  57^°  of 
incidence.  When  any  kind  of  oil,  or  any  resinous  ce- 
ment, is  interposed,  this  angle  is  still  greater,  according 


•  When  quartz  or  topaz  is  used,  the  mean  position  of  the  refractet}  ray  in  the  prism  C,  should  coincide  with  the  axis  of  the  former, 
or  one  of  the  resultant  axes  of  the  latter. 
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to  the  refractive  power  of  the  medium  employed  ;  and, 
by  cements  that  refract  more  sirongly  than  the  glass, 
the  object  may  be  seen  through  the  prism,  at  whatever 
angle  of  incidence  it  is  viewed. 

In  examining  the  refractive  powers  of  fluids,  or  of  fu- 
sible substances,  the  requisite  contact  is  easily  obtained  ; 
but,  with  solids,  which  can  in  few  instances  be  made  to 
touch  to  any  great  extent,  this  cannot  be  effected  with- 
out the  interposition  of  some  fluid,  or  cement,  of  higher 
refractive  power  than  the  medium  under  examination. 
Since  the  surfaces  of  a  stratum  so  interposed  are  pa- 
rallel, it  will  not  affect  the  total  deviation  of  a  ray  pass- 
ing through  it,  and  may  therefore  be  employed  without 
risk,  of  any  error  in  consequence. 

Thus,  resin,  or  oil  of  aasaqfras,  interposed  between 
plate  glass  and  any  other  prism,  will  not  alter  the  re- 
sult. 

If,  on  the  same  prism,  a  piece  of  aeleniceand  another 
of  filate-glass  be  cemented  near  each  other,  their  pow- 
ers may  be  compared  with  the  same  accuracy  as  if  they 
were  both  in  absolute  contact  with  it. 

For  such  a  mere  comparison  of  any  two  bodies,  a 
common  triangular  prism  is  best  adapted  ;  but,  for  the 
purpose  of  actual  measurement  of  refractive  powers,  I 
have  preferred  the  use  of  a  square  prism,  because,  with 
a  very  simple  apparatus,  it  shows  the  sine  of  refractive 
power  sought,  without  the  need  of  any  calculation. 

Let  A,  Fig.  16.  be  a  square  or  rectangular  prism,  to 
which  any  substance  is  applied  at  6,  and  let  any  ray  of 
light  parallel  to  c  i  be  refracted  through  the  prism,  in 
fhe  direction  b  d  e. 

Then,  if  ef  and  e  d  be  taken  proportional  to  the  sines 
that  represent  the  refaciive  powers  of  the  prism  and  of 
air,/ 5',  which  is  intercepted  betweenyand  the  perpen- 
dicular e  g,  will  be  the  corresponding  sine  to  represent 
the  refractive  power  of  the  medium  b.  For,  since  e  d  g 
(opposite  to  ef)  is  the  angle  of  refraction,  e^g  (oppo- 
site to  e d)  must  be  equal  to  the  angle  of  incidence  b  dh  ; 
and  ef:  f  g  :  :  b  d :  d  h  ::  sine  of  c  b  i:  sine  oi  h  b  d. 

All,  therefore,  that  is  requisite  for  determining  the  re- 
fractive power  of  A,  is  to  find  means  of  measuring  the 
line/g'.  On  this  principle,  the  instrument  in  the  annex- 
ed sketch  (Fig.  17  )  is  constructed.  On  a  board  a  6  is 
fixed  a  piece  of  flat  deal  c  d,  to  which,  by  a  hinge  at  d, 
is  jointed  a  second  piece  d  e,  10  inches  long,  carrying 
two  plane  sights  at  its  extremities.  At  c  is  a  second 
hinge,  connecting  ef,  IS  83  inches  long  ;  and  a  third  at 
the  other  extremity  of  ef  by  which  f  g  is  connected 
with  it.  At  i  also  is  a  hinge,  uniting  the  radius  f  ^  to 
the  middle  of  ef ;  and  then,  since  g  moves  in  a  semi- 
circle e  gf,  a  line  joining  e  and  g  would  be  perpendicu- 
lar to  /  §■• 

The  piece  cd  has  a  cavity  in  the  middle  of  it,  so  that, 
Vfhen  any  substance  is  applied  to  the  middle  of  the 
prism  P,  it  may  continue  to  rest  horizontally  on  its  ex- 
tremities. When  e  d  has  been  so  elevated  that  the  yel- 
low rays  in  the  fringe  of  colours  (observable  where  per- 
fect reflexion  terminates)  are  seen  through  the  sights, 
the  point  g,  by  means  of  a  vernier  which  it  carries, 
shows  by  inspection  the  length  of  the  sine  of  refraction 
sought." 

The  ingenious  instrument  now  described,  was  appli- 
ed by  Malus  to  measure  the  refractive  posvers  of  opaque 
bodits,  by  means  of  a  prism,  which  exceeded  them  in 
refractive  power.  When  they  are  placed  in  contact 
with  one  of  the  surfaces  of  the  prism,  the  angle  at  which 
they  cease  to  be  seen  by  rtlVaction  is  determined.     Call- 

Vot.  XIV,  Part  II. 


ing  this  angle  ~  ^ ;  m~  the  index  of  refraction  of  the 
prism,  and  m'  that  of  the  body  to  be  determined,  then 
Malus  has  shown,  that, 
For  o/iague  bodies, 


Cos.^  <P  =Z 


2  m= 
And  for  transfiarenl  bodies, 


;  and  m'^  ^  m^  —  2  n^  Cos.-  <f 


Cos.*  <p  = 


m2 


-;  and  m'  ^Zm  Sin.  ^. 


Dr.  Young  has  remarked,  that  the  index  of  refrac- 
tion given  by  Dr.  Wollaston's  instrument  is  that  which  is 
appropriate  to  the  extreme  red  rays.  See  Phil.  Trans 
1802;  Dr.  Young's  J^at.  Phil.  vol.  ii.  p.  298  ;  Memoiret 
d'Arcueil.  tom.  ii. ;  and  Dr.  Brewster's  Treatise  on  .\'eii- 
Phil.  InsC.  p.  340. 

Sect.  XVIII. — Descri/ition   of  the    Chromatic   Therni'j 
meter. 

Differences  of  temperature  have  hitherto  been  mea- 
sured by  the  expansions  and  contractions  which  they 
produce  in  solid,  fluid,  or  gaseous  bodies,  and  all  the 
various  therniometrical  instruments  that  have  been  con- 
structed, differ  from  each  other  only  in  the  method  by 
which  these  mechanical  effects  are  rendered  visible. 
The  experiments  contained  in  Art.  II.  p.  738,  present 
us  with  an  entiiely  new  principle  for  the  construction  of 
a  thermometer.  We  have  there  seen,  that  the  tints  po- 
larised by  a  plate  of  glass,  increase  with  the  temperature 
by  which  they  are  produced,  and  therefore  these  tints 
may  be  used  as  a  measure  of  the  temperature,  after  the 
tints,  corresponding  to  several  points  in  the  therniome- 
trical scale,  have  been  accurately  ascertained. 

An  instrument  of  this  kind,  which  Dr.  Brewster  has 
constructed,  is  represented  in  Fig.  18,  where  ABC  is  a 
series  of  20  plates  of  glass,  whose  length  AB  is  3  2 
inches,  their  breadth  1.2  inches,  and  their  united  thick- 
nesses BC,  5.4  inches.  A  metallic  vessel,  DEFG,  has 
its  bottom  formed  of  a  thin  layer  of  tin  or  lead,  or  any 
other  suitable  metal  which  can  be  poured  in  a  fluid  state 
upon  the  upper  edges  of  the  glass  plates,  so  as  to  touch 
them  in  every  part.  This  perfect  contact  may  be  ob- 
tained for  higher  temperatures,  by  grinding  the  bottom 
of  the  metallic  vessel  till  it  touches  the  edges  of  the 
glass  in  every  point. 

When  a  heated  fluid  is  poured  into  the  vessel  DEFG, 
its  heat  will  be  instantly  communicated  to  the  edges  of 
the  plates,  and  when  exposed  to  a  polarised  ray,  subse- 
quently analysed  by  reflexion  from  a  transparent  body, 
they  will  exhibit  the  coloured  fringes  at  AB.  Now, 
every  tint  in  the  scale  of  colours  has  a  corresponding 
numerical  value,  which  becomes  a  correct  measure  of 
the  temperature  of  the  fluid. 

Instead  of  pouring  the  fluid  into  the  vessel,  we  may 
remove  the  vessel  altogether,  and  plunge  the  glass 
plates  into  the  fluid.  They  must  then  be  taken  quickly 
out  and  suspended  in  a  position  where  they  are  properly 
exposed  to  polarised  light.  The  maximum  tint  which 
they  develope  at  the  centre,  while  cooling,  is  a  measure 
of  the  temperature  which  they  have  acquired  in  the 
fluid. 

In  order  to  obtain  some  idea  of  the  nature  of  the  scale, 
Dr.  Brewster  made  the  following  trials. — The  heat  of 
his  hand,  when  applied  to  the  edges  of  20  plates  of  glass, 
produced  instantly  the  fringes  with  the  black  spaces. 
With  12  plates  he  produced  the  yellow  of  the  first  or- 
der ;  and  when  one  plate  only  was  ased,  the  black  spacei. 
6  B 
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and  the  bluish  white  fringes  were  distinctly  visible.  A 
temperature  of  about  80°,  that  of  the  glass  being  60°, 
when  applied  to  20  plates,  polarised  in  the  central  fringe 
a  yelloiv  of  the  first  order,  which  corresponds  to  a  tint 
whose  value  is  4  in  the  scale  of  colours.  Hence,  one 
plate  would  have  produced  a  tint  corresponding  to 
^'^HIO.SO  of  the  scale. 

When  one  of  the  plates  was  placed  upon  a  bar  of  red 
hot  iron,  just  visible  in  day  light,  it  polarised  in  the 
central  fringe  the  commencement  of  the  green  of  the 
second  order,  which  corresponds  to  9.35  in  the  scale. 

Now  the  difference  of  temperature  answering  to  0.20 
was  80° — 60°^20°.     Hence  we  have 

As  0.20:  9.35=20°:  935 

the  difference  of  temperature  of  the  iron  and  the  glass. 
The  temperature  of  the  iron  is  therefore  935°4-60°:= 

995°. 

If  we  suppose  the  tints  to  be  so  indefinitely  marked 
that  the  eye  can  only  observe  units  of  the  scale  of  co- 
lours, we  shall,  even  in  this  case,  have  a  scale  of  187 
parts  to  measure  the  temperature  of  935° — 20°=915°, 
which  is  a  scale  having  each  of  its  divisions  equal  to 
nearly  4°. 9.  The  tints,  however,  are  much  more  defi- 
nite than  we  have  supposed  ;  for,  in  the  second  order 
of  colours,  in  which  the  observations  may  always  be 
made,  the  eight  different  tints  have  the  following  mea- 
sures. 

Tints.  Values. 

Violet  .  .  .  r.20 

Indigo  .  •  .  8.18 

Blue  .  .  .  9.00 

Green  .  .  .9.71 

Yellow  .  .  .  10.40 

Orange  .  .  .  11.11 

Bright  red         .  .  .  11.83 

Scarlet  .  .  .  12.67 

Now  the  difference  of  the  values  for  violet  and  scarlet 
is  5.47,  corresponding  to  seven  different  colours.  Hence, 
upon  tlie  supposition  that  the  eye  can  distinguish  mere- 
ly these  separate  colours,  the  accuracy  of  the  scale  is 
increased  in  the  ratio  of  5.47  to  7,  that  is,  from  187  to 
239,  which  gives  3°. 83  for  the  value  of  each  unit. 

It  is  quite  manifest,  however,  that  we  can  distinguish 
at  least  three  points  in  the  development  of  each  colour  ; 
and  even  if  this  could  not  be  accomplished  by  llie  unas- 
sisted eye,  it  can  readily  be  effected  to  a  much   greater 
extent,  by   crossing  the   fringe   with  a  standard  crystal- 
lized   plate,    and    observing    the   degree    of   curvature 
which  is  produced  in  the  fringes.     This  standard   plate 
may  be  shaped  like  a  wedge,  so   as  to  exhibit  the  va- 
riation   of  its  tints   to   a    great    degree   of   minuteness. 
In  a  wedge  of  this  kind,  two  inches  Io>.g,  and  ground 
out  of  a   crystallized  parallelopiped,  so  as   to   have   an 
angle  of  8  degrees,  the  highest  lint  is  between  the  blue 
anil  the  -white  of  the  tiist  order,  corresponding  lo  2.20  of 
the  scale,  and  the  lowest  lint  is  between  the  6/afiir  and  the 
i/!<f,  corresponding  to  about  0  8.     We  have  therefore  a 
scale  of  nearly  two  inches  to  measure  a  variation  in  the 
lints  amounting  to  2.20 — 0.80:=!  40.     The  method  of 
\ising  the  wedge  or  nonius  is  shown  in  Fig.  19.  where  AB 
is   the  wedge,   exhibiting  tints  which    vary    in  intensity 
from   A   to  B.     If  we  wish   to  ascertain  the  tints  of  a 
piece  of  crystallized  glass  CD,  it  must  be  held  as  in  the 
figure,  and  moved  from  A  to  B.     When  it  has  the  po- 
sition CD,  the  interseciional  figure  is  open  horizontally, 


which  shows  that  the  tints  of  AB,  at  the  point  m,  are 
higher  than  those  of  CD.  In  the  position  GH  the  figure 
is  open  vertically,  and  therefore  the  tints  of  the  wedge  at 
0  are  lower  than  those  of  the  plate.  But  in  the  inter- 
mediate position  EF,  a  dark  cross  is  produced,  which 
evinces  the  perfect  equality  between  the  tints  of  the 
wedge  at  n  and  those  of  the  plate  EF.  In  this  manner 
all  tints  may  be  compared  with  each  other,  and  referred 
10  the  scale  of  colours. 

By  forming  wedges  of  crystallized  glass  in  this  way, 
we  are  enabled  to  observe  the  gradations  by  which  the 
tints  pass  into  each  other,  and  to  perform  many  experi- 
ments  on  the  orders  of  colours,  which  would  otherwise 
have  been  impracticable. 

The  sensibility  of  the  preceding  instrument  depends 
on  several  other  causes.  l«t.  On  the  intensity  of  the 
polarised  pencil.  Id,  On  the  transparency  of  the  glass. 
And  Zd,  On  the  removal  of  all  internal  reflexions  at  the 
junction  of  the  plates.  In  the  instrument  with  20  plates 
already  mentioned,  the  glass  has  a  green  tinge,  and  the 
polarised  light  suffers  no  fewer  than  40  reflexions  be- 
fore it  reaches  the  eye.  In  order  to  remove  these  evils, 
the  light  should  be  polarised  by  reflexion  from  several 
of  the  thinnest  and  most  colourless  plates  of  glass  that 
can  be  procured,  so  that  each  plate  may  polarise  and  re- 
flect the  light  which  is  transmitted  through  the  plate 
immediately  above  it.  In  this  way  we  have  obtained  a 
light  as  brilliant  as  that  which  is  reflected  from  silver. 
The  internal  reflexions  may  be  removed  by  interposing 
a  film  of  oil  between  each  of  the  plates,  so  as  to  rise 
above  that  part  of  the  plate  where  the  tint  is  to  be  ex- 
amined. 

If  the  instrument  is  properly  constructed,  with  these 
precautions,  we  have  no  hesitation  in  saying,  that  it  will 
distinctly  mark  a  difference  of  temperature  equal  to  1* 
of  Fahrenheit's  thermometer.  See  Philosofiliical  Trans- 
actions, 1816,  p.  1U8. 

Sect.  XIX. — Descrijition  of  the  Ojitometer. 

The  optometer  is  an  ingenious  instrument  invented  by 
Dr.  Porierfield,  but  greatly  improved  by  Dr.  Thomas 
Young,  for  the  purpose  of  determining  the  focal  dis- 
tance of  the  eye,  and  finding  the  kinds  of  glasses  which 
are  suitable  to  the  various  cases  of  long  and  short  sight- 
ed vibioii.  The  following  is  Dr.  Young's  description  of 
the  improved  instrument. 

"  Let  an  obstacle  be  interposed  between  a  radiant 
point,  Fig.  20.  and  any  refi acting  surface  or  lens  CD,  and 
let  this  obstacle  be  perforated  at  two  points  A  and  B 
only.  Let  the  refracted  rays  be  inteicepted  by  a  plane, 
so  as  to  form  an  image  on  it.  Then  it  is  evident,  that 
wli.n  this  plane  EF  passes  through  the  locus  of  refract- 
ed rays,  the  image  formed  on  it  will  be  a  single  point. 
But  if  the  pli;ne  be  advanced  forwards  to  GH,  or  re- 
moved backwards  to  IK,  the  small  pencils,  passing 
through  the  perforations,  will  no  longer  meet  in  a  single 
point,  but  will  fall  on  two  distinct  spots  of  the  plane, 
G,  H  ;  I,  K:  and,  in  cither  case,  form  a  double  image 
of  the  object. 

Let  us  now  add  two  more  radiating  points,  S  and  T, 
Fig-  21.  the  one  nearer  to  the  lens  than  the  first  point, 
the  other  more  remote;  and,  when  the  plane,  which  re- 
ceives the  images,  passes  through  the  focus  of  rays 
coming  from  the  first  point,  the  images  of  the  second 
and  third  points  must  both  be  double  s  «,  t  t\  since  the 
plane  EF  is  without  the  focal  distance  of  rays  coming 
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fiom  ihe  farthest  point,  and  within  that  of  rays  coming 
liom  the  nearest.  Upon  this  principle,  Dr.  Porteitield's 
optometer  was  founded. 

But,  if  the  three  points  be  STipposed  to  be  joined  by 
a  line,  and  this  line  to  be  somewhat  inclined  to  the  axis 
of  the  lens,  each  point  ot  the  line,  except  the  first  point, 
Fii^.  22.  will  have  a  double  image  ;  and  each  pair  of 
images,  being;  contiguous  to  those  of  the  neighbouring 
radiant  points,  will  form  with  them  two  continued  lines  ; 
and  the  images  being  more  widely  st  pa  rated  as  the 
point  which  they  represent  is  farther  from  the  first  ra- 
diant poinuihe  lines  s  t,  s  i,  will  converijc  on  each  side 
towards  r,  the  image  of  this  point,  and  there  will  inter- 
sect each  other. 

The  same  happens  when  we  look  at  any  object  through 
two  pin  holes,  within  the  limits  of  the  pupil.      I(  the  ob- 
ject be  at  the  point  of  perfect  vision,  the  image  on  the 
retina  will  he  single;  but,  in  every  other  case,  the  image 
being  double,  we  shall  appear  to   see  a  double  object  ; 
and,  if  we  look  at  a  line  pointed  nearly  to  the  eye,  it  will 
appear  as  two  lines,  crossing  each  other  in  the  point  of 
perfect  vision.     For  this  purpose,  the  holes  may  be  con- 
verted into  slits,  which  render  the  images  nearly  as  dis- 
tinct, at  the  same  time  that  they  admit  more  light.    The 
number  may  be   increased    from  two  to  four,  or  more, 
whenever  particular  investigations  render  it  necessary. 
This  instrument  has  the  advantage  of  showing  the 
focal   distance    correctly,    by  inspection    only,    without 
sliding  the  object  backwards  and  forwards,  which  is  an 
operation  liable  to  considerable  uncertainty,  especially  as 
the  focus  of  the  eye  may,  in  the  mean  time,  be  changed. 
The  optometer  may  be  made  of  a  slip  of  card  paper, 
or  of  ivory,  about  eight  inches   in   length,  and   one  in 
breadth,  divided    longitudinally  by  a  black  line,  which 
must  not  be  too  strong.     The  end  of  the  card  must  be 
cut,  as  is  shown  in   Fig.    23.  in  order  that  it  may  be 
turned  up,  and  fixed  in  an  inclined  position  by  means  of 
the  shoulders;  or  a  detached  piece,  nearly  of  this  form, 
may  be  applied  to  the  optometer,  as  it  is  here  engraved, 
Fig.  24.     A  hole  about  half  an   inch  square  must  be 
made  in  this  part ;  and  the  sides  so  cut  as  to  receive  a 
slider  of  thick  paper,  with  slit*  of  different  sizes,  from 
a  fortieth  to  a  tenth   of  an  inch  in  breadth,  divided  by 
spaces  somewhat  broader;  so  that  each  observer  may 
choose  that  which  best  suits  the  aperture  of  his  pupil. 
In  order  to  adapt  the  instrument  to  the  use  of  firesby- 
cfiic  or  long-sighted  eyes,  the  oiher  end   must  be   fur- 
nished with   a   lens   of  ybur  inches  focal  length  ;  and  a 
scale  must  be  made  near  the  line  on  each  side  of  it,  di- 
vided from  one  end  into  inches,  and  from  the  other  ac- 
cording to  the  table  here  calculated,  by  means  of  which, 
not  only  diverging,  but  also  parallel  and  converging  rays 
from  the  lens  are    referred   to  their  virtual   focus.     If 
ivory  be  employed,  its  surface  must  be  left  without  any 
polish,   otherwise  the    regular   reflexion   of   light   will 
create  confusion  ;  and  in  this  respect,  paper  is  much 
preferable. 

The  instrument  is  easily  applicable  to  the  purpose  of 
ascertaining  the  focal  length  of  spectacles  required  for 
myopic  or  presbyopic  eyes.  Mr.  Gary  has  been  so  good 
as  to  furnish  me  with  the  numbers  and  focal  lengths  of 
the  glasses  commonly  made  ;  and  I  have  calculated  the 
distances  at  which  those  numbers  must  be  placed  on  the 
scale  of  the  optometer,  so  that  a  presbyopic  eye  may  be 
enabled  to  see  at  eight  inches  distance,  by  using  the 
glasses  of  the  focal  length  placed  opposite  to  tiie  nearest 
crossing  of  the  lines  ;  and  a  myopic  or  short  sighted  tje, 


with  parallel  rays,  by  using  the  glasses  indicated  by  the 
number  that  stands  opposite  their  furthest  crossing.  It 
cannot  be  expected,  that  every  person,  on  the  first  trial, 
will  fix  precisely  upon  that  power  which  best  suits  the 
defect  of  his  sight.  Few^  can  Ijring  their  eyes  at  plea- 
sure to  the  state  of  full  action,  or  of  perfect  relaxation  ; 
and  a  power  two  or  tliree  degrees  lower  than  that  which 
is  thus  ascertained,  will  be  found  sufficient  for  oidinaiy 
purposes.  I  have  also  added  to  the  second  table,  such 
numbers  as  will  point  out  the  spectacles  necessaiy  for  a 
presbyopic  eyi^,  to  see  at  tiv^lve  and  at  eightein  inrhes 
respectively  ;  the  middle  series  will  perhaps  be  the 
most  proper  for  placing  the  numbers  on  the  scale.  The 
optometer  should  be  applied  to  c;ch  eye;  and,  at  the 
time  of  observing,  the  opposite  eye  should  not  be  shut, 
but  the  instrument  should  be  screened  from  its  view. 
The  place  of  intersection  may  he  accurately  ascertained, 
by  means  of  an  index  sliding  along  the  scale. 

The  optometer   is  represented   in    Figs  24.  and  ?5.  ; 
and  the  manner  in  which  the  lines  appear,  in  Fig.  26. 

Tabic  I.  /■jr   Extending  the  Scale  b-j  a  lens  of  4  inches 

fuCKS. 


4  i2  00 

5  12.22 
5  2.40 
712.55 

2.67 
2.77 
2.85 
2.93 
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13 
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14 
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15 
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20 

3.33 

25 
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30 
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40 
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50 
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60 
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70 

80 
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oo 
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400 
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:  — -1'^ 
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—  14 
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4.44 
4.51 
4.62 
4  76 
5.00 
5.45 
5.60 
5.78 
6.00 


— 11 

—  10 

—  9.5 

—  9.0 
i — 8  5 

—  8.0 


6.29 
6  67 
6.90 
7.20 
7.56 
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Table  II.  For  filacing  the  jVumbers  indicating  the  focal 

length  of  convex  glasses. 
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40 
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17  U 

32.73 
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23 
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26 
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24 

12  00 
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22 
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20 
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18 

14.40 
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00 

16 
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14 
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84.00 
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12 
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9 
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8 
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7 
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6 
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5 
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Tabic  III.   For  Concave  Glasses. 


Number. 

Focus. 

Number. 

Focus. 

Number. 

Focus. 

1 

24 

8 

7 

15 

2.75 

3 

18 

9 

6 

16 

2.50 

3 

16 

10 

5 

17 

2.25 

4 

12 

11 

•1.5 

18 

2.00 

5 

10 

12 

4.0 

19 

1.75 

6 

9 

13 

3  5 

20 

1.50 

7 

8 

14 

3.00 

See  Edinburgh  Medical  Essays,  vol.  iv.  p.  185  ;  and 
Dr.  Thomas  Young's  Lectures  on  JVat.  Phil.  vol.  ii. 
p.  575;  or  Phil.  Trans.  1801. 

CHAP.  II. 

ON  THE  METHOD  OF  FORMING  THE  LENSES  AND  SPE- 
CULA OF  REFRACTING!  AND  REFLECTING  TELESCOPES, 
&C. 

Sect.  I  — On  the  Method  of  Grinding  and  Polishing 
Lenses, 

Having  fixed  upon  Ihe  proper  aperture  and  focal  dis- 
tance ol  the  lens,  take  a  piece  ol  sheet  copper,  and 
strike  a  fine  arch  upon  iis  surlace,  with  a  radius  equal 
to  half  that  distance,  if  it  is  to  be  plano-convex,  and  let 
the  length  of  this  arch  be  a  little  greater  than  the  given 
aperture.  Remove  with  a  file  that  part  of  the  copper 
which  is  without  the  circular  arch,  and  a  corivex  gage 
will  be  formed.  Strike  another  arch  with  the  same  ra- 
dius, and  having  removed  that  part  of  the  copper  which 
is  within  it,  a  concave  gage  will  be  obtained.  If  the 
sheet  copper  is  thin,  the  steel  point  which  strikes  the 
arch  may  be  made  to  cut  it  through  by  successive  re- 
petitions of  the  stroke.*  Prepare  two  circular  plaies  of 
brass,  about  one-ttnth  of  an  inch  thick,  and  half  an  inch 
greater  in  diameter  than  the  breadth  of  the  lens,  and 
solder  them  upon  a  cylinder  of  lead  of  tlie  same  diame- 
ter, and  about  an  inch  high.  These  tools  are  then  to  be 
fixed  upon  a  turning  lathe,  and  one  of  them  turned  into 
a  portion  of  a  concave  sphere,  so  as  to  suit  the  conve^r 
gage  ;  and  the  other  into  a  portion  of  a  convex  sphere, 
so  as  to  answer  the  concave  gage.  After  thi;  surfaces 
of  the  brass  plates  are  turned  as  accurately  as  possible, 
i.hey  nuial  be  ground  upon  one  another  alternately  with 
flour  emery,  and  when  the  two  surfaces  exactly  coincide, 
the  grinding  tools  will  be  ready  lor  use. 

Procure  a  piece  of  glass  of  a  straw  colour,  whose  dis- 
persive power  is  as  small  as  possible,  if  the  lens  is  not 


for  achromatic  instruments,  and  whose  surfaces  are  pa 
rallel ;  and  by  means  of  a  pair  of  large  scissars  or  pin- 
cers, cut  it  into  a  circular  shape,  so  that  its  diameter 
may  be  a  lictle  greater  than  the  required  aperture  of 
the  lens.  When  the  roughness  is  removed  from  its 
edges  by  a  conunon  grindstone,!  it  is  to  be  fixed  with 
black  pitch  to  a  wooden  handle  of  a  smaller  diameter 
than  the  glass,  and  about  an  inch  high,  so  that  the  cen- 
tre of  the  handle  may  exactly  coincide  with  the  centre 
of  the  glass. 

The  glass  being  thus  prepared,  it  is  then  to  be  ground 
with  fine  emery  upon  the  concave  tool,  if  it  is  to  be  con- 
vex, and  upon  the  convex  tool  if  it  is  to  be  concave. 
To  avoid  circumlocution,  we  shall  suppose  that  the  lens 
is  to  be  convex.  The  concave  tool,  therefore,  which  is 
to  be  used,  mu=t  be  firmly  fixed  to  a  table  or  bench,  and 
the  glass  wrought  upon  ii  with  circular  strokes,  so  that 
its  centre  iriay  never  go  beyond  the  edges  of  the  tool. 
For  every  six  circular  strokes  the  glass  should  receive 
two  or  three  cross  ones  along  the  diameter  of  the  tool, 
and  in  different  directions.  When  the  glabs  has  received 
its  proper  bhape,  and  touches  the  tool  in  every  point  of 
its  surface,  which  may  be  easily  known  by  inspection, 
the  emery  is  to  be  washed  away,  and  fintr  kinds^  succes- 
sively substituted  in  its  room,  till,  by  the  same  alterna- 
tion of  circular  and  transverse  strokes,  all  the  scratches 
and  asperities  are  removed  from  its  surface.  After  the 
finest  emery  has  been  used,  the  roughness  which  re- 
mains may  be  taken  away,  and  a  slight  polish  superin- 
duced by  grinding  the  glass  with  pounded  pumice-stone, 
in  the  same  manner  as  before.  While  the  operation  of 
grinding  is  going  on,  the  convex  tool  should,  at  the  end 
of  every  five  minutes,  be  wrought  upon  the  concave  one 
for  a  few  seconds,  in  order  to  preserve  the  same  curva- 
ture in  the  tools  and  the  glass.  When  one  side  is 
finished  off  with  the  pumice-stone,  the  lens  roust  be  se- 
parated from  its  handle  by  inserting  the  point  of  a  knife 
between  it  and  the  pitch,  and  giving  it  a  gentle  stroke. 
The  pitch  which  remains  upon  the  glass  may  be  re- 
moved by  rubbing  it  with  a  little  oil,  or  spirits  of  wine ; 
and  after  the  ground  side  of  the  glass  is  fixed  upon  the 
handle,  the  other  surface  is  to  be  w  rought  and  finished 
in  the  very  same  manner. 

When  the  glass  is  thus  brought  into  its  proper  form, 
the  next  and  the  most  difficult  part  of  the  operation  is 
to  give  it  a  fine  polish.  The  best,  though  not  the  sim- 
plest way  of  doing  this,  is  to  cover  the  concave  tool  with 
a  layer  of  pitch,  hardened  by  the  addition  of  a  little  ro- 
sin to  the  thickness  of  one  fifteenth  of  an  inch.  Then, 
having  taken  a  piece  of  ihin  writing  paper,  press  it 
upon  the  surface  of  the  pitch  with  the  convex  tool,  and 
pull  the  paper  quickly  from  the  pitch  before  it  has  ad- 
hered to  it  ;  and  if  the  surlace  of  the  piich  is  marked 
everywhere  with  the  lines  of  the  paper,  it  will  be  truly 
spherical,  having  coincided  exactly  with  the  surface  of 
the  convex  tool.     Ifany  paper  remains  on  the  surface  of 


•  When  the  arch  to  be  struck  is  part  of  a  circle  of  a  very  ffreat  radhis,  it  may  be  projected  trigonometrically  in  the  way  shown  by 
Huygens,  in  his  Comment,  de  Farmandis,  Potiendisquc  Vilris,  &c.  at  the  end  of  his  Dioplrica,  p.  267.  See  also  Smith's  Optics,  vol.  ii.  p. 
283. 

f  When  the  focal  distance  of  the  lens  is  to  be  short,  the  surface  of  I  he  piece  of  glass  shoidd  be  ground  upon  a  common  grindstone, 
so  as  to  suit  the  gage  as  nearly  as  possible;  and  the  plates  of  brass,  before  they  are  soldered  on  the  lead,  should  be  hammered  as 
truly  as  they  can  be  done  into  their  proper  form.     By  this  means  mncli  labour  will  be  saved  both  in  turning  and  g-rinding. 

^Emery  of  dilTerent  degrees  of  fineness  may  be  made  in  the  following  manner.  Take  five  or  six  clean  vessels,  and  having  filled 
one  of  them  with  water,  put  into  it  a  considerable  q-.iantiiy  of  flour  emery.  Stir  it  well  with  a  piece  of  wood,  and  after  standing  for 
rive  seconds  pour  the  water  into  the  second  vessel.  After  it  has  stood  about  twelve  seconds,  pour  it  out  of  this  into  a  third  vessel, 
jndso  on  with  tl.e  rest;  and  at  the  bottom  of  each  vessel  will  be  fouitd  emery  of  different  degrees  of  fineness,  the  coarsest  being  in 
ih&first  vessel,  i>nd  the  tincst  iu-  the  last, 
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ihe  pitch,  it  may  be  removed  by  soap  and  water  ;  and  if 
the  marks  ot  the  paper  should  not  appear  on  every  part 
of  it,  the  operation  must  be  repeated  till  the  polisher,  or 
bed  of  pilch,  is  accurately  spherical.  The  glass  is  then 
to  be  wrought  on  the  polisher  by  circular  and  cross 
strokes,  with  the  oxide  of  tin,  called  ihejlowtrs  of  fiutly 
in  the  shops,  or  with  the  red  oxide  of  iron,  otherwise 
called  colcot/iar  of  vitriol,  till  it  has  received  on  both 
sides  a  complete  polish.*  The  polishing  will  advance 
slowly  at  first,  but  will  proceed  rapidly  when  the  po- 
lisher becomes  warm  with  the  friction.  When  it  is  nearly 
finished,  no  more  putty  or  water  should  be  put  upon  the 
polisher,  which  should  be  kept  warm  by  breathing  upon 
it;  and  if  the  glass  moves  with  difficulty  from  its  ad- 
hesion to  the  tool,  it  should  be  quickly  removed,  lest  it 
spoil  the  surface  of  the  pitch.  When  any  particles  of 
dust  or  pilch  insinuate  themselves  between  the  glass 
and  the  polisher,  (which  may  be  easily  known  from  the 
very  unpleasant  manner  of  working,)  they  should  be 
carefully  removed,  by  washing  both  the  polisher  and  the 
glass,  otherwise  the  lens  will  be  scratched,  and  the  bed 
of  pitch  materially  injured. 

The  operation  of  polishing  may  also  be  performed  by 
covering  the  laytr  of  pilch  with  a  piece  of  cloth,  and 
giving  it  a  spherical  form  by  pressing  it  with  the  con- 
vex tool  when  the  pitch  is  warm.  The  glass  is  wrought, 
as  formerly,  upon  the  surface  of  the  cloth,  with  pully 
or  colcoihar  of  vitrjol,  till  a  sufficient  polish  is  in- 
duced. In  this  method  the  operation  is  slower,  and  the 
polish  less  perfect ;  though  it  is  best  fitted  for  those 
who  have  but  little  experience,  and  would  therefore 
be  apt  to  injure  ihe  figure  of  the  lens  by  polishing  it  on  a 
bed  of  pitch. 

In  this  manner  the  small  lenses  of  simple  and  com- 
pound microscopes,  the  eye-glasses  and  the  object- 
glasses  of  telescopes,  arc  to  be  ground.  In  grinding 
concave  lenses,  Mr.  Iniison  employs  leaden  wheels 
with  the  same  radius  as  the  curvature  of  the  lens,  and 
with  their  circumferences  of  the  same  convexity,  as  the 
lens  is  to  be  concave.  These  spherical  zones  are  fixed 
upon  a  luinin^  lathe,  and  the  lens,  which  is  held 
steadily  in  the  liaiid,  is  ground  upon  them  with  emery, 
while  they  are  revolving  on  the  spindle  of  the  lathe. 
In  the  same  way  convex  lenses  may  be  ground  and 
polished,  by  fixing  the  concave  tool  upon  the  lathe  ; 
but  these  methods,  however  simple  and  expeditious 
they  may  be,  should  never  be  adopted  for  forming  the 
lenses  of  optical  instruments,  where  an  accurate  sphe- 
rical figure  is  indispensable.  It  is  by  the  hand  alone 
that  we  can  perform  with  accuracy  those  circular  and 
transverse  strokes,  the  proper  union  of  which  is  essen- 
tial to  the  production  of  a  spherical  surface. 

Sect.  II.    On   the    Method    of  Casting,   Grinding,  and 
Polishing  the  Sfiecula  of  Refecting  Telesro/ies. 

The  specula  of  reflecting   telescopes  are   generally 

•  As  colcothar  of  vitriol  is  obtained  by  the  decomposition  of  martial  vitriol,  it  sometimes  retains  a  portion  of  this  salt  When  this 
portion  of  martial  vitriol  is  decomposed  by  dissolution  in  water,  tlie  yellow  ochre  « liicli  results  penetrates  the  glass,  torms  an  incrus- 
tation upon  its  surface,  and  gives  it  a  dull  and  yellowish  tinge,  whicli  is  communicated  to  the  image  which  it  forms, 

I  The  si7t*r  in  this  composition  makes  the  metal  much  whiter;  the  small  proportion  of  Arass  renders  it  more  bright,  and  not 
90  excessively  brittle,  and  the  arsenic  makes  the  metal  much  more  solid  and  compact,  and  consequently  much  more  free  of  pores. 

i  The  finest  sand  which  we  have  met  with  in  this  country  is  to  be  found  at  Roxburgh  castle,  in  the  neighbourhood  of  Kelso. 
§  The  operator  must  take  care  to  retain  his  breath  till  the  noxious  fumes  of  the  arsenic  are  dissipated. 

II  Mr  Edwards  recommends  coak,  or  common  coal  charred,  as  the  best  fuel,  in  consequence  of  its  giving  the  purest  and  the  most 
constant  heat. 


composed  of  32  parts  of  copper,  and  IS  of  grain  tin, 
with  the  addition  of  two  parts  of  arsenic,  to  render  the 
composition  more  white  and  compact.  Sir  Isaac  New- 
ton used  6  parts  of  copper,  2  of  tin,  one  of  ai  scnic,  which, 
though  it  formed  a  compact  metal,  is  yellow  when 
polished.  Mr.  Mudge  employed  32  parts  of  copper, 
and  14J  of  tin,  which  also  makes  a  good  metal,  though 
still  too  yellow.  The  Reverend  Mr.  Edwards  found, 
from  a  variety  of  experiments,  that  if  one  part  of  brass, 
and  one  of  silver,!  be  added  to  the  composition  first 
mentioned,  viz.  32  of  copper,  15  of  grain  tin,  and  only 
one  part  of  arsenic  used,  a  most  excellent  metal  will 
be  obtained,  which  is  the  whitest,  hardest,  and  most 
reflective,  that  he  ever  met  with.  The  superiority  of 
this  composition,  indeed,  has  been  completely  evinced 
by  the  excellence  of  Mr.  Edwards'  telescopes,  which 
excel  other  reflectors  in  brightness  and  distinctness,  and 
show   objects  in  their  natural  colours. 

The  sand  which  is  most  proper  for  castings  specula, 
is  a  fine  sand,  wiiii  just  as  much  loam  or  clay  natu- 
rally mixed  with  it,  as  will  render  it  tenacious  enough 
to  adhere  when  properly  moistened.  If  there  is  too 
much  clay,  the  sand  will  blow  the  metal  in  different 
directions,  to  the  great  risk  ol  the  operator;  and  if 
there  is  too  little  clay,  the  sand  will  not  reiitain  in  the 
flask,  or  take  a  proper  impression  from  the  pattern  or 
mode!.  The  sand  should  be  wetted  as  little  as  possi- 
ble, and  well  beaten,  though  not  too  hard.  The  flasks 
should  be  at  least  too  inches  wider  than  the  metal  in- 
tended to  be  cast,  for  when  the  thickness  of  the  sand 
is  too  small,  it  will  instantly  become  dry  when  the  hot 
fluid  metal  is  poured  into  il,  and  consequently  will 
contract,  and  allow  the  fluid  metal  to  run  out  of  the 
flasks.  The  pattern  should  be  made  of  brass  or  pew- 
ter, and  should  be  a  little  larger  and  thicker  than  the 
speculum  to  be  cast  from  it. 

After  the  flasks  of  sand:^  are  prepared,  and  a  mould 
made  for  the  metal  by  means  of  the  pattern,  so  that 
its  face  may  be  downwards,  ano  a  few  small  holes  left 
in  the  sand  at  its  back,  for  the  free  egress  of  the  includ- 
ed air  ; — melt  the  copper  in  a  crucible  by  itself,  and 
when  it  is  reduced  to  a  fluid  stale,  fuse  the  tin  in  a 
separate  crucible,  and  having  mixed  it  with  the  melted 
copper,  by  stirring  them  together  with  a  wooden  spa- 
tula, pour  the  whole  into  a  large  quantity  of  cold  wa- 
ter, which  will  divide  the  mass  into  an  infinite  num- 
ber of  small  particles.  Melt  the  proportional  quantity 
of  silver  and  brass  in  a  small  crucible  by  itself,  and 
when  the  compusition  of  copper  and  tin  is  put  the 
second  time  into  the  crucible,  add  also  the  lump  of 
brass  and  silver  previously  melted,  and  when  the  whole 
is  fluid,  put  in  the  proportional  qumtily  of  arsenic,§  and 
then  pour  the  whole  off'  into  the  flasks,  after  the  scoria 
has  been  removed,  and  a  little  powdered  rosin  thrown 
in||.  As  soon  as  the  metal  is  become  solid,  i  emove  it  from 
the  sand  into  some  hot  ashes  or  coals,  for  the  purpose  of 
annealing  it,  and  let  it  remain  among  them  till  they  .ire 


798 


OPTICS. 


complelely  coUt.  The  ingate  is  then  to  be  taken  from 
the  metal  by  means  of  a  file;  and  the  surface  of  the 
speculum  niust  be  ground  upon  a  connnon  grindstone, 
till  all  the  impcrfcctiuns  and  ahperilics  are  taken  away. 
Mr.  Edwards'  coniposilion  will  alw^iys  break  or  tear 
up  within  the  finest  emery  ;  but  the  tflect  thus  pro- 
duced will  always  be  taken  out  by  the  bed  of  hones, 
and  when  the  common  blue  hone  is  employed,  a  small 
quantity  of  water  mu-it  be  used  at  a  lime. 

When  the  metal  is  cast,  and  prepared  by  the  com- 
mon i;nndslone  lor  receiving  its  proper  figure,  the  gages 
and  grinding  tools  are  to  be  luriutd  in  the  sime  niun- 
ner  as  for  conrex  lenses,  with  this  dilVerence  only,  that 
the  radms  of  the  gages  must  always  be  double  the  local 
length  of  the  speculum.  In  addition  to  the  convex  and 
concave  brass  tools,  which  should  be  only  a  little  broad- 
er than  the  metal  itself,  a  convex  elliptical  tool  of  lead 
and  tin  should  also  be  formed  with  the  same  radius,  so 
that  its  transverse  may  be  to  iu  conjugate  diameter  as 
10  to  9,  the  latter  being  exactly  cqnal  to  the  diameter  of 
the  metal.  On  this  tool  the  speculum  is  to  be  ground 
with  Hour  emery,  in  the  same  manner  as  lenses,  with 
circular  and  cross  strokes  alternately,  till  its  surface  is 
freed  from  every  imperfection,  and  giound  to  a  spheri- 
cal figure.  It  is  then  to  be  wrought  with  great  circum- 
spection, on  the  convex  brass  tool,  with  emery  of 
different  degrees  of  fineness,  the  concave  tool  being 
sometimes  ground  upon  the  convex  one,  to  keep  them 
all  of  the  same  radius;  and  when  every  scralcli  and  ap- 
pearance of  roughness  is  removed  from  its  surface,  it 
will  be  fit  for  receiving  the  final  polish.  Befoic  the 
Bpeculum  is  brought  to  the  polisher,  it  has  been  the 
practice  to  smooth  it  on  a  Ued  of  hones,  or  a  convex  tool 
made  of  common  blue  hones.  This  additional  tool,  in- 
deed, is  absolutely  necessarj',  when  silver  and  brass  en- 
ter into  the  composition  of  the  metal,  in  order  to  re- 
move that  roughness  which  will  always  remain  after 
the  finest  emery  has  been  used  ;  but  when  these  metals 
are  not  ingredients  in  the  speculum,  there  is  no  occasion 
for  the  bed  of  hones.  Wiihout  the  intervention  of  this 
tool  we  have  finished  several  specula,  and  given  them  as 
exquisite  a  lustre  as  they  could  possibly  have  received. 
Mr.  Edwards  does  not  use  any  brass  tools  in  his  process, 
but  transfeis  the  metal  from  the  elliptical  leaden  tool 
to  the  bed  of  hones.  By  this  means  the  operation  is  sim- 
plified, but  we  doubt  much  if  it  is,  in  the  least  degree, 
improved.  As  a  bed  of  hones  is  more  apt  to  change  its 
form  than  a  tool  of  brass,  it  is  certainly  of  great  conse- 
quence that  the  speculum  should  have  as  true  a  figure 
as  possible  before  it  is  brought  to  the  hones  ;  and  we  are 
persuaded,  from  experience,  that  this  figure  may  be 
better  communicated  on  a  brass  tool,  which  can  always 
be  kept  at  the  same  curvature  by  its  coiicsponding  tool, 
than  on  an  elliptical  block  of  lead.  We  are  certain, 
however,  that  when  the  speculum  is  required  to  be  of 
a  determinate  focal  length,  this  length  will  be  obiained 
more  precisely  with  the  brass  tools  than  without  them. 
But  Mr.  Edwards  has  observed  that  these  tools  arc  not 
only  unnecessary,  but  "  really  deiiimental."  That  Mr. 
Edwards  found  them  unnecessary,  we  cannot  doubt, 
from  the  excellence  of  the  specula  which  he  formed 
without  their  assistance  ;  but  it  seem*  inconceivable  how 
the  brass  tools  can  be  in  the   least  degree  detrimental. 


If  the  mirror  is  groimd  upon  20  different  tools  before  it 
is  brought  to  the  bed  of  hones,  it  will  receive  horn 
the  last  ol  these  tools  a  ceitain  llL;ure,  which  it  would 
have  received,  even  if  it  liud  not  In'en  ground  on  any  of 
the  rest;  and  it  cannot  be  questioned,  that  a  metal 
wrought  U|)on  a  pair  of  biass  tools  is  equally,  if  not 
more,  fit  lor  the  bed  of  hones,  than  if  it  had  been  ground 
merely  on  a  tool  of  lead. 

When  the  nietal  is  ready  for  polishing,  the  elliptical 
leaden  tool  is  to  be  covered  wiin  black  pilch,  about 
one-twentieth  of  an  inch  tliick,  and  the  polisher  lorined 
in  the  same  way  as  m  the  case  ol  lenses,  either  with  the 
concave  brass  tool,  or  with  the  metal  itself.  Tlic  col- 
colhar  of  vitriol  should  then  be  iruurated  between  two 
surfaces  ol  glass,  and  a  considerable  quantity  of  it  ap- 
plied at  first  to  the  surface  of  the  polisher,  i  he  specu- 
lum is  then  to  be  wrought  in  the  usual  way  upon  the 
polisliiiig  tool,  till  it  has  received  a  biilliant  lustre,  taking 
care  to  use  no  more  of  the  colcotliai,  if  it  can  be  avoided, 
and  only  a  small  adilitional  quantity  ol  it,  if  it  should  be 
fuxind  necessary.  When  the  metal  moves  sliH'ly  on  the 
polisher  and  the  colcothar  assumes  a  daik  muddy  hue, 
the  polibli  advances  with  great  rapidity.  J'he  tool  will 
then  grow  warm,  and  would  probably  stick  to  the  si)C- 
culuin,  if  its  motion  were  discontinued  tor  a  moment. 
At  this  stage  of  the  process,  therefore,  we  must  proceed 
with  great  caution,  breathing  conliaually  on  the  polisher, 
till  the  friclion  is  so  great  as  to  retard  the  motion  of  the 
speculuin.  When  this  happens  the  metal  is  to  be  slip- 
ped off  the  tool  at  one  side,  cleaned  with  soft  leainer, 
and  placed  in  a  tube  for  the  purpose  of  trynig  its  per- 
formance ;  and  if  the  polishing  has  been  conducted  with 
care,  it  will  be  found  to  have  a  ime  /larabolic  figure. 

In  polishing  the  small  speculuin  lor  his  Newtonian 
reHectors,  Sir  W.  lieischet  always  employed  two  or 
more  tools  considerably  larger  than  the  speculum  to  be 
polished  ;  but  he  did  not  use  them  till  after  the  specu- 
lum was  made  nearly  Hat  with  emery  upon  a  small  tool 
of  lead.  These  tools,  or  beds  of  hones,  should  not  be 
less  than  six  inches  in  diameter,  and  the  figure  of  the 
tools  is  not  considered  as  completed,  till  the  speculum 
can  be  first  highly  finished  upon  one  ot  them,  and  af- 
terwards be  applied  to  another,  without  experiencing 
any  change  of  figure.  The  last  half  dozen  strokes 
should  be  performed  in  the  direction  of  the  longer  axis 
of  the  elli|)se.  When  the  speculuin  is  thus  brought  to 
a  perfect  figure,  it  must  be  jjolished  upon  a  pitch  po- 
lisher of  a  circular  form,  whose  diameter  is  about  one- 
tenth  part  greater  than  the  longer  or  transverse  axis  of 
the  speculum. 

l*"or  additional  information  on  the  subject  of  grinding 
and  polishing  lenses  and  specula,  the  reader  is  referred 
to  lluygcns'  Diolnrica,  p.  267;  Smith's  Ofitics,  vol.  ii.; 
Mudge, /^/ii/.  Trans.  1777,  vol.  Ixvii.  p.  296;  Kcv,  Mr. 
Edwards,  in  the  jYuutkal  jilmanack  lor  1787;  and 
Ferguson's  Lectures^  ylft/icncltx,  vol.  ii. 

For  farther  information  on  the  subject  of  optical  in- 
struments, &c.  see  the  articles  Accidental  Colours, 
Achromatic  Telescopes,  Anamouphosis,  Burning 
Instruments,  Camera  Lucida,  Cyvnumetek,  Dia- 
PHANoMETER,  Heat,  Heliostate,  A1  icHOMi'/i ek,  and 
Microscope. 


[     799     ] 


ORDNANCE. 


This  leim  is  generally  intended  to  designate  all  the 
larger  species  of  warlike  fire-arnis,  used  both  for  land 
and  sea  service,  and  is  Uiereby  more  comprehensive  in 
its  signification  than  the  term  artillery,  which  is  applied 
only  to  the  former. 

There  is  some  uncertainty  as  to  the  date  when  these 
machines  were  first  introduced  into  the  military  sys- 
tem of  European  powers,  lor  the  attack  and  defence  of 
strong  places,  and  in  the  field  ;  but,  it  is  highly  pro- 
bable, that  it  was  not  long  after  the  invention  of  gun- 
powder. Father  Daniel,  in  his  life  ot  Philip  de  V'a- 
iois,  produces  proofs  fiom  the  records  of  the  chamber 
of  accounts  at  Paris,  that  cannon  were  used  in  the  year 
1338,  and  Froissart  and  some  other  French  historians 
state  them  to  have  been  employed  still  earlier.  In  the 
lisis  of  aid  raised  for  the  redemption  of  king  John  of 
France,  in  1368,  mention  is  made  of  an  officer  in  the 
French  army,  under  the  denomination  of  master  of  the 
kind's  cannon,  and  of  his  providing  four  large  cannon 
for  the  gairison  of  Harfleur.  The  English  unques- 
tionably employed  these  arms  as  early  as  1346,  at  the 
celebrated  battle  of  Cressy,  and  from  the  statement  of 
the  French  historians,  this  appears  to  have  been  the 
first  instance  in  which  they  were  used  in  the  field,  and 
they  are  said  to  have  contributed  greatly  to  the  success 
of  that  day.  The  English  also  made  use  of  them  the 
following  year  at  the  siege  of  Calais;  and  in  1350, 
they  are  said  to  have  been  employed  on  ship-board,  in 
the  Baltic,  an  assertion,  of  the  truth  of  which,  how- 
ever, we  must  be  allowed  to  entertain  some  doubts. 
Some  of  the  oldest  cannon  of  known  origin,  preserved 
as  curiosities  in  our  arsenals,  &c.  seem  not  to  bear  an  ear- 
lier date  than  about  the  middle  of  the  sixteenth  cen- 
tury ;  but  there  are  others,  obviously  of  an  anterior 
construction,  of  which  it  is  impossible  to  trace  the  his- 
tory. At  this  early  time,  the  forms  and  means  of  re- 
moving, adjusting,  &c.  were  so  exceedingly  rude  and 
uncultivated,  that  the  application  of  guns  or  instru- 
ments of  attack  and  detcnce  mu^t  ijave  been  attended 
with  great  labour  and  uncertainty.  Although  we  have 
some  accoun's  (<f  enormous  cat.non  being  bored  as  early 
as  the  year  1400,  yet  it  seems  uncjuestionuble  that  some, 
alter  that  date,  were  formed  of  wrought  iron  bars,  fitted 
together  and  hooped  with  rings.  (See  Plate  CCCCXLIII. 
Fig.  1  )  which  IS  an  exact  representation  of  one  of  these 
guns,  in  the  arsenal  at  Woolwich.  In  general,  after  the 
i:rt  of  boring  had  been  applied  to  the  purpose  of  form- 
ing cannon,  it  seems  to  have  been  an  object  of  emula- 
tion amongst  the  different  European  powers,  to  produce 
the  largest  possible  pieci  s ;  for  in  that  eat  ly  period  of  the 
artillery  art,  we  find  the  guns  large,  and  especially  long, 
beyond  all  due  proportion,  and  far  beyond  the  necessity 
of  the  case  ;  of  mortars  in  particular,  we  find  dimen- 
sions stated  which  appear  wholly  incredible.  Thus, 
Mahomet  II.  is  said  to  have  employed  against  the  wails 
of  Constuntinoi)le,  in  1453,  a  mortar  capable  of  throw- 
ing a  ball,  or  at  least  of  a  calibre  equal  to  a  bull,  of 
1200  lbs.  which  would  require  the  diameter  of  the  bore 
to  be  nearly  24  inches. 

Whether  this  statement  be  correct  or  not,  there  is 
no  doubt  that  the  fust  cannon  and  mortar  were  exceed- 
ingly unwieldy  and  unmanageable,  and  that  they  could 
only  be  discharged  three  or  four  liiues  in  a  day.  Guic- 
ciardin  informs  us,  in  the  first  book  of  his  History,  that 


so  great  a  portion  of  time  intervened  between  the  dif- 
ferent chargings  and  dischargings,  that  the  besieged  had 
sufficient  time  to  repair,  at  their  leisure,  the  breaches 
made  in  the  walls  by  the  enormous  stones  that  were 
thrown  upon  them.  Although  the  use  of  these  extraor- 
dinary pieces  of  ordnance  was  not  of  long  duration,  yet, 
even  in  the  seventeenth  century,  the  cannon  were  still 
much  larger  and  longer  than  at  present, and  great  pains 
were  taken  to  ornament  them,  sometimes  with  a  certain 
degree  of  elegance,  but  frequently  with  various  unmean- 
ing symbols,  figures,  and  mottos;  they  had  also  certain 
names  given  to  them,  as  we  still  give  to  our  ships,  as, 
the  Thunderer,  the  Terrible,  &c. 

Thus,  Louis  XII.  in  1503,  had  twelve  brass  cannon 
cast  of  an  extraordinary  size,  which  he  named  after  the 
twelve  peers  of  France.  The  Spaniards  and  Portuguese 
named  theirs  after  their  saints.  The  Emperor  Charles 
V.  when  he  went  against  Tunis,  had  twelve  cannon 
founded,  which  he  called  the  twelve  apostles.  At  Mi- 
lan, there  is  a  seventy  pounder,  called  the  Pimontelli, 
and  one  at  Bois  le  Due,  called  the  Devil;  at  Dover, 
there  is  a  sixty  pounder,  named  Queen  Anne's  pocket 
pistol ;  and  an  eighty  pounder  in  the  Tower  of  London, 
brought  from  Edinburgh,  called  Mount's  Meg.  There 
is  also  an  eighty  pounder  in  the  arsenal  at  Berlin,  named 
the  Thunderer ;  and  one  of  the  same  calibre  at  Malaga, 
called  the  Terrible.  There  are  likewise  two  curious 
sixty  pounders  at  Bremen,  designated  the  messengert 
of  bad  news ;  and  also  a  seventy  pounder  in  the  castle 
of  St.  Angelo,  at  Rome,  made  of  the  nails  which  fasten- 
ed the  copper  plates  that  covered  the  ancient  Pantheon. 

The  largest  cast  gun  existing  is  a  brass  one  at  Beija- 
poor  :  it  is  called  "  Malick  e  Meidln,"  (Lord  of  the 
Plain  )  It  was  cast  in  commemoration  of  the  capture 
of  Beijapoor,  by  the  Emperor  Alum  Geer,  in  Anno 
Hijrez,  1097,  \.  D.  1685.)  It  is  ornamented  with  Per- 
sian and  Arabic  inscriptiotis  in  relief. 

Extreme  length,  14  feet,  1  inch.  Diam  at  miizzle.ring  4  f .  8  in. 
Diam.  at  breecli,  4        lOi  Diam.  of  bore,  2    4 

It  is  supposed  to  be  intended  for  stone  balls.  An  iron 
shot  of  proper  size  would  weigh  about  2600  lbs.  It  has 
been  fired  only  once,  on  which  occasion  the  bastion  it 
is  mounted  on  was  damaged,  and  the  stone  shot  knock- 
ed down  part  of  a  mosque  which  it  struck. 

Of  late  years,  the  object  of  the  different  powers  of 
Europe  has  been  to  reduce  the  weight  and  magnitude 
of  their  cannon,  and  to  increase  the  number  of  them. 
And  to  such  a  pitch  was  the  latter  carried  by  the  Eng- 
lish in  the  last  war,  that,  notwithstanding  the  immense 
supplies  that  we  had  furnished  to  our  own  armies,  and 
tu  o;ir  allies,  there  xvere  in  the  arsenal  at  Woolwich,  at 
the  time  the  Emperor  Alexander  visited  it,  nearly  forty 
thousand  pieces  of  ordnance,  including  only  cannon,  car- 
rotiades,  howitzers,  and  mortars. 

E.xfitanalion  of  the  several  fiarts  of  a  Gun. 

Tlie  following  are  the  technical  terms  applied  to  the 
difierent  parts  of  a  gun,  and  which  are  necessary  to  be 
known  before  we  attempt  to  illustrate  the  practical  con- 
struction of  these  pieces  of  ordnance.  Referring  to  Fi^ 
3.  Piate  CCCCXLIII. 
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AB  is  called  the   length  of 

the  gun. 
AC  the  first  reinforce. 
CD  the  second  reinforce. 
DE  the  chase. 
EB  the  muzzle. 
FA  the  cashable. 
GH  the  bore. 
RK  the  axis  of  the  piece. 
G  the  bottom  of  the  bore. 
II  the  trunnions. 
KK  the  dolphins  or  handle. 
LL  the  vent  field. 
M  the  pan. 
N  the  vent. 

O  the  swell  of  the  muzzle. 
PG  the  breech. 
S  the  button. 


a  b  the  button  ling. 

c  d  the  neck  of  the  button. 

f/the  neck  fillet. 

g  g  the  breach  ogee. 

h  h  the  base  ring. 

i  i  the  baf  c  ring  ogee. 

k  k  vent  field  astragals  and 

fillets. 
/  /'  the  first  reinforce  ring. 
m  m'  second  reinforce  ring 

and  ogee 
n  n'   muzzle    astragal  and 

fillets. 
0  o'  muzzle  mouldings. 
s  «'  shoulder  of  trunnion. 
t  u  diameter  of  the  bore  or 

calibre. 
fi  q  groove  of  the  tangent 

scale. 


These  terms  apply  to  every  species  of  ordnance  in 
which  the  parts  enter,  and  may  therefore  be  considered 
as  a  set  of  general  definitions.  We  proceed  now  to  the 
construction  of  brass  cannon. 

Construction  of  a  Light  Six  Pounder  Brass  Gun. 

According  to  the  present  principle  of  construction, 
the  light  six  pounder  is  5  feet  in  length,  and  weighs 
about  6  cwt.  The  calibre,  which  exceeds  the  diameter 
of  the  ball  by  one  tenth,  is  3.668  inches,  and  this  ca- 
libre is  divided  into  sixteen  equal  parts,  which  consti- 
tute the  unit  of  measure  in  the  several  minor  parts  : 
but,  in  the  general  dimensions,  the  unit  is  taken  one 
18th  of  the  length. 

Having  divided  a  line  intended  to  represent  the 
length  of  the  gun  into  18  equal  parts,  let  a  line  be 
drawn  parallel  to  it,  to  represent  the  axis  of  the  piece, 
and  from  the  fifth  division  of  the  scale,  draw  a  line  per- 
pendicular to  the  axis,  as  5  C,  Fig.  2.  which  limits  the 
length  of  the  first  reinforce  AC.  The  length  of  the 
second  reinforce  CD,  is  equal  to  three  eighteenths,  plus 
one  calibre  ;  that  is,  the  centre  of  the  trunnions  being 
determined  by  the  line  8  Q,  drawn  parallel  to  the  axis 
of  the  gun  from  the  division  8.  on  the  scale  line,  e  D  is 
taken  equal  to  one  calibre,  making  c  D  equal  to  three 
eighteenths  and  one  calibre  ;  the  remainder  of  the  length 
is  for  the  chase  and  muzzle. 

The  thickness  EF  of  the  breech  is  11  parts,  and  GH 
at  the  face  4  parts.  The  lines  EH,  PS,  being  drawn, 
will  determine  the  external  surface  of  the  chase.  To 
determine  the  external  surface  of  the  first  reinforce, 
the  line  FI  is  drawn  parallel  to  the  axis  of  the  piece, 
Kl  is  bisected  in  X,  and  FX  is  drawn,  which  is  the 
external  surface  required.  In  the  same  way  the  exter- 
nal surface  of  the  second  reinforce  is  found,  viz.  draw 
XL  parallel  to  the  axis,  and  bisect  LM  in  N',  and 
join  XN'. 

The  axis  ON  of  the  trunnions  is  perpendicular  to 
that  of  the  gun,  and  placed,  as  we  have  stated  above, 
eight  eighteenths  of  the  length  of  the  piece  from  the 
breech,  and  their  centre  a  is  placed  one  eighteenth  of 
their  diameter  a  b,  above  the  lower  surface  of  the  base, 
which  diameter  is  ijths  of  a  calibre  ;  their  length  is 
i|  of  a  calibre,  the  projection  of  the  second  reinforce 
ring  being  added  to  this  length.  The  breadth  b  e  of  the 
shoulder  is  one  tenth  of  the  diameter  a  b,  and  the  pro- 


jection which  is  equal  to  that  of  the  second  reinforce 
ring,  is  made  parallel  to  the  axis  of  the  piece. 

The  bottom  of  the  piece  is  described  from  the  three 
centres  g- A  /,  the  first  of  which  is  tiistunt  from  it  one 
calibre.  The  others  ar;  determitisd  by  the  i.^.crsec- 
lions  of/g,  and  m  l,/i.  zZfe,ZZe  g",  F  9  /j  P,  ,1  the 
breech,  is  corn-.cntric  wi  1;  0  g  /i,  and  is  described  with 
the  radius  g  V. 

The  breadth  A  /  of  the  base  ring  is  -J^  of  AC,  and 
the  width  of  the  first  reinforce  ring  is  §lhs  of  the  base 
ling;  the  breadth  of  the  second  reinforce  ring  is  also 
I  ijs  of  the  liase  ring,  and  the  reinforce  ogee  is  |ths  of 
its  lin^'.  The  astragals,  their  fillets  included,  are  like- 
wise I  lis  of  the  base  ring,  and  each  fillet  is  half  its  as- 
tragal. 

The  projections  of  the  first  and  second  reinforce 
rings,  as  well  as  that  of  the  fillets,  are  one  half  of  the 
breadth  of  the  fillet,  excepting  the  fillet  at  the  muzzle, 
the  projection  of  which  is  equal  to  the  whole  breadth  of 
the  fillet.  The  projection  of  the  base  ring  is  fV'*^^  °^ 
a  calibre,  and  its  surface  is  determined  by  a  line  touch- 
ing the  projections  of  the  first  and  second  reinforce 
rings. 

The  vent  field  is  found  by  placing  the  centre  of  the 
vent  field  astragal  one  calibre  from  the  ogee  ;  the  pan 
extends  from  the  base  ring  to  the  fillet  of  the  vent  field 
astragal ;  its  breadth  is  two  inches,  and  its  projection  is 
determined  by  a  tangent  to  the  swell  of  the  ogee  in  a 
direction  parallel  to  the  vent  field. 

The  vent  is  J^  of  an  inch  in  diameter,  and  takes  its 
direction  from  a  point  n  in  the  axis,  one  quarter  of  a  ca- 
libre from  the  bottom  of  the  bore  to  the  point  r,  where 
a  line  drawn  from  the  bottom  of  the  bore  perpendicular 
to  the  axis,  meets  the  surface  of  the  pan. 

Muzzle. 

The  length  of  the  muzzle  *  /  is  one  fifth  of  the 
length  of  the  chase  DB,  the  neck  is  one  third  B  /,  the 
centre  e  of  the  swell  is  distant  one  sixth  of  By  from  the 
face  HS  ;  and  the  breadth  B  «  of  the  fillet  and  astragal 
is  two-thirds  of  B  e. 

The  diameter  of  the  swell  is  33  parts,  and  so  propor- 
tioned to  that  of  the  base  ring,  as  to  give  a  dispart  of 
1*;  it  is  described  with  a  radius  r  i~-J  B  e,  and  the 
hollow  at  m  is  described  with  a  radius  ^  5  c,  d  ;  c  d  be- 
ing the  thickness  of  the  gun  at  the  neck.  Lastly,  the 
diameter  of  the  fillet  is  determinnd  by  a  line  drawn 
through  the  centre  of  the  swell,  parallel  to  the  axis  of 
the  piece.     See  Plate  CCCCXLIII.  Fig.  4. 

Cascable. 

The  length  k  m  of  the  cascable  is  one  calibre  and  six 
parts,  the  diameter /i  9  of  the  last  fillet  is  one  calibre 
and  two  parts.  The  distance  of  the  last  fillet  to  the 
centre  of  the  button  is  lOJ  parts,  and  the  button  is 
described  with  a  radius  of  6|  parts,  from  the  centre  I'. 
From  the  same  centre  describe  an  arc  with  a  radius  zi 
1 1  i  parts,  and  another  from  fi  with  a  radius  of  five 
parts  ;  then  from  their  intersection  0',  and  0  /!  as  a  ra- 
dius, describe  the  arc  p  h,  which  will  determine  the 
neck.  The  ogee  A  e  i  is  determined  by  means  of  the 
isosceles  triangles  f/i,  e  g  h,  the  sides  ef.fi,  e g,  g  A, 
being  each  equal  to  -j^ths  of  i  A  ;  a  A  —  10  parts  c  d^ 
a  6=:2i  parts,  o  i  — xV  <*  *>  *"^  n  y  ZZ}  c  d.  See  Fig.  5. 
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General  Ccnstructibn  of  Brass  Guns. 

The  preceHing  cnnstruciion  beincj  understood,  there 
will  be  no  difTiruIty  in  comprehenf1in!»  the  following  ge- 
neral principle  of  construction,  althouj^h  we  shall  not 
enter  so  minutely  into  particulars. 

In  general,  modern  guns  are  proportioned  in  length 
to  their  calibres,  being  in  on?  class  seventeen,  and  in 
the  othei',  thirteen  calibres.  The  guns  of  seventeen  ca- 
libres are  12.  9,  6,  and  3  pounders;  those  of  thirteen  ca- 
libres are  24,  18,  and  12  pounders;  besides  which,  the 
6,  3,  and  1  pounders  are,  as  we  have  seen  in  the  preced- 
ing construction,  in  some  instances,  of  determinate 
lengths,  without  reference  to  the  number  of  calibres. 
The  weights  and  lengths  of  the  first  class  are 


Feet. 

Inche«. 

•Weigit. 

12  pdrs 

.    length 

6 

6.660 

18  cwt 

17  Calibres.    > 

J    9 

^    6  med 

do. 
.do. 

5 
5 

11.400 
2.355 

131 
9 

I  3 

do. 

4 

1  321 

H 

r24 

do. 

6 

3  669 

24 

13  Calibres.    « 

J  18 

do. 

5 

8  796 

18 

Ll2 

do. 

5 

0  009 

12 

Not    propor- 

r ^ 

do. 

5 

0.000 

6 

tioned   by  ca-< 

^ 

do. 

6 

0000 

6 

libre. 

I ' 

do. 

5 

0.000 

2J 

»n  D  ~  |-  of  base  ri  nj.' 

D  1  r:  -y  of  m  D  or  .^'j.  of  base  ring. 

CD  —  i  of  a  cahbre,  or  1  calibve, 

AD  iz  eight  eighxentlis  of  the  length  o:   the  gun 

plus  one  calibre. 
AB'—  five  eighteenths  of  the  length. 
AC  freight  eighteenths. 
B'  yt^l  of  base  ring. 
r«    zz^  of  base  ring. 

=  1  of  calibre. 

~  1  calibre. 

13  I  of  base  ring. 

~  one  eighteenth  of  AC  ~  base  ririg 

~  1  calibre. 

=  AH 

bisects  KI,  and  N  bisects  ML. 


Yn 

s-v 

t  V 

A  I 
Aa 
BI 
X 


It  will  be  understood  that  these  constructions  apply 
only  to  the  guns  at  this  time  making,  or  lately  made,  for 
the  British  service;  but  we  employ  a  variety  of  otiier 
pieces,  which  differ  very  considerably  in  their  lengths 
and  other  dimensions ;  the  principal  of  which  are  given 
in  the  following  table. 

Table  showing  the  Length,  Weight,  and  other  /larticulart 
of  English  Brass  Guns. 


General  Dimensions.     Fig.  6. 

Brenh. 

12,  9,  6,  and  3  pdrs.  of  17  cal. 

AY  =  CI  =  Jcal.  KL 
24,  18,  and  12  pounders,  of  13  cal.  =  ^ 
6  pdrs.  light,  length  5  feet  6  inches  =  IJ 
S  do.  6  feet  0  inches  =  ^ 

1  do.  5  feet  0  inches  =  |. 

The  fractions  expressing  parts  of  a  calibre. 

The  diameter  of  the  swell  at  the  muzzle  is 
portioned  in  all  to  the  respective  base  rings,  as 
a  dispart  of  a  degree. 

The  distance  CD  in  the  guns  of  13  calibre  is| 
in  the  others  one  calibre. 

The  diameter  of  trunnions  is  4  GH,  or  of  ba 
and  the  length  is  equal  to  the  diameter.     Centre 
nions  to  centre  of  second  reinforce  ring  |,  or  1 
as  above  stated.     Breadth  of  reinforce  rings  ~^ 
ring. 

Dimension*  of  the  Cascable. 


Muulc. 


leal. 


_  « 

—  T 
3 

—  T 
I 

—  T 


SO  pro- 
to  give 

calibre, 

se  ring, 
of  trun- 
calibre, 
of  base 


Ifl  those   of 

17  cal.  mn~ 

13  do. 
6  pdrs.  5^  feet 
3  do.     6  feet 

:  1  calibre 

Ofl 

77  7  « 

i 

1 

i  do.     5  feet 

The  other   particulars    of  the    general  construction 
may  be  stated  as  follows  : 

<rB  =^of/B. 
ic     =4of/B. 
bf  ~  ^  of  base  ring. 
/B  — ^  of  BD. 


Length 

Nature  of  the  Guns. 

Calibres. 

in  Feet 

Weight. 
cwt.  qr.  lbs. 

/' 

in. 

42     Pounders 

16.244 

9 

6 

66     0     0 

32         do. 

18  731 

10 

0 

55     2     0 

["Heavy 

19.574 

9 

6 

53     0     9 

„,]  Medium 

16.483 

8 

0 

41      3      2 

-n  Light  . 

10.302 

5 

0 

16     3    13 

l^New  do. 

13.000 

6 

.. 
0 

24     0     0 

18     Pounders 

13.000 

5 

9 

18     0     0 

fHeavy     - 

24.659 

9 

0 

31      2      8 

Gen.  Desagulier's 

19.468 

r 

6 

22      1   21 

,„  J  Medium,  old 

16.872 

6 

6 

21      3     0 

'■'^ 

•Medium,  new 

16872 

6 

6 

18     0     0 

Light     - 

12.978 

5 

0 

8     3     4 

.•Light,  new    - 

13  000 

5 

0 

12     0     0 

9     Pounder 

17.000 

5 

"tt 

13     2     0 

fHeavy     - 

26  112 

8 

0 

19      1      6 

•Desagulier's  med. 

2  876 

7 

0 

12     0  34 

J  '.Medium,  new 

18  500 

6 

0 

8     3  27 

A 

•Medium  reduced 

17.('00 

5 

6 

8     0  22 

Gen.  Belford's 

16.342 

5 

0 

522: 

_Light,  common 

14.7o6 

4 

6 

5     0   18 

'Heavy    • 

28  836 

7 

0 

11      3    19 

•Gen.  Desagulier's 

14.717 

6 

0 

6     0     0 

3<^  •Light  common 

14418 

0 

6 

2      2   27 

j  Light  infantry 
l,Gen.  Pattison's 

12.358 

3 

0 

1      3   16 

12.358 

3 

0 

1     2   19 

I     Pdr.  ammuzethe 

39.7 

5 

0 

3     3    12 

do. 

15  6 

6 

0 

3     0   11 

do. 

11.5 

7 

0 

3      I    12 

The  guns  marked  •  are  the  only  ones  now  used  in  ge- 
neral service. 

The  iron  guns  in  the  English  service  are  still  more 
variable  in  their  construction,  dimensions,  weiglit,  &c. 
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llian    U10SC  of  brass,  as  will   be  seen   by  the  following 
Tabic. 

Table  shoiuing  the  fiarlicular  Dimensions,  Weight,  (Jfc. 
of  Naval  and  Battering  Ordnance  emfUoyed  in  the  Bri- 
tiiJi  Service. 


Weight 
of  ball. 

Vreig*t  of 
caimon. 

Ratio  of 
weiffht  of 

ball  to 

weight  of 

gan. 

Angle  of 
ili>|>art. 

of  inece. 

Length  ul 
bore. 

Bore  in 
tenni  of 
the  calibre 

42» 

cwt. 

67 

qr. 
0 

178.6 

H 

feet. 
10 

inches. 
1  12 

16.75 

1,0  S' 

55 

0 

192.5 

U 

94 

107.2 

17.5 

^^^2 

49 

3 

174.1 

2 

8 

89.22 

14.6 

fl 

50 

0 

233 

H 

n 

107  41 

19.3 

1  2 

47 

2 

221.7 

n 

9 

101.45 

18.3 

J 

44 

2 

203 

n 

8 

89  5 

16.1 

^<\ 

40 

0 

186.6 

2 

7^ 

83  42 

15.0 

40 

0 

186  6 

5 

T^ 

83.42 

15.1 

6 

33 

0 

154 

2i 

64- 

71.79 

12.9 

[_7 

31 

0 

144.7 

H 

6 

5  57.05 
I    8.82 

10.3 
1.6 

r  1 

42 

0 

261.3 

1^ 

9 

101  75 

20.0 

18-|  2 

37 

2 

233.3 

M 

8 

89.74 

17.8 

3 

24 

0 

168 

2i 

6 

66.05 

13.1 

("1 

34 

0 

327.3 

1 

9 

102.23 

23.3 

12^  2 

33 

0 

308 

M 

8^ 

96.221 

219 

b 

29 

2 

275 

H 

7h 

84.25 

19.1 

fi 

31 

2 

392 

15 

9 

102.487 

256 

T= 

28 

2 

354.6 

1* 

8^ 

96  48 

24.1 

26 

0 

323.5 

n 

n 

84.425 

21.2 

L* 

25 

0 

311.1 

1^ 

7 

78.48 

19  6 

fl 

23 

0 

322 

1^ 

H 

96.957 

27.8 

2 

22 

0 

308 

M 

8 

90.956 

26  0 

6< 

3 

21 

0 

294 

M 

7h 

8496 

24.3 

4 

20 

0 

280 

H 

7 

78,952 

22.5 

5 

18 

0 

252 

H 

6^ 

72.96 

20.9 

_6 

17 

0 

238 

H 

6 

66  97 

19.4 

The  diaiiutcr  of  its  chamber  was  equal  to  the  diaineier 
of  a  fi)i-l>-lwo  poundt-i  gun,  r.ncl  coinaitieii  5  J  pounds  of 
powdv  I . 

Its  weight  was  about  31  cwt. 

The  shot  was  cast  in  an  eij^lit-incb  spherical  iron 
mould,  and  the  windage  was  only  equjl  to  the  shrinking 
of  the  nvjtal  of  the  shot  in  cooling  ;  ils  weight  was  abotil 
68  pounds. 

Although  these  carronades  were  actually  employed 
by  the  English  against  the  French  in  1779,  yet  tliey 
did  not  come  into  very  general  use  till  the  year  1793, 
viz.  at  the  comineiiceiiient  of  the  Fiench  revolutionary 
war;  but  Ironi  liial  lime,  carronades  of  various  ilimen- 
sions,  but  only  few  of  the  above  heavy  construction, 
were  introduced  into  our  ships  of  war,  and  these  ge- 
nerally fur  the  purpose  of  tlirowiii.;  hollow  or  cored 
sliQl  of  the  same  diameter  as  the  68  pounder;  but  con- 
tinued practice  has  since  so  far  established  their  import- 
ance, that  there  arc  now  few  ships  thai  are  not  furnish- 
ed with  a  certain  proportion  of  this  species  of  ord- 
nance. 

Table  of  the  Dimensions,    Weights,  Calibres.  iJfc.  of  the 
Carronades  commonly  emfiloyed  in  the  British  Service. 


Calibre  in 
pounds. 

Diameter  of 
bore  in 
inches. 

Length  of 
bore  in 
inches. 

Length  of 
bore  in 
calibre. 

Weight. 

Katio  of 
w^right  of' 

ball  lo 
weight  of 
piece. 

68 

8.05  \ 

ft.    in. 

5      2 
4     0 

7  702 
5.962 

cwt.  yrs.  lbs. 
36  0      0 
29  0     0 

^  59  :    1 

42 

6.84 

4      34 

7. 518 

22    1      0 

58  :  1 

32 

6.35 

4     OJ 

7  670 

17  0    14 

62  :   1 

24 

5.68-1 

3     7 
3     0 

7.656 
6.336 

13   0     0 
11    1   25 

?  56  :  1 

18 

5.16 

3     3 

7.587 

5900 
^    8    1    25 

^  56  :  1 

12 

4.52 

2     2 

5.778 

5   3    10 

56  :  1 

Diameters  of  the  Frincifial  Parts  of  Carronades, 


Of  Carronades. 

Carronadesf  were  first  introduced  into  the  English 
service  by  General  Robert  Melville,  and  were,  in  the 
first  instance,  of  one  calibre  only,  (68  potinds.)  and 
denominated  smashers  ;  but  they  have  since  received 
the  above  name  from  that  of  the  celebrated  lonndery  of 
Carron  in  Scotland,  where  they  were  first  cast,  under  the 
able  directions  of  Charles  Gascoine,  Esq.  at  that  time 
(1774)  director  of  the  foundery;  and,  in  June,  1779,  they 
were  for  the  first  time  introduced,  and  included  amongst 
'.he  established  ordnance  of  the  navy. 

The  first  piece  of  this  kind  had  ihe  following  dimen- 
sions. 

The  diameter  of  its  base  was  eight  inches,  having  the 
aame  calibre  as  an  eight  inch  moriar  or  howitzer. 

The  length  of  its  base,  including  the  chamber,  was 
squal  to  six  diameters  or  calibres,  very  nearly  ;  viz.  four 
i'eet. 


Weight  of 

Greatest 

Least 

Diameter  of 

Diameter 

Diameter 

ball. 

diameter. 

diameter. 

trunnion. 

of  bore. 

of  ball. 

ft.    in. 

fl.    in 

inches. 

.   inches. 

inches. 

68 

1      9 

0       111 

2  000 

8.156 

8.000 

42 

1      7 

0       11 

1  750 

6.838 

6.684 

32 

1      5i 

0      lOJ 

1  500 

6.257 

- 

24 

1      3i 

0        9^ 

1  500 

5.690 

-      - 

18 

1      2i 

0        Si 

1.250 

5  166 

- 

12 

1      Oi 

0        7i 

1 ,000 

4  526 

-      - 

In  Plate  CCCCXLIV.  Figs.  I,  and  2.  we  have  shown 
the  exterior  and  inteiior  lines  of  construction  in  a  24 
pounder  carronade. 

Of  Howitzers. 

The  howitzer  is  a  sort  of  short  gun  of  peculiar  form, 
generally  of  brass,  and  intended  for  throwing  shells  of 
different  diameters,  and  fiom  the  dimensions  of  which 
the  piece  receives  its  denomination;  as  a  ten  inch,  an 
eight  iiM;h,  Sec.  howitzer  :    the  lighter  sort  o[  howitzers 


•  This  gun,  although  still  to  be  seen  in  our  arsenals,  has  been  for  some  years  laid  aside  in  the  service. 
<    Carronades  were,  we  understand,  invented  by  the  late  Patrick  Millar,  Esq.  of  Ualswinton.     Ed. 
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are  employed  in  the  field,  and  the  heavier  ones  in  sieges,  not  yet  been   constructed  in   great  number.     The  mean 

and   in   the   attack   of  fortified   places.     Iron    howitzers  weight  of  a  5^  inch  iron  howitzer  is  12  cwt.  ;  of  the  ten 

have  of  late  years  been  constructed,  and   aie  preferred  inch  40  cwt.  ;  and  its  length  equal  to  six  calibres,  or  five 

for  some  services,  as  they  will  bear  a  stronger  charge,  feet.     See  the   delineation  of  an  iron  5^  inch  howitzer, 

and  give  a  greater  range  than  those  of  brass,  which  are  and  of  an  eight  inch  brass  howitzer,  in  Figs.  3,  4  and  5. 

so  much  lighter.     The  5J   inch   iron  howitzer  is   be-  of  Plate  CCCCXLIV. 
coming  very  common,  but  those  of  larger  calibre  have 

Table  showing  the  JVeighta  and  Dimensions  of  Brass  Howitzers  in  the  British  Service. 


Lenph  of 

Chamtier.                                          , 

Description. 

Length. 

Weight. 

bore. 

Length. 

Diameter  at 

Diameter   at 

Charge. 

top. 

bottom. 

ft.     in. 

cwt.  qr.  lb. 

lbs.  oz. 

10  inch 

3     Hi 

25      3    14 

29  inch. 

12.6  in. 

5.776    in. 

4.12  in. 

7     0 

8  do. 

3        1 

12     3    12 

24  7 

8.61 

4.6 

3.40 

3     8 

5^  do.  heavy 

10     0     0 

3     0 

5J  do.  light 

2        2| 

4     0      2 

18.47 

6.02 

3.2 

2.45 

1     0 

4§  do. 

1         1 

3     0   13 

15.21 

4.52 

2.7 

2.24 

0     8 

The  invention  of  this  species  of  ordnance  is  generally 
attributed  to  the  Germans,  who  are  said  to  have  employ- 
ed them  as  early  as  the  year  1690;  but  their  general 
character  was  probably  very  different  from  those  now  in 
use  ;  as  we  find  even  in  our  own  service  considerable 
changes  in  the  several  dimensions  of  howitzers,  of  the 
same  calibre,  according  to  the  date  of  their  construction. 

The  following  are  the  dimensions  of  the  several  parts 
■o{  a  brass  eight-inch  howitzer,  according  to  the  most  re- 
-cent  practice. 

Inches. 

The  diameter  of  the  bore 8 

The  distance  of  the  muzzle  to  the  reinforce  -     -16 

The  length  of  the  reinforce 10  7 

The  wliole  length  of  the  howitzer 37.4 

The  length  of  the  bore 25.9 

The  length  of  the  chamber    -------     9.9 

The  greatest  diameter  of  the  chamber       -     -     -     4  6 
The  least  diameter  of  the  chamber      -     -     .     .     4 
The  breadth  of  the  muzzle  ring       -----     1.25 

The  distance  frorri  the  muzzle  ring  to  the  astragal    4  6 
The  breadth  of  the  astragal  -.---..     o.7 
The  breadth  of  the  ogee  before  the  reinforce      -     0. 
The  breadth  of  the  astragal  behind  the  reinforce      0.7 
The  breadth  of  the  base  ring      .-.-..     1.25 
The  thickness  of  the  metal  at  the  muzzle       -     -     2.25 
The  thickness  of  the  metal  at  the  muzzle  ring     -     3.4 
The  thickness  of  the  metal  near  the  reinforce     -     2.6 
The  thickness  of  the  metal  at  the  reinforce    -     -     3.4 
The  thickness  of  the  metal  behind  the  reinforce       2.5 
The  diameter  of  the  base  ring     -..-.-    14.7 

The  diameter  at  the  vent  astragal 12.5 

The  diameter  of  the  cascable 7.6 

The  diameter  of  the  button    -------     5. 

The  diameter  of  the  neck       .......     3.5 

The  breadth  of  the  first  ogee  and  fillets  -  -  -  0.9 
The  breadth  of  the  second  ogee  and  fillets         -     0.9 

The  diameter  of  the  first  fillet         9.5 

The  diameter  of  the  second  fillet  -  -  -  -  4  5 
The  length  and  the  diameter  of  each  trunnion  4  4 
The  distance  from  the  fore  part  of  the  reinforce  to 

the  trunnion    ---.-....-.1.2 
The  chamber  contains  powder       .     .     -     .     4lb.  Ooz. 
The  weight  of  the  howitzer,  from  12  cwt.   3  qr. 

Olb.  to  12  cwt.  1  qr.   II  lb- 


Of  Mortars. 

Mortars  are  a  species  of  ordnance  very  distinct  froui 
those  hitherto  described ;  they  are  short,  of  great  calibre, 
having  the  trunnions  commonly  at  the  breech,  and  in 
general  are  intended  for  throwing  shells  and  carcasses. 
These  are  generally  supposed  to  have  been  the  first 
pieces  of  artillery  that  were  made  use  of  after  the  in- 
vention of  gunpowder,  and  were  in  the  first  practice 
used  for  throwing  balls  of  red-hot  iron,  stones,  &c 
The  invention  of  them  is  commonly  attributed  to  the 
Germans,  who  are  said  to  have  actually  employed  them 
for  military  purposes  in  1435,  when  Naples  was  besieg- 
ed by  Charles  VIII.;  but  whether  shells  were  in  this 
instance  thrown  out  of  them  is  uncertain.  It  appears, 
however,  to  be  well  authenticated  that  shells  were 
thrown  from  mortars  at  the  siege  of  Wachlendonk,  in 
Guelderland,  by  the  Earl  of  Mansfield,  in  1588,  in 
which  year  Cyprian  Lucas  wrote  upon  the  method  of 
filling  and  charging  them,  in  his  Appendix  to  the  CoU' 
loquLes  of  Tartaglia,  where  the  methods  of  composing' 
and  throwing  carcasses  and  other  fire  works  are  ably  dis- 
cussed. 

For  many  years,  mortars  have  been  employed  foi 
throwing  only  shells  and  carcasses  ;  the  former  filled 
with  just  a  sufficiency  of  powder  to  explode  them,  and 
the  time  of  explosion  is  so  adjusted,  that  it  shall  happen 
just  at  the  moment  the  shell  reaches  the  ground,  which 
is  managed  by  cutting  the  fuze  to  a  length  proportion- 
ate to  the  intended  range.  Carcasses,  which  are  also 
thrown  from  mortars  in  bombardments,  are  a  sort  of 
shell  with  five  holes;  they  are  filled  with  pitch,  and 
other  more  violent  combustible  matter,  and  are  intend- 
ed to  set  fire  to  any  building  on  which  they  may  alight. 
Baskets  full  of  stones  about  four  or  five  inches  in  cir- 
cumference, have  been  also  sometimes  projected  from 
this  kind  of  ordnance,  into  the  covert  way  of  a  besieged 
place,  in  order  to  annoy  and  destroy  the  men  employed 
in  its  defence  Mortars  are  in  this  country,  and  gene- 
rally, we  believe,  on  the  Continent,  distinguished  from 
each  other  by  the  diameter  of  the  shell  they  are  intend- 
ed to  throw.  Thus,  we  say,  a  thirteen  inch,  a  ten-inch, 
&c.  mortar,  and  the  shells  are  in  like  manner  called 
thirteen-inch,  ten-inch,  Sec.  although  it  is  the  bore  of  the 
mortar,  and  not  the  diameter  of  the  shell,  that  has  the 
specified  dimensions. 

6  C  2 


804 


ORDNANCE. 


The  thirteen-inch  mortar  is  the  largest  size  at  pre- 
sent employed  in  tlic  Hiiiish  service  ;  loiinv-rly  tin  y 
extended  to  eighteen  inches,  and  some  of  that  dimension 
are  occasionally  seen  in  our  arsenals;  bui  the  use  of 
them  has  been  long  discontinued.  We  have  mortars, 
also,  of  less  calibre,  one  of  which  was  iormerly  called 
a  royal,  having  the  diameter  of  its  bore  etjual  to  5.6i 
inches,  and  the  other  a  coehorn,  from  the  name  of  iis 
first  constructor.     Its  diameter  is  4.52  inches. 

The  principal  parts  of  a  mortar  on  the  outside  are 
the  chase,  including  the  muzzle,  the  reinforce,  the 
breech,  and  the  trunnions.  The  smaller  exterior  di- 
visions are  the  vent,  the  dolphins,  the  vent  astragal 
and  fillets  ;  the  breech  ring  and  ogee,  the  reinforce 
ring  and  ogee,  the  reinforce  astragal  and  fillets,  the 
muzzle  astragal  and  fillets,  the  muzzle  ring  and  ogee, 
and  the  shoulders.  The  interior  parts  are  the  cham- 
ber, which  receives  the  charge  of  powder,  the  bore, 
where  the  shell  is  lodged,  the  mouth,  and  the  vent. 

The  chamber  is  variously  formed  by  different  na- 
tions ;  and  even  in  our  own  service  we  have  some  va- 
riety in  this  respect.  The  Spanish  mortars  have  sphe- 
rical chambers,  the  French,  German,  and  Dutch,  are 
conical  and  cylindrical.  The  Portuguese  form  theirs 
parabolical,  and  the  English  generally  in  the  form  of  a 
conic  frustum,  or  cylinder.  Nothing  appears  to  have 
been  finally  settled  as  to  the  best  form  for  this  part  of 
the  mortar. 

These  pieces  of  ordnance  are  some  of  brass,  and 
others  of  iron.  Mortars  are  employed  both  for  land 
and  sea  service.  Land  mortars  are  those  which  arc 
used  in  sieges,  and  for  other  land  service,  mounted  on 
beds,  which  are  transported   from  place  to  place   on 


truck  carriages.  We  have  had,  also,  a  sort  of  land 
mortars  mounted  on  a  travelling  carriage,  which  niiglit 
be  elevated  to  any  degree  at  pleasure. 

Sea  mortars  are  those  made  use  of  for  sea  service, 
such  as  the  bombardment  of  places  by  waier,  &c.  ; 
and  as  the  objects  they  are  intended  to  destroy  are  ge- 
nerally supposed  to  be  at  a  greater  distance  than  in 
land  sieges,  the  latter  are  made  longer  and  lieavier  than 
those  employed  by  land  service. 

7^06^  </  the  Weights,  Dimensions,  is'c.  0/  English  Land 
and  Sea  Mortars. 


Weight. 

Ltnfih 

Powtlfr 
voiitflined 

in  the 
ChamUrr. 

Range 
al  45°. 

cwt.qrt-  lb. 
32   0      8 

ft. 
5 

in, 
3 

Ib>. 
52 

1)7.. 

0 

'HOO 

82»  1     0 

20 

0 

25   0    10 

3 

7  J 

9 

12 

210u 

36   2    12 

9 

8 

33  0     0  4 

8 

12 

8 

3800 

41    0     0 

10 

0 

10    I    35 

2 

9 

4 

10 

1900 

16  0      6 

4 

8 

4    1      8 

2 

li 

2 

0 

1600 

8  0    11 

0 

4 

I   0  20 

I 

41 

0 

9 

1200 

0   3    11 

1 

4 

0 

H 

1 000 

The  principal  dimensions  of  the  several  parts  of  land 
and  sea  mortars,  according  to  the  most  general  practice, 
are  shown  in  the  following  Tables : 


Table   of  the  Dimensions  of  Brass   Land  Mortars  commonly  emfiloyed  in  the  British  Service. 


Description  of  Mortar.                                         [ 

Particolar  Pans. 

13  Inch. 

10  Inch. 

8  Inch. 

1.6  Inch. 

4.1  Inch. 

Diameter  of  the  bore 

13 

10 

8 

56 

4.5 

Total  length  of  the  mortar 

44 

33 

25.5  to  26 

16  to  16.5 

135 

Distance  from  the  muzzle  to  the 

reinforce 

15.25 

10 

8  5 

4.75 

4.2 

The  length  of  the  reinforce 

8.75 

8.1 

5 

5 

3.9 

The  length  of  the  trunnions,  from 

end  to  end 

32.5 

26 

20 

12 

9.2 

Diameter  of  the  trunnions 

7.15 

6.3 

5 

2.75 

2.15 

The  length  of  the  bore 

24 

18 

13 

8  5 

7 

Length  of  the  chamber 

12 

7.8 

7.75 

43 

37 

Greatest  diameter  of  the  chamber 

6.6 

4.5 

4 

3 

2.7 

Least  diameter  of  the  chamber 

6 

3.6 

34 

2.4 

1.4 

The  diameter  of  the  muzzle  ring 

21 

15  15 

11  2 

8 

64 

The  breadth  of  the  muzzle  ring 

11 

08 

0.7 

0.6 

0.5 

The  breadth  of  the  astragals  and 

fillets 

1.25 

1 

0  75 

0 

0 

Their  distance  from  the  muzzle 

ring 

1.5 

I 

1 

0 

0 

The  diameter  near  the  muzzle  as- 

tragal 

18.1 

13.2 

10 

6.9 

5  6 

The  diameter  near  the  reinforce 

18.1 

132 

10 

69 

5.6 

The  diameter  of  the  reinforce 

21 

15,15 

15.1 

8 

64 

[The  breadth  of  the  ogees 

1.5 

1 

1 

0 

0 

The  diameter  behind  the  breech 

astragal 

18.1 

13.2 

9.8 

69 

5.9 

lb.  oz.  gr. 

lb.  01.  gr. 

lb.     01.     gr. 

lb.     02.      gr. 

lb.      02.     gr. 

Chambers  contain  powder 

9      1      8 

4    0     U 

I2     0      10 

10       10 

0       8      0 

*  There  are  a  few  iron  mortars  of  recent  construction,  in  the  arsenal  at  Woolwich,  weighing  101  cwt. 
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In  Phle  CCCCXLIV.  Fii».  6.  wc  have  j^iven  a  section, 
-plan,  and  tievauon,  of  tliis  descripiion  of  monars,  the 
tiianiettr  being  10  inclies. 

Tabic  nfio'.viriff    the  Dimensions   of  the  stveral  Paris   nf 
Hca  JliurCara  emfiloyed  in  lite  Brit  ink  Service. 


viz.  into  ilie  covert  way,  &c. ;  and  hence  their  denomi- 
nation. They  are  not  employed  in  the  British  service. 
Nand-mortars  were  also  formerly  used  for  annoy- 
ance at  inconsiderable  distances,  by  a  single  gunner  or 
bombaidier.  These,  however,  have  been  long  laid  aside. 

Of  Petards. 


Parts  of  the  Mortar. 


Dfiiription  of  Mmlar. 
:.l  Inch.      1      ioliithT" 


The  diameter  of  the  bore 
The  whole  length  of  the  mortar 
The  di  -tarice  from  the  muzzle  to  the 

reiiilbrce 
The  length  of  the  reinforce 
The  leni;th  of  the  bore 
The  lenijih  of  the  chitmber 
The  greatest  diam.  of  the  chamber 
The  least  diamcier  of  the  chamber 
The  breadth  of  the  muzzle  ring 
The  breadth  of  the  muzzle  ogee  and 

filkt 
From  the  muzzle  to  the  astragal 
The  breadth  of  the  astragal 
The  breadth  of  the  reinforce  ring 
The  breadtli  of  the  ogee  next  to  the 

reinforce  ring 
The  breadth  of  the  chace  ring 
The  breadih  of  the  chace  ogee 
The  breadth  of  the  chamb,  astragal 
The  thickness  of  the  metal  at  the 

muzzle 
The  thickness  of  the  metal  at  the 

muzzle -ring 
The  thickness  of  the  metal  near  the 

reinforce 
The  thickness  of  the  metal  at  the 

reinforce 
The  thickness  of  the  metal  behind 
,     the  reinforce 
The  length  of  the  trunnion  from  end 

to  end 
Its  greatest  diameter 
Its  least  diameter 
Length  of  the  part  diminished  at 

each  end 

The  chamber  contains  powder 


Int-hes. 
IJ 

63 

21 
18 
24 
21 

8.5 

7 


1.9 
0 
0 
1.9 

4.5 
1.5 

2.2 
0 

4.7 


H 


4.7 

8 

9.5 

45.4 

12 

10 


02.    gr, 
0      0 


Ini-licj. 
10 
56 


20 
12 
30 
15 

6.6 

6 

2.4 

0 

0.4 
l.G 
0 

2.2 
0 
0 
1.6 

2.8 

6 

3.3 

6 

6 

3.6 
8 


0 

01.    gr. 
8      0 


The  thickness  of  the  metal  at  the  muzzle,  and  near 
the  reinforce,  is  taken  or  measured  from  the  lines  pro- 
duced, which  determine  the  bore  of  the  mortar;  and 
bcliind  the  reinforce  it  is  reckoned  from  the  lines 
which  ttrminate  the  chamber.  The  round  part  of  the 
breech  of  the  mortar  is  circular  ;  and,  in  the  ten-inch 
mortar,  is  described  from  the  same  centre  that  the  bot- 
tom of  its  chamber  is  described  from.  But  in  the  thir- 
teen-inch  mortar  it  is  described  from  a  centre  about 
three  and  a  half  inches  nearer  to  the  end  of  the  mortar 
than  that  from  which  the  bottom  of  the  chamber  is 
described,  and  in  both,  these  arcs  ou?ht  to  touch  right 
lines  drawn  parallel  to  the  sides  of  the  chamber. 

Stone  Morlars. — These  are  light  mortars,  generally 
of  brass,  and  about  fifteen  inches  interior  diamete-; 
they  are  intended  to  throw  stones  to  small  distances  ; 


Petards  are  small  and  peculiarly  formed  pieces  of 
iron,  or  gun  metal,  resembling  in  figure  the  frustum  of 
a  cone.  At  the  centre  of  the  less  end  is  a  fuze  hole, 
something  like  that  of  a  shell.  When  loaded,  it  is 
fastened  by  bands  of  iron,  screwed  to  a  square  board 
two  inches  thick,  carrying  a  hook  of  iron.  Tne  pur- 
pose of  this  machine  is  to  force  open  the  gati  s  of  a  for- 
tress, or  of  a  barrier;  to  throw  down  a  wall  or  a  row 
of  palisades,  h.c. ;  it  is  attached  to  whatever  it  is  in- 
tended to  destroy,  and  is  supported  in  its  position  by 
props  and  forks. 

There  are  four  different  dimensions  of  petards;  the 
first  or  largest  contains  12  lbs.  13  oz.  of  powder;  the 
second,  10  lbs.  li  oz. ;  the  third,  1  lb.  10  oz.  and  the 
fourth,  1  lb.     The  stores  for  one  petard  are  as  below. 


Hooks  to  hang  the  petard  2 

Brass  fuze  -         -  1 

Blue  paper  portfires  6 

Props,  or  forks        -  2 

Tallow        ...  8  023. 


Gimblets 
Wrench  for  fuze 
Slow  match 
Copper  funnel 
Cartridge 


2 

1 

6  yds. 

1 

t 


Of  Shot,  Sheila,  Carcasses,  tfc. 


Shot,  which  is  meant  to  signify  solid  balls  only,  is 
distinguished  by  the  following  designations. 

Round  Shot,  which  are  the  single  balls  fired  from 
different  descriptions  of  cannon,  &c. 

The  usual  weights  and  corresponding  diameter  of 
the  round  shot  in  the  English  service,  are  as  below. 


Weisht. 

Diameter. 

Weight. 

Diameter. 

68 

8        in 

ches. 

12 

4.403  inches. 

42 

6.684 

9 

4.000 

32 

6.105 

6 

3.498 

24 

5.475 

3 

2.775 

18 

5.043 

1 

1.920 

Case  or  Cannister  Shot,  are  small  shot  inclosed  in  tin 
cases,  which  latter  are  burst  by  the  explosion  of  the  pow- 
der, and  the  balls  spread  about  in  all  directions. 

Tier  Shot  are  something  of  a  like  kind  ;  they  are  in- 
closed in  a  case,  but  arranged  in  tiers,  and  the  balls 
are  sometimes  larger. 

Table  showing  the  JVumber  and  Weight  of  Case  Shot  for 
different  Pieces  and  for  different  Services. 


Cannon. 

SEA   SERVICE 

Weight  of  each 
■hot. 

Number  in  each 
caie. 

Weight  of  each 
caie  filled. 

32  Pounders. 

8  oz. 

70 

33  lb.    8  02. 

24         do.       ■ 

8 

42 

22         15 

18         do. 

6 

42 

16         8 

12         do. 

4 

42 

11           5 

9         do. 

3 

44 

8         9 

6         do. 

o 

40 

5         2 

4         do. 

2 

28 

4         0 

3         do. 

2 

20 

2        15 

1         do. 

li 

12 

1          2i 
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Table —  Continued. 


L. 

\ND   Service. 

Cannon. 

Wtitht  of  each 
Shot. 

Nurotier  in  each 
caie. 

Weicbt  of  each 
case  filled. 

24  Pounders. 

4  OZ. 

84 

211b.  11  OZ. 

12         do. 

2 

84 

12          1 

6          do. 
3          do. 

55 
52 

5        10| 
2        14 

Carronades. 

Sea  Service. 

68  poundeis. 

8  OZ. 

90 

461b.  2  OZ. 

42          do. 

8 

66 

32       8 

32          do. 

8 

40 

21       4 

24          do. 

8 

32 

16       1 

18          do. 

6 

31 

12       3 

12          do. 

4 

32 

8       2 

Mortars. 

L 

AND  Service. 

10  inch. 

170 

9 lib.   8  OZ. 

8    do. 

6 

90 

38        4 

5^    do. 

3 

55 

12        6 

4|    do. 

2 

55 

8         Ij 

Howitzers. 

L 

AND  Service. 

8     inch. 

6 

90 

381b.    8  OZ. 

S|     do. 

3 

55 

12        8 

4|     do. 

2 

55 

8         2 

Cannon   with 
tier  shot. 

Field  Service. 

12  pounders.? 
Medium.    \ 

18  OZ. 

15 

42 

181b.  8  OZ. 
\7      11 

6  poiiudeis.  > 

?l 

15 

9         0 

Medium.  \ 

42 

8      14 

3  pounders.? 
Medium.  5 

tl 

15 

42 

4      10 
4        6 

12  pounders.? 

Light.       S 

6  pounders.? 

Light.     5 

3  pounders./ 

Li  I.  111.      5 

14 

12 
34 
12 
34 
12 
34 

14      14 
14      11 
7        3 
7       7 
3      10 
3      11 

Cra/ie  shot  is  a  combination  of  small  shot  put  into  ft 
thick  canvass  bag,  and  corded  strongly  together,  so  as 
to  form  a  kind  of  cylinder,  whose  diameter  is  equal  to 
that  of  the  ball  adapted  to  the  cannon. 

Table  of  Gra/ie  Shot  for  Sea  and  Land  Service. 


Deicription. 

Weight  0 

f  each  Shot. 

Total  weight  ol   the 
Orape  complete. 

42  pounders. 

4ib. 

0   OZ. 

46  lb.    6  oz. 

32          do. 

3 

0 

34          1 

24          do. 

2 

0 

25           5 

18          do. 

1 

8 

19         154 

12          do. 

1 

0 

10        15 

9          do. 

0 

13 

7          6 

6          do. 

0 

8 

5           8^ 

4          2o. 

0 

6 

3        144 

3          do. 

0 

4 

2        10| 

A          do. 

0 

0|  lead 

8^ 

Besides  the  above  description  of  shot  we  have  had 
formerly,  and  even  at  present  perhaps,  occasionally, 
other  descriptions,  as  chain,  bar,  and  langrel  shot.  The 
chain-shot  consist  of  two  balls  connected  by  a  chain,  and 
the  bar-shot  of  two  balls  connected  by  a  bar,  &c. 

Shells These,  as  the  term  implies,  are  hollow  iron 

balls,  which  are  intended  to  be  filled  with  a  sufficient 
quantity  of  powder  to  explode  them  at  the  extremity 
of  their  ranges,  and  are  of  different  diameters  corres- 
ponding with  those  of  the  mortars  or  howitzers  from 
which  they  are  intended  to  be  thrown.  They  have  a 
fuze  hole,  into  which  the  fuze  is  inserted,  and  the 
length  of  the  latter  is  so  proportioned  to  the  range  and 
time  of  flight,  as  to  fire  the  powder  at  the  moment  the 
shells  reach  the  ground.  A  second  description  of  shells, 
having  an  equal  thickness  of  metal  throughout,  being 
made  with  somewhat  more  precaution  than  the  pre- 
ceding, are  intended  for  guns  and  carronades,  and  have, 
therefore, ^a  corresponding  diameter. 


Table  of  the  several  fiarticulars  relating  to  Mortar  and  Howitzer  shells. 


Description. 

Weight. 

Diameter. 

Powder  the  Shell 
would  contaio. 

Powder  for 
bursting. 

Diameter  of 

Pure  Hole. 

Thickness  of 
Metal. 

Ouuide. 

Inside.     ' 

cwt. 

qrs.  lbs.  oz. 

13 

I 

3       2     0 

L     '21 

10         4 

6   12 

1  837 

1.696 

2.05 

10 

0 

3       9     0 

■    93 

4        5 

2    10 

1.57 

1.45 

2.575 

8 

0 

1     Hi  0 

7i 

2      12 

1    14 

1  219 

1.127 

1.2 

5J 

0 

0     IS\  0 

54 

1        0 

0    12 

0.894 

.826 

0.822 

4t 

Hand       C 

0 
0 

0       8      0 
0       3    11 

3.49 

0       7 

0      5 

0.832 

.769 

0.653 

Grenades.  \ 

0 

0        1    13 

2.27 

.    .    \i 

0  4 
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Table  of  the  Dimensions  of  Shells  for  Guns  and  Carronades. 


Description. 


("Diameter 


■  Exterior 


Carronades 


r  of  5  Es 

I      the  shell,      l  Interior 
)  Tliickijess  ol  metal 
I  Uiameter  of   5  Exterior 
I  the  fuse  hole  I  Iraerior 
^.Thickness  of  metal 
TDiameter  of   C  Exterior 
I      the  shell      X  Interior 

J  Thickness  of  metal 

■  j  Weight  of  shell 
}  Contains  powder 
(^Powder  for  burstinp; 


42  pr. 

32  pr. 

U  pr. 

Inches. 

Inches. 

Inches. 

6.684 

6.1   '5 

5.547 

4.404 

4.005 

3.767 

1.140 

1.05 

0.89 

1  0.894 

0.894 

0.893 

0.826 

0.826 

.826 

.14 

.11 

.12 

6.64 

6  05 

5.48 

4.36 

3.95 

3.48 

1.14 

1.35 
22  lbs. 
12|  oz. 
10  oz. 

1. 

la  pr. 


Inches. 

5.05 

3.4 

0.82 

0.832 

.76 

.9 
4.935 
3.235 

.85 
12lbs, 

9  oz. 

7  nz. 


12  pr. 


Inches. 

4.4 

2.8 

0.8 

0  832 

0.769 

■H 

4.295 
2.695 
0.98 


SArafinell  Shells  are  a  particular  description  of  shells, 
\hus  called,  from  the  name  of  their  inventor,  General 
Shrapnell.  They  are  intended  for  field  service,  are 
much  thinner,  and  are  more  accurately  formed,  than 
the  common  shell.  They  are  filled  with  small  balls, 
and  a  quantity  of  bursting  powder,  and  are  intended  to 
explode  at  the  moment  they  reach  an  enemy's  line.  At 
this  lime  the  balls,  having  the  velocity  of  the  shell,  are, 
when  the  latter  explodes,  spread  in  all  directions,  and 
produce  the  most  destructive  effect  upon  the  line.  These 
were  formerly  denominated  sfihericat  case  shot ;  but 
they  are  now  always  spoken  of  under  the  term  Shrap- 
nell shells. 

Carcasses.  These  are  also  a  sort  of  shell,  having  four, 
five,  or  more  holes.  They  are  filled  with  a  strong  com- 
bustible matter,  and  are  in'. ended  to  destroy  any  building, 
or  other  place  on  which  they  fall.  Their  principal  ap- 
plication is  in  bombardments. 

7'able  of  the   Weight  and  Dimensions  of  Carcasses. 


Description. 

■Weight.                                1 

Time 

Empty. 

of  Compoti. 

Complete. 

each 

tion. 

will  bum 

Round  for 

lb. 

OI,  dr. 

lb. 

oz.  dr. 

lb.     oz.  dr. 

Minutes. 

Mortars    Cl3 

194 

10    11 

18 

14     0 

213     8  16 

11 

and        <  10 

88 

13    11 

7 

8  11 

97     6  11 

8i 

Howitzers  (^  8 

44 

9     5 

4 

4  11 

48  14     0 

5i 

r42 

27 

3     0 

2 

7  11 

29  10  11 

5 

For  Guns  J  g^ 

20 
14 

13     5 
12     0 

1 
1 

14    5 
9  11 

22  11  11 
16    5  11 

4i 
4 

US 

11 

13  11 

I 

1     5 

12  IS    0 

4 

r68 







For  Car-     \9 

26 

0     0 

2 

7    0    28     7    0 

44 

21 

10    0 

1 

13     0 

23    7     0 

4 

14 

5    0 

2 

5    0 

16  10    0 

3i 

-18 

10 

4    0 

1 

2    0 

11     6    0 

3 

Qbhng  for 

Mortars    r^° 

»"'^       ]   5i 
Howitzers  (_    .j 

36 

7     5 

55 

10    0 

72     1     5 

12 

16 

5     5 

18 

2     0   34    7     5 

10 

1 
1 

12     2 
0     6 

6 

8 

15     0,     8  11     3 
11     7!     4  11  13 

6 

4 

Rules  for  Comfiuting  the   Number  of  Shot  or  Shells  in 
a  Pile. 

Shot,  shells,  &c.  are,  in  store,  arranged  in  piles,  hav- 
ing square,  rectangular,  or  triangular  bases,  and  decreas- 


ing upwards  till  they  terminate  either  in  a  single  ball  in 
the  square  and  triangular  pile,  or  in  a  line  in  the  lec- 
tangular  one. 

And  the  number  of  balls  in  any  proposed  pile  is  found 
by  the  following  general  formulae  : 

Square  pile,  No.  of  balls  -^ikLt^^+J) 
'  "^  1.2.3 

Triangular  pile,  No.  of  balls  =  2il.+  ')(".+ 2) 

Rectangular  pile.  No.  of  balls  =iii±illi.tl^±i} 

Where  n  is  the  number  of  balls  in  the  bottom  row 
in  the  two  first  piles,  and  b  the  number  in  the  breadth, 
and  /those  in  the  length  of  ihe  laiier  pile. 

Of  Ordnance    Carriages. 

The  construction  of  carriages  for  the  different  species 
of  ordnance  is  a  subject  by  no  means  of  less  importance 
than  the  construction  of  the  pieces  themselves.  It  ,is 
not  only  necessary  that  a  piece  of  ordnance  should  be  the 
most  effectual  with  the  least  quantity  of  material,  as 
far  as  regards  its  own  projectile  power  ;  it  is  also  requi- 
site that  it  should  be  so  supported,  adjusted,  and  ar- 
ranged, as  to  have  its  fire  repeated  the  greatest  possi- 
ble number  of  times  in  a  given  interval  ;  and  such  at 
the  same  time,  that  it  may  be  directed,  removed,  and 
transferred  from  place  to  place  with  the  greatest  faci- 
lity. And  when  we  consider  the  enormous  mass  of 
some  of  the  larger  ordnance,  and  the  very  considerable 
weight  even  of  the  medium  pieces,  we  may  soon  be 
convinced  that  much  scope  is  given  to  the  ingenuity  of 
the  practical  artillerist,  to  construct  carriages  that 
shall  possess  advantages  peculiar  to  the  service  for 
which  any  proposed  piece  of  ordnance  is  intended,  and 
that  the  subject  upon  which  we  arc  now  about  to  en- 
ter is  of  considerable  extent,  and,  taken  in  a  military 
point  of  view,  of  the  greatest  importance.  Our  limits, 
however,  will  not  admit,  nor  does  the  nature  of  our 
woik  require,  that  we  should  enter  upon  the  subject  at 
length,  and  with  the  most  minuie  detail;  all  that  we 
can  attempt  in  this  place  is,  lo  give  a  general  view  of 
the  different  desciiption  of  ordnance  carriages,  and  to 
supply,  as  far  as  possible,  by  figures,  wh.it  we  arc 
obliged  to  pass  over,  somewhat  slightly,  in  the  text. 
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Different  Descri/iiions  of  Carriaffea, 


These  may  be  clasbed  under  ihc  following  general 
denominations,  viz. 

Travelling  carriages,  for  heavy  field  ordnance,  wliicli 
arc  such  as  guns  are  iiiounud  upon,  and  by  means  ot 
which  Ihcy  are  Iransporied  from  place  to  place  when 
cmploved  in  sieges,  or  in  the  field.  See  Plate 
CCCCXLV. 

Travelling  carriages,  for  the  lighter  field  pieces,  which 
may  be  advanced  by  men  only,  and  maiid>;ed  with  the 
greatest  dexterity.  The  gun  carriage  itself  consists  ol 
two  wheels  and  the  trail,  which,  when  advanced  by 
liorses,  or  in  the  line  of  march,  is  connected  with  what 
is  termed  the  limber,  wiiich  has  also  two  wheels,  and 
is  connected  with  the  gun  carriage  by  means  of  a  siiong 
iron  pin. 

Uov'itzer  carriages  are  for  supporting  and  transport- 
ing howitzers.  Those  for  the  smaller  kind  are  made 
with  screws  for  elevating  them,  in  the  same  manner  as 
the  light  six  pounder  carriages  are.  They  arc,  there- 
fore, made  without  a  bed  ;  and  the  centre  transome  is 
nine  inches  broad,  for  the  purpose  of  receiving  the  ele- 
vating screw,  instead  of  four  inches,  as  in  those  which 
are  made  without  such  a  screw.  In  the  centre,  between 
the  trail  and  centre  transome,  there  is  a  transome  bolt, 
which  is  not  in  others,  because  the  centre  transome 
roust  be  made  to  be  taken  out;  and  when  it  is,  the 
howitzer  may  be  elevated  at  pleasure.  In  Plate 
CCCCXLV.  we  have  shown  the  howitzer  carriage 
complete,  its  limbers,  kc.  8cc. 

Garrison  carriages  are  those  on  which  the  garrison 
guns  are  commonly  mounted.  These  are  of  various 
kinds,  much  depending  upon  their  particular  locality. 
The  more  common  ones  are  supported  and  moved  on 
four  cast  iron  trucks,  or  small  low  wheels,  seldom  ex- 
ceeding two  feet  in  diameter. 

Traversing  filaiform  and  carriage,  is  a  construction 
intended  to  facilitate  the  direction  of  a  gun  to  any  re- 
quired object  within  certain  limits,  according  to  its  si- 
tuation. Some  are  made  to  traverse  60°,  others  90°,  and 
some  may  be  passed  through  the  entire  circle.  The 
carriage  itself,  however,  in  these  constructions,  is  the 
same  as  usual,  and  the  platform  itself  is  the  only  pecu- 
liarity. 

S/ii/i  gun  carriages,  of  the  common  structure,  difTer 
from  the  garrison  gun  cariiages  only  in  their  having 
wooden  trucks  and  breech  rings,  which  the  others  have 
not  ;  but,  of  late  years,  great  improvements  have  been 
made  in  ship,  gun,  and  carronade  carriages,  by  Sir  Wil- 
liam Congrcve,  of  which  some  paiticulars  are  shown 
in  Plate  CCCCXLV.  We  have  also  a  variety  of  other 
denominations  of  carriages  in  the  ordnance  land  service, 
as  galloper  carriages,  devil  carriages,  tunibrel  carriages, 
block  cariiages,  truck  carriages,  pontoon  carriages,  &c. 
&c.  whicii  the  limits  of  this  article  will  not  admit  of  our 
noticing  more  particularly. 

0/  the  Weights.  Dimensions,  iJfc.  of  the  Princifiai  Car- 
riages/or Land  Orduajicc. 

The  uniformity  observed  in  the  British  service  in  the 
several  branches  of  the  military  art,  has  been  carried 
to  that  degree  of  perfection,  that  in  the  particular  case 
in  question,  viz.  the  construction  of  the  cariiages,  not  only 
the  whole  of  every  complete  carriai^^e  lor  any  specified 
pieces,  has  the  same  weight  and  diniensions,  but  the  se- 
veral parts  of  the  saiHC,  from   the  laigest  to  the  most 


minute,  only  diflcr  from  each  other  in  the  former  re- 
spect, so  far  as  the  materials  of  which  they  arc  com- 
posed may  differ  in  the  specific  gravity  ;  in  the  latter 
respect,  that  is  to  say,  in  dimension,  no  difference  is  al- 
lowed. 

Weight  of  travelling  carriages,  luilh  Umbers  com/itele,  ex- 
elusive  of  the  gun. 


24  pounders,  iron,  9  feet  6  inches,  carriage, 
weight        ...... 

18  pounder,  iron,  9  feet,  .  -  ditto 
!2  pounder,  iron,  9  feet,  -  -  ditto 
12  pounder,  iron,  6  feet,  -  -  ditto 
34  pounder,  or  5  i  inch  howitzer,     .     ditto 


cwt.  qr.  lb. 


28 
25 
24 
IS 
17 


Weight  of  the  neiu  block  trail  carriages,  and  new 
ammunition  carriage,  when  equi/ilicd. 

cwt. 
13  pounders  medium,  gun  carriage  and  lim- 
ber, with  ammunition             -         -         -  42 
Ammunition   carriage,    and    limber  to  ditto, 

with  ammunition          ....  29 

9  pounder  gun,  &c.          ....  39 

Ammunition  carriage,  &c.  for  ditto            -  26 

6  pounder  heavy  gun,  Sec.         ...  37 

Ammunition  cariiage,  Sec.  for  ditto            .  27 

6  pounder  light  gun,  Sec.           -         •         .  27 

Ammunition  carriage,  &c.  for  ditto            -  26 

3  pounder  heavy  gun,  Sec.         -          -         .  26 

Ammunition  carriage.  Sec.  for  ditto           .  33 

8  inch  howitzer.  Sec.         ....  40 

5§  ditto,  heavy          _         ....  35 

Ammunition  carriage.  Sec.  for  ditto           -  27 

5i  inch  howitzers,  light,           -         •         .  27 

Ammunition  carriage.  Sec.  for  ditto            .  27 

Ditto  6  pounder,  wlieel  carriage  complete  27 

Weight  of  fiark  carriages. 


2  2T 
1   27 

0  6 

1  4 

3  S 

fiatcnl 

qr.  lb. 
0     0 


0  0 

2  0 

3  2 

1  O 
»  5 
1  0 
0  0 
0  24 


Ball  cartridge  cart,  empty 

Ditto,  loaded  .... 

Hand  cait        - 

I'lench  cart  .... 

Truck  carriage       .... 

Sling  cart  .... 

Laige  devil  carriage  and  limber 

Small  ditto  .... 

Cavalry  forge  cart,  with  stores 

Forge  waggon,  with  limber  and  stores 

Store  waggon,  with  limber,  empty 

All  the  field  carriages  are  now  made  with  iron  axle 
trees,  which  are  more  durable  than  wood  ;  their  diame. 
lers  being  less,  the  friction  is  thereby  decreased,  and 
they  require  less  grease.  There  are  but  two  sorts  used, 
heavy  and  light. 

It  eight  of  brass  howitZ'r  standing  carriages. 


cryr. 

qr.  lb. 

8 

0  20 

2! 

1    14 

3 

3     0 

4 

3   27 

12 

2   21 

15 

0     2 

27 

3     0 

7 

2     3 

11 

3    18 

21 

2  23 

17 

3  21 

cwt.  qr.  lb. 

0  inch 

- 

21      1     7 

0  inch 

- 

16     2   23 

Standing  gun  carriages  of  cast  iron  have  lately  beea 
introduced  into  the  service  for  wai  ni  climates,  and  siiua- 
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{ions  not  nuich  exposed, 
frucks,  are  as  follows  : 


Their  weight,  including  the 


cwt.  qr.  lb. 

32  pounder 

- 

25      2     0 

24  ditto 

- 

19      3   25 

18  ditto 

. 

16      3     0 

12  ditto 

- 

16      1      0 

9  ditto 

- 

IS     0     0 

6  ditto 

- 

14     3     0 

An  experiment  was  made  at  Sutton  Heath,  1810,  with 
an  18  pounder,  iron  carriage,  which  stood  the  first 
part  of  the  practice,  with  high  charges  and  elevations  ; 
but  afterwards  tlie  bed  broke  with  a  reduced  charge 
and  low  elevation.  The  trunnion  of  an  18  pounder 
gun,  on  a  cast-iron  carriage,  at  Landguard  Fort,  broke 
off  the  same  year,  at  the  twenty-seventh  round  on  the 
day  of  practice. 


Dimensions  and  Weights  of  standing  Gun  Carriages  ■ 


Forty-two 

Thic 

y.two 

TweDtr-four 
B>tnden. 

Eighteen 

Iwelve 

V 

Sit 

Fouoden. 

Pounderi. 

Founders. 

Pounders. 

Pounder*. 

Founders. 

ft- 

in. 

.ft- 

in. 

ft. 

in. 

ft.    in. 

.ft. 

in. 

ft- 

in. 

ft.    in. 

Axle-tree,  total  length 

5 

0 

4 

10 

4 

6i 

4      5 

4 

1 

4 

0 

3   10 

r  depth         \^^^     • 
Axle-tree,  J  ihi^uness,  fore  &  hind 

0 

11 

0 

11 

0 

U 

0    10| 

0 

104 

0 

104 

0      94 

0 

7i 

0 

u 

0 

6j 

0      6J 

0 

H 

0 

6i 

0     Si 

0 

7i 

0 

ri 

0 

6J 

0     6J 

0 

6| 

0 

6| 

0     S| 

L  width 

1 

0 

1 

0 

1 

0 

I      0 

I 

0 

1 

0 

1      0 

Length  of  bracket 

6 

5 

6 

3 

6 

2 

6      1 

5 

9 

5 

8| 

5      7 

Thickness  of  ditto     . 

0 

6 

0 

6 

0 

54 

0      5 

0 

44 

0 

4 

0      34 

Depth  of  ditto 

2 

3 

2 

24 

2 

2 

2      1 

2 

1 

2 

0 

2      0 

Txr-j.u     ?  before 

W'dth    ^behind       .         .         . 

1 

H 

I 

Si 

1 

4J 

1   n 

1 

u 

1 

0^ 

0   11| 

2 

n 

I 

m 

1 

11 

1      9 

1 

7', 

1 

64 

1      5i 

Diameter  of  iron  trucks    \  ,°'  ^ 

1 

6J 

1 

6} 

1 

6J 

1      6J 

1 

6| 

1 

6i 

1      6| 

1 

■^i 

1 

'■ii 

1 

3i 

1      H 

1 

ai 

I 

Si 

1      3j 

Diameter  of  arm  of  axle   one-"] 

fourth  of  an  inch  less  than  the  i. 

0 

rh 

0 

7i 

0 

7h 

Crai  6  J 

0 

64 

0 

64 

0     Si 

bore  of  the  truck         .         .    J 

cut. 

Ji:  lb. 

c-wt. 

qr.  lb. 

cwt. 

qr.  lb. 

c-wt.  qr.  lb. 

cn-t.  qr.   lb. 

cwt.  qr.   lb 

cwt.  qr.   lb. 

Weights  of  the  carriages,  bed,  ? 
trucks,  and  coins,  complete      ^ 

16 

3   13 

IS 

1       0 

13 

2      0 

12      3     0 

11 

3     0 

10 

1      0 

9      1      0 

Of  Mortar  Beds. 

A  mortar  bed  is  intended  to  mount  a  mortar  upon,  as 
we  do  a  gun  on  its  carriage.  Land  mortar  beds  are 
commonly  made  solid,  each  of  them  consisting  of  four 
pieces  of  timber,  well  secured,  and  strongly  fastened  to- 
getlier  with  iron  work,  except  those  for  the  smaller  sort, 
which  are  generally  formed  out  of  single  blocks.  Iron 
mortar  beds  arc  also  now  common  in  the  English  ser- 


vice. Sea  mortar  beds  are  also  made  solid  with  very 
strong  timber,  but  they  differ  from  the  land  mortar  beds 
in  their  form.  They  have  each  a  hole  in  the  middle  or 
centre  for  receiving  the  iron  bolt  on  which  the  bed  turns. 
They  are  placed  on  strong  wooden  frames  fixed  into  the 
bomb  ketches,  to  which  the  bolt  is  fastened.  The  fore 
part  of  a  sea  mortar  bed  is  an  arc  of  a  circle  described 
from  the  centre  of  the  hole  above  mentioned. 


Table  of  the  weight,  tonnage,  and  dimensions  of  Mortar  Beds,  for  land  and  sea  aervicf 


Deicription  oi  Mortar. 

Weight 

Tonnage. 

Length. 

Breadth. 

Height. 

cwt. 

qr.   lb. 

Ion 

CKt.  qr 

ft.    in. 

//.    in. 

ft.    in. 

13  Inch  sea  mortar     .     . 

38 

3    13 

3 

3      2 

I-  ^  I  Land  mortar,  wood  . 
('        Ditto,         iron    . 

21 

2       7 

1 

6     0 

7     0 

2      6 

2      3 

50 

0      0 

2 

10     0 

6      3 

3       1 

1      6 

"Sea  mortar      .     .     . 

32 

2    14 

2 

2     2 

10-^  Land  mortar,  wood  . 

10 

0   20 

0 

14     2 

6      6 

1       8 

1    10 

Ditto,         iron     . 

23 

0     0 

1 

3     0 

4      8 

2      4 

1    H 

1      7J 
0   11 

g  5  Land"  mortar,  wood  . 
1       Ditto,         iron     . 

6 

0   20 

0 

7     2 

4     2 

1      7 

12 

0     0 

0 

12   10 

4     0 

1    11 

5^  Land  mortar,  wood 

1 

0  22 

0 

2     0 

2      9 

1      4 

0   10 

4f       Ditto,         wood 

0 

3    11 

0 

1      2 

2      41 

1      2 

0     9 

Kockets. 

The  construction,  principle,  and  practice  of  military         ^°^  further  information  on  this  subject,  sec  our  arti- 
rockets,  which  may  now  be  considered  as  a  permanent     '•'^*  Artillery,  and  Gunnery. 
branch  of  the  British  ordnance,  will  be  treated  of  under 
'he  article  Pyrotechny. 
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OncAN,  an  instrument  of  music.  The  word  is  Greek, 
•fyitvcn,  which  sii^nifies  instrument  of  any  kind,  and  is 
very  appropriately  given,  by  way  of  eminence,  to  this 
incomparably  the  grandest  among  musical  inniruments. 

In  the  short  abstract  of  the  history  of  the  art,  given 
under  the  word  Music,  we  liave  noticed  (Art.  27.)  the 
important  effects  which  the  invention  of  this  instrument, 
and  its  introduction  into  the  church  service,  gradually 
produced  on  the  science  or  art ;  and  that  it  was  probably 
an  improvement  on  the  HvDRAfLic  Organ  of  the  an- 
cients. 

Of  this  ancient  instrument,  so  little  is  known,  not- 
withstanding the  long  description  of  it  given  by  Vitru- 
vius,  and  the  labours  of  learned  men  to  explain  that 
description,  that  we  shall  be  content  with  quoting  what 
Dr.  Burney  says  of  it  in  the  short  account  he  has  given 
of  ancient  instruments  of  music,  at  the  end  of  the  first 
volume  of  his  History. 

"  The  last  wind  instrument  of  which  I  shall  speak,  is 
the  Hydraulicon  or  water-organ,  that  was  played,  or  at 
least  blown,  by  a  cataract  or  fall  of  water.  In<leed,  it 
has  been  much  disputed,  whether  it  was  played  by  fin- 
gers, by  means  of  levers,  or  keys ;  and  yet  the  descrip- 
tion of  it  by  Claudian  seems  such  as  would  suit  a 
modern  organ,  only  blown  by  water  ii)5^ead  of  bellows. 

Vel  qui,  magna  Icvi  detrudens  murmura  tactu, 
Innumeras  voces,  segetis  moderator  aeriae, 
Intonet  erranti  digito,  penitus<iue  trabali 
Vecte  laborantes  in  carmina  concitet  undas. 

"  In  Athenseus,  lib.  iv.  p.  17-t,  there  is  a  history  and 
description  of  this  instrument.  He  tells  us  that  it  was 
invented  in  the  time  of  the  second  Plolemy  Euergetes, 
by  Ctesibius,  a  native  of  Alexandria,  and  by  profession  a 
barber  ;  or  rather,  it  was  improved  by  him  ;  for  Plato 
furnished  the  first  idea  of  the  hydraulic  organ,  by  invent- 
ing a  night  clock,  which,  according  to  Perrault,  Vitruv. 
lib.  10.  was  a  clepsydra,  or  water  clock,  which  played 
upon  flutes  the  hours  of  the  night,  at  a  time  when  they 
could  not  be  seen  on  the  index. 

-  "  This  musical  clock  must  have  been  wholly  played 
on  by  mechanism.  But  neither  the  description  of  the 
hydraulic  organ  in  Vitruvius,  nor  the  conjectures  of  his 
innumerable  commentators,  have  put  it  in  the  power  of 
the  moderns  either  to  imitate,  or  perfectly  to  conceive 
the  manner  of  its  construction  ;  and  it  still  remains  a 
doubt,  whether  it  was  ever  worthy  of  the  praises  which 
the  poets  have  bestowed  upon  it,  or  superior  to  the 
wretched  remains  of  the  invention  still  to  be  seen  in  the 
grottos  of  the  vineyards  near  the  city  of  Rome. 

"  In  the  collection  of  antiquities  bequeathed  by  Chris- 
tina, Queen  of  Sweden,  to  the  Vatican,  there  is  a  large 
and  beautiful  medallion  of  Valentinian,  on  the  reverse  of 
which  is  represented  an  hydraulic  organ,  with  two  men, 
one  on  the  right,  and  one  on  the  left,  who  seem  to  pump 
the  water  which  plays  it,  and  to  listen  to  its  sounds.  It 
has  only  eight  pipes,  placed  on  a  round  pedestal ;  and  as 
no  keys  or  performers  appear,  it  is  probable  that  it  was 
played  on  by  mechanism." 

The  pneumatic  organ,  as  the  modern  instrument 
blown  by  bellows  has  been  called,  in  contradistinction  to 


the  hydraulic  one,  is  a  very  complicated  and  ingenious 
piece  of  mechanism.  Although  it  is  spoken  of  as  one 
instrument,  yet,  strictly  speaking,  it  is  a  collection  of 
many  instruments,  all  brought  under  the  finger  of  one 
performer,  and  so  ingeniously  contrived,  that  he  has  it  in 
his  power  to  play  on  any  one  singly,  or  to  combine  seve- 
ral, or  all,  according  to  his  taste,  in  order  to  produce 
variety  of  effect.  If  we  suppose  an  instrument  having  a 
set  of  pipes,  giving  the  twelve  notes  of  the  chromatic 
scale,  corresponding  to  each  octave  in  the  kcy-boird  of 
keyed  instruments,  described  under  Music,  Art.  80-87, 
we  have  the  idea  of  the  simplest  or^an  ;  and  such  an 
instrument,  provided  its  key  board  were  as  extensive, 
would  be  as  complete,  as  far  as  regards  the  scale,  as  the 
piano-forle.  But  organs  have  many  sets  of  pipes,  or 
STOPS,  as  they  are  called,  of  very  (litFerent  qualities,  to 
the  same  key-board,  and  frequently  several  key-boards, 
each  having  many  stops  belonging  to  it ;  insomuch,  that 
the  m'andeur  and  variety  of  effect  which  it  puts  in  the 
power  of  an  able  organist  to  produce,  is  almost  endless. 
Of  the  mechanism  by  which  this  is  effected,  we  are  now 
to  give  as  minute  an  account  as  our  limits  permit;  and 
we  shall  begin  by  describing  the  pipes,  the  grand  assem- 
blage of  which  constitutes  the  organ. 

Organ  pipes  are  of  two  general  descriptions,  mouth- 
pipes,  and  KEED-piPES :  each  of  these  are  of  several 
different  species. 

Mouth-pipes  are  either  of  wood  or  metal,  which  differ 
something  in  shape,  but  which  are  formed  on  the  same 
principle. 

A  wooden  mouth-pipe  consists  of  a  right  angled  tube, 
Plate  CCCCXLVI.  Fig.  U.  A  A,  BB,  formed  by  four 
plane  boads  glued  together,  and  usually  sized  with  glue 
on  the  inside.  The  cross  section  of  the  pipe  is  not 
square,  but  oblong,  one  side  being  to  the  other  as  J  to  4. 
The  pipe  is  at  one  end,  either  quite  open,  or  closely 
stopped,  as  at  A  A,  by  a  plug  or  tom/iion  C,  Fig.  15.  co- 
vered with  leather,  so  as  to  be  quite  airtight.  The 
other  end  of  the  pipe  is  closed  by  the  block  D,  on  which 
three  of  the  walls  are  glued,  except  at  the  narrow  aper- 
ture across  the  liont  wall,  called  the  mouth  a.  The 
mouth  is  formed  by  the  front  wall  being  cut  off  a  little 
above  the  upper  part  of  the  block,  and  at  the  same  time 
bevelled  from  the  front  surface  at  b,  so  as  to  form  a 
sharp  edge  with  the  back  or  inner  surface  of  tlie  wall  at 
a,  called  the  ufifier  lift  or  wind  cutter.  The  side  walls 
and  back  wall  of  the  pipe  extend  beyond  the  block  D, 
and  again  embrace  another  blork,  leaving  a  narrow  space 
between  the  two  c.  This  lowest  block  is  pierced  to  re- 
ceive \\\e  foot  E,  wliith  is  a  hollow  cylinder  open  at  both 
ends,  glued  into  the  lowest  block,  and  formed  at  the 
other  end  to  be  received  inlo  a  hole  in  the  ufifier  board, 
to  be  afterwards  described.  The  cap  F,  Fig.  17.  is  a 
piece  of  malioi^any,  or  other  hard  wood,  somewhat 
thicker  than  the  w,ills  of  the  pipe,  wnich  covers  that  part 
of  the  front  of  the  pipe  from  the  mouth  downwards.  It 
is  hollowed  out,  leaving  ed^es  to  be  glued  upon  those  of 
the  side  walls,  and  upon  the  bloek  into  which  the  loot  is 
inserted,  but  leaving  the  aperture  f  tpiite  free.  The  up- 
per edge  of  the  hollow  e  is  a  straight  line,  but  retired  a 
little  from  the  level  of  the  edges,  so  that  when  the  cap 
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is  applied,  there  is  a  tiiin  apeilure  between  it  and  the 
block  D,  called  ihe  filate  of  wind.  Froni  the  line  e,  the 
inner  part  of  the  cap  is  i'ormed  into  a  curved  surface,  so 
that  it  grows  considerably  deeper  as  it  descends,  leaving 
the  greatest  interval  opposite  the  opening  c.  When 
therefore  the  cap  is  glued  on,  Fig.  13.  and  the  pipe  is 
set  in  its  place,  the  wind  is  blown  imo  the  aperture  d, 
passes  between  the  block  and  the  cap,  and  is  lorccd  in  a 
thin  stream  against  the  upper  lip  or  wind  cutter  a;  and 
being  thus  thrown  into  a  vibratory  motion,  communicates 
this  motion  to  the  column  of  air  witliin  the  pipe,  and 
makes  it  sound  ;  just  as  the  drawing  the  bow  across  tlie 
strings  of  a  violin  causes  them  to  vibrate,  and  ctmse- 
quenily,  to  speak  their  respective  notes. 

To  produce  this  effect,  however,  at  least  in  the  best 
manner,  so  as  to  give  a  good  quality  of  sound,  tlie  pipe 
must  be  properly  voiced.  We  have  described  the  curved- 
wedge-shaped  hollow  in  the  cap,  and  the  thin  aperture 
called  the  plate  of  wind.  Now,  in  voicing  the  pipe,  be- 
fore the  cap  be  put  on,  the  upper  corner,  or  edge  of 
the  block,  is  slightly  pared  away,  opposite  the  upper 
lip  a,  so  as  to  direct  the  wind  against  the  edge  of  it,  or 
rather  more  inwardly.  Experience  teaches  the  degree 
in  which  the  corner  is  to  be  pared  off.  If  it  be  done  too 
much,  or  too  little,  the  pipe  will  not  speak,  or  will  speak 
ill,  or  will  be  slow  to  speak.  At  the  same  lime  the  up- 
per part  of  the  block  is,  by  the  edge  of  an  angular  tile, 
toothed  by  thin  cuts  or  lines  running  paraikl  to  each 
other,  but  not  at  right  angles  to  the  under  lip;  deepest 
and  widest  at  the  mouth,  and  wearing  gradually  out  as 
they  recede  from  it,  till  they  are  lost  in  the  plane  sur- 
face of  the  block.  This  voicing  is  shown  in  Fig.  14. 
The  use  of  it  is  to  carry  smoothly,  and  at  the  same  time 
to  divide  the  wind  in  its  passage  into  the  pipe.  If  the 
plate  of  wind  were  suffered  to  strike  against  the  upper 
lip  in  an  entire  body,  the  tone  would  be  imperfect,  and 
accompanied  with  a  disagreeable  chirping  at  the  com- 
mencement of  the  pipes  speaking.  The  nice  voicing, 
therefore,  is  of  capital  importance,  and  on  the  manner  of 
doing  it  depends  the  quality  of  the  organ. 

The  width  of  the  mouth,  also,  or  the  distance  of  the 
upper  lip  from  the  plate  of  wind,  is  of  much  importance. 
If  this  distance  be  too  great,  the  pipe  will  be  slow  to 
speak,  or  will  not  speak  at  all.  If  the  mouth  be  too  nar- 
row, an  open  pipe  will  speak  the  octave,  or  even  the 
double  octave  of  the  note  which  it  is  intended  to  give, 
and  a  stopped  one  the  twelfth. 

The  proportion  between  the  size  of  the  tube  and 
length  of  the  pipe,  though  it  has  no  effect  on  the  acute- 
ncss  or  gravity,  has  a  decided  effect  on  the  quality  of  the 
tone;  and  as  it  is  essential  to  have  all  the  notes  of  any 
one  slop  as  nearly  alike  as  possible  in  quality,  organ- 
builders  have  regular  scales  by  which  each  pipe  in  any 
one  stop  is  formed,  from  the  largest  up  to  tlic  smallest. 
Stops  are  of  very  different  scales  for  large  church  organs, 
and  for  chamber  organs  ;  and  stops  of  different  scales 
are  admitted  for  variety  into  the  same  organ. 

All  the  pipes  in  one  stop  are  to  be  regulated  as  equal- 
ly as  possible  in  respect  of  loudness  and  soilness.  This 
is  chiefly  effected  by  enlarging  or  diminishing  the  aper- 
ture of  the  foot  d,  which  consequently  regulates  the 
quantity  of  wind  admitted  into  the  pipe. 

The  note  which  the  pipe  speaks  depends  on  the  length 
of  Ihe  tube;  a  slopped  pipe,  therefore,  as  Fig.  14.  is 
tuned  by  means  of  the  lom/iion,  or  plug.  If  this  be  push- 
ed deeper  into  the  tube,  so  as  to  shorten  the  column  of 
air  within  the  pipe,  the  note  will  be  more  acute;  and 


vice  versa.  If  the  tompion  were  taken  out  altogether 
the  pipe  would  give  exactly  the  octave  above  what  it 
would  give  if  stopped  at  the  very  top  AA.  A  stop  of 
open  pipes,  therefore,  in  order  to  speak  in  unison  with 
a  stop  of  shut  pipes,  must  be  double  the  length  of  the 
latter.  An  open  pipe  is  tuned  by  means  of  a  thin  plate 
of  lead,  Fig.  16.  n,  fastened  at  the  upper  end,  and  bent 
over  the  open  tube  more  or  less  to  depress  or  raise  the 
pitch.  Open  pipes  are  also  usually  of  larger  diameter 
than  shut  or  stopped  pipes  in  unison  with  them.  Thus, 
in  the  unison  stops,  called  the  open  and  stopped  diapa- 
sons, the  unison  in  the  stopped  diapason  to  C  of  the 
open  diapason,  would  be  of  the  same  diameter  as  the  G 
above  of  the  latter  stop. 

The  quality  of  the  tone  of  wooden  pipes  is  infiuenced 
also  by  the  material  or  wood  used.  Thus  mjiiogany, 
or  wainscot  pipes,  have  a  clearer  tone  than  pipes  of  fir 
or  other  soft  wood :  on  the  other  hand,  the  latter  are 
more  mellow. 

Metal  mouth  pipes  are  made  on  the  same  prin- 
ciple. Such  a  pipe  consists  of  a  cylindrical  tube,  Plate 
CCCCXLVI.  Fig.  9.  A.  The  mouth  is  formed  by  a  por- 
tion of  the  cylinder  flatieiied,  and  retiring  inwards  b  a  ;  the 
upper  lip  a  being  cut  a  lii'.le  shorter  than  the  remaining 
part  of  the  circumference.  The  foot  B  is  a  cone,  open 
at  the  apex  c,  but  closed  at  its  base  by  a  piece  of  pretty 
thick  metal  d,  Fig.  9.  called  the  iangueite,  (which  cor- 
responds to  the  block  of  a  wooden  pipe,)  except  a  thin 
opening  or  plate  of  wind.  Part  of  the  conical  surface 
of  the  foot,  towards  the  mouth  of  the  pipe,  is  flattened, 
and  retires  inwardly  to  meet  the  upper  lip  e  a,  and  con- 
sequently the  languctte  is  here  cut  to  a  straight  edge. 
The  edge  of  the  languette,  which,  with  the  under  lip, 
forms  ihe  /ilate  of  wind,  is  bevelled  inwards  and  upwards 
to  direct  the  wind  duly  on  the  upper  lip  ;  and  the  voic- 
ing is  performed  by  making  notches  on  this  bevelled 
surface  parallel  to  each  other,  and  at  an  angle  to  the 
axis  of  the  pipe. 

Metal  pipes  are  either  open  or  stopped,  and  what  is 
said  of  wooden  pipes  is  equally  applicable  to  them. 
There  is  a  third  kind,  called  chimr.ey-top  pipes,  Fig.  10. 
which  have  a  small  open  tube  a  inserted  in  the  middle 
of  the  top  plate ;  the  effect  of  which  is  to  make  the  note 
considerably  sharper  than  if  it  were  quite  stopped. 
This  is  also  sometimes  imitated  by  boring  a  small  hole 
through  the  tompion  of  stopped  wooden  pipes. 

Stopped  metal  and  chimney-topped  pipes  have  large 
ears  f  f.  Fig.  10.  one  on  each  side  the  mouth,  by  means 
of  which  they  are  tuned.  Bending  the  ears  towards  the 
mouth  flattens  the  note ;  and  vice  versa.  The  larger 
open  metal  pipes,  that  is,  more  than  a  foot  in  length, 
have  also  small  ears  //,  Fig.  9.  which  make  them  speak 
better.  Open  pipes  are  tuned  by  lessening  or  enlarg- 
ing the  diameter  of  the  open  end. 

The  metal  used  is  a  mixture  of  tin  and  lead,  in  dif- 
ferent proportions,  to  which  a  little  bismuth  is  some- 
times added,  or  occasionally  a  very  little  copper.  The 
metal  is  cast  in  thin  plates,  and  then  planed  to  the  re- 
quisite thickness. 

Reed  pipes  are  made  to  speak  by  an  apparatus  very 
different  from  what  we  have  described.  Fig.  T.  Plate 
CCCCXLVI.  a  a,  b  by  is  a  brass  cylindrical,  or  rather 
slightly  conical,  tube,  b  b  being  the  widest  end,  having 
a  longitudinal  narrow  opening  in  the  front.  The  end  b  b 
is  cut  slanting  upwards  and  backwards,  and  is  closed  by 
a  piece  soldered  on  it.  The  tongue  a  c  is  a  thin  plate 
of  metal,  which  lies  upon  the  longitudinal  opening  of 
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the  reeil,  firmly  kept  to  the  reed  at  its  upper  end  a,  kut 
free  at  the  lower  end,  and  slightly  curved  away  from  the 
reed.  This  apparatus  is  firmly  fixed  in  a  solid  block  d, 
Fig.  5.  the  open  end  of  the  reed  passing  througli  it. 
The  tuning  spring  e  e  e,  I"ig.  5.  and  7.  is  a  piece  of  wire 
which  passes  through  the  block,  and,  bending  up  to- 
wards the  lop  of  the  tongue,  presses  firmly  against  it, 
keeping  it  close  to  the  reed,  and,  by  being  pushed  down 
or  drawn  up,  shortens  or  lengthens  the  free  part  of  the 
tongue,  for  the  purpose  of  tuning.  The  foot,  or  socket 
A,  Fig.  6.  is  a  cone  in  which  the  lower  part  of  the 
block,  with  the  reed,  tongue,  and  tuning  spring,  are  in- 
closed, and  is  quite  closed  by  the  block  at  its  large  end, 
but  open  at  the  apex  /  to  receive  the  wind.  The  tube, 
properly  so  called,  is  of  various  shapes,  B,  Fig.  4,  5,  6, 
11,  12.  This  tube  gives  the  quality  of  the  lone,  and 
makes  the  difference  between  the  diflcreni  kinds  of  reed- 
pipes.  Fig.  5.  and  S.  is  thctrum/tel  ;  Fig.  11.  the  oboe  ,• 
Fig.  12.  the  cromor/ia,  vulgarly  called  ihc  ere mona  ;  Fig. 
4.  the  vojc  humana;  which  last  produces  a  quality  of 
tone  resembling  the  human  voice,  but  generally  of  very 
poor  effect.  The  tube  of  ihe  bassoon  is  a  long  narrow 
cone.  Fig.  19.  the  quality  of  winch  is  much  thinner  and 
less  powerful  than  the  trumpet. 

When  the  pipe  is  set  in  its  place,  the  wind  fills  the 
socket,  and  presses  the  tongue  against  the  reed,  shutting 
the  longitudinal  opening  :  the  elasticity  of  the  tongue  im- 
mediately carries  it  farther  off  than  its  position  at  rest ; 
it  is  again  forced  against  the  opening,  and  again  recedes; 
and  thus,  by  its  vibrations,  gives  the  note  which  the  pipe 
is  to  speak.  As  the  tongue,  by  means  of  the  tuning- 
spring,  is  lengthened  or  shortened,  its  vibrations  are 
slower  or  quicker,  and  the  note,  of  consequence,  lower 
or  higher. 

The  goodness  of  a  reed-pipe  depends  on  several  cir- 
cumstances :  1st,  The  composition  of  the  metal  of  which 
the  tongue  is  made.  Some  organ-builders  use  common 
brass,  others  a  composition  with  a  larger  proportion  of 
copper.  2d,  Tlie  thickness  of  the  plate  of  which  the 
tongue  is  made,  which  varies  according  to  the  weight 
on  the  bellows,  or  loudness  to  which  the  stop  is  to  be 
voiced  ,  a  chamber  organ  requires  much  thinner  tongues 
in  the  reed  slops  than  church  organs.  3d,  The  curva- 
ture of  the  tongue,  or  the  quantity  of  the  opening  be- 
tween it  and  the  reed:  the  more  open  it  is,  the  louder, 
but  generally,  on  that  account,  slower  to  speak.  4th, 
The  smoothness  and  flatness  of  the  edges  of  the  aper- 
ture in  the  veed  over  which  the  tongue  lies. 

M.  Biol,  in  his  Traic^  de  Physique,  gives  an  account 
of  some  improvements  made  at  Paris  on  reeds,  and  as 
they  seem  of  great  importance,  we  shall  give  a  transla- 
tion of  the  passage. 

"  I  have  been  describing  reeds  such  as  are  ordinarily 
used  ;  but  I  am  very  happy  in  having  it  in  my  power  lo 
add  to  these  notions  the  account  of  several  remarkable 
improvements  introduced  into  their  construction  by  M. 
Grenie,  an  able  amateur  of  music,  who,  by  means  of  a 
modification  equally  simple  and  ingenious,  has  succeed- 
ed in  removing  their  former  faults,  and  in  giving  them 
new  qualities. 

«  M.  Grenie  makes  the  reed  AR,  Fig.  2.  Plate 
CCCCXLVI.  of  wood  or  copper,  but  with  angles,  and 
in  the  form  of  a  parallelopiped.  The  tongue  is  a  plate  of 
brass  {laiton.)  perfectly  plane,  and  cut  in  shape  of  a  rect- 
angle, so  as  lo  fill  exactly,  or  almost  exactly,  the  opening 
in  front  of  the  reed.  A  tuning  spring,  extremely  firm 
and  solid,  r  r,  stops  this  tongue  at  the  proper  length, 


and  fixes  in  an  invariable  manner  the  point  from  which 
it  is  to  vibrate.  Now,  when  this  reed  is  fixed  in  the 
port-vent  BCS,  if  one  blows  through  the  hole  S,  the 
compressed  air,  finding  no  issue,  or  hardly  any  issue, 
between  ihe  tongue  and  the  sides  of  the  reed,  forces 
back  the  tongue,  and  makes  its  way.  After  a  small 
quantity  of  air  has  passed,  the  natural  elasticity  of  the 
tongue  restores  it  to  its  original  position,  so  that  it  again 
stops  the  passage  of  the  air;  but  the  velocity  which  it 
has  acquired  in  thus  returning,  causes  it  also  to  pass  that 
point,  and  it  goes  away  from  the  reed  in  the  opposite 
direction,  pushing  the  air  before  it,  till  the  resistance 
which  it  meets,  joined  to  the  effort  of  its  elasticity,  stops 
it,  and  brings  it  back  lo  its  original  position ;  whence 
the  air  a  second  time  forces  it  into  the  pipe.  One  un- 
derstands that  such  oscillations,  when  Ihcy  become  sut- 
ficiently  rapid,  must  produce  a  sound,  as  well  as  the 
beatings  of  the  tongue  on  the  ordinary  reeds,  but  with 
this  important  difference,  that  the  sound  will  have  a 
quality  incomparably  more  swecl,  harmonious,  and  equal, 
since  the  jilale  of  copper,  instead  of  beating  against 
wood,  or  copper,  or  skin,  the  resistance  of  which  is  al- 
ways sudden  and  irregular,  only  causes  a  fluid  perfectly 
homogeneous,  compressible,  and  elastic,  as  air  is,  lo  re- 
coil upon  Itself.  Accordingly  the  reeds  of  M.  Grenie 
have  nothing  of  that  rude  and  squalling  sound  which  is 
disagreeable  in  ordinary  reeds,  and  which  does  not  al- 
together disappear  even  in  instruments  of  which  the 
reed  is  modified  by  the  lips.  Their  sound,  in  liie  highest 
octaves  as  well  as  the  lowest,  is  as  sweet  and  as  pure 
as  that  of  mouth  pipes;  and  ones  sees  that  this  must  be 
the  case  from  the  manner  in  which  the  air  is  put  into 
the  vibratory  motion. 

"  Another  important  point  in  M.  Grenie's  construc- 
tion, is  the  firmness  of  the  tongues,  and  of  the  tuning 
springs  by  which  these  are  fixed.  The  strength  of  each 
tongue  is  combined  with  the  breadth  of  the  canal  which 
it  covers,  in  such  a  manner  that  the  current  of  air  can  ■ 
never  give  it  several  inflexions  round  its  axis,  and  the 
fixedness  of  the  tuning  spring  renders  its  length  invari- 
able, insomuch  that,  whatever  be  the  force  of  the  wind 
by  which  it  is  pressed,  it  can  never  octave.  The  increas- 
ing of  the  wind  has  no  other  effect  than  to  render  the 
oscillations  of  the  tongue  wider,  and  consequently,  to 
swell  the  sound  ;  and  the  musician  regulates  at  his  plea* 
sure  this  swelling  by  means  of  a  pedal,  which  moves 
bellows  furnished  with  a  spring.  In  this  manner  one 
can  at  pleasure  produce  sounds  strong  or  weak,  and  pass 
from  one  of  these  extremes  to  the  other  by  a  crescendo, 
as  regular  and  as  sustained  as  that  of  the  voice,  or  of 
instruments  in  which  the  sound  is  modified  by  the  play 
of  the  lips. 

"  The  air  which  causes  the  reeds  to  vibrate  escapes 
by  open  tubes,  increasing  into  a  cone,  and  terminated  in 
a  hemisphere,  D,  Fig.  2.  This  enlargement  gives  the 
sound  roundness  and  force.  The  length  of  each  tube 
is  always  equal  to  that  of  the  tongue.  Experience  has 
taught  this  proportion,  as  it  has  also  the  best  shape  of 
the  tube. 

"M.  Grenie,  in  constructing  his  reed  stops,  was  a 
long  time  arrested  by  a  very  singular  phenomenon. 
He  began  with  the  lowest  octave,  of  which  C  is  unison, 
with  an  open  mouth  pipe  of  eight  feet;  and  he  had 
constructed  a  certain  number  of  notes,  by  giving  the 
wind  to  his  reeds  by  port  vents,  or  sockets  of  the  same 
length.  Fig.  3.  But  when  he  came  to  the  fiist  notes  of 
the  tenor,  continuing  to  make  his  port-vents  after  the 
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same  manner,  the  reed  did  not  speak  at  all.  In  vain 
he  increased  or  diminished  the  wind,  in  vain  he  length- 
ened or  shortened  the  tongue ;  the  reed  remained  con- 
stantly mute,  or  gave  only  very  bad  sounds.  At  last, 
after  many  attempts,  M.  Grenie  imagined  that  the  length 
of  the  tube  which  brings  the  wind  to  the  reed  might 
have  some  unknown  influence  on  its  motion.  He  sub- 
stituted for  his  fixed  tubes  two  tubes,  one  sliding  with- 
in the  other,  so  that  he  could  gradually  vary  the  total 
length ;  and  continued  his  trials  till  the  reed  gave  a 
sound,  brilliant,  pure,  and  sustained.  He  found  also, 
that,  in  order  to  obtain  the  tenor  in  its  plenitude,  it  was 
necessary  to  make  the  port-vent  much  longer  than  tor 
the  note  immediately  preceding  ;  and  this  length  went 
on  always  diminishing  for  the  more  acute  octaves,  as 
represented  in  Fig.  1.  Then  the  tops  of  his  pipes 
formed  the  curve  T  T'T".  This  seemed  to  indicate, 
that  by  prolonging  this  curve  we  should  obtain  the 
dimensions  most  favourable  for  the  pipes  of  the  first 
octave,  which  M.  Grenife  had  at  first  made  of  equal 
length.  But  to  his  great  astonishment,  he  found  that 
th«re  was  absolutely  no  advantage  in  doing  so  ;  that, 
on  the  contrary,  he  came  at  last  to  have  sounds  very 
husky  and  dull,  and  irregular.  He  kept,  therefore,  with 
good  reason,  to  his  first  construction,  which  yet  he  pro- 
poses to  bring  to  perfection,  by  making  his  port-vents 
in  future  double  and  sliding,  that  be  may  be  able  to 
give  to  each  the  best  length.  He  has  since  construct- 
ed on  this  model  reed-pipes,  which  give  the  note  of  the 
sixteen  foot  open  pipe,  with  a  distinctness,  a  power,  and 
a  regularity  truly  remarkable.  In  this  case  the  tongue 
is  a  plate  of  copper,  the  length  of  which  is  0™-240  (9.46 
inches,)  the  breadth  0™-035  (1.38  inches,)  the  thick- 
ness (j°'-003  (o  118  inch.)  Its  vibrations  are  so  power- 
ful, that  they  cause  to  tremble,  the  pipe,  the  port-vent, 
and  every  elastic  body  in  the  neighbourhood." 

Having  described  the  different  kinds  of  organ  pipes, 
we  are  now  to  show  by  what  means  the  wind  is  con- 
veyed to  them.  The  reader  will  easily  conceive  that 
this  will  be  greatly  facilitated  by  each  stofi  of  pipes,  that 
is, each  scale,  bein^  in  general  disposed  in  ranges,  as  seen 
in  Plate  CCCCXLVI.Fig.  18.  and  Plate  CCCCXLVII. 
Fig.  7.  There  are  many  exceptions  to  this  general  dis- 
position, particularly  with  regard  to  the  larger  pipes, 
which  are  placed  where  room  can  be  conveniently  found 
for  them,  or  lor  the  sake  of  the  external  appearance  of 
the  organ,  and  the  wind  conveyed  to  them  by  means 
to  be  described.  But  the  reader's  conception  of  the 
machine  will  be  greatly  helped  by  keeping  this  general 
arrangement  in  view. 

The  first  thing  to  be  described  is  the  Sound- board, 
which  is  indeed  the  main  part  of  the  machine.  It  is  a 
box  of  greater  or  less  extent,  according  to  the  size 
and  contents  of  the  organ,  divided,  by  thin  boards  glued 
in  it,  into  as  many  grooves  as  there  are  fintrer-keys  ; 
and  as  there  are  12  finger-keys  in  each  octave,  the 
number  of  grooves  is  12.  multiplied  by  the  number  of 
octaves  in  the  key-board  These  grooves  run  from 
the  front  to  the  back  of  the  instrument,  in  order  to 
carry  the  wind  to  the  different  slops  or  ranges  of  pipes, 
and  lie  parallel  to  each  other  between  two  horizontal 
planes.  The  distance  of  these  horizontal  planes,  or  the 
depth  of  the  sound  board,  and  the  width  of  the  dif- 
ferent grooves,  vary  according  to  the  number  and  size 
of  the  pipes  that  arc  at  any  time  to  be  supplied  with 
wind  from  each  groove  ;  that  is,  the  depth  of  the  sound- 
board of  large  organs,  whose  scales  go  very  deep,  and 


which  have  a  great  number  of  stops,  is  much  greater 
than  for  smaller  instruments  ;  and  the  grooves  which  are 
to  supply  the  lower  part  of  the  scale  in  all  organs  are 
widest,  and  become  gradually  narrower  as  the  scale  as- 
cends. One  of  the  chief  defects  found  in  old  organs 
is,  that  sufficient  allowance  has  not  been  made,  espe- 
cially in  the  larger  stops,  for  this  difference  ;  so  that  the 
supply  of  wind  is  not  sufficient. 

Fig.  3.  Plate  CCCCXLVII.  shows  the  under  side  of 
part  of  a  sound-board.  It  is  covered  by  parchment  or 
leather  AA,  BB,  (part  of  which  is  represented  as  rolled 
back  to  show  the  grooves  which  it  covers,)  except  a 
space  at  BB,  CC,  along  the  fore  part,  left  uncovered. 
In  this  space  each  groove  is  covered  by  a  valve  a  b,  a  b, 
a  b,  by  the  London  organ-builders  technically  called  a 
pallet.  Each  valve,  or  pallet,  has  a  spring  which  keeps 
it  pressed  on  the  aperture  of  the  groove,  and  conse- 
quently excludes  the  wind  ;  and  to  make  the  exclusion 
complete,  or  air-tight,  the  upper  surface  of  the  valve  is 
covered  with  leather,  levelled  down  very  smooth.  The 
valves  are  hinged  at  a  a  a  by  means  of  a  piece  of  leather 
glued  on  them,  and  also  to  the  parchment  covering  the 
under  side  of  the  sound-board. 

The  wind-chest  is  a  box  of  such  capacity  as  to  receive 
all  the  valves  ;  and  that  part  of  the  sound -board  forms 
the  covering  of  the  wind-chest.  It  is  perfectly  wind- 
tight,  except  at  one  opening  communicating  with  the 
main  wind-trunk,  or  /i(jrl--ven:.  The  front  of  the  wind- 
chest  is  often  divided  into  little  pannels,  removable  at 
pleasure,  that  access  may  be  had  to  the  pallets,  or  valves, 
in  case  of  need  ;  but  the  better  way  is  to  screw  on  the 
front,  which,  though  occasioning  some  more  trouble 
when  it  is  necessary  to  come  at  the  valves,  is  yet  on  the 
whole  preferable,  as  being  more  perfectly  wind-tight, 
and  less  liable  to  be  affected  by  variations  in  the  dry- 
ness of  the  atmosphere.  Fig.  1.  A  A,  is  the  front  of 
the  wind-chest,  opened  to  show  the  ends  of  the  valves 

On  the  bottom  of  the  wind-chest,  and  directly  under 
the  opening  ends  of  the  valves,  is  screwed  a  brass  plate, 
running  along  the  length  of  the  chest,  and  pierced  with 
small  holes,  through  each  of  which  passes  a  wire////. 
Sec.  Fig.  1.  completely  filling  the  holes,  but  so  as  to 
slide  easily  up  and  down.  These  wires  are  the  medium 
of  communication  between  the  finger  keys  and  the 
valves.  Formerly  there  used  to  be  a  little  purse  of 
bladder  tied  round  each  wire,  which  served  to  exclude 
the  air,  and  allow  the  requisite  motion  ;  but  the  brass 
plate  is  found  to  be  much  better.  The  wires  so  com- 
pletely fill  the  holes,  that  the  loss  of  wind  is  so  small  as 
to  be  of  no  importance. 

The  7nain  wind-trunk,  or  fiorl-vent,  is  a  large  tube 
which  receives  the  wind  from  the  bellows,  and  conveys 
it  up  to  the  wind-chest ;  so  that  this  last  may  be  con- 
ceived as  a  horizontal  continuation  of  the  port-vent. 

In  former  times,  the  bellows  of  organs  were  very 
much  the  same  with  the  smith's  bellows.  Now-a-days 
they  are  always  made  to  rise,  keeping  all  the  boards  in 
the  horizontal  position.  In  Plate  C  CCCXLVII.  Fig  5. 
is  seen  the  end  view  of  a  small  pair  of  bellows  in  a  bar- 
rel-organ They  consist  of  the  rfcfrufr  and/ff  rfcr«.  The 
receiver  is  formed  by  two  boards,  the  ends  of  which  are 
a  a,  b  b,  which  are  connected  together  by  the  ribs  a  a, 
c  c  ;  b  b,c  c-  These  are  thin  boards,  fixed  by  means  of 
leather  glued  on  them  to  the  boards  aa,  b  b.  and  to  each 
other  in  the  line  c  c.  The  side  ribs  are  connected  to 
the  boards  and  to  each  other  in  the  same  way  ;  and  by 
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leather  glued  on  lo  llie  end  ribs  at  the  coiners  c  b,  c  a, 
so  that  when  air  is  forced  in  by  the  feeders,  the  higher 
board  a  a  rises,  keeping  its  horizontal  position.  The 
feeders  are  formed  in  the  same  way  as  the  receivers, 
only  that  the  side  ribs  are  narrower  at  one  end,  on 
which  they  move  after  the  manner  of  smiths'  bellows. 
They  receive  the  wind  by  a  valve  in  the  bottom  of  each, 
and  force  it  into  the  receiver  through  similar  valves  in 
the  lower  board.  The  feeders  are  made  to  work  alter- 
nately by  the  position  of  the  cranks  on  the  axle  of  the 
winder.  In  greater  organs,  the  receiver  of  the  bellows 
is  double,  and  sometimes  triple,  as  shown  in  Plate 
CCCCXLVI.  Fig.   18.  and  Plate  CCCCXLVII.  Fig.  7. 

The  highest  board  of  the  receiver  of  the  bellows  is 
loaded  with  a  certain  weight,  on  the  quantity  of  which, 
of  course,  the  force  of  the  blast  depends,  called  the 
■weight  of  wind.  The  receiver  communicates  by  means 
of  a  short  horizontal  tube,  to  which  it  is  connected  by 
leather  glued  on,  with  the  main  wind-trunk  or  port- 
vent;  this  latter  communicates  with  the  wind-chest, 
which  is  closed  by  the  front  part  of  the  sound-board 
with  its  valves.  In  Fig.  7.  Plate  CCCCXLVII.  these 
parts  are  seen  in  their  mutual  connection  ;  AA  the  bel- 
lows, BB  the  main  port-vent,  C  the  end  of  the  wind- 
chest,  open,  to  show  a,  the  valve,  with  its  spring  b  ; 
DDD  the  end  of  the  sound-board,  the  fore  part  of  the 
bottom  of  which  forms  the  top  covering  of  the  wind 
chest. 

The  upper  side  of  the  sound-board  is  of  wood,  of 
considerable  thickness.  ,It  is  planed,  with  the  utmost 
care,  to  a  perfect  level.  It  is  then  divided  into  as  many 
slips  as  there  are  stops  belonging  to  the  sound-board, 
which  slips  run  lengthways  of  the  sound-board,  and 
consequently  across  the  direction  of  the  grooves.  These 
narrow  divisions  or  slips  are  formed  by  thin  pieces  of 
hard  wood,  called  bearers,  carefully  planed  straight, 
and  of  equal  thickness  throughout,  and  firmly  screwed 
on  the  upper  surface  of  the  sound-board.  Fig.  2.  Plate 
CCCCXLVII.  shows  part  of  the  upper  surface  of  a 
sound-board,  divided  into  four  longitudinal  slips  by  the 
bearers  A  A,  A  A.  In  these  slips,  holes  are  bored  through 
the  top  of  the  sound-board,  one  into  each  groove. 
These  holes  are  seen  in  the  slip  BB.  They  are  in  two 
lines,  alternating,  which  is  done  in  order  to  obtain  a 
liule  more  distance  between  the  holes  of  the  two  ad- 
joining grooves,  in  order  to  guard  against  running  of  the 
wind,  which  will  be  explained  by  and  by,  and  for  an- 
other purpose,  which  will  appear  immediately.  Those 
holes,  which  are  to  give  wind  to  the  large  pipes  of  the 
stop,  are  proportionally  large,  and  they  diminish  as  the 
scale  ascends. 

Over  each  slip  or  range  of  holes,  lies  a  register  or 
slide,  CC,  CC,  which  is  generally  of  mahogany  or  wain- 
scot, exactly  fitting  the  slip,  but  in  the  slightest  degree 
thinner  than  the  bearers.  The  slide  is  pierced  with 
holes,  exactly  corresponding  to  those  in  the  sound-board. 
When  it  is  drawn  a  little  towards  one  end,  it  covers  all 
the  holes,  and  consetjucntly  all  the  pipes  of  that  stop 
are  deprived  of  wind.  There  is  a  little  slit  cut  in  some 
convenient  part  of  the  slide,  which  receives  a  strong 
iron  pin  fixed  in  the  sound-board,  and  which  just  al- 
lows the  requisite  dej^ree  of  motion  in  the  slide  to  shut 
or  open  the  holes  as  required.  The  slip  on  which  the 
slide  ruiis,  and  the  slide  itself,  are  laid  over  with  black 
lead  ii\  watei-,  which,  when  dry,  leaves  a  glossy  smooth- 
ness, and  answers  the  same  purpose  as  oil  to  metal- 
lic   machinii7.      Sometimes    the    wind  is   apt   to  run 


along  under  the  slide,  and  to  blow  into  a  different  hole, 
which  consequently  causes  a  wrong  pipe  to  speak  j  this 
is  called  running  of  the  wind.  To  prevent  this,  little 
grooves  are  cut  in  the  slips  in  the  top  of  the  sound- 
board, which  run  in  a  zig-zag  line  between  the  holes, 
as  shown  in  the  slip,  BB,  Fig.  2.  Plate  CCCCXLVII. 
These  zig-zag  little  grooves  conduct  the  superlluous 
wind  out  to  the  end  of  the  slip,  which  remedies  the 
evil. 

Over  the  bearers  and  slides  lie  the  u/i/ier  boards, 
which  receive  the  wind  from  the  grooves  through  the 
slides,  and  on  which  the  pipes  are  fitanted.  The  upper- 
boards  arc  of  stout  siufl',  planed  perfectly  level,  and 
firmly  screwed  to  the  bearers,  just  allowing  the  regis- 
ters to  slide,  but  leaving  as  little  space  above  them  as 
possible  consistently  with  that  object.  The  larger  stops 
especially,  occupy  much  more  room  than  to  stand  im- 
mediately over  the  grooves  which  are  to  supply  them 
The  wind  is  therefore  conveyed  to  the  place  where  the 
pipe  can  be  conveniently  planted.  This  is  done  in 
grooves  cut  in  the  upper-boards.  The  side  of  the 
upper-boards,  which  lies  over  the  slides,  is  bored  with 
holes  exactly  over  those  on  the  top  of  the  sound-board. 
From  these  holes  grooves  are  cut  in  the  substance  of 
the  upper-boards  open  at  the  top-surface,  to  within  on 
inch  or  so  of  the  place  where  the  pipe  stands.  There 
a  hole  is  bored,  and  thence  a  communication  made  to 
the  groove,  leaving  a  little  bridge.  When  all  the  grooves 
are  cut  in  the  upper-board,  the  surface  is  covered  with 
parchment,  which  consequently  shuts  the  grooves,  mak- 
ing them  canals  for  the  wind,  open  only  at  the  hole 
on  the  under  side,  whichilreceives  it  from  the  grooves 
of  the  sound-board  through  the  slide,  and  that  on 
the  upper  side  which  receives  the  foot  of  the  pipe. 
This  last  hole  is  counter-sunk  at  the  mouth,  and  the 
foot  of  the  pipe  formed  to  be  received  neatly  into  it. 
In  Fig.  7.  Plate  CCCCXLVII.  EE,  is  the  end  of  the 
upper-board,  between  which,  and  the  sound-board  DD, 
are  seen  the  slides  c  c  e,  alternating  with  the  bearers 
d  dd.  There  is  not  room,  however,  forthe  larger  pipes 
on  the  upper-boards  :  and  they  are  therefore  placed  va- 
riously as  most  convenient,  and  the  wind  conveyed 
in  metal  tubes.  Very  frequently,  in  chamber  organs 
especially,  the  feet  of  the  larger  pipes  stand  lower 
than  the  upper-boards,  as  Fig.  7.  Plate  CCCCXLVII. 
where  the  wind  is  conveyed  to  the  great  pipe  G  by  the 
metal  tube///. 

The  slides,  which  shut  or  open  the  stops,  are  put  in 
the  power  of  the  organist  by  means  of  the  draiv-stofis 
gggg,  Fig.r.  Plate  CCCCXLVII.  and  Fig.  18,  Plate 
CCCCXLVI.  placed  a  little  above  the  key-board  on 
either  hand.  These  draw-stops  are  connected  with  the 
slides  by  a  very  simple  apparatus,  of  which  an  idea 
will  be  conveyed  by  one  example.  Fig.  7.  Plate 
CCCCXLVII.  H,  is  an  upright  roller  which  turns  on 
its  axis,  the  ends  of  which  are  received  in  the  blocks  at 
KK.  To  this  roller  the  highest  of  the  draw  slops  5-  is 
connected  by  a  horizontal  iron  arm  covered  from  the 
view  by  the  roller,  but  of  which  the  end  is  seen  at  j  j  h 
is  a  knec'd  iron  arm  to  the  roller,  the  end  of  which  is 
received  into  a  hole  in  a  block  attached  to  the  slide  at  c. 
This  block,  with  the  hole  to  receive  the  arm  of  the 
roller,  is  seen  at  f,  Fig-  2.  When,  therefore,  tlie  draw- 
stop  g  is  drawn  towards  the  front  of  the  instrument,  it 
turns  the  roller  H  on  its  axis,  which  consequently,  by 
its  knee'd  arm  h.  pushes  in  the  slide  c,  and  opens  the 
holes  in  the  sound-board  and  upper-board,  and  vice  versa. 
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Besides  the  draw-stops,  by  which  each  single  stop 
may  be  taken  off  or  brought  on,  there  is  generally  a 
shifting  movement,  which  acts  by  a  pedal  to  take  off  oc- 
casionally the  louder  stops,  leaving  only  one  or  two  of 
the  softer  for  solo  passages.  This  was  formerly  always 
effected  by  means  of  another  set  of  slides  under  those 
for  the  draw  stops,  the  mechanism  of  which  will  be 
easily  conceived  by  the  description  already  given.  A 
more  simple  plan  has  been  recently  practised,  which 
consists  in  merely  adding  a  spring  lo  each  slide,  to  keep 
it  in  the  position  which  opens  the  stop.  The  draw-stop 
being  pushed  in,  lo  shut  the  pipes,  falls  into  a  check, 
which  keeps  it  from  returning  lill  the  organist  pleases. 
The  pedal  shifting  movement  pushes  in  the  slides  of 
the  Slops,  which  it  is  to  take  oft',  and  then  returns  of 
its  own  accord  when  the  foot  is  removed. 

In  the  Calcutta  organ,  which  comprehends  thirty-nine 
sounds  in  each  octave,  the  key-buard  remaining  the 
same  as  in  others,  the  additional  sounds  are  brought  in, 
when  required,  by  means  of  slides  and  soundboards  ad- 
ditional. Thus,  over  the  first  sound-board,  which  has 
twelve  valves  and  as  many  grooves,  there  lies  another 
sound-board  with  twenty  grooves.  A  slide  being  acted 
on  by  a  pedal,  shuts  the  grooves  Bb  and  £[?,  and 
opens  AJf  and  DJf ;  and  so  of  the  other  extreme  sharps 
and  flats.  See  Music,  An.  22.  ec  seg.  After  the  same 
manner,  by  means  of  another  set  of  grooves  and  slides, 
the  acute  and  grave  sounds  are  obtained  in  the  upper 
part  of  the  scale.  But  as  so  great  a  multiplication  of 
the  larger  pipes  would  require  too  great  room,  all  open 
pipes  of  more  than  four  feet,  and  stopped  pipes  of  more 
than  two  feet,  are  made  grave  or  acute  by  means  of 
shades,  which  are  brought  to  the  open  end  of  open 
pipes,  or  to  the  moulh  of  stopped  ones.  These  shades 
are  on  hinges,  which  are  soldered  on  the  pipe,  and  are 
acted  on  in  classes  by  machinery  and  by  pedals,  which 
it  is  unnecessary  to  describe  more  minutely. 

A  view  of  the  manner  in  which  the  finger  key  is  con- 
nected with  the  valve  of  the  sound-board  is  given  in  the 
section,  Plate  CCCCXLVII.  Fig.  4.  a  o  is  the  finger- 
key,  moving  on  its  centre  pin  c.  6  is  a  little  rod  of 
straight  wood  called  a  slicker,  the  lower  end  of  which 
rests  on  the  distant  end  of  the  finger-key.  The  other 
end  of  the  sticker  is  attached  by  a  pin  to  the  end  of  a 
lever  d  d,  moving  on  its  centre  at  e.  To  the  opposite 
end  of  the  lever  d  d'ls  attached  the  wire  /,  which  passing 
through  the  brass  plate  on  the  bottom  of  the  sound- 
board, is  attached  to  the  valve  at  g.  When,  therefore, 
the  performer  presses  down  the  tinger-key,  the  oppo- 
site end  lifts  the  sticker,  and  consequently  raises  the 
end  of  the  lever  d,  and  this  by  the  opposite  end  draws 
down  the  valve  g.  When  the  finger  of  the  performer 
is  removed,  the  spring  h  shuts  the  valve,  and  moves 
the  lever  slicker  and  finger-key,  assisted  by  their  own 
preponderance,  to  their  original  position.  All  this, 
however,  supposes  the  finger-key  immediately  opposite 
the  valve  which  it  is  to  open,  which  cannot  be  the  case 
with  regard  to  much  the  greater  number.  Tht  key- 
board occupies  only  the  space  of  about  three  feet  in  the 
middle  of  the  front  of  the  largest  organs  ;  whereas  the 
sound-hoard  with  its  valves  extends  nearly  the  whole 
width  of  the  front.  Hence  arises  ihe  necessity  of  still 
more  machinery  to  connect  the  fingtr-kcy  with  the 
valve  which  it  is  to  open.  Plate  CCCCXLVII.  Fig.  1. 
shows  ihis  machinery,  a  a,  a  a,  the  finger-keys  ;  6,  b,  b,  b, 
slickers;  d,d.d.d,  levers  as  before;  mn,mn,  rollers 
moving  on  their  axes ;  I,  I,  i,  I,  rods  or  wires  attached 


to  the  ends  of  the  levers  d,  d,  d,  d,  and  to  arms  in  the 
rollers  towards  the  end/w  m;  /,/■/,/,  the  wires  from  the 
valves,  attached  to  arms  in  the  same  side  of  the  rollers, 
towards  the  distant  ends  nn  ;  from  which  it  is  plain  '.he 
valves  will  be  opened  by  the  pressure  of  the  finger- 
keys. 

The  key-boards  of  organs  are  more  or  less  extensive, 
and  the  most  extensive  is  considerably  less  so  than  that 
of  the  piano-forte.  There  are  three  varieties  princi- 
pally in  use.  The  most  expensive,  called  the  iong  scale, 
comprehends  nearly  five  octaves,  extending  from  OG, 
(two  octaves  and  a  half  below  middle  C)  up  to  F  in  Alt. ; 
i.  e.  octave  above  F  on  the  fifth  line  of  the  staff  in  the 
treble  clef.  In  this  key-board  the  lowest  Gjf  is  usually 
omitted. 

The  short  scale  extends  from  CC  (two  octaves  below 
middle  C)  up  to  the  same  F  in  All.  In  this  scale,  the 
lowest  C{:f  is  usually  omitted.  The  third  variety,  is  a 
kind  of  medium  between  these  two,  going  down  to  GG 
by  what  is  called  a  short  octave  ;  that  is,  there  is  a  fin- 
ger-key below  CC,  which,  instead  of  BB,  sounds  GG, 
while  the  finger-key,  which  should,  from  its  place,  give 
CCff,  gives  AA.  By  these  two  notes  in  the  bass  four 
keys  are  enriched,  viz.  that  of  G  and  that  of  C  by  the 
addition  of  the  GG  ;  that  of  A  and  that  of  D  by  the  ad- 
dition of  the  AA. 

The  pipes  are  planted  on  the  upper  boards,  where 
they  are  fixed  in  a  rackboard,  which  receives  the  feet, 
Plate  CCCCXLVII.  Fig.  7.  LL;  the  apex  of  the  cone 
being  inserted  into  the  upper  boards,  as  already  de- 
scribed. In  planting,  it  is  usual  to  place  several  of  the 
great  pipes  belonging  to  the  bottom  of  the  scale  at  the 
right  hand.  In  great  organs  the  pipes  are  frequently 
planted  alternately  at  either  end,  beginning  from  the 
bottom  of  the  scale,  which  consequently  throws  each 
stop  into  two  ranges,  diminishing  continually  towards 
the  middle  of  the  instrument.  The  smallest  stops  are 
also  generally  placed  toward  the  tront,  which  serves  the 
double  purpose  of  giving  a  good  view  of  the  contents 
when  the  front  is  opened,  and  of  allowing  convenient 
access  for  tuning  the  instrument.  In  large  organs  the 
greatest  metal  pipes  are  disposed  in  the  front,  and 
gilded,  so  as  to  have  an  imposing  effect. 

Large  organs  have  usually  two  or  three  key-boards, 
or  sets  of  keys,  as  they  are  called,  to  each  of  which  be- 
longs its  own  set  of  stops,  difTerently  combined  for  va- 
riety of  effect.  Each  key-board  has  its  own  wind  chest, 
sound-board,  and  upper-boards.  The  key-boards  are 
arranged  one  above  another,  and  retiring  like  stairs. 
They  have  often,  besides,  pedal  stops,  consisting  of  two 
octaves,  doubling  the  bass  in  the  ociave  below.  These 
pedal  stops  are  played  by  the  feet,  by  means  of  a  set  of 
pedals  arranged  after  the  same  manner  as  the  finger- 
keys. 

The  swell  is  a  contrivance  for  enabling  the  per- 
former to  produce  regular  crescendoa  and  diminuendos. 
In  church  organs  it  is  a  small  organ  heloocjing  to  one 
of  the  key-boards.  To  pioduce  the  swell,  that  part  of 
the  organ  is  inclosed  in  a  box  of  thick  wood,  very  close, 
which  has  the  effect  of  softening  the  sound  of  tho  in- 
closed pipes.  In  old  organs  the  front  of  the  swell-box 
moves  up  and  down  like  the  sash  of  a  window,  by  means 
of  a  pedal  As  it  opens  more  and  more,  the  sound  swells 
in  a  regular  crescendo  and  vice  versa.  Messrs  Flight 
and  Robson  of  London  have  invented  a  very  effective 
improvemeiU  on  the  swell.  The  front  of  their  swell  is 
composed  of  thick  boards  of  five  or  six  inches  in  breadth. 
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each  of  which  moves  on  an  axis  in  the  middle  of  its 
breadth.  The  edges  of  each  board  are  bevelled  away  at 
an  angle  of  45',  so  that  these  bevelled  surfaces  are  pa- 
rallel to  each  other.  Each  two  contiguous  boards  over- 
lap each  other,  the  bevelled  surfaces  meeting,  and  the 
whole  front  is  quite  flush  or  even.  The  swcll-pcdal 
moves  all  the  boards  at  once  on  their  axes,  and  conse- 
quently opens  immediately  the  interstices  between  the 
boards  more  or  less,  as  they  are  brought  nearer  to 
the  horizontal  position  or  otherwise.  Fig.  8.  Plate 
CCCCXLVil.  The  bevelled  surfaces  are  covered  with 
leather,  and  therefore  are  very  close.  A  very  small 
opening  makes  an  immediate  burst  on  the  ear,  insomuch 
that  a  practised  performer  can  imitate,  not  merely  a  re- 
gular crescendo,  but  sforzata  notes,  which  were  consi- 
dered as  peculiar  to  the  bow  of  violins.  At  the  same 
time,  the  ordinary  swell  can  be  equally  well  effected  by 
the  practised  performer.  This,  it  is  acknowledged,  is 
more  difficult,  but  whoever  has  heard  Mr.  Flight  him- 
self, or  Mr.  Purkis,  or  Mr  Adams,  manage  their  swells, 
will  make  no  question  of  their  decided  superiority.  From 
the  resemblance  of  the  boards  of  this  swell  to  Venetian 
window-blinds,  Messrs.  Flight  and  Robson  call  this  a 
Venetian  swell.  Messrs.  Wood  and  Small,  of  Edin- 
burgh, make  the  front  of  their  swells  on  something  of 
the  same  plan,  but  with  this  difference,  that  their  Vene- 
tians move  on  an  axis  at  the  upper  edge  of  the  board  ; 
nor  do  they  overlap  each  other;  and  the  edges  are  not 
bevelled  away.  The  opening  of  the  swell  is  thus  more 
gradual  than  on  Mr.  Flight's  plan, and  consequently  more 
easily  managed  ;  and,  at  the  same  lime,  it  is  more  ef- 
fectual than  the  old  lifting  sash.  This  is  shown  in  Fig. 
6.  Plate  CCCCXLVI. 

In  chamber  organs  the  swell  is  often  made  of  a  small 
separate  set  of  stops  Where  there  is  only  one  set  of 
keys,  it  is  supplied  with  wind  from  the  sound-board  by 
an  upright  set  of  grooves  or  sound-board,  which  again 
communicates  with  a  horizontal  soundboard;  which 
has  its  slides  and  upper-board,  and  on  which  the  stops 
are  planted.  Such  a  swell  is  seen  in  Fig.  18.  Plate 
CCCCXLVil. 

Messrs.  Flight  and  Robson,  however,  usually  inclose 
their  chamber  organs  altogether  in  a  Venetian  swell, 
and  they  make  them  as  effectual  as  the  smallest,  and 
without  the  inconvenience  of  the  alteration  in  the  pitch 
of  the  pipes  in  opening  and  shutting,  to  which  small 
confined  swells  are  subject. 

We  have  described  the  different  kinds  of  organ  pipes, 
and  shall  now  set  down  the  different  kinds  of  stops  com- 
posed of  them,  that  is,  scales  of  pipes  used  in  organs, 
with  their  distinguishing  qualities  or  characters  ;  and 
we  shall  arrange  them  under  the  same  heads,  of  mouth- 
pipes  open  and  stopped,  and  reed  pipes. 

I.   Stops  of  Ofien  Mouth-Pifies. 

\.  Often  Diafiason. — This  is  the  fundamental  stop  of 
the  whole  instrument.  It  is  made  chiefly  of  metal  ; 
though  sometimes  the  lowest  octave  is  of  wood,  of  which 
the  quality  in  that  part  of  the  scale  is  much  the  same  as 
that  of  metal  pipes,  but  rather  softer.  The  open  dia- 
pason is  voiced  loud  and  round  ;  that  is,  not  reedy. 
Middle  C  is  a  two  foot  pipe  The  double  diapason  is  a 
btop  octave  lower  than  the  diapason,  in  order  to  double 
the  bass.  It  contains  two  octaves,  and  is  played  by  pe- 
dals. 

2.  Dukiana. — This  is   a  metal  stop  unison  with  the 


diapason,  consequently  the  pipes  are  of  the  same  length, 
but  of  much  smaiUr  diameter  ;  which  gives  them  a  very 
different  quality.  The  diameter  of  the  pipes  is  to  the 
unison  of  the  diapason  about  as  2  to  3.  The  dulciana  is 
voiced  extremely  soft,  and  reedy  in  the  tone.  It  is  used 
chiefly  as  a  solo  stop,  and  is  generally  included  in  the 
swell.  The  lowest  octave  is  very  often  made  of  wood 
stopped  pipes. 

3.  Princifial. — This  is  always  of  metal  throughout. 
It  is  octave  to  the  diapason,  consequently  the  pipes  are 
only  half  the  length  of  those  in  the  latter  belonging  to 
the  same  finger-key.  Thus  the  pipe  of  the  principal 
speaking  by  the  finger-key  middle  C  of  the  key-board 
is  one  foot,  and  when  both  draw-stops  are  out,  middle 
C  and  its  octave  above  are  both  heard.  It  is  rather  of 
smaller  diameter  than  the  unisons  in  the  open  diapason; 
and  is  voiced  rather  softer,  and  with  a  reedy  quality  of 
tone. 

4.  Dulciana  Princifial. — A  metal  stop  throughout. 
Unison  with  the  principal,  but  on  a  smaller  diameter  of 
pipes,  and  voiced  in  the  same  manner  as  the  dulciana 
diapason. 

5.  Fifteenth. — This,  as  its  name  implies,  is  double 
octave  above  the  diapason,  and  consequently  octave 
above  the  principal ;  and  the  pipes  are  only  half  the 
length  of  those  of  the  principal  that  speak  by  the  same 
finger-keys.  It  is  voiced  after  the  same  manner  as  the 
principal,  or  rather  softer.  It  is  always  metal  through- 
out. 

It  is  not  difficult  to  understand  that  these  stops  play- 
ing together  should  have  a  good  effect ;  this  being  only 
doubling  the  parts  in  the  octave  and  double  octave ;  but 
it  is  not  so  easy  to  comprehend  how  the  next  stops  can 
be  admitted. 

6.  and  7.  Twelfth  and  Seventeenth  Major. — These,  as 
their  names  signify,  are  the  octave  fifth  above  the  dia- 
pason and  double  octave  third  major  to  that  stop,  or 
fifth  to  the  principal,  and  major  third  to  the  fifteenth. 
These  two  stops  are  voiced  much  like  the  principal. 

At  fiisi  sight,  It  seems  contrary  to  every  idea  of  good 
harmony,  that  every  note  in  the  bass  should  be  accom- 
panied by  its  fifth  in  a  continued  part,  as  it  were,  run- 
ning parallel  with  it ;  and  if  we  consider,  besides,  that 
when  the  twelfth  <<nd  stventeenih  are  used  with  the 
other  stops,  every  note  of  a  chord  has  its  twelfth  and 
seventeenth,  which  are  (juite  discordant  among  them- 
selvi's.  We  should  suppose  that  th(-se  stops  could  pro- 
duce nothing  but  jargon.  But  when  these  stops  are  not 
voiced  too  loud,  and  used  with  the  diapasons  prmcipal 
and  fifteenth,  the  compoimd  sound  to  each  finger-key 
is  felt  as  one  only,  with  a  degree  of  reediness  which 
mouth  pipes  do  not  otherwise  possess.  The  seven- 
teenth ought,  however,  to  l.ave  a  twenty-second  or  oc- 
tave fifteenth  over  it;  otherwise  it  is  too  remarkable, 
and  becomes  offensive. 

The  theory  of  these  stops,  therefore,  seems  to  be  de- 
ducible  from  the  well  known  and  very  remarkable  pro- 
perty of  musical  sounds  producing  their  twelfth  and 
seventeenth  major,  insomuch  that  some  have  said  that 
there  is  hardly  such  a  thing  as  a  simple  sound  in  na- 
ture. The  stops  in  question  may  thus  be  regarded  as 
merely  making  the  natural  harmonies,  implied  in  every 
musical  sound,  more  audible. 

Tlic  I2ili  and  17th  are  tuned  perfectly  true  to  the  di- 
apason and  principal,  and  this  is  an  additional  source  of 
harshness  in  the  ordinary  scale  of  organs;  because  these 
stops  are  out  of  tunc  with  the  tempered  fifths  and  thirds 
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of  tlie  scale.  But,  in  llie  Calcutta  enharmonic  organ, 
where  the  whole  scale  is  tuned  perfectly  true  without 
temperament,  these  stops,  (the  twelfih  and  seventeenth,) 
produce  a  very  fine  effect.  They  add  great  richness 
and  reediness,  and  produce  an  effect  so  like  that  of  trum- 
pets and  oboes,  that  experienced  organists  wire  deceiv- 
ed into  the  belief  that  such  stops  were  really  speaking. 

This  effect  of  the  harmonics  to  the  fundamental  sound 
is  a  very  curious  fact,  and  seems  to  let  in  a  ray  of  light 
respecting  the  cause  of  the  peculiar  character  of  reeds, 
and  therefore  seems  well  worth  the  attention  of  the  phi- 
losopher. 

II.  Siofls  of  Shut  Mouth-fiifies. 

Shut,  or  stopped  pipes,  in  general,  have  a  quality  quite 
different  from  that  of  open  pipes.  They  are  voiced  lo  a 
round  quality,  the  opposite  of  reediness,  and  approach  a 
little  towards  a  nasal  sound.  They  are  used  to  counter- 
act the  thinness  attending  too  much  reediness,  and  to 
bind  togetlier  the  different  qualities  of  the  other  stops. 

1.  Stcfified  Diafiason. — This  is  unison  with  the  open 
diapason.  The  pipes  speaking  by  the  same  finger-key 
are  only  half  the  length  of  the  open,  and  are  of  smaller 
diameter,  about  as  2  to  3.  The  stopped  diapason  is  al- 
ways of  wood  up  to  middle  C ;  above  that  metal,  and 
generally  with  chimney-tops.  Large  stopped  pipes  of 
metal  are  not  good ;  but  from  middle  C  upwards  are 
good,  flutey,  and  clear ;  and  therefore  preferable  to  wood 
in  that  part  of  the  scale. 

3.  Flute. — This  is  unison  with  the  principal,  and  is 
voiced  soft  and  flutey.  The  lower  part,  up  to  one  foot 
C,  i.  e.  octave  below  C  of  the  key-board,  is  of  wood  ; 
the  higher  octaves  meta). 

III.  Reed  Sto/is. 

The  peculiar  character  of  reeds  is  well  known.  They 
give  brilliancy,  richness,  and  decidedness,  which  can 
hardly  be  obtained  in  the  same  degree  otherwise.  One 
of  the  great  niceties  of  the  organ-builder's  an,  is  to  bring 
his  reeds  to  a  good  quality. 

1.  Trumfiet. — The  form  of  which  is  shown  in  Plate 
CCCCXLVI.  Fig.  6.  This  is  unison  with  the  diapa- 
sons. The  quality  ought  to  be  full,  and  as  round  as 
possible.  In  large  organs  the  trumpet  stops  go  through- 
out the  scale  ;  in  smaller  organs  often  no  lower  than  mid- 
dle C. 

2.  Clarion,  or  Octave  Trumfiet. — It  is  of  the  same 
form  as  the  trumpet,  and  voiced  to  a  similar  quality.  It 
is  only  used  when  great  brilliancy  is  required. 

3.  Oboe,  Fig.  ll.^This  is  unison  with  the  diapasons. 
It  is  voiced  very  soft,  and  as  like  the  real  instrument  of 
the  same  name  as  possible.  It  is  reckoned  in  this  coun- 
try the  chief  reed  stop.  It  is  used  for  solo  passages.  It 
bears  the  same  relation  to  the  trumpet  that  the  dulciana 
does  to  the  open  diapason.  Its  scale  is  from  F,  the  clef 
note  of  the  bass,  to  the  top. 

4.  Cromorna,  Fig.  12.— This  is  also  unison  with  the 
diapasons.  It  is  voiced  soft  like  the  oboe,  but  its  qua- 
lity is  very  different.  It  is  tubby,  and  bears  to  the  oboe 
the  same  relation  as  the  slopped  diapason  to  the  open. 

5.  .Sa8«oon  ^Also  unison  with  the  diapasons.  It  is 
voiced  extremely  thin.  Its  quality  is  rather  harsh.  It 
is  used  to  give  reediness  to  the  choir  organ. 

6.  Vox  Humana,  Fig.  4. — Unison  with  the  diapason. 
This  is  a  stop  of  a  very  peculiar  quality;  something 
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like  a  bad  human  voice  ;  like  an  old  woman  singing. 
The  reed  is  much  muffled,  and  as  it  were  smothered  in 
a  box.  It  is  never  used  by  itself,  but  with  one  of  the 
diapasons  in  the  choir  organ  :  The  two  together  bring 
out  something  like  the  voice. 

IV.-  Compound  Stofit. 

Besides  the  single  stops  which  have  been  enumerated, 
there  are  compound  stops,  which  are  made  of  mouth 
pipes,  and  are  used  to  give  strength  to  the  great  organ. 
These  are, 

1.  The  four-rank  Sesguialtra. — This  is  made  entirely 
of  open  metal  pipes.  It  consists,  as  its  name  imports, 
of  four  ranks  of  pipes  speaking  from  the  same  wind. 
These  are  the  17th  ;  octave  12th,  or  19;h  ;  the  22d,  or 
double  octave;  and  the  24lh,  or  octave  I7th,  all  as 
reckoned  from  the  diapason.  This  stop  extends  through- 
out the  whole  scale  ;  that  is,  to  the  lowest  finger  key 
of  the  scale,  the  sesquialtra  gives  the  four  sounds  enu- 
merated, and  so  to  every  note  in  the  scale,  till  the  pipes 
become  very  small ;  that  is,  less  than  an  inch  and  a  half. 
Then  each  part  breaks  to  the  octave  below.  There  is 
no  rule  about  this  breaking,  except  that  no  more  than 
one  rank  is  to  break  at  a  time. 

2.  The  five-rank  Cornet — ^^The  ranks  are  the  stopped 
diapason  of  wood,  principal,  12ih,  I5th,  and  17ih — all 
made  of  a  very  large  diameter,  and  voiced  as  loud  as 
possible.  The  more  noise  the  more  honour  to  the  or- 
gan-builder and  organist. 

3.  The  three-rank  Mixture. — The  ranks  are  the  24th, 
or  octave  17th,  which  breaks  to  the  principal.  The 
26ih,  or  double  octave  12th,  which  breaks  to  the  12th  ; 
and  the  39ih,  or  double  octave  15th,  which  breaks  to  the 
15th. 

We  shall  conclude  this  account  of  this  most  grand 
instrument,  by  a  summary  of  what  stops  are  usually 
contained  in  the  largest  cathedral  organs  in  England. 

There  are  three  sets  of  keys,  viz.  one  for  the  great 
organ— one  for  the  choir  organ—and  one  for  the  swell. 

/.   Great  Organ. 

Middle  set  of  keys.  The  key-board  contains  nearly 
five  octaves  from  GG  (twelve  foot  open  pipe)  to  F  in 
Alt.  Its  stops  are  from  twelve  to  fifteen  or  sixteen  in 
number;  viz.  one  double  diapason  of  two  octaves  from 
GGG,(34  feel)  to  6  feet  G,  played  by  finger  or  pedals. 
2d.  Two,  and  sometimes  three  open  diapasons,  all  of 
metal.  3d,  A  stopped  diapason,  metal  chimney  topped 
from  middle  C  ;  wood  below.  4th,  One  or  two  princi- 
pals;  metal  throughout.  5th,  Twelfth,  ditto.  6th,  Fif- 
teenth, ditto.  7th,  Seventeenth  or  tierce,  ditto.  8ib,  A 
four  rank  sesquialtra  throughout.  9ih,  Five  rank  cornet 
from  middle  C  upwards.  10th,  Three  rank  mixture 
throughout.  11th,  Trumpet  throughout;  sometimes 
two  trebles.     12ih,  Clarion  or  octave  trumpet. 

//.   Choir  Organ. 

Lower  set  of  keys.     Scale  the  same  as  great  organ. 

The  choir  organ  generally  contains  eight  or  nine 
stops.  1st,  Small  open  diapason.  This  is  metal  from 
gamut  G  to  the  top  of  the  scale ;  wood  stopped  pipes 
below.  2d,  Dulciana,  ditto,  ditto.  3d,  Stopped  dia- 
pason the  same  as  in  the  great  organ.  4th,  Principal. 
5th,  Dulciana  principal ;  this  is  sometimes  omitted. 
6  E 
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6lh,  Flute.  7tli,  Fifteenth.  8th,  Cromorna  from  oc- 
tave below  middle  C  of  the  key-board.  9th,  Bassoon 
throughout. 

///.  SweU. 

Highest  set  of  keys.  Scale  from  F  on  the  fourth  line 
of  the  bass  to  F  in  alt. 

The  swell  usually  contains  seven  stops.  1st,  Open 
diapason.  2d,  Dulciana.  3d,  Stopped  diapason.  4th, 
Principal.  5th,  Three-rank  cornet ;  the  stopped  diapa- 
son and  principal  being  omitted.  6th,  Trumpet.  7th, 
Oboe. 

The  barrel-organ  is  an  organ  which  is  played  on  by 
machinery,  instead  of  the  fingers  of  a  performer.  Its 
construction  is  the  same  as  that  above  described,  except 
that  for  the  key-board  is  substituted  a  set  of  levers  which 
are  raised  and  kept  up  the  requisite  time,  by  means  of 
little  brass  pegs  disposed  on  the  surface  of  a  cylinder. 
The  turning  of  the  cylinder  on  its  axis,  with  an  equable 
motion,  measures  the  time,  and  the  pegs  being  disposed 
on  the  circle  described  by  points,  on  its  surface,  an<l  duly 
proportioned  to  the  whole  circumference,  keep  open  the 
valves  of  the  sound-board,  during  the  time  each  pipe 
should  speak.  Fig.  5.  Plate  CCCCXLVII.  is  the  sec- 
tion of  a  small  barrel-organ.  AA,  section  of  the  barrel 
or  cylinder,  on  the  axle  of  which  is  fixed  a  toothed  wheel 
B,  in  the  teeth  of  which  a  screw  on  the  axle  D,  turned 
by  the  winder  C,  works,  and  consequently  turns  the  cy- 
linder. On  the  circumference  of  the  circle  are  repre- 
sented the  pegs,  one  of  which  keeps  up  the  lever  e  ff, 
moving  on  the  axis/.  The  end  §■  of  the  lever  pushes 
down  the  sticker  h,  which,  by  a  wire  passing  into  the 
wind-chest,  opens  the  valve ^^  Suppose  on  this  barrel 
an  air  of  thirty-two  bars  were  to  be  set,  and  conceive  the 
circumference  of  the  circle  divided  into  so  many  equal 
parts,  these  parts  will  represent  the  bars  or  measures  of 
the  air;  and  being  occupied  with  the  due  proportion  of 
pegs  and  blanks  under  the  proper  levers,  will,  by  the 
turning  of  the  cylinder,  make  the  proper  pipes  speak  at 
their  right  times.  As  the  levers  for  opening  the  valves 
are  at  considerable  distance,  and  the  pegs  occupy  very 
little  space,  there  is  room  for  several  airs  being  set  on 
tlie  same  barrel.  This  being. pushed  a  little  way  to- 
wards one  side,  till  the  pegs  of  another  tune  are  brought 
under  the  levers,  is  there  fixed,  by  means  of  a  sliding 
bolt,  which  falls  into  a  notch,  in  a  piece  of  brass  fixed 
to  the  frame  in  which  the  barrel  runs.  When  pieces  of 
music  are  to  be  set  on  a  barrel  longer  than  one  revolu- 
tion could  afford  space  for,  the  end  of  the  axle  of  the 
cylinder  is  formed  into  a  screw,  which  works  on  a  fixed 
pin,  and  consequently  draws  the  barrel  horizontally, 
while  turning  round  its  axis.  The  pegs  are  then  dis- 
posed in  spiral  lines  round  the  surface,  so  that  those  of 
the  first  revolution  are  clear  of  the  levers,  when  those  of 
the  second  come  to  them.  Thus  as  many  revolutions  are 
obtained  as  are  necessary. 

Organs  are  frequently  constructed  so  as  to  be  capa- 
ble of  being  played  either  by  the  finger  or  by  barrels. 
This  is  generally  effected  by  two  sets  of  valves  to  the 
same  sound-board  in  the  same  wind-chest.  Many  in- 
genious instruments  of  this  kind  have  been  constructed 
by  Messrs.  Flight  and  Robson,  in  which  different  organs 
are  combined  in  order  to  give  the  accompaniments  in 
their  true  place  in  the  scale*    The  most  remarkable  in- 


strument of  this  kind  in  England,  and  perhaps  in  Eu- 
rope, is  their  Apoi.lonicon,  which  is  exhibiting  every 
day  in  London. 

The  external  dimensions  of  this  instrument  are  19  feet 
wide,  15  feet  deep,  and  24 feet  high;  its  mechanical  per- 
formance is  produced  from  the  revolution  of  three  cy- 
linders, of  two  feel  in  diameter  each,  two  of  them  eight 
feet  long,  and  the  third  four  feet  long;  these  act  upon 
the  whole  musical  powers  of  the  instrument,  command- 
ing by  one  of  them  a  scale  of  eight  octaves,  viz.  the 
whole  of  the  powers  of  the  great  or  principal  organ  from 
GG  up  to  G  in  Alt.  five  complete  octaves,  and  an  ac- 
companiment or  separate  organ  of  three  complete  oc- 
taves from  tenor  of  fiddle  G  up  to  G  in  Alt. ;  the  second 
cylinder  acts  upon  two  other  scales  of  three  complete  oc- 
taves each,  one  from  tenor  of  fiddle  G  up  to  G  in  Alt. ; 
and  the  other  from  gamut  G  up  to  G,  above  tiie  staff,  tre- 
ble clefF;  the  third  cylinder  acts  upon  the  pedal  notes  or 
lowest  bass  of  the  instrument  of  two  complete  octaves 
from  CCC  up  to  C  above  gamut.  From  the  same  cylin- 
der the  swells  of  the  instruments  are  acted  upon,  of 
which  there  are  four;  one  to  the  great  organ,  and  one 
each  to  the  accompaniment  organs  before  mentioned. 
There  are  in  the  whole  instrument  45  stops,  which  are 
acted  upon  individually  by  a  peculiar  mechanical  aciion, 
applied  to  as  many  keys  from  the  cylinders,  by  which  an 
instantaneous  change  or  combination  of  stops  is  com- 
manded, expressive  of  the  effect  of  oboes,  flutes,  clario- 
nets, trumpets,  or  other  instruments,  according  to  the 
nature  of  the  piece  of  music  performing.  The  pieces 
of  music  already  set  upon  the  cylinders,  (two  setts,)  are 
Cherubini's  overture  to  Anacreon,  Mozart's  overtures 
to  Zauberflote,  and  La  Clamenza  di  Tito,  Handel's  in- 
troduction to  the  Dettingen  Te  Deum,  and  Haydn's 
niilitary  movement  from  his  twelfth  grand  symphony. 

The  whole  powers  of  the  instrument  can  also  be 
brought  into  aciion  by  manual  performance  ;  to  effect 
which  there  are  five  key-boards  or  sets  of  finger-keys. 
The  first,  or  principal  set,  has  five  complete  octaves 
from  GG  up  to  G,  as  before  described,  to  which  there 
are  twenty-two  stops,  with  three  pedals  for  decreasing 
the  power,  one  taking  off  the  reeds,  the  second  the  com- 
pound stops,  and  the  third  the  diapasons,  leaving  on  on- 
ly the  dulciana  ;  the  whole  inclosed  in  a  Venetian  swell. 
There  arc  also,  for  the  feet  of  the  performer,  at  the 
same  set,  two  octaves  of  pedals,  from  CCC  up  to  C 
above  gamut.  The  second  and  third  sets  of  keys  com- 
mand an  accompaniment  organ  of  three  octaves  each, 
from  fiddle  G  up  to  G,  each  possessing  eight  stops,  and 
inclosed  in  a  Venetian  swell,  from  which  the  effects  of 
flutes,  oboes,  Stc.  £cc.  may  be  produced.  The  fourth  set 
has  three  octaves  from  gamut  G  up  to  G  above  the  staff 
of  the  treble  cleff,  and  has  six  stops  inclosed  in  a  swell, 
from  which  the  effect  of  horns,  trumpets,  bassoons,  8cc. 
can  be  given.  The  fifth  set  of  keys  has  a  compass  of 
two  octaves,  from  CCC  up  to  C  above  gamut,  acting  up- 
on the  pedal  pipes,  thus  enabling  another  performer  to 
give  any  rapid  passages  which  the  feet  of  the  performer 
at  the  principal  set  of  keys  could  not  possibly  execute  ; 
thisset  of  keys  has  two  stops,  the  pedal  diapason  and  a 
reed  stop.  The  effect  capable  of  being  produced  by 
five  performers  on  the  instrument,  by  a  previous  ar- 
rangement of  the  music  in  parts,  is  very  grand  and  in- 
teresting. The  largest  pipe  in  the  instrument  is  18 
inches  over,  by  16  feet  long. 
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PLATES  CCCCI.  CCCCII.  CCCCIII.  PLATE  CCCCIX. 

These  Plates,  from  the  elegant  pencil  of  R.  K.  Greville,    Figs.  1 — 6.  Represent  a  Single  Lock,  on  the  Languedoc 
Esq.  are  illustrative  of  the  subject  of  Mosses,  Canal, 

and  are  minutely  explained  in  the  article  Musci.    Fig.  1.  Is  a  Circular  Lock  at  Agde. 

Figs.  8,  9.  Are  a  Section  and  Plan  of  the  Canal  at  Bur- 


PLATE  CCCCIV.* 


gundy. 

PLATE  CCCCX. 


Contains  a  Table  of  the  Compass  of  Voices  and  Instru- 
ments. Fig.  1.  Represents  one  of  the  Locks  in  the  Caledonian 

Canal. 

PLATES  CCCCIV   CCCCV  ^'^*"  ^ — '^'  ^^P''^^^"'  Locks  and  Lock-Gates  at  EUes- 

mere  and  Forebay. 

Contain  Diagrams  illustrative  of  the  Theory  and  Prac-  PLATE  CCCCXI 

tice  of  Navigation. 


PLATE  CCCCVI. 


Fig.  1.  Represents  a  Lock  on  the  Wittigra. 
PLATE  CCCCXIL 


Fig.  1.  Is  a  section  of  a  Stone  Wear,  by  Smeaton. 
Fig.  2.  Is  a  section  of  a  Wooden  Wear  with  Sluices,  on     Contains  a  View  of  the  Reservoirs  of  St.  Ferriol  and 
the  River  Wittigra  in  Russia.  Lampy. 

PLATE  CCCCVIL  PLATE  CCCCXIIL 

Represents  the  Inclined  Planes  used  in  Canals  in  Italy.    Contains  a  view  of  the  Reservoir  at  Glencorse,  near 

Edinburgh. 

PLATE  CCCCVIII.  PLATE  CCCCXIV. 

Contains  Diagrams  illustrative  of  Canal  Cutting,  Canal    Figs.  1,2.  Represent  the  Aqueduct  de  Cessc  on  the 
Boats,  8cc.  Languedoc  Canal. 
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EXPLANATION  OF  PLATES. 


Figs  3,  4.  Show  the  Kelvin  Aqueduct  on  the  Forth  and 

Clyde  Canal. 
Fig.  5.  Represents  the  Aqueduct  over  the  River  Lune, 

at  Lancaster, 

PLATE  CCCCXV. 

Tigs.  1 — 8.  Represent  Chirk  Aqueduct,  on  the  Elles- 
nicre  C^nal,  tlesiijned  by  'l"homas  Telford,  Esq. 

Figs.  2 7.   Represent  the   great   Aqueduct  of  Pontcy- 

sylte,  at  ihe  bottom  of  Llangollen  Valley,  on  the 
Ellesmere  Canal,  designed  by  Thomas  Telford, 
Esq. 


PLATES  CCCCXVI.  CCCCXVIL 

Contain  a  View  of  a  Wooden,  and   also  of  a  Cast  Iron 
Moveable  Bridge,  &c 

PLATE  CCCCXVin. 

Fig.  \.  Is  an  elevation  of  a  Skewed  Bridge  at  Blackhall, 

near  PaisK-y. 
Figs.  2 — 13.  Ave  Diagrams  illustrative  of  the  theory  of 

Skewed  Bridges. 

PLATE  CCCCXIX. 

Contains  Specimens  of  various  Stop  Gates  and  Let  OfFs. 

PLATES  CCCCXX.  CCCCXXI.  CCCCXXIL 
CCCCXXIII 

Contain  Representations  of  Coins  and  Medals  illustrative 
of  the  Article  Numismatology. 

PLATES  CCCCXXIV.  CCCCXXV.  CCCCXXVL 

Contain  Figures  illustrative  of, the  Articles  Observa- 
tory and  Odometer. 

PLATE  CCCCXXVn. 

Fig.   1.  Cerastes  Vulgaris. 

Fig.  2.  Trigonocephalus  LancColatus. 

Figs.  3 — 6.  are  illustrative  of  the  Anatomy  of  Serpents. 

PLATES  CCCCXXVIII.  CCCCXXIX.  CCCCXXX. 

Contain  Diagrams  illustrative  of  the  Theory  of  Dio/i- 
trics. 

PLATE  CCCCXXXI. 

Figs.  1 — 7.  Illustrate  the  Huygenian  Theory  of  Light. 
Pigs.  8 — 23.  Illustrate  the  Theory  of  Catoptrics. 

PLATE  CCCCXXXII. 

Figs.   \ — 12    Illustrate  the  Theory  of  Catofitrics. 
Figs.   13 — 20.  Illustrate  the  Doctrines  of  Chromatics,  or 
the  Colours  ol  Light. 

PL.\TE  CCCCXXXIH. 

Fig.  1.  Represents  the  Spectrum,  according  to  Sir  Isaac 
Newton. 


Fig.  2.  Is  the  Spectrum,  according  to  Dr.  Wollaston. 
Figs.  3   4.  Illustrate  the  Cause  of  the  Imperfections  of 

Refracting  Telescopes. 
Figs.  5 — 9.  Represent  Dr.   Brewster's    Instrument   for 

measuring  Dispersive  Powers. 
Figs.  10 — 14.  Illustrate  the  Doctrine  of  the  Secondary 

and  Tertiary  Spectrum. 
Fig.  13.  Is  a  Diagram  for  explaining  Fraunhofer's  Ex- 

ptriments. 
Fig.  15    Represents  the  Spectrum,  with  all  the  Lines 

ail.)  Bands  discoveied  by  M.  Fraunhofer. 
Fig.  17.  Is  tlie  Law  which   represents  the  Intensity  of 

L'j.'ht  at  different  Points  of  the  Spectrum. 
Figs.  18 — 38.  Are  Diagrams  illustrative  of  the  Inflexion 

<il'  Lijijii',  the  Colours  of  Thin  Plates,   and  Dr 

Young's  Law  of  Interference. 

PLATE  CCCCXXXIV. 

Represents   the    singular   Spectra    discovered    by    M. 
Fraunhofer,  as  produced  by  Inflected  Light. 


Figs. 

Fig. 

Fig. 

Figs, 

Figs 

Figs, 

Figs, 


PLATE  CCCCXXXV. 

1—4.  Illustrate  Sir  Isaac  Newton's  Theory  of  the 
Colours  of  Thin  Plates. 

5.  Illustrates  Dr.  Young's  Explanation  of  the  Co- 
lours of  Thin  Plates. 

6.  Is  a   Diagram  for  explaining  the  Doctrine  of 
Thick  Plates. 

7 — 9.  Illustrate  Dr.  Brewster  and  Mr.  Knox's  Ex- 
periments on  the  Colours  of  Double  Plates. 
10 — 12.  Illustrate  Dr.  Young  and  Dr.  Brewster's 
Experiments  on  the  Colouis  of  Mixed  Plates. 
,   13 — 19.  Are  Diagrams  illustrative  of  the  Doctrine 

of  Double  Refraction. 
,  20 — 23.  Illustrate  the  Doctrine  of  the  Polarisation 
of  Light. 

PLATE  CCCCXXXVI. 


This  Plate  illustrates  the  Doctrine  of  the  Polarisation  of 
Light,  and  of  the  various  Phenomena  of  Crys- 
tallized Bodies  produced  by  their  action  upon 
Polarised  Light. 

PLATE  CCCCXXXVIL 

Pigs.    1 3,  Represent   the   Phenomena  of  Bent  Glass 

when  exposed  to  Polarised  Light. 
Pigs.  3 — 9.  Represent  the    Phenomena   of  Apophyllite 

when  exposed  to  Polarised  Light. 
Pigs.  10 13.  Illustrate  the  Theory  of  the  Multiplica- 
tion of  Coloured  Images  in  Iceland  Spar. 
Pigs.  14 15.  Explain  the  Theory  of  Double  Refraction 

;!iid  Polarisation. 
Figs.   16 — 19.  Show  the  phenomena  seen  by  exposing 

the  Crystalline  Lens  of  Fishes,  &c.  to  Polarised 

Light. 
Figs.  20 23.  Are  Diagrams  explanatory  of  the  Rain- 

bow. 

PLATE  CCCCXXXVIIL 

Pigs.  1 6.  Phenomena  of  Unusual  Refraction  observ- 
ed by  Dr.  Vince  at  Ramsgate. 
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Viga.  7—12.  DiagratTiS  Illuslrative  of  Dr.  Wollaston's 
Theory  and  experiments  on  Unusual  Refrac- 
tion. 

Figs.  13.  14.  Representation  of  the  singular  Phenomena 
of  the  Apparent  Transference  of  Dover  Castle 
to  the  oiher  side  of  the  hill  between  it  and  Rams- 
gate,  as  observed  by  Dr.  Vince. 

Figs.  15,  16.  Diagiems  illustrating  M.  Blot's  results 
respecting  Unusual  Refraction. 

Fig.  17.  Phenomena  of  Unusual  Retraction,  observed 
in  the  Greenland  Seas,  by  Captain  Scoresby. 

Fig.  18.  Shows  Bnuguer's  method  of  measuring  the 
Intensity  t.t  different  Lights. 

Figs.  17«— 22  Are  Illustrative  of  Lambert's  method  of 
measuring  the  quantities  of  Light  reflected  and 
transmitted  by  one  or  more  surfaces. 

PLATE  CCCCXXXIX. 

Fig.  1.  Is  the  Multiplying  Glass. 

Fig.  2.  Theory  of  the  Common  Looking  Glass. 

Figs.  3,  4.  Pyramidal  Prism  for  combining  into  one 
image  the  separate  parts  of  an  object. 

Fig.  5.  Shows  the  Effect  of  Cylindrical  Mirrors. 

Fig.  6.  Explanation  of  the  Camera  Obscura. 

Fig.  7.  Portable  Camera  Obscura. 

Fig   8.  Portable  Camera  Obscura  for  Drawing. 

Fig.  9.  Lenses  for  making  the  Image  erect  in  the  Ca- 
mera Obscura. 

Fig.  10.  Camera  Obscura  for  Public  Exhibition. 

Figs.  II,  12.  Represent  the  Magic  Lantern  and  the  Ar- 
rangement of  its  Lenses  and  Mirror. 

Fig.  13.  Represents  an  Arrangement  for  a  Phantasma- 
goria proposed  by  Dr.  Young. 

Fig    14.  Theory  of  the  Single  Microscope. 

Figs.  15,  16.  Theory  of  the  Compound  Microscope. 

Fig.  17.  Astronomical  Telescope. 

Fig.  18.  Galilean  Telescope. 

Fig.  19.  Terrestrial  Telescope. 

PLATE  CCCCXL. 

Fig.  1.  Gregorian  Telescope. 
Fig.  2.  Cassegrainian  Telescope. 
Fig.  3.  Newtonian  Telescope. 

Figs.  4,  5.  New  Reflecting  Telescope  proposed  by  Dr. 
Brewster. 


Fig.  6.  Double  Achromatic  Objcct-Glass,  according  to 

Mr.  Hcrschel's  Formulae. 
Figs.    7,    8,   9,    10.    Represent    the    combinations   for 

Achromatic  Fluid  Object-Glasses,  used  by  Dr. 

Blair. 
Figs.  11.  12.  Represent  Mr   Ramsden's  Dynameter. 
Figs.  13,  14.  Represent  the  Dynameter  as  improved  by 

Mr.  Jones. 
Figs.  15,  16,   17,  18.  Represent  different  combinations 

of  two  lenses  placed  together  for  correcting  the 

Spherical    Aberrations  according    to    Mr.  Her- 

schel. 

PLATE  CCCCXLI. 

Represents  Sir  William  Herschel's  Large  Forty  Feet 
Telescope. 

PLATE  CCCCXLII. 

Fig.  1.  Achromatic  Eye-piece,  with  Two  Glasses. 

Fig.  3.  Do.  with  Three  Glasses. 

Fig.  3.  Do.  with  Four  Glasses. 

Fig.  4.  Ramsden's  Eye-piece. 

Figs.  5,  6  7,  8.  Represent  Dr.  Wollaston's  Method  of 
centering  a  Triple  Object-Glass. 

Figs.  9,  10,  11.  12.  Represent  different  forms  of  the 
Dichroscope. 

Figs.  13,  14.  Is  the  Optigraph  of  Mr.  Ramsden,  as  im- 
proved by  Mr.  T.  Jones. 

Fig.  15.  Is  Dr.  Brewster's  Teinoscope. 

Figs.  16,  17.  Represent  Dr.  Wollaston's  Instrument  for 
measuring  Refractive  Powers. 

Figs.  17,  18  Represent  Dr.  Brewster's  Chromatic  Ther- 
mometer. 

Figs.  20 — 26.  Represent  the  principles  and  Construc- 
tion of  Dr.  Thomas  Young's  Improved  Opto- 
meter. 

PLATES  CCCCXLIII.  CCCCXLIV.  CCCCXLV. 

Contain  Figures  illustrative  of  the  Article  Ordnance. 

PLATES  CCCCXLVI.  CCCCXLVIL 

Contain  Figures  illustrative  of  the  Articfe  Orgsa. 


END  OF  VOLUME  FOURTEENTH. 


William  Brown,  Printer,  Philadelphia. 
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